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ABSTRACT :

In this paper, we present the main lines of ocur approach to the
semantics of natural language sentences within the logic programming
framework. We define tools to represent NP, VP, adjectives, determiners
and adverbs with -2 degree of precision we think relevant for & natural
language front end. The formalism used is based on first order logic

augmented by PROLOG calls.

RESUME :

Nous présentons les lignes principales de notre approche de la
représentation sémantique de phrases en langage naturel dans le cadre
de la programmation en logique. Nous définissons plusieurs outils, destinés
& des experts, pour représenter les adjectifs, les déterminants et les
adverbes, avec un degré de précision que nous jugeons suffisant pour une
interface en langue naturelle. Le formalisme utilisé est basé& sur la logique

du 1er ordre augmenté d'appels & des prédicats prédéfinis PROLOG.
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Jur lony term objective is the specification of a friendly
man-machine interface that supports a natural language comaunication.
Ultimately, 4e intend to have software that will be able to parse and
to understand ordinary conversation on a4 Llimited and well defined
subject. Such an interface has to be robust, helpful to the wuser and
transportable ([Sai 831, It has also to take into account a large
variety of linguistic phenomena and to deal with them in a way and with
a deyree of precision we think to be adequate and relevant for a
natural langyuage front end.

In this works, we use the formalisms and the tools developed within
the logic programming framework as a conceptual basis. We will not
insist here on the interest of wusing logic programming for natural
language processing since recent works are sufficiently eloquent by
themselves about .this point [Dah 811, [McC 311, C(Pal 833 and [FPe 831,
As we will show in the next sections., recent extensions of the standard
predicate calculus provide tools that can be used to define a better
formal model of language. Logi¢ c¢an be wused as the underlying
formalism of the parser and that of the component that coamputes the
semantic representation of a sentence as well as the formalism of the
samantic representation idtself and that of the programming language.
It results from this fact a greater wuniformity and simplicity of
expressiona

Natural. Llanguage analysis is used in this Work for .a practical
joal, namely evaluating on 3 knowledge base queries expressed on a
limited domain of a lanjuage. A knowledgje base is itself a finite set
of statements about a precise domain, expressed by facts, rules and
integrity constraints. We think that the use use of a Llimited domain
is not a real restriction since humans, at a given moment, process and
store limited ressources.

In our works, the treatment of a sentence is functionally divided
into three steps: a syntactic analysis, a semantic translation into a
logical form and the evaluation of the produced formula (and eventually
a certain updating of the knowledge base, but this point is out of the
scope of this paper), We view the semantic representation of a
sentence as the result of a3 rewriting process from an interamediatae
representation produced by the syntactic parser. Syntactic analysis
can also be considered as a rewriting process and the evaluation is a
redriting process associated with simplification procedures to produce
-a valuer a set of values or a logical formula.

In this paper, we present the main Lines of our approach to the
semantics of natural. language sentences 1in logic programming,
Surprisingly enoughs, much Less attention seems to have been devoted to
the' semantic representation of sentences than to their syntactic
analysis., Let us mention works done by [0Dah 771, [Dah 791. L[FfPe 831,
CMecC 311, [McC 841 and CFil 843. Most of the other works, as far as we
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know, wuse an ad'hoc representationes highly dependant on the domain.
Our starting point is the formalism of the three branched quantified
tree developed by [Dah 77]) and [Col 79). Our goal is to go deeper in
the semantic representation of a sentence than the previous works do
where some aspects of the representation remain superficial and thus
inefficient and useless in a real mun-machine communication. We show
how entities such as determiners, negationss adjectives and some
adverbs can be .rewritten into a more precise representation without

statinyg any additional restriction a priori. We develop a quite ssatt

set of tools, based on the set theory, we think to be of an adequate
degree of precision for our purpose. These tools are used by human
experts when they define the semantics of each Llexical entity that
occur in the specific Jomain they consider. The toots we present here
are easily transportable to various domains of discourse and also to
various formalisms such as those developed by [FPe 831, [McC 811, [Pal
831 and [Fil 83] within the logic programming frameworke.

All the tools and the formalisms we present here are directly
interpretable by PROLOG. In particular, one of our main goals is to
reduce higher order predicates into first order predicates augmented hy
PROLOG calls or to use well defined extensions to first order logic for
which suitable proof procedures are available. This paper presents the
target semantic representation of our system. The way it 1is computed
is ‘shown wvery breifly. Out of the scope of the present paper are., in
particulares problems of non-compositionality, the specification of the
interactions .with the context when several representations of a

sentence are possible and the cooperation between syntax and semantics.

Notice that the more precise the semantic representation is, the  more
complex and context dependant is its computation, There is, in facte a
compromise to find Dbetween the degree of precision of the semantic
representation and the degree of complexity involved by its
coaputation.

Our approach is Juite different of .that of some linguistic
theories such as Montague [Dow 79) or 'Kamp [Kam 81]. 'Montague's
semantics is basically compositional. We think that the 1immediate
correspondance he defines between a syntactic structure and a logical
representation do not reflects the fact that the representation of - a
sentence is built from its syntactic tree along with the context of 1its
utterance., It depends also on the semantic nature of structures
involved in the sentence and on their mutual relations and positions.
Futhermore, the formal -semantics of Montague 1is not directly
computationals, and the use of higher order predicates only postpones
probleas instead of solving them really. In addition, truth
conditional semantics is not really usefull in Al and it c¢an only be
used to deal with declarative and conditional sentences. What we need
in Al is a declarative and procedural knowledyge on symbols that
represent objects.

The subset of the natural Llanguaje we consider here are
. affirmative and interrogative sentences composed of the traditional NP,
AP, PP and VP. VP may have any kind of complement, but each complement
is considered -‘as been related to the verb only and not to the whole
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sentence., We exclude in this work infinitive sentences, the expression
of time and conditionals. -

In the next sections, we give the main characteristics of the
knowledye base used to evaluate the semantic representation of a
sentence., Nexts, we give the definition of the formalisa we wuse as a
starting point to our wWwork. Ffinally, we-give the definition of the
general tools used to rewrite hijher order predicates into first order
ones, In section 3, we give the basic semantic representation of
nounss, noun complements, verbs, negation and .interrogatives. Section &
is devoted to the semantics of determiners, section 5 to the seamantics
of adjectives. Finally, in section 6, we present some aspects of the
semantics of adverbs., Specific tools are defined in the sections where
they are used.

2. CONTEXT AND TOOLS

- " - v —- ot D b e w ww Vw ww e
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In this section., we first give the main <characteristics of the

knowled je base we wuse to build the. semantic representation of
sentences and to evaluate them. Next, we describe the input
representation of the semantic component, fFinally, we give the

definition of the general tools we use in the next sections to describe
the semantics of lexical 1itenms

2.1, Database Theory and Logic Programmings:
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We use a first order languayge to express a database in Llogical
form: this language is composed of constants, variables, predicates,
functions, Quantifiers and the logical connectors. Futhermores, this
lanjuaje is aJugmented by two PROLOG predicates: set_of{(xsP(xseacdes)
where s is the set of x for which P{(xsee.) is true, and card(s.,n) where
n is the cardinal of the set s. We wuse here set_of 1in its widest
definition,

/

We. use the well known notions of term, Horn clause and well formed
formula (wff)., The 3jeneral form of 4 Horn clause is:

q === p1t A p2 AN ... N pn
The two types of Horn clauses we need are:
(1) 4y <===,
Q(x1s%x2740esxn) is a fact 1if all the xi are constants, ex.:
weight(John,120).
If some xi are variables, the clause is then a rule or an integrity
constraints, ex.:
nationality{(x,freach).
This clause means that all the people in the database are french.
(2) g <=== 1 A p2 A ... Npn
This clause is an integrity constraint or a rule (e.g, a deductipn
law: g 1s true iff pl and p2 and.<esand pn are trued), ex.:
grand_father{(x,z) <-== father{x,y) A father(y,z).



PROLOG programs generalize relational databases because they allow
the definition of ruless, e.g. non-jround clauses, usually expressed in
a conditional form. This kind of Jatabase is «called a deductive
database [Llo B41].

In addition, we consider the following statements:

(1) At a3 given  moment, the facts and the rules the database
" contains are finite., Thus, a special inference rule, called the closed
world assumption, due to [Rei 78], states that if a ground atom A is
.not a logical consequence of a program, then we can infer NOT(A).

(2) PROLOG beléngs to the <class of special Ulinear definite
resolution (SLD) [VEm 761, A SLD is sound and complete: there is a SLD
resolution proof for any true goal. Thus, all the possible solutions
for a jgiven goal to Jdemonstrate are enumerated. Then:

if P(x) is 4 goal with a single variable x and if the corresponding
instanciations of x are x1, x2+ <... xn then:

(¥ x) P(x) <==> x= x1 Or x2 0fee...0r xn. [Cla 78] and [Llo B841J.
From this point, it results that there exists a mapping for non
monotonic joals to first order formulas. Predicates such as TYP.,
CoOMP or COMP_PROP (see below) <can be mapped into a first order
formula.

(3) In the semantic representation we produces some formulas may
contain negative literals in their body. The method usually chosen to
deal with negation is to augment .the SLD-resolution proof procedure
with the negation as failure rule [Llo B841:

"If A 1is in The SLD finite failure set of a program P, then infer
NOT (A", i

This rule is sound. WJe make the hypothesis that there exists a certain
form of completeness for the nejation as failure rule, even if results
for general programs are still under study.

(4> ALl the properties are (or can be) represented by binary
predicates:
weight(John,120).
size(Mary,1.70).
european(Anne,1)., ‘
(This last example is ejquivalent to europeand{Annel.)

Relations between logic and databases have been developped in

Jetail by D. Warren [War 831, In his workes MWarren shows that
relational database retrieval can be viewed as a special case of
logical deduction. He also shows how queries expressed in the PROLOG

subset of first order logic can be transformed into -efficient PROLOS
code and, in particular, he points out the importance of the order of
predicates in a formula for the evaluation process.

2.2_ Characteristics of the input representations

T R R N L W A R ettt L I T T YT Y I YYY Y

"The represeﬁtation of a sentences we use 8s the starting point to
our work 1is the three branched quantified tree representatijon defined



by [bah 771 and ([Col 79}, but without 'taking into account the
quantifier hierarchy rules they use. We adopt the quantifier hierarphy
rules described in [Sai 851].

: Very briefly, in this representation, referential words <(nounse
adjectives and wverbs) are translated into predicates whose arguments
are typed, Determiners introduce a kind of meta-predicate whose
_arguments are predicates of the form: N

Det(x,Restr(x),53) or: Det

I T~

X Restr S
X

Where Det is a determiner, Restr is the NP*'s translation (or a part of
it) and S is the remainder of the sentence which is translated itself
in the same manner, The subject NP is first translated and, thus.
appears at the top of the tree, then complements in their input reading
order and the verb are translated. Notice that Restr can include the
representation .of adjective phrasess, noun complements and relative
clauses. Thuss the sentence:

"AlLl the employees have a car.™

is represented by:

all_the

x“employee ~3

J AT

r to_have

N
x y

N

This representation can directly be transformed 1into the PROLDG
subset of first order logic and thus, it is directly evaluable.

We consider here this representation as the result of the parsing

process., We wWwill show in the next sections how each node 0f the tree
is rewritten into a more precise representation that can be a single
sredicate or a whole subtree. The predicates used in this

representation are known to the database.

In thiéyformalism, when a variable is createds it is typed (or

restricted) by the formulua Restr. Nodes of the tree can also be:

conjunctions (AND, OR) or negyations (NOT). Proper names are translated
into constants. The representation of each word is stored in a
lexicon. To each word is associated at least one representation. When
several representations are possible, the selection of the appropriate
one depends on the semantics of other entities in the sentence orf on
context, For instance, the representation of a verb may depend on its
subject and on some of its complements. Thusese 1n our system, the
lexical entries of nouns, adjectives and .verbs have the form of
inference rules, as in [Pal 83). Producing a semantic representation
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of a particular entity in a sentence is, from a certain point of views
aroving that it nas been used appropriately for the domain considered.
PROLOG is the ideal language for such an approache.

The input representation described here is not ambiguous. When a
sentence 1is ambiguouss, several trees are produced. During the parsing
processs seaantic types are used to limit the number of possible
representations., However, when wWwe compute the semantic representation
ot a sentence from a three branched guantified tree, we have to face

.edditional ambiguities. Formalismss such as [Hob 82ls allow the
representation of ambiguities, This approach seems to us yery
promising but it has to be handled with a great care because it
sometimes leads to very complex representations whose .evaluation is
inefficient (especially when the whole sentence is involved in the
ambiguity). In the next sections, we adopt a semantic representation
that allow the representation of ambiguities. In the examples we
present here, 3 semantic representation explicits all the relevant
ambiguities of a sentences, but it is clear that some of them can easily
be reduced by appropriate calls to the context., This is especially the
case for local ambiguities. This increases considerably the efficiency
of the evaluation process. Thus, our final semantic representation
contains only the ambiguities that cannot directly be reduced by calls
to the context. '

In section 3, we jyive the translation of the three branched
quantified tree defined above into its semantic representation for the
basic components and structures: wverbs, nouns, noun . complements.,
nejation and interrogatives. Specific sections are devoted to
determiners (including collective and distributive readings).,
adjective phrases and adverbs. Notice that we do not explain how to
build the semantic representation from the initial tree (this work s
still wunder studyl), but we show how each node can be translated into a
deeper representation. When several representations are possible, we
simply explicit all of them without specifying how to select the
correct one, finally, when we define subcategories of a syntactitc
catejory . (ex.: Jdescriptive, measurable, ... for adjectives), we give
some practical tools., context dependant, whose goal is to assign a
precise subcategory to a given word in a given context,

2.3. General tools:

Seeamcecancnacacases -

pefinition 1:

A property prop is measurable if and only if, given an object x or
3 set of objects s, it -assigns to x (or to s) a value x1, and x1
belongs to an ordered set of real or integers. It is noted: '
2ropl{xs,x1) or prop(s.x1).
We consider that the cardinal of a set (noted cardlso.x1)) 1is a
measurable property of this set, : -

Definition 2 :
For a measurable property prop some of the elements x of a set s
~ have (e.j. prop(xs,x1) is known to -the knowledge base), there exists a




typical element (which differs slightly of [Woo 78], (Hob 83]1), noted:
TYP(propsxsdefsval)
wiereg

arop is the name of the property (weights, heightseee)ds,

it is expressed by a predicate known to the knowledge bases

x is a variable that represents any object of the set s,

def is the definition of the set, often expressed by the

PROLOS call set_of(xsPs,s) where P is a logical formula.,

val is a3 real.
"val” is the uaverage of the x1 computed from all the objects of the set
s for which prop(xs,x1) exists. Notice that the typical element is not
itself an element of the set. When a formula contains 3 predicate TYP.,

then TYP is always true except if s is the empty set. - An example of.

typical element is the height of french men:
TYP(heightsxsset_of(x,AND(men(x),french(x)),s),val)

<here wval is instanciated to the averaygye heiyht of the french men.,
Only¥the french men w4hose heigth is known to the knowledge base are
taken into account.

The next predicate we introduce is COMP(propssl,s2,F(x1,m(x2))
where: ’ :

s1s, s2 are non~-empty sets of objects (each set is represented by a |

prop is a medsurable property.

F(xT,m¢{x2)) is a function where x1 and x2 represent respectively the
values, forr the property prape of any element of s? and any element of
s2, m is an arithmetical function and F is a PROLOG predicate: equal.,
sup oar inf, The Last argument of COMP can also be a conjunction of
Filx1oemni{x2)). More formally, COMP is true iff:

(¥x € s1) (Yy € s2) (3x11x2 ER) proplxsx1)\proply,x2) == Fix1,m(x2))
Notice that all the elements of s1 and s2 must have a value for the
property prope. HNotice that the notation F{(x1,m(x2)) is used for @more
convenience. A form closer to PROLOG would be:

AND (0p1 (x2,in1,x3)/AND( aeopi(xiomjorxj+ 1), F(xTrxj*1)))0sa)

where o0pi= ADD/MULT and mi is a real deduced from m

for instance: .

SUP{(x1,2%*x2) is eguivalent to:

AND(MULT(x2,2-.x3),3UP(x1,x3))

The last predicate is COMP_PROP(proplr,proplss,F{x1.,m(x2)), where:
aoropl and propl are two measurable propertiess, expressed in the same
unit (ex. meters for heiyth and length)
s 1s a non-eupty set of objects
F(x1,m(x2)) has the same meaniny than above.
COMP_PROP compares the values x1 and x2 of all the objects x of s for
properties propl and prop2. COMP_PROP i1s true iff:
C(¥x E s) (Ex1.x2 ER) proplx,x1)Aprop2(x,x2) ==> Flxl,m(x2))

TYP, COAP and COMP_PROP are easily interpreted into a set of PROLOG
clauses.

3. REPRESENTATIOMN OF NOUMS, VERBS, RELATIVE CLAUSES AND INTERROGATIVES
2N SIS IS ST TISSISISRSZIISTITSSISSTISTSSSEISISNISSISSSISSTTSISISISITISTSITSED
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Nouns, verbs, relative clauses and interrogatives are represented
in  a way quite similar to [Dah 77] and [FPe 83)]. However. we give a
#ore nprecise and explicit representation of nouns, nominal compounds
and verth complements. We also introduce the representation -of
ambijuities., o

3.1_ Representation of noun complements:

Eadiadi ek et b e et e e e e e e ]

In constructions such as "The X of Y", the noun phrase "Y" 1is a
complement or an arygument [FPe 83] of "X”. As explained by F. Pereira,
there are two kinds of noun complements. The first type of noun
complements are thole which can be paraphrased by a relative <clause.
The other type is those that cannot. In the first caser, the noun
complenent is represented by 4 subtrees that contains a verbal
predicate whose subject is the modified noun (i.e. "X"). The subtree
represents the-relative clause the noun complement is equivalent to.
The reason of this modification 1is that the underlying semantic
relationship which exists between the two nouns 1is not explicit.
Moreover, a large number of relationships might exist betwenn two
nouns, The selection of the appropriate one depends on contextual
factors. . In the latter cases Y 1is simply represented by a binary
poredicate: Y_of{xry) where x is the variable Linked to X and y is the
variable Llinked to Y. The different representations of a noun are
stored 1in the lexicon. To each representation are associated
conditions of selection that depend (1) on the semantic nature of the
complemented noun and (2) on the context.

Examples:
"Paul's meeting ae.a.
is eyuivalent to: "the meetiny that Paul organises ...
it is represented by:

the

AN
X ANQ\\\\;.
megf:ng to_organize

| <\

X Paul  'x

Such a representation makes more explicit the meaning of the noun

complement. Notice also how relative clauses are translated (cf. section 3.3).
tonsider now:

"The representation of the oOpera....
This sentence cannot be paraphrased by:

"The representation which is of the opera ..."
It is represented by:

the :
x/zg;::\\‘the
4 V4 repfesentatlon_o ccosass
N

x



Notice that, in this cases, the variable x, linked to "opera”™ has wider
scope over y. ' .

Nowminal compounds behave in a way quite similar to noun
complements, but with much more complexity. Ffor example, consider: "a
woman doctor”, "a Paris flight"”, The last example may aean a flight
bound to Paris, a flight coming from Paris or even, a flight with a
stop in Paris. 'Here, there is a complete lack of syntactic information
to guide the semantic process. It is possible to define some rules
which <can capture Qquite general forms of modifications between the
modifying and the modified concept [Fin 82], but the wide variety of
phenomena involved exclude, for the present moments, an automatic
processing of nominal compounds.

We think that the best way is to treat them as a whole, e.g. to
Jive to each of them.a particular translation.

3.2_ Representation of verbs and verb complements:

L E X T R W N Y L X W N Y R e L L T T TS

Verbs are represented 1in different ways according to their
complements, Intransitive verbs have only one argument that represents
the subject of the verb. Transitive verbs can have two or three
arsuments. The representation with three arguments is used for verbs
that have both a Jirect and an indirect object complement. Ffor
example: :

“John jives Fido to Mary.”

is represented by:

to_givedJohn,Fido,Mary).

In the other cases., verbs have two arguments, In order to have a
uni form representation and to be able to deal correctly with negation.,
each adverbial complement is represented separately., For instances:
"The employees go by bus to the factory."

is represented by:

the

x“ employee AN Lo

| N

thi
~\\\?3‘@o by 2 fa:~::;-f~?3:bo to

b \ AN

For n adverbial complements in a sentence, there are n subtreess one
for each complement,

Verbs can accept sets as arguments (See examples in section 4), A
set is represented by the list of its elements. XleX2eaoaeaoXxnenils In

10



this cases the evaluation on the knowledge base can hold only if sets
dre not ordered sets, i.e. 3.b.c.nil is equivalent to b.c.a.nil and to

8.Cobonil etco... Thus, unification between a semantic representation
and facts or rules of the knowledje base is not direct when sets are
involved. The wunification process is enlarged: two sets unify if aand

only if they have the same elements, independently of their position in
the list. To unify s1 and s2, the predicate mesber_of(x,82) 1is wused
for each elewment x of si.

Ambiguities can appear at the level of the prepositional phrases
(PP) attachment. The problem is to know where to attach a PP: to the
PP it follows (it is then a noun complement) or to the verb. This
problem is illustrated by sentences such as (See also- {Hob 821):
"Les invites entendaient le bruit de la fenetre."
(The guests listen to the noise of/from the window.)
"The guests listen to the noise in the park.” '
In this latter example, the noise or the guests can be in the park. In
@ way quite different of [Hob 82) because we do not use events, we
explicit the ambiguities by representing each way of wunderstanding a
sentence (or a part of it) and by linking them by a ®"OR". Thus, the
latter example ‘is represented by:

t he
x/zue : 'OR
l ANﬁ—_—_—_—__,_—_———__———‘---§~“~?he :
o TTT— / '\ 'to,_lT/—ste\n,_to
t he t he y AND
LT~ T~ N\ Yy
y noise to_listen_to z7park to_be_1in noise the to_be_1in
| /' "\ \ - />~ [ ™~ /
b4 X b4 4 X 2 y 2 park y 2
2
"Ann was offered a painting by a friend.” is represented by:
. OR
a// \a
\ .
x friend Sa - y painting a
x y" painting_of to_be_offered y x friend to_be_oﬁfered-by
Anﬁ// f\\} x y// Ann \\X
The last point to examine is negation inA verb phrases. The awain

problem is the scope of negation. When there is only one complement in
the verb phrase (VP), then the scope of the negation is the ‘Vuborth VP
except if the negation interacts with the determiner of the subject or
with that of the complement (See [Sai 85]). In the sentence:

1



"Some students do not have a car.” - -
The scope of the negation is the whole VP, It is represented by:

souie‘~~~§~‘~~ .
x“student N?T

y car to_have

VAN .
y x Y A

Jhen a4 verb in the negative form has several complements, then the
representation of the VP may be ambigjuous. For instances the sentence:
"Mary does not 30 by train to Paris.”

M3y mean:

(1) that Mary takes another mean of communication than the train to go
to Paris.,

(2) that Mary goes by train but not to Paris.

Here agains, 4e represent the different readings of the VP and link all
the representations by a "OR". The above sentence is represented bys:

or/ \to_go-to h/ \Nor

FpN

the Mary Paris x train to_go_by to_go_to

x train to_go_by x Mary x Mary Paris
VRN
x  Aary X

3.3_ Representation of relative clauses:

L P R R W R et L T R T W AP I S I B I I N

In this workes «4e consider only relative <clauses that apply to
nouns. Wwe exclude structures such as: "I believe that ....".
Futhermore, we make a distinction between relative <clauses that
introduce a restriction on the set of objects denoted by the noun to
which they apply and relative clauses that dJo not introduce a
restriction, This latter case is more difficult to characterize.
HoJever, it seems to me that most of them <c¢an be considered as 2
digression that explains some properties of the noun to which they
apply. We call this class of relative <clauses explicative relative
clauses. Examples:

"Je L'ai rencontré Qqui se promenait."™ (I met him who was walking)
“L*homme Qque les autres imaginent que nous sommes.” (The man that the
others imagine we are) ‘ :

are both descriptive relative clauses.

12



More formally, we say that a relative clause RC introduces a
festriction on a variable x, at a jiven moment and in a given context,
1or a noun N and a determiner Det if and only if: ,
Denotation{(Det (x) N(x) RCCeeXasld)d is strictly included in
denotation(Det(x) N(x))

.In the semantic representation, relative clauses that introduce a
restriction are included in "Restr” and linked to .the noun they modify
by a "AND", as in [Dah 773]. Notice that our treatment of noun
modifiers is uniform since adjectives are also represented in this way
(cf. section 5). On the other hands I think that .an explicative
relative <clause has to be processed 4s a part of the main clause.
Examples: *

"The vbjects that are on the table belong to John."
{the relative clause is here restrictive)
is represented by:

the

AT

AND to_belony_to

N

object the X John

\
J y table to_be_on

l f//\§ | )

whereas: ’ .
“The sun which is shining is hot.”

contains an explicative relative clause.

It is represented by:

the
7
sun AND
| I
X to_shine to_be_hot
| l
% X

3,4_ Representation of interrogatives:

LA R X B N R R N N Y LR T T IS

Our approach of the representation of interrogative forms 15
similar to [FPe 813]. we distinguish five types of interrogatives
according to the nature of the induced answer., In the seaantic
representation, each type of interrogative is represented by a
different meta-predicate. A meta-predicate expresses here the nature
of the subsequent evaluation process. We distinguish:

= QUEST_Y_N that represents interrogatives whose answer is yes, no'
1 Jon't knou:... : .
= QUEST_ON that represents interrogatives whose .answer is a set of

13



objects that satisfy the semantic representation of the sentence.

- QUEST_CARD that represents interrojatives whose answer is the
cardinal of the set of objects that satisfy the semantic representatnon
of the sentence. . .

- = QUEST_WHY that represents interrogatives whose answer %is a
formula. The formula 1is, most of the time, the antecedent of -the
semantic representation of the sentences, stored in the knowledge base,

- QUEST_HOW that represents interrogatives whose answer is a
formula that describes how to perform an action. i

Example:
"Is John a teacher ?'" is represented by:

QUEST_Y_N
|
/ d\\
x teacher to_.be

\ L\\:Bhn

Notice that in a formula that contains dan occurence of the verb "to
be", the first argument can be rewritten 1into the second and the
subtree whose root is "to be'" can be removed.

The sentence: "WJhat are the european capitals ?" is represented by:

QUEST_ON

e

the

x capital european

\ \ | | \

X X

The first argyument of QUEST_ON represents the object on which the
question is. In the representation of questions that call for multiple
answers, the metapredicate QUEST_ON is dominated by appropriate
determiners [(3ai 835].

In this section, we have Jdescribed breifly formalisms to represent
nouns, noun complements, verb phrasess the negation and interrojativese.
de have Jdescribed, in fact, a basic approach to the represeantation of
these structures and thus our work is quite similar to (Dah 77) and
(FPe 833, with, however, some extensions such as the treatment of
ngjations, aabijuities and adverbial complements. We think. .that even
if our approach remains quite superficials especially for relative
clauses and adverbial. complements, the degree of precision we need for
a2 classical natural language front end tends to be rather adequate.

4. REPRESENTATION OF DETERAINERS

R T N N T et o - -
e R L R - B B



The role of determiners is to express the degree of determination
"of the noun phrase they precede, Thus, determiners introduce a
quantification on the variable that represents the entity denoted by
the noun they precede, Another problem is to represent the relations
between the variables that appear in the semantic representation of a
Sentence. de have studied the problem of the range and the scope of
quantified variables in [Sai 8%]. We have defined a set of rewrite
rules whose goal is to produce all the relevant quantifier
configurations. Some rules are blocked if they contradict a facts, a
rule or an integrity constraint of the knowledge base. o

In this section, we examine how cdeterminers are rewritten 1into 3
more precise semantic representation, We distinguish distripbutive and
collective readings of a set of entities. Notice that some determiners
can have Jdifferent representations according to the context or to the
objects that appear in the senterce, The rules we give below induced a
distributive reading of a set of entities, contrary to [Dah 77] and
[Col 79] but in a way qQuite similar to [FPe 83) .and [McC 81]. Our
representation is thus <c¢loser to the semantics of an evaluator
implemented in PROLOG. Collective readings are detaited at the end of
the section.

4.7_ A distributive representation of determiners:

B D - RGBS RS GGG S EER BG GG SRR R M AW BT AL BT S BR RS S e

We now describe how determiners are represented. Rules D1, D2 and

D3 are similar to [FPe 831. For each determiner Det or class of
determiner, we show how the subtree whose root is this determiner 1is
rewritten’ into. Notice also that the scoping problems are solved

before applying the transformations decribed below.

Rule D1:

Det = { .4, some, ...}

Det EXIST
| N~
x//;(:;\\s is rewritten into: x//;;L) S
Example:

“Mary is buying a book."
is represented by:

EXIST

x’/;;L:\\?Blbuy
j MaZy\\\

Rule D2
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Det =

det

14L;\s

is redritten

into 3

Example:
“A page Of each book is stamped.”™ is
NOT
EXTST
x“book u%:
y page_of to_be_stanped
/ |
b4 X b4
Rule D3:
bet = { no, not ANYs aael
Det
///l\\\\
x° T(x) °S is rewriten into:

Example:

€ atl, all the, eachs, everys, the(pluralld)s, any, ...}

NOT

"EXIST

x’/;(t:\\ROT

represented by:

NOT

XIST

™~
S

(e o

x)

/

T

"No student works.” is represented by:

NOT
XllST
X student to_work
| 1
X X
Rule D&
Det = {a twos, three.,

at least four,

16
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EXIST

/0

x nil AND

x) S is rewritten into: s;t_of , 7ND .
‘ \
X AN;\\S card(s,n) F{n,m)

T(() S
where: * m is a constant

* F is a conjunction of PROLOG calls: sup, inf, egal, diff
as described in section 2.
Example:
"At least five students have bought a car.,” -
is represented bys:

EXIST

A IS

x nit .AJD

x” AND s card(s,n) sup(n,S)

student EXIST
X y ¢€ar to_buy
|

Rule D5

Det = (several, fews, a lot of, a majority, ...}

Det

21N

x T(x) S 1is rewritten into:

EXLST
x” set_of AND

i
-x14n) s1 set_of  AND

PARN /

AND s card(s,n) AND

AN

T(x) S card(s1,n1) Flnem(n1))

m is an arithmetical function, as defined in section 2.

“s1 represents the set of entities denoted by the noun that follous
Det whereas s represents the set of objects which satisfy the uhole
~seuant1c representation which is in the scope of Det. )
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. Notice that in rules D4 and D5, the second argument Llooses its

restrictive role. The reason is not a theoretical one but only a
consideration of efficiency. This presentation avoids to evaluate
twice the same predicate, Another point {is that it is possibles,

Jepending on the domains, to assijyn to m in F(n,m(n1)) 4 different value
for each Jdeterminer. Thus, 4 Jifference of dejree is made between
“"several", "a lot of", "“many" etca...

Example:

"A lot of 4orkers have a car."

is represented by:

EX{ST
x//:;t_of AN,D_\~\‘\~\~~~~
x1 uworker si setZ;f : AND
I J -
%1 x//;%;\\\s card(s.n) AND
worker EXIST card(sl,n1) sup(n,0.5%n1)
X y” car to_have
J /' \
X Y

de represent "a lot of"™ by stating that the number of people that

satisfy the forwmula is higher that the number of people that do not.
The function F can also require the use of the typical element for

the property cardinal., For instance, to represent the sentence:

""The owners of a Lot of cars pay a tax."

it is necessary to compute the averagye number of cars per owner and

then to select those who have more cars than this average number, The

sentence is represented as follows:

EXIST
x AL EXIST
/ "\

ouTer 7ND _ z//;i:\\TBZpay

X sit;of AND z 'x b

%/}ND S TYPC...oval)aNp |
car 4 |

owner_of card(ss,n)  supln,val)

K

X Y

where TYP is equal to:

TYP(card:s1;set-of(s1aAND(owner(x1)zsqt_of(y1:AND(
carCyl),owner_of(x1,y1))ss1)0ss2)sval) . ’

$2 is the set of sets s1 set of cars of a given owner x1. TYP computes
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the average cardinal of the sets s1.

This Llatter example shows that several representations are
possible for determiners such as: severals, a Lot ofs, ... In facts the
two main trends are to attach to those determiners an absolute or a
relative meaning. By absolute meaning, we mean - that the set of
entities considered is viewed as a whole, as in "Most of the employees
have 4 car”™: we consider "most of the” employees of the knowledge base.
By relative meaning we mean that the set of entities we consider 1is
structured in the form of a set of sets, as in the latter example.
Relative meaning reguires the wuse. of the typical element as shown
above. In both cases, the function F wused remains wunchanged. Our
approach to relative meaning takes into account the specificities of
the knowsledye base with a real flexibility, because no value for a
given determiner is fixed a priori. ’

Another forin of ambiguity is suygested by J. Hobbs [Hob 821.
Consider, for instance, the sentence: - ,

"Two examiners yraded six papers.”

It can be represented by the formalism defined here by representing the
three following possibilities Linked by an “OR":

(1) Tio examiners have yraded a total of 6 papers, with eventually a
double correction for some papers,

{2) each exaiminer has yraded 6 papers, and these 6 papers may be
different for each examiner.,

(3) each examiner has yraded 6 papers and the set of the 6 papers is
the same for the two examiners.

L.2_ Using sets as aryuments:

e weese cecmBecassRtRenE AT e aan®a

we now consider sentences -where a3 collective reading is necessary.
For instance, in sentences like:
"Les droites paralleles ne se coupent pas.’
(parallel lines 40 not cross each other,)
“Les enfants les employes forment un cercle."”
(The children of the employees form a circle.) .
the subject argument of the verb is 4 set of objects. Thus, we extend
the formalism described in 4.1 by allowing a variable, used as an
arjguments, to represent a set., The second example above is represented
as follous:

EXIST
|

s"set_of EXIST

SING N\

2" ExeT. s x“circle to_form

o AN

y employee . child_of s

N
Y ;/‘é

Notice that what we call a collective reading must not be confused
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“ith sentences such as:

"Peter and John have crossed the road.”

where “the road" denotes a sinyle entity that both Peter and John have
crossed separately. Peter could have crossed the road alones, whereas a
tchild cannot form a circle alone. This sentence is represented bys

EXIST

A

X" road AND

| /T~ )

X tao_crass . to_cross

NN

Peter x John X _ -

Finally, notice that a4 representdtion using sets introduces
additional ambiguities in the definition of the set itself., In a
sentence like:

“Les enfants Je chague employe forment un cercle,”
(The children of each employee form a circle.)
A circle may by formed by:

- (a) the children of all the employees,

- (b) the children of each employee, i.e. there are as many circles
as there are employees. -
The . {but'atternatlve is represented above, the second 1is represented
as follows:

EXIST

// \“‘-_~

7 employee EXIST

\

Y set_of EXIST:
1 /|
//:1l;\:\\s 2 circle to_form

x/ \y \z ‘ s/ \z

This representation can be extended to a NP with n complementss, where
there are - n possible representations.

S. REPRZISENTATION OF ADJECTIVE PIHRASES

E B B b P T I b D
R A ST R -5 5 5]

de now exdnine the semantics of a3djectives. We first give some
Jefinitions and tools specific to adjectives and then develop some
examples. For jenaral tools, see section 2.

Definition 1:
A Jeterminer D is monotone increasing if and only if for any common
noun N and for uny intransitive verb phrases VI1 and VI2, such that the
Jenotation of VIT1 is a subset of the Jenotation of VI2 then:
D N VI1 ==>0 N VI2 ., [Bar 311, [liob 831,

Determiners such as ™"most", "every", "some", "a", "many", “several”,
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"any”, "a feu” are monotone increasings, but "no” and "any” are not.
For examples, if:

D = most.,
N = birds,
VI1 = migrate once a years

VI2 = migrate :
Since "Most birds migyrate once a year"™ implies "Most birds migrate”,

the determiner "most™ is monotone increasing.,

Definition 2:
An adjective ADJ applied to noun N is gualificative if and only it for
any monotone increasing Jdeterminer D , the set of objects denoted by O
ADJ N is .a subset of the set denoted by D N.

Definition 3:
Qualificative adjectives are related to measurable or descriptive

Properties nouns have. For measurable properties, the value of the
sroperty is a real and for descriptive properties it is a boolean.
Example: ’

size(dohn,1.75).

european(Anne,1).

Pefinitions 2 and 3 introduce practical tools to decider in a given
context, of the type of an adjective,

This section deals with the semantic representation of  adjective
phrases., e first jive some properties of adjectives and then show how
the different <categories of adjectives can be represented. For more
convenience and clarity, determiners are not rewritten into - their
semantic representation,

In our semantic representation, descriptive adjectives are treated
4s conjoined predicates [Dah 792): )
"Most of the european countries"™ is represented by:

most_of_the

| o~ ..

x AND
country(x) european(x)

The sentence: "Th}s tree is three meters high."” i;'fepresented bys:

this . S

\

x tre!(x) COHP(hjgh:x;niL'equalﬁx1'3))
(x1 is the height of x: high(x,x1))

Bute invfactr most of the adjectives appear to Se implicit
comparatives [Cer 83]. All adjectives based on a measurable property
fall in this class. The surface NP: Det ADJ{(+prop) N means that the

value for the oproperty prop for each element of the set of objects
Jenoted by "™ Det Adj N "™ is higher than-the value of the corresponding
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tynpical element for all the objects denoted by N. Thus, a NP like:
“several larje countries” is represented by:

several
/l\oao
X AND
| .
" country(x) AND

TYP(largesrssset _of(yscountry(y)ss)sval) COMP(largyerxsnilsosup(xloval) -
Superlatives, 3s in "“the tallest man"” are represented as follows:

the
.

X AND
xnan(i) AND
set_of(yr,man(ylss) COMP(talloxssrsup(x1s,x2))

In this representations, we express that x is taller than any man y. It
is essential to note that in tall(x,y) we exhibit some measure y of
tallness, but that does not entail that x is tall, Havinyg tallness and
veinyg tall are distinct concepts.

Notice that superlatives do not apply to the noun they precede but
rather to the purt of the NP which is in the scope of the determiner
that precede the superlative [FPe 831].

In "The most famous musician that plays the violoncello”
"most famous” refers to the set of musicians that play the violoncello
rather than to the most famous of all the musicians.

Comparisons between two properties can also be described by our
fornallsm. :
"the boxes two times hijher than Longer
is represented by:

"'

the
| \D(6

£ AND
box(x) COMP _PROP(hijhelongrexssup(x1,2*«x2))

Notice that the last aryument of COMP may be a conjunction of
predicates:

MPaul is between 2 and 3 times richer than John." is represented bys:
COMPCrichePaulsdohn, AND(sup(x1,2¢x2) ,inf(x1,3%x2)))

The non-g3ualificative adjective "average” can also be represented
by our formalism. The NP "the averaje price of a book"™ is represented
by: .



S

x book(x) the

al AND
v . \Obl

nrice_of(yrx)
TYP pricesrzrset_of(2,AND(book(y)sprice_of(zsy))ssdoval)

Yorice" is here considered as a property ©of a book. In all the
constructions of the form: "The average X of Y", X is, in fact, o
property of Y, expressed by a noun. Other constructions, such as “the
average X", where X is not directly related to a measurable property
are more Jdifficult to represent and depend most of the time on context.
ilowever, we think that they can be described by a conjunction of the
predicates dJescribed here. For instance, "the average french man" can
be represented Ly the conjunction:

(1) of the descriptive propertiess,

(2) of subtrees AND(TYP,COMP) of the measurable properties

the averaye french aan has.

Some non-3Jual ificative adjectives such as  "nervous".,
"oresidential™ applied to some nouns are eyuivalent to noun complements
or to more complex structures:

"the ygresidential election” is equivalent to "the election of the
president”

“the nervous systemn” is eguivalent to "the system of the nerves”.

"the parallel lines™ is equivalent to "the Llines whose slopes are
equatl”™. The evaluation of this NP implies the construction of the set
of sets of parallel lines (which are here finite)., For instance. the
sentence: : :

"Parallel lLlines do not cross each other.” is represented bys

NOT

EXIST

s EX{ST to_cross
x line set_of [

RPN

y slape AND
x1 slope equal{xlsy1)
/ \ "

y »y1

Finally, adjectives such as "perfect”, "worst”, "ideal" are



superlatives that apply on a set of properties. In fact, each of these
adjectives has a representation that Jepends on the noun they apply to.
These represantations are expressed in terms of a conjunction of COMP
for some aeasurable properties and the existence or the absence of some
jescriptive properties.

The semantic representation of an adjective phrase is the
conjunction of the partially instanciated representation of the
adjectives it is composed of. These representations are stored in a3
lexicon. The free <c¢onstituants are Llogical wvariablese they are
instanciated Juring the semantic representdtion computation process,
Their instanciations Jepend mostly on under which form the adjectives
dppear Jithin the adjective phrase (superlative, comparative, modi fied
by an adverb .,..) and also on contextual information [Sai 85]. It 1is
in particular the case for the function m in Flnsminl1)).

6. REPRESENTATION OF ADVERSS.

Contrary to a common idea, we think that adverbs are very often
usad in 3 real man-machine communication. In particular, we think that
adverbs that express an iJdea of Juantity (gquickly, wetl, early, ...) or
an 1dea of intensity (very, enouyhs, about, at least, much mores, ...)
have to be tiken into account in any ndatural language front end.,. In
this work, we will concentrate on these two types of adverbs. In order
to go forward and to siaplify the problem., we will consider that:

.= aJdverbs of intensity  apply to adjectives and to adverbs of
Guantity. They 3re used to refine, reinforce or weaken the meaning of
the structure to Which they apply.

- adverbs of juantity apply to verbs. The wuse of an adverb of
Juantity is 3 way to restrict (or to impose constraints on) the meaning
of 3 verb uccording to one or more of its characteristics without using
explicit complements. For instance, we can say:

"John jets up early.” instead of "John gets up at 6 a.m."

From that point of vieds, we ¢can say that adverbs operate on verbs in a
Wdy siailar to adjectives on nouns. liowever, and contrary to
adjectives, adverbs introduce adJditional scoping ambiyuities,

It is commonly aJnitted that adverbs introduce higher order
predicates that apply to one or more first order predicates. In works
sJch as (Moo 831] and CHob 851, events are used to represent actions.
Then, adverbs introduce predicates that apply to these events. In this
works, we simply show how some of the most useful adverbs of guantity
and intensity in some precise contexts cun be represented by the tools
Jeveloped above, e.j;. without the need of second order predicates. We
think that the trend of transforming higher order predicates into first
ones is wvery promising. However, and especially for adverbsy
theoretical problems (and extensions to traditional PROLOG) remains to
be solveld. Yhat e Jdo here is simply to suygyest an approach to deal
with adverbds,

In our natural lanjuaye understdnding system adverbs are stored in



3 lexicon With their semantic representation. This means that the
- meaniny of an adverb may (1) difier from a subset of a language to
another subset (2) Jdepend on the semantic features of the NP in which
it occurs.

In the next parajraphs, we first show how adverbs applied to
adjectives can be represented. Then, we examine the representation of
ajverbs that apply to verbs., We make a Jdistinction between those that
are directly related to an adverbial property of the verb (e.g. which
are nore or less egquivalent to an adverbial complement) and those that
express the frequency of an event (ex. often)., Finally, we show how
$oae scoping problems can be taken into a4account., This latter point
will lead wus to introduce some extensions to ‘the original tools
presented above. ' :

6.1_ Adverbs in adjective phrases:

cSoameanenecnoeccs cacannnmne nRGacanaseAaBRanSs

The semantics of adverbs of intensity applied to adjective phrases
can be expressed by twO wdaysS:

(1) by a modification of the function F(). The kind of modification
they involve Jdepends on the adverb. We distinguish three types of
modifications:

= adverbs, such as "very", that modify the wvalue of m 1in
Fix1om(x2)). For exampler "a large house” can be represented by
statiny that the nuaber (x1) of its rooms is higher than the average
nuiaber (x2) of rooms of a house: sup(xl,x2). Then, "a very large
house" can be represented by stating that the number of its rooms i5,
for instancer, two times higher than the average number of rooms of g
house: sup{x1,2+«x2). :

- adverbss such as "at least”, that modify F. For instance, "Paul
is three tiaes richer than Hary" is . represented by:
COMP(rich,PaulsMarysrequal(x1,3*x2)), whereas "Paul is at least 3 times
richer than Mary”™ is represented by: COMP{(richs,Paul,Mary,sup(x1,3¢x2)).

= finally, adverbs such as "enough”™ or "quite" imply that
complementary predicates are added to F (Wh1ich itself remains
unchanyed). For instance, "tall men" denotes the set of men whose
height 1s superior to the value of the typical element of the height of
mens, the adjunct of "enouygh™ restricts this ‘set by adding, for example,
the <constraint that these men are smaller than two times the value of
the typical element.

(2) by addinyg subtrees: AND{TYP,COMP) or COMP to the 1initial tree.
Adverbs such as "enoujh” or "very" can be represented in this way. ' for
instances ' "enoujzh tall wen™ can be represented by stating that the size
of these men is higher than the averayge size of men but inferior to the

average size of the tall  men. Such a construction can be applied
recursively. This second alternative 1is less efficient (fro the
evaluation) than the first one but it takes into account the

specificities of the knowledye base with a greater flexibility.

6.2_ Adverbs in verb phrases:

PR T L X N R X R R N i el )
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Within our frameworks, only adverbs of gquantity that can be
dJirectly related to counplements that describe a measurable property of
a verb can be taken into account. Thuss, for exampler, if a sentence
like: . E
"John Jets up at 5 a.m. " is represented by:
to_get_up_at(John,4).
then the sentence: "John gets up early.”™ can be treated because the
adverb "early”™ is related to a complement (the hour) which s
measurable. In this cases, the semantic representation of an adverb is
very similar to that of an adjective. '

To represent "early", it 1s necessary to compute the typicatl
element for the property "to_gyet_up_at" for’a;l the humans for which
the rising hour is known to the knowledje base, Then, Wwe have to
cowpare it to John's rising hour. There is also another way of
understanding this sentence. It may mean that John gets up earlier
than he is used to. In this cise, the typical element is computed for
the property "to_yet_up_at™ from the set of all John's rising hours
known to the knowledye base, Thus the final representation of this
anbigjuaus sentence 1is:

TYP(to_gjet_up_atXxsset_of(xsperson(x)s,s),val)d
' TYP(to_get_up_atexesJohn.nilesval)

CONP(to_get_up_atsdohnsnilssup{xloval))
COMP(to_gyet_up_atedohnosnilssuplxloval)’

Notice that, 3ccording to the semantics of TYP and COMP described
in section 2, when TYP(to_get_up_atsxsdohnenileval) is computed, all
the facts to_yet_up_at(John,_) are taken 1into account, whereas the .
value x1 taxken into account in COMP is the last value known to the -
knowled je base. :

The other class of adverbs we consider here are those which are
related to the freguency of an action (ex.: often, rarely, ...). To
take into account such adverbs, it is necessdary to be able to counts. in
the knowledge baser, the number of occurences of an action., eventually
under some constraints f(expressed by complements). For instance.
consider the following independant statements:

1ary comes.

John comes by train,

John comes with Sue.

which are represented by:

to_come (Mary).,

EXI?T(:: traini{x),to_come_by(John,x))
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to_come_with(John,Sue),

These statements are stored in the knowledge base. from these
statements it is possible to Jdeduce that:

- 4 people have realized the action of coming,

- John has come two times,

- John has come only once by train,

In this context, the sentence "John comes often.” can be
represented by statiny that the number of events "John comes” is higher
than the average number of comings for all the other persons that have
done the action of coming. The number of actions of coming for any
person x is computed by: )

AND

set_of(erto_come(x),s) c¢ard(s,n)

where e is a constant. If x=John, then s= e,e.nil : a “e" is added to
the list for each action of coming. The average number of actions of
coming is oObtained by:
TYP(cardsxsset_of(s1,AND(person(x),set_of(esto_come(x),s1)),s2)sval).
s2 is 3 set of sets s1,

The final representation of the sentence is:

AND

set_of(es,to_come(Johnd,s) ~AND

TYP(cardexrset_of (st ,AND(person(x)Nset_of(es,to_come(x)ss1))ss2)sval)

AND
card(s.,n) : sup(n,val)

The representition of a verb phrase with complements is based on the
same idea. “John come often to Paris.” means that Johns comes more
often to Paris than the averaye comings to Paris for all the other
persons Wwho come to Paris., Notice that, in our previous examples, we
have not introduced any notion of time in the knowledge base.

6.3_ Scoping ambijuities:

ceeomcocescncsne snmsstos aneane

The next point to examine 1is the scoping ambiguities due to
coaplements in a VP. This difficulty has already been pointed out in
[Cer B3], Consider, for example, the two sentences:

"John is Jdriving quickly to Paris.™

"John is driving quickly on the snow."

In the first sentence the scope of "quickly” is "is driving" whereas in’
the second sentence it is the whole VP "is driving quickly on the
snow™. In addition, notice that "John is driving quickly”™ is ambiguous
(See 6.2). For more simplicity, we Will not take into account in this
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paraygraph this ambiguity and compare John's driving to the driving of
other persons.

i In the first example, the two modifiers of the verbs, "quickly™ and
"to Paris’" are represented separately, as two adverbial complements:

AND to_drive_to
~
John Paris

TYP(to_drive_atkxeset_of(xs,AND(person(x),to_drive_at(xsy))ss)sval)
COMP(to_drive_ats,John.nilsnilssup(xl,val))

Where the predicate "to_drive_at"™ has two arguments, the fisrt
represents the Jdriver and the second, the speed:
to_drive_at{John,140).

The second sentance above means that Johns drives on the snow
quicker than the average speed of driving on the snow of other persons.
This sntence cannot be Jdirectly represented by COMP and TYP because the
first argument of these two predicates is a single predicate, What we
need here is to have a full formula as the first argument of COMP and
TYP. Thus, the averayge driving speed on the snow of a person is
computed by TYP1 as followss:

TYP1(thel(yssnowl(y)rthelxsperson(x),AND(to_Jdrive_on{xsy)sto_drive_at{x,2)).
zsset_of (x1,the(ylssnowl{yl),the(xtspersoni{x1),to_drive_on{x1,y1))),s.
val)d

and the comparison with John's driving speed is done by using COMP1:

COMP1(rhe(y'Snou(y),AND(to_drive_on(thn;y),to_drive_at(John,z))),
John.nilsnilesup(zeoval))

and the final representation isg:

AND

™~

TYPT1C(_L) coMpPIC_L)

This approach -of the representation of adverbs 1in VPs c¢an be
extented to VPs WJith several complements. However, with several
complements, the number of ambigjuities risks to increase drastically.

S.4._ Adverbs of intensity applied to adverbs of guantity:

"
R R R R I L E L E R T T X R Y Y NI WA I N N O R R N N A P N N N Y N P A Ny

The last point of this section is to show how adverbs of intensity
can modify adverbs of Juantity in VPs. In fact, adverbs of intensity
applied to adverbs of quantity modify ands thuS, are represented in the
same way than when they apply to adjectives. Thens, they are
represented by a modification of the function F of the original

semantic representation or by the adjunction of subtrees AND(TYP,COMP)
(See 6.1, .
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In this paper, Je have presented the main lines of our approach to
the semantics of natural language sentences in logic programming. We
have defined tools, based on first order logic augmented by PROLOG
calls that an expert can use to describe the semantics of each of the
lexical entities involved in the domain he considers. We think that
the degyree of precision of these tools is relevant for a simple
man-machine communication in natural lanjuage. The tools developed do
not involve very complax computdations. ands thus, the evaluation of the
semantic representation on a knowledye base Jdefined on a limited domain
is really efficient.

The main characteristics of the formalism of the tools developed
and illustrated here are (1) its semantics very close to that of PROLOG
and the wuse of a three branched juantified trees, (2) its ability to
represent ambiguitiess, to use sets as arguments and to deal with
scopiny problems. We hiave defined a very small set of predicates (TYP,
0P, COMP_PROP), that use results of the set theory, to reduce higher
order formutas into formulas for which suitable proof procedures are
available., Next, we have shown up to which point our formalism is well
adapted to represent the semantics ot nouns. noun complements, relative
clauses, verb coaplements, interrogativess, determiners, adjectives and
adverbs. We have also given practical tools to refine the main,
syntactic categories.,

de view the naturol lunguagje understanding process as a rewriting
process., The syntactic parser we use i5 a Gapping Grammar [Abr 841,
[Cah 843, It produces a three-branched quantified tree which s
translated 1into the semantic representation defined here., The three
branched juantified tree is built automatically by the parser, without
any contextual knowledge. Each node of the tree is a word of the
surface sentences, a conjunction or the negation. Then, the semantic
representation of each word and contextual knowledge are used by the
seaantic component to build the representa2tion described here.

The last process is the evaluation of the formula .and/or the
possible updatings of the knowledge base the input request japlies.
The updating of a knowledye base remains "a very complex problem.
Transforimations of the input sentence dre necessary, for instance to
Jeal with 2xistentially gquentified wvariables. In addition & truth
maintenance system 1is also involved. The evaluation of a reguest is
amdch more simple. A system with two or three truth values [Dah 77) can
be used . In addition, we have built an interpretor than translates
the gjrammar of . the semantic representation (under a Bacchus normal
form) into an efficient evaluator, This interpretor is domain
injependant. )
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In the remainder of this section, we adress some of the numerous
problems that remain unsolved within the framework defined here. The
main probleams are about the construction of the semantic
representation: the covperation between syntax and semantics, the way
contextual inforaation is used and the exact structure of the Llexicone
These praobleas are very complex, highly interdependant, and we will

simply set them here.

The first point is what we call the cooperation between syntax and
semantics. 3Some aspects of it have been exposed in [Sai2 85]. The
question is to know what syntactic information is necessary for the
semantic component, Up to now, we have adopted the three-branched
dJuantified tree as the input of our semantic component. This input
representation gives an image of the oriyinal sentence with ‘a certain
Jejree of normalization. This normalization 1is due to the way the
resulting tree is computed and also to the syntactic transformations
done Dby the parsers (this is the role of several rules with gaps). To

dllustrate the difficulty of this problems, let us consider the case of

topicalized structures. In a larje majority of casess, topicalization
his no impact on the semantics of a sentence. But there is at least a
case where it has one. Notice the difference between these two

sentences:

Every iman loves a woman.

A woman every man loves.
(This example is Jue to J. Hobbs.)
In the first sentences, "every” has wider scope over "a" whereas in the
latter, "a™ has wider scope over “every", Syntax can be used to solve
semantic ambigjuities, to find appropriate antecedents to pronouns’

etCoeve and also to express semantic constraints in syntactic terms.

The next point is the way the semantic representation is§ computed.,
In facts, this coamputaticen is not strictly compositional, e.g. the
representation of a sentence 1is not simply a composition of the
representation of its parts. ‘"It is necessary to take into account
contextual information and the fact that certain words 1in & sSentence
have a representdtion that depends on the semantics and the position of
others. Contextual information <can be used, for instance, to solve
scoping  3uabijguities Sai  85) or prepositional phrase attachment

~aambijuities. The difficulty 1is to  be able to specify a priori the

nature of the interactions with the context. Some interactions consist
simply in the evaluation of a subformula or in checking if a subformula
do not contradict any rule or any integrity constraint. If 3t is not
the caser then the representation is discarded. But several
interactions are much more complex to handle (see examples in [Dal
851). The other point is words that have a representation that depends
on the semantics and on the position (or role) of others. This is
illustrated in [FPe 83) for the verb to havesr which can have different
representations Jdepending on its subject and complements. This problen
can be expressed by conditions on the environment (or by attachment
rules) of un entity we want to represent. ‘These conditions can to
circumscribe the role the word we consider plays in the sentence,
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The last point 1is the description of a lexical entity. We think
that a gjood form for representing a lexical entry is to represent it as
an inference rule, as in [Pal 83]. Thus., a semantic representation of
a jiven word is selected if its conditions of selection are true,
These conditions are a conjunction of conditions on the syntactic role
of the word beein3y processed and also conditions on the syntactic and
the semantic roles played by other words in the sentence. If a word
has. several possible representationss, the conditions of selection of
each representation exclude each other., Both the representation of a
word and the <conditions of selection are domain dependant. The
conditions of selection of the represntation of a word must not be
confused with the conditions of selection of an overall structure for
the vrepresentation of the sentence beeing parsed. This latter kind of
selection rule may be, for instance, scoping rules, as in [Sai 851, or
the construction of comparatives,

Two Juite different approaches to the use of contextual
information to build the semantic representation of a sentence were
proposed by M. Palaer in [Pal 831 and M McCord in [McC 841]. In [Pal
83) calls to the context are done-at the level of lexical entries. The
overall structure of a sentence is built around the main verb of the
sentence. In ['YcC 341, M. McCord describes a semantic 1interpretation
component SEM. In 3EM, there is an interleaving of several different
aorocesses: sense selection for a words, slot fillinygs, movements of nodes
(up and to the Ll2ft), simplifications and exercising of semantic
constraints that involve real world knowledge checkings. Finally., a
formalisa to Jescribe the dJdifferent ways of buiding the semantic
representation of a sentence is described by H. Abramson in [Abr2 841].
The way to build the representation of a sentence is specified by one
or more rules in the form of Horn clauses attached to each node of the
parse tree, Je think that these approaches are a good experimental and
theoretical basis to Jevelop a more complex semantic interpretor of a
sentence that can build the semantics described in this paper.
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