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Abstract

The paper proposes a treatment of relative sen-
tences within the framework of Head-driven
Phrase Structure Grammar (HPSG). Relative
sentences are considered as a rather delicate
linguistic phenomenon and not explored
enough by Arabic researchers. In an attempt to
deal with this phenomenon, we propose in this
paper a study about different forms of relative
clauses and the interaction of relatives with
other linguistic phenomena such as ellipsis and
coordination. In addition, in this paper we
shed light on the recursion in Arabic relative
sentences which makes this phenomenon more
delicate in its treatment. This study will be
used for the construction of an HPSG gram-
mar that can process relative sentences. The
HPSG formalism is based on two fundamental
components; features and AVM (Attribute-
Value-Matrix). In fact, an adaptation of HPSG
for the Arabic language is made here in order
to integrate features and rules of the Arabic
language. The established HPSG grammar is
specified in TDL (Type Description Lan-
guage). This specification is used by the LKB
platform (Linguistic Knowledge Building) in
order to generate the parser.

1 Introduction

Relative phenomenon has a great importance in
all natural languages and in all corpus kinds.
That’s way researchers in linguistics or in com-
puter sciences pay great attention to this pheno-
menon (i.e., (Belkacemi, 1998), (Elleuch., 2004)
and (Garcia,2006)). Indeed, a phase of parsing of
this phenomenon is fundamental for several
types of Natural Language Processing (NLP)
applications such as grammatical correction and
machine translation. Nevertheless, the researches
concerning the parsing of relatives, object of this
work, have not reached an advanced stage yet.
This is due, on the one hand, to the complexity of
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this phenomenon and, on the other hand, to the
interaction with simple and complex linguistics
phenomena.

Thus, one of the objectives of this work is to
study the various forms of the Arabic relative
sentences. This study is based on old grammati-
cal theories (Abdelwahed, 2004), (Belkacemi,
1998) and (Dahdah, 1992), and on discussions
with linguists. From the study carried out, we
also want to identify all possible syntactic repre-
sentations of the Arabic relative sentences. The
choice of the HPSG is justified by the fact that
this formalism has shown great efficiency in sev-
eral languages such as German.

The elaborated HPSG grammar is specified in
TDL (Type Description Language). Based on the
elaborated TDL specification, an Arabic parser is
generated using the LKB linguistic platform. The
generated parser can process complex sentences
containing relatives. The originality of this work
consists, on the one hand, in the identification of
a relative sentences typology, and on the other
hand, in the proposition of a HPSG extension
detailing under-categorization. This extension is
specified in TDL (Type Description Language)
(Krieger and Schéfer, 1994), the language sup-
ported by LKB platform.

In this paper, we begin with presenting some
projects dealing with the relative phenomenon.
Then, we give a typology for Arabic relative sen-
tences. After that, we introduce the HPSG for-
malism and we present modifications made on
this formalism to adapt it to the Arabic language.
Using this formalism, we elaborate a grammar
for the Arabic language which can process rela-
tives and we specify this grammar in TDL. We
test this specification by generating a parser in
LKB and applying it to a corpus of complex sen-
tences. Finally, we conclude the paper by giving
some perspectives of our work.

2 Related works

Researchers on the Arabic Language Processing
began in the 1970’s. The projects carried out
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since then and which have proposed parsers
based on HPSG are limited.

Most of projects have proposed prototypes of
parsers covering some phenomena (i.e., simple
sentence, ellipsis). For example, in (Aloulou,
2003) and (Bahou et al., 2003) authors studied
the simple Arabic sentences and their representa-
tion with HPSG. They proposed some modifica-
tions on HPSG to adapt it to the Arabic language.
These works are integrated in a multi-agent plat-
form. In (Abdelkader et al., 2006), the elaborated
grammar makes it possible to analyze the Arabic
nominal sentences. Also, priorities were intro-
duced while applying HPSG schemata.

For the complex Arabic sentences, we take as
an example the work presented in (Elleuch,
2004). It allows processing of simple sentences
as well as complex ones. This work is based on
the use of a large number of production and dy-
namic rules because the HPSG used version is
old. Also, we take the research project presented
in (Maaloul et al, 2004) which deals with Arabic
sentences containing joint components and
makes modifications on HPSG to adapt it to
coordination. Note that all these works are based
on their own parser. The relative phenomenon is
also studied in (Belkacemi, 1998). This work
shows that conjunctive nouns are not considered
as determinants but as modifiers.

Concerning, the projects using the second ap-
proach which consists in the use of a tool for
generation, we find essentially researchers study-
ing Latin languages. For example, the project
proposed in (Garcia, 2005) aims to analyze the
Spanish relative subordinate clauses. This analy-
sis is made on the LKB platform and is specified
in TDL. In the same way, the project presented
in (Tseng, 2006) deals with the French phrase
affixes.

3 Arabic Relatives

The relative linguistic phenomenon is frequent in
sentences and exists in all languages. In this sec-
tion, we give an overview on the Arabic relative
sentence, and then we explain the various forms
that can take and we give some ambiguities in
the treatment of Arabic relative sentences.

3.1 Definition

An Arabic relative sentence is a subordinate
clause that carries out the various grammatical
functions of a noun. It can play the role of a topic
(ls), a predicate (:3), a subject (J=\¥) or object
(« Js=s). Relative sentences are introduced by a

special class of nouns called conjunctive nouns
like ‘¥, who’ and are followed by a special
clause called relative clause.

Relative sentence (Srel) =
Conjonctive Noun (CN) + relative Clause (Crel)
Jpum gall oo + 302 30 ps) = A 312 90 1S po

The following example illustrates previous
rule that describe relative sentence structure:
e ) il [V S e (53] ealil]
[The boy [who succeeded in the examination]]
has travelled to France.

In this example, the noun “x<1" is modified
by the relative sentence Srel “Olaie¥) & mai A,
This relative sentence is composed by the con-
junctive noun CN “s3” followed by verbal
clause Crel “Ulaia¥l 8 zad”,

For Arabic relative sentence, we distinguish
those which have an antecedent and others not.
The relative ones with antecedent generally make
it possible to give information on the antecedent
(explanatory relative). In contrast, the relative
ones without antecedent are themselves which
supplement the means of the sentence (comple-
tive relative).

3.2 Relatives Typology

The proposed Arabic relative typology is in-
spired from the old grammatical theory and the
former research tasks. Indeed, it is based on na-
ture of clause which follows the conjunctive
noun (Crel). The clause (Crel) can be a verbal
phrase (VP), a prepositional phrase (PP) or a
nominal phrase (NP). The (Crel) clause nature
depends also of conjunctive noun's nature. The
categorization of conjunctive nouns (NC) as well
as Arabic relative forms is defined in the follow-
ing sections.
e  Conjunctive noun’s nature

Conjunctive noun's nature plays a role in the ca-
tegorization of Arabic relative sentences. In-
deed, a conjunctive noun (Js—sall ~s¥1) is consi-
dered as an indeclined insignificant noun. It oc-
cupies the functional head of the sentence and it
is semantically co-referent with the antecedent.
The conjunctive nouns are categorized as two
kinds: Nominal conjunctive (des¥) &Y seasdll)
and prepositional conjunctive (A all &Y sa sall),
Nominal conjunctive are categorized in two sub-
forms: common conjunctive and special conjunc-
tive. As for the prepositional conjunctive, they
are subdivided in two sub-forms: conjunctive
ones influencing the verbs and others influencing
the nouns.
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Influencing nouns

Preposirional<
< Influencing verbs| ¢

. ' L, e, 13080 ‘
Nommal< Common‘ VO
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Special ‘ @I, ) A Gl el ‘

Figure 1: Categorization of conjunctive nouns

Based on elaborated study, explanatory rela-
tive is introduced by special conjunctive. All
other nature of conjunctive nouns can introduce
completive relative. In addition, according to the
nature of the relative clause which follows the
conjunctive noun, we distinguish two forms.

e Relative clauses Typology

The clause (Prel) which follows the conjunctive
noun can be a verbal phrase (VP), prepositional
phrase (PP) or nominal phrase (NP). According
to these criteria, we identify two forms:

First form: Conjunctive noun followed by a
verbal phrase (VP) or prepositional phrase (PP)
This form regroups conjunctive nouns which
require the existence of a verbal phrase or prepo-
sitional one. For this form, we identify three
types of relative’s nouns: special nominal con-
junctives, common nominal conjunctives, except
for the conjunctive “s1”, and prepositional con-
junctives influencing the verbs. We define these
various natures of conjunctive nouns as follows.

5 jilad] e calani i Caid) [ S IS5 o3l yirad] milos
The director, who spoke a lot, greeted the girl
who took the award

In the previous example, the conjunctive noun
‘@l agrees with its antecedent ‘)’ in gender
and number. If the number is conserved and the
antecedent’s gender was modified the conjunc-
tive noun will be replaced by their correspondent
one.

For neutral common conjunctives, they are inde-
pendent from gender or number Dilslla e,
Except for ‘s, all neutral common conjunctives
require a VP or a PP.
[l ol 6 Y1 S La] (caiall) Aol [ 6
The boy (the girl) has read what the father wrote
in the letter

The example above illustrates the indepen-
dence of the common conjunctive ‘«’ in gender
and number. Conjunctive nouns ‘&’ and ‘<’ do
not require an agreement with the verb of VP.
Second form: Conjunctive noun followed by a
nominal phrase (NP)

The second form covers conjunctive nouns
which require the existence of a nominal clause.
These conjunctives are represented by the com-
mon nominal pronoun ‘s and the prepositional
conjunctives influencing nouns. These natures of
conjunctive nouns are detailed as follows.
The conjunctive noun ‘(s” is a declined common
conjunctive noun which refers to all what is hu-
man. The conjunctive noun ‘" have a various
forms according to the function which plays. Fol-
lowing example illustrates this correspondence:

[¢ine T LY rilSa

The teacher will reward any diligent
5 il [agine 5/ ] s
Any diligent will win a prize

Examples above show that the connective noun
"s" can have in a sentence different grammatical
functions. In the first example, the connective
noun "si" is a part of the object. So, it is open
ending. For the second example, connective noun
"< is a subject. Then, it is regular.
The prepositional conjunctive noun "ui" requires
the existence of nominal phrases after this type
of conjunctive. The NP must be open ending.

iz e Al 51T Y S

The father says [that the child is sick]

As we already mentioned, prepositional con-
junctive noun "o is followed by a nominal
phrase “Las A, This conjunctive does not
require an agreement.

As we already mentioned, the relative pheno-
menon is complex. This complexity is due to the
diversity of possible forms and to the ambiguities
founded during the analysis like interaction with
other linguistic phenomena as ellipsis and coor-
dination. This interaction increases the complexi-
ty degree of this phenomenon. The following
example illustrates this interaction.

[ w5 g s W] QST Aol s

The child who took the book [which he wants

and desires]

In sentence above, we can note that the phe-
nomenon of ellipsis intervenes on the level of the
verbs. Indeed, the objects of these two verbs
were elided.

In addition, in Arabic language, relatives can
be recursive. Indeed, relative sentence can con-
tain another relative sentence. Recursion can
contain different types of relative (completive or
explanatory). The example above show that the
explanatory relative, whose antecedent is "<l
containing another " (Al 3 3lall e cliass Al cull
S Bae (e oS5,

In order to analyze suitably the relatives, some
modifications were made to the HPSG formalism.
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In the following paragraph, we develop an ade-
guate HPSG grammar.

4 HPSG for Arabic relatives

HPSG (Head-driven Phrases Grammar Structure)
is a grammar of unification which was proposed
by (Pollard & Sag, 1994). It is considered among
best grammars for the modeling of the universal
grammatical principles and a complete represen-
tation of the linguistic knowledge. Indeed, it
make possible to represent in the lexical entries
phonological, morphological, syntactic and se-
mantic information.

In order to implement HPSG for the Arabic
language, we adopt the already made modifica-
tions in order to integrate the particularities of
this language (Boukedi et al., 2007). Figure 2
presents the SAV of a conjunctive noun using the
majority of features added to the noun’s type.

The example in figure 2 shows that "¢3" is
not a significantly declined noun. This informa-
tion is expressed by the features MAJ and
NFORM. As for the feature INDEX, it shows
that "&d" is a singular masculine noun.

A;ION-:: é-“-"' 'aalladhy = \
noun 3 \\

/ /T Mag
NFORM hot_declined
CAT TETE | w1 not_significantly
DEFINI -
RFORM Nominal
RIYFE  common
SYNSEM|LOC SPEC verb ]
VAL cor\-n»sﬁl;»]
\S+ ARG < 1>

PER Je

CONT | IND | NoMB sing

K \ GEN masc
Figure 2: The SAV of the noun “‘alladhy 3

As it’s indicated in previous parts, the imme-
diate dominance (ID) schemata allow the genera-
tion of the derivation trees (Pollard and Sag,
1994) and (Blache, 1995). The arabized HPSG
formalism must necessarily adapt these schemata
in the sense of reading since the Arabic language
is written from right to left (Boukedi et al.,
2007). As follows, we present the modification
of the mark’s schemas taking into account the
phenomenon of relatives.

Marking schema represents, on the one hand, a
son head not having a descent not limited to en-
close and on the other hand, a son marker refer-
ring HEAD of the marker type. The markers are
associated with the feature SYN-SEM | LOC |
CAT| MARK. This schema allows generally

representing the relative sentences of the Arabic
language. Thus, any sentence containing a con-
junctive will be represented on this schema.

Téte E'
VAL =:>
MARQUE

Tite mrgue | SPECH
VAL « =
MARQUE

H Téte B
VAL <>

Figure 3: The rule of mark: Modified schema.

For example, the phrase « 4alall J<i a
represents a relative clause whose marker is the
conjunctive noun «g¥» followed by a verbal
phrase «&alis JSi» indexed [4.

Besides the marking rule, we use the modifi-
cation schema to control the selection of the an-
tecedent by the conjunctive noun. Indeed, the
majority of conjunctive noun have an antecedent
presented in the form of a noun.

The following phrase represents a relative
clause whose modifier is the conjunctive noun
« gl » which modifies its antecedent: the noun
« Al o,

[ oo s LUsl]
[the child who ...]

The figure 4 illustrates the generation of syn-
tax tree for « .... ¢ A » using the already men-
tioned rule of modification.

PHON = srereeeeees Al algli =
TETE[1]

VAL = [2] =
pa—

PHON = o= il =

TETE E\IOD j

VAT

PHON < usi =
TETE
VAL <2}

Figure 4: HPSG representation of the phrase
n".‘éﬂ‘ ﬁ"j\ "

In conclusion, the HPSG grammar designed
and adapted to the Arabic language makes possi-
ble to analyze relative sentences while applying,
amongst other things, the rule of marking and
modification previously definite.

The elaborated HPSG grammar will be speci-
fied on TDL (Type Description Language). In-
deed, TDL language is a language syntactically
very similar to the attributes-values structures
which are the base of HPSG formalism. In the
following paragraph, we give an idea on TDL
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syntax and specification of the proposed HPSG
grammar for Arabic relatives.

5 TDL Specification

TDL specification of the proposed HPSG gram-
mar requires knowledge about its syntax. The
TDL language is a language syntactically very
similar to the attributes-values structures which
are the base of HPSG formalism. Thus, there are
several similarities between HPSG and TDL syn-
tax (Krieger and Schéfer, 1994). These similari-
ties can easily specify HPSG grammars in TDL.
Indeed, the addition of the constraints on types is
done by the symbol “&”. Besides, the co-
indexations are preceded by the symbol “#”. The
comments are preceded by the symbol ;.
Moreover, a new type definition is done with the
assistance of the symbol “:=”. As in HPSG, the
feature structures are delimited by brackets [ ].

In order to generate with the LKB a parser
dealing with relative sentences, it is necessary to
translate into TDL a HPSG lexicon, grammatical
rules and a type hierarchy. We propose here an
example of TDL specification of marking rule:

Regle-marque:=regle-bin-t-fin &
[SS.LOC.CAT [VAL #val, MARQUE
#marque], BRS [BRS-NTETE
<[SS.LOC.CAT[TETE.SPEC #tete,
MARQUE #marquel]]>,
BR-TETE [SS #tete &
[LOC.CAT.VAL #valllll.

Once the syntactic rules are implemented in
TDL and gathered in a TDL file named
“rsynt.tdl”, we pass to the experimentation of the
grammar implemented in TDL.

The specified linguistic resources (proposed
type hierarchy, lexicon and syntactic rules) are
used as an input to LKB platform in order to ex-
periment the constructed HPSG grammar. In the
next paragraph, we give an idea about LKB plat-
form. Then, we experiment and evaluate the es-
tablished Arabic grammar.

6 Experimentation and evaluation

Linguistic Knowledge Building (LKB) system is
a generation tool, proposed by (Copestake,
2002). It is based on two types of files: TDL files
and LISP files. The first type represents the
grammar’s files. In fact, this grammar is based
on seven TDL files: lexicon, type, type-lex, type-
rules, rsynt, noeuds and roots.

The second type represents files to parameter-
ize LKB system. It is based on five LISP files.
Among these files, we can especially mention the

file: “script.Isp’ which indicates the name and the
repertory of each grammar file.

The evaluation of the constructed grammar is
based on a corpus of 500 sentences containing
essentially relatives. Besides, the test corpus con-
tains other linguistic phenomena such as the eli-
sion, the call, the description. The used lexicon
contains approximately 3000 words (~2500
verbs, 450 nouns and 50 particles). It is formed
mainly of the corpus words.

For the tested sentences, we note that the gen-
erated parser could correctly build their syntactic
structures in a reasonable time. In addition, 2%
of the sentences do not produce derivation trees,
84% of sentences have only one analysis and
14% have at least two derivation trees.

For the remaining sentences, the failure is due
to the existence of more than one derivation tree
for the same sentence. In fact, this problem was
encountered in previous works using LKB sys-
tem such as (Garcia, 2005) and (Tseng, 2006). In
our work, we introduced other constraints more
specific, to resolve the encountered problem ac-
cording to the proposed type hierarchy. Never-
theless, ambiguous cases persist. This is caused
mainly by ambiguities found during relative sen-
tences analysis. Figure 5 represents an example
of sentence covering ambiguous cases.

5 7)o livall s s ol 1By Trees)

PHRASE-NOM PHRASENON
.o—'-'_'_'-'_'_'-'_'_'-

HASETON [ T -N
PHRASENOM  SREL 1 RO i
NN N IW TN /ﬁE\L\

o bl ol l
P PWM PNE pHRAGEVERS

i J
7 psusorD i T pHRASENOM
o il b T
; PSUSORD N
™

Figure 5: Implementation TDL of "l "

Indeed, the relative phrase « & Jé ) lall ol
Lpdi 4L can refer to the noun or to the nomin-
al group “_\sV a7, This nominal group represents
an annexed phrase.

Besides, there is another problem at the level
of lexicon. This problem was encountered also in
previous projects working on Arabic language
such as (Alnajem and Alzhouri, 2008), (Bahou
et al., 2003) and (Elleuch., 2004). In our work,
we have added an interface written in JAVA
which can enrich the file “lexique.td]” by new
words automatically and without knowing TDL
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syntax. Moreover, this lexicon can easy be ex-
tended using tools that we have developed in our
laboratory like the translator from LMF toward
TDL (Fehri et al, 2006).

7 Conclusion and Perspectives

In this paper, we have constructed an HPSG
grammar for Arabic language treating particular-
ly relative sentences. For this reason, we have
proposed a type hierarchy categorizing Arabic
words in different types. According to the pro-
posed type hierarchy, we brought some modifi-
cations to HPSG grammar in order to treat Arab-
ic specificities. The constructed grammar was
experimented on LKB platform. Therefore, we
specified Arabic HPSG with TDL language. This
TDL specification is original, in our work since
it integrates some operations and verifies certain
concepts such as inheritance, adjunction and re-
cursion. The evaluation phase shows that ob-
tained results are satisfactory.

As perspectives of this work, we aim to test
our parser on a larger corpus. We plan also to
extend the HPSG description to cover other lin-
guistic phenomena. Also, we plan to extend this
work to cover semantic analysis. However, more
works should be carried out to cover linguistic
ambiguities such as recursion.
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