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Abstract

Lllipsis has always been a centre of academic interest, be it
in linguistic theory or in computational linguistics. In the
present paper, we propose an ellipsis detection method for
the Arabic language using the ATN formalism. This
tormalism, which is casy to implement, allows us to
construct an eflicient clause parser to detect ellipses in
complex sentence  structures.  ‘Then, we give a formal
characterisation of ellipsis and a detection method based on
un ATN grammar lor well-formed clauses. Finally, we
present  some  criteria to  classity complex clliptical
senfences  in order  to elaborate specific resolution
algorithms.

Introduction

Ellipsis has always been a center of academic interest, be

it in linguistic thcory or in computational linguistics. A

simple example of Arabic ellipsis is given in sentence (1):
Gl 3o gl fad] A ,all B el Al Cl (1)

The voung boy went to school and his brother

[wenl] to university.

In this example, the sccond clause contains the deletion
of a verbal phrase, thc meaning of which is to bc
determined from the first clause. According to Dalrymple
terminology (Dalrymple, Shieber and Percira 1991), we
call the clausc that the verb is copied from the well-formed
clause. and the clausc which contains the elided verb the
elliptical clause.

Syntactic accounts of ellipsis posit the copying of
syntactic  structure  from  thc  well-formed clausc
representation  to the clliptical clause one (Gardent 1992).
(Hardt 1993) and (Lappin 1992).

In this paper, we takc an interest in the automatic
trcatment of the phenomenon of cllipsis in discourse
written in Arabic language. To identify the well-formed
clause in an clliptical sentence and to localizc the elliptical
ones. we propose to construct an Arabic grammar that
recognises only the structure of well-formed clauses. Also.
the grammar can bc tightly restricted to define the
sentence structurc in terms of a small number of well-
formed clause structures.

The originality of our approach resides in using a clause
gratnmar to detect cllipscs of complex sentence structures
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and in establishing a classification of elliptical scnicnces
which facilitates the construction of cfficicnt resolution
algorithms.

The paper is structured as follows: in section 2, we
prescnt some related works and comparc them to our
approach. Scction 3 is devoted to the presentation of the
clause grammar used for the wecll-formed clausc
identification. In scction 4, we give an cllipsis detection
method basecd on a formal characterisation of clliptical
sentences. In section S, we propose an elliptical sentence
classification based on the clliptical scntence syntactic
struclure. The last section presents our conclusions and
futures works.

Related work

Sceveral methods have been used to treat cllipses in their
different forms and in different contexts. We cite in
particular:

e The extension of the grammar by adding cxplicit rules
or mclarules that prevent cllipses (Gardent 1992),
(Huang 1984) and (Sabah 1989).

e The rclaxing of constraints: Consistency and ordering
constraints can be relaxed on a sccond pass, allowing
the detection and resolution of cllipses (Weischedel and
Sondheimer 1982).

e The fitted parsing: It happcns when the rules of a
conventional svntactic grammar are unable to producc a
parse for an clliptical sentence. This technique can be
uscd to producc a reasonablc approximate parse that can
serve as input to remaining stages of natural language
processing (Jensen, Heidorn and Richardson 1993).
Traditional linguistic theory distinguishes ellipsis forms

(i.c.., Right-node Raising. Gapping. VP-dcletion,

Coordinatc Reduction) according to syntactic structurc of

clliptical clauses (Gardent 1992). Syntactic accounts of

these cllipsis forms posit the copying of syntactic structurc
from the wcll-formed clause representation to the clliptical

clausc one. The used approaches are generally bascd on a

complex scntcnce grammar that can not casily locatc the

clliptical parts of the sentencc (Boguraev 1983) and

(Huang 1984). In this approachcs, elliptical clause



occurrence does not play any role. In our approach, we
distinguish ellipsis classes according to syntactic structure
of elliptical sentences by taking into account the following
considerations:

— occurrence of elliptical clauses that a sentence

contains,

— alternation of well-formed clause/elliptical clause,

— ellipsis form.

Unlike to the above mentioned approaches, our
approach is based on another type of grammar namely an
ATN clause grammar used to identify the well-formed
clause and to locate the elliptical ones. Writing grammar
rules is the first step in designing ATN parser which
allows us to havc more information about structure and
meaning of clauses.

Clause parser

Syntactic analysis can be performed using complex
sentence grammar. But, the specification of such a
grammar is complex and requires much effort. Besides, it
will be difficult to localisc the elliptical parts of the
sentence. Our proposition is to use a clause grammar. So,
we minimize the effort required in writing the sentence
grammar, we can easily identify the well-formed clause of
an clliptical sentence and then locate the elliptical ones,
and we can detect the elliptical fragments of an elliptical
clause. In addition, the less structures are allowed, the
higher is the potential ambiguity. Note that an Arabic
sentence may begin either with a verb phrase (VP) or with
a noun phrase (NP). We restrict our study to the sentences
that begin with VP. As in (Lappin 1995), we consider an
cxception phrasc fragment not as an instance of ellipsis,
but as a displaced NP modifier. In the following, we give a
subset of Arabic grammar rules:

S— VP+NP

S — VP + (NP|PP) + exception prep + NP

S — interrogative pro + VP + NP

S —» S+ (NP|PP)

NP — NP + conj + NP | NP; | NP:| NP;| NP, | noun |

proper noun | pro

PP —» prep + (NP;| NP;| NP;| NP,| noun)

NP; — art + noun | demonstrative pro + noun

NP; > NP, + AP

NP; — noun + (NP;|NP,)

NP, — noun + adj | NP, + adj

VP — negative adv + verb | verb

AP —» art + adj | art + adj + AP.

The clause grammar that we usc for our approach is an
augmented context-free clause grammar. To implement it,
we construct first a Recursive Transition Network (RTN)
(Woods 1970). The main network used in this section is
shown in Figure 1. Then, we transform it into an ATN in
order to add subcategorization principle and agreement

constraints which are useful for the resolution process and
to avoid ambiguity. In order to store these information, the
ATN uses registers which are responsible for holding a
structural element or phrase such as noun, verb, adj, NP,
VP, etc.

A sentence like John and Mary are alike is accepted by
our parser as a well-formed clause but not as a conjuntion
as in other parser (Woods 1970). The mechanism also
overcomes the inheritance of nonsensical problems.

NP,PP

Figure 1: The main network of a grammar rules fragment.
The major components of our clause parser are:

— a set of lexical categories for the words of the Arabic
language and a lexicon in which each word is assigned
the categories that apply to it (Belguith and Ben
Hamadou 1996);

— an Arabic clause grammar, using the same categories
as the lexicon and whatever constructs are required by
the type of grammar used to specify the well-formed
clause structures;

— a parsing program, whose inputs are the clause to be
processed, the lexicon, and the Arabic clause grammar,
and whose output for ecach clausc is a structural
description of the clause.

Ellipsis detection method

We begin by recalling that it is possible, from the
linguistic viewpoint, to adopt for the Arabic language the
same typology of cllipses (i.c., Gapping, Right-node
Raising, Coordination Reduction,...) as the one proposed
for English and French (Gardent 1992), (Hardt 1993),
(Lappin 1992) and (Rau 1985). In the following, we
present the main characteristics of ellipses in the Arabic
language.

Set forms of ellipses

Certain expressions, and notably letter endings, forms of
wishes, certain orders or certain exclamations are
elliptical. To understand them, it isn’t necessary to
construct the complete form. That’s why, they are called
false ellipses.

Examples:
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Happy new year ‘i bae [EU) L,:fT’J 2)
Fire, fire W W L 3)

Thesc set forms of ellipses do not interest us because
they can be resolved at the lexical levcl. But we rather
focus our interest on the ellipses that oblige the reader to
search in the context the lacking clements without which
the message will be incomprchensible. The sentence (1) is
an example of this.

The nominal ellipsis

The nominal cllipsis is the omission of the essential part
of a noun phrase (i.c., head) that has to bc taken from
outside of the part of the previous discourse. Then in a
sentence that contains a nominal cllipsis, onc of the noun
phrases is incomplete.
Example:
Sy ke Y YT v 2 el e SV Y Q)
The oldest brother is twenty and the youngest |brother|
is six years old. )

In example (4), the nominal phrase containing ellipsis
is reprcsented by an article and an adjective (the
youngest). This trcated example contains a nominal
ellipsis.

The whole phrase ellipsis

The whole phrase cllipsis is distinguished from the
nominal one by the fact that the omitted constituent may
be a wholec phrase (noun phrasc or verb phrase).
Therefore, in this category, we can distinguish the
following ellipsis forms:

¢ Gapping:

Anal 1ol [Cp8] 5 )l U all M s (1)
The young boy went to school and his brother [went] (o
university.
¢ Right-node Raising:

e ol U] kst 5 i o Ul oy (5)
I sells a bike and [I] gives a fishing rod to my sister.
» Coordination Reduction: .
A le 2 or [imalls] g el o 2T e b (6)
I ask my brother for his bike and my sister for
her fishing rod.

Formalism

According to what we have exposcd above and the fact
that we usc an ATN clausc grammar, we consider that an
clliptical sentence in (wo distinct parts: an elliptical part
preceded by a well-formed part that can be used as
reference to resolve the cllipsis. The clliptical part might
be composed of a succession of elliptical clauses generally
separated with connection words (that we call connectors)
which arec coordinators, correlative conjunctions,
subordinators, ....
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To formally characterise this phenomena. we must first
introducc some notations and definitions.

Elliptical clause. Let V be the finite Arabic alphabet. Lct
V" be the set of finite words over V. V' = V\{e}. where &
is the empty word.

Definition 1. We call clause any finite sequence P of
words of V', P=w;w....w,,, wie V' and 1<i<m. We note 2
the set of all clauscs that can be constructed from V*.

Let G be the Arabic clause grammar over V' describing
thus a subsct L(G) < . To verify whether a given clause
P is generated by G. we introduce the following function
that represcnts the acceptance function of the clause
parser:

analvse : P —» & {true, false}
{lrue if P e L(G)

SJalse otherwise.

P -

Definition 2. A clausc P iscalled well-formed if Pis in
L(G).

[ P well-formed < analvse(P) |
Note S the sct of finite scquences of clauscs of 2.

Definition 3. Let S=P.P,...P, €5. We define the context of
a clause P, 1<i<n by the subsequence S=P.P,...P_, formed
from all clauses preceding P,. We notc by W™ the sct of
all the words composing S;.
Remark. The context of P, is the empty sequence.
Definition 4. Let S=PyPy...P, be a sequence of $and P;=
WjiWi.. Wy, a clause of 2, 0<i<n. Let the function
is _recoverable be dcfined by:

e if ~anhs{ ) AH® 2DATM,... M,

lilm-ll

el Ui}
is recovendl(I.8) =

e U TR

fedw dovise.

A clausc P,1<i<n, is called elliptical if is recoverable
(P..S).

Therefore. a clause Pi from a sequence S is clliptical
when it isn't well-formed and when it can be completed
with words of its context in order to be a well-formed onc.
Remarks:

— In the casc of a semantic ambiguity the cllipsis
resolution will be treated in a semantic level.

— Examples as he is going out and it raining arc treated
like elliptical clauscs.

Elliptical sentence. Let C be a subset of V* that we call
sct of conneclors containing the cmpty word € too.
Definition 5. A sentence Ph is a sequence of clauses
separaled with connectors of C. Ph has the following form:
| Ph =Pyc,P;...c,P, where ¢ e C. P P,

Definition 6. A sentence Ph is called elliptical if

1) the first clausc of Ph is well-formed

2) at least one of the remaining clauses is clliptical.
Example 1. Let the sentence Ph be:




AW L oy, 8] 5 T el G Al by, 2
The blue cable must be connected to terminal A and either
the yellow cable [must be connected | to terminal B or the
black cable [must be connected ] to terminal C.

Py: The blue cable must be connected to terminal A.

P;: the yellow cable to terminal B.

P,: the black cable to terminal C.

Ph is elliptical because P, is well-formed and P, and P,
are elliptical,

Outline of the detection method

Basing on this formalism, we propose an algorithm for
elliptical clause location in a sentence consisting of three
main stages performed by the clause parser:

—Search of connectors:

We search for all existent connectors in the analysed

sentence relying on a connector lexicon. The obtained

result is made up of a list containing clauses and of an
other one containing connectors.

—Identification of the well-formed clause:
We make a filtering operation of the already obtained
lists of clauses and of connectors based on the
identification of the longest well-formed clause of them.
Once the well-formed clause is identified, the two lists
are updated by removing the well-formed clause
components from them.

—Labelling of the remaining clauses:
We attribute to each clause of the remaining clause list
an etiquette meaning that the clause is either elliptical or
not. Labelling allow us to localise the elliptical clauses
of the list.

Therefore, in order to have an elliptical sentence, it
must begin with a well-formed clause and it must contain
at lcast one clause labelled by the function efiquette.

At the end of those three stages, we dispose of enough
information to classify elliptical sentences and later to
establish resolution algorithms (Haddar and Ben Hamadou
1997).

Classification of elliptical sentences

We can distinguish different classes of elliptical sentences
by taking into account the following considerations:
— occurrence of elliptical clauses that a sentence
contains,
— alternation of well-formed clausc/ clliptical clause,

— ellipsis type.

Formalism
We distinguish the following class definitions:

Definition 7. An elliptical sentence Ph.= Pc,P;...c.P,,

nz1, is called homogeneous if all clauses P;, 1<i<n, are

elliptical and have the samc type of ellipsis.

Example 2. Take the elliptical sentence of example 1.

Since P, and P, have the same type of ellipsis then Ph is

homogeneous.

Definition 8. An elliptical sentence Ph.=Py,P;...c, P,

n>1, is called heferogeneous if every two successive

eltiptical clauses P; ct P;,;  1<i<n, have not the same type

of ellipsis.

Important remark. An elliptical sentence that does mot

contain two successive elliptical clauses is systematically

heterogeneous whatever the type of ellipsis of clauses that

the sentence holds.

Example 3. Let the sentence Ph be:

Ao Sl [y ] 5 T ey 3 5W el by,
Ao yris B 85 e g 5 o Sl

The blue cable must be connected to terminal A_and

the yellow cable [must be connected | to terminal B

or you must keep them free.

Po: The blue cable must be connccted to terminal A.

P,: the yellow cable to terminal B.

P2: you must keep them free.

Ph is heterogeneous because P, and P, arc well-formed
and P, is clliptical.
Definition 9. Let Phe= Py iP;...c,Py, n>1 be an elliptical
sentence. Ph, is called mixed if it is neither homogeneous
nor heterogeneous.
Example 4. Let the elliptical sentence Ph be:
Sl et Ly L\;'Ld-"“e S Y el dy,
Al 3,5 dlle g ) 2 Sl 5 S
The blue cable must be connected to terminal A and
neither the yellow cable to terminal B or the black cable
to terminal C or you must keep them free.

Py: The blue cable must be connected to terminal A.

P;: the yellow cable to terminal B.

P,: the balck cable to terminal C.

P;: you must keep them free.

Ph is mixed because P, and P, are well-formed, and P,
and P; are elliptical.

All these definitions, which we have presented, will
allow us to establish criteria to apply for the membership
class determination of the elliptical sentences with the
intention to perform the resolution process.

Class determination

According to definitions 7, 8 and 9, in order to determine
the class of an clliptical scntence, we have to know the
forms of -ellipses of the successive elliptical clauses. Let’s
recall that an elliptical sentence is systematicaily
heterogencous when il does not contain successive
elliptical clauses. Then, we do not need to know the
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ellipsis forms of clliptical clauses of this scntence. The
cllipsis form dctermination of an clliptical clause is not
usually casy to implcment. That's why, we propose a
heuristic, which is clcarly easicr to implement. This
heuristic is based on the behaviour of connectors: when
somc conncclors of the Arabic language are successive in
a sentence, the clauses which follow them usually have the
samc form of ellipsis (if they are elliptical). To represent
this heuristic, we proposc to usc a matrix M[k.k| on the set
0,1} where k = card(C). It is called * the Coherence
Matrix of Clausc Conncctors ~ and it is defined as follows:

Letci, ¢ e C.

M[ci.cj]=1 means that the clause, which follows ¢, if it
is clliptical, contains thc same type as the clause
which follows ¢; in a given sentence where these
two clauses arc successive.

Mc;.c)] = 0 otherwise.

This enables us to define a function that divides the sct
of connectors of a given elliptical sentencc in partitions.
The number of this partitions determines thc membership
class of the clliptical sentence. If the number of partitions
is cqual to 1 then Ph, is homogencous. If the number of
partitions is cqual to the numbcer of clauses of the
remaining clause list then Ph. is hctcrogeneous.
Othcrwise, Ph, is mixed.

Conclusion

In this study. we have proposed a formal charactcrisation
of ellipsis for the Arabic language and a localisation
process of clliptical parts of a sentence. Moreover, we have
established classification critcria to definc approprialc
algorithms for cllipsis resolution. The clausc parser. the
classification algorithm and the detection algorithm arc
implemented with C++ within the framework of
CORTEXA system (Ben Hamadou 1993).

Finally. our futurc works concern thc improvement of
the used clause grammar. the resolution of somc
ambiguities in particular anaphora cascs in cllipsis.
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