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Abstract— NLP (Natural Language Processing) is a very
delicate domain. It covers four levels of treatments: lexical,
syntactic, semantic and pragmatic treatments. The Arabic
language didn't benefit from the recent research especially
in the syntactic level. In this context, our work lies within
the conception of a HPSG (Head-driven Phrase Structure)
grammar that covers the different syntactic phenomena of
this language. The established grammar is based on a type
hierarchy permitting to take into account the Arabic
language’s specificities. It is specified on TDL (Type
Description Language) and tested on a parser generated by
the LKB (Linguistic Knowledge Building) system.
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L INTRODUCTION

The syntactic analysis is a fundamental treatment in
NLP (Natural Language Processing) domain. In fact, it
represents the primordial phase for other analysis as the
semantic one. It’s also necessary for several particular
applications such as the systems of dialogue Human-
Machine, automatic translation and grammatical
correction.

Despite this importance, the syntactic analysis has not
been spilled in the research domain, especially for the
Arabic language, except a few works that studied some
particular phenomena as [1], [3] and [12]. Indeed, the
syntactic treatment is very delicate. It requires a checking
of some constraints and a great complexity in term of time
and efforts. Moreover, it is very difficult to decide for the
adequate grammar that treats effectively the various
Arabic syntactic phenomena. Nowadays, some researchers
are looking for some tools (i.e., the generation tools and
the heuristic ones) simplifying the parser’s construction.

The main objective of this work is to establish a
grammar HPSG (Head-driven Phrase Structure Grammar)
for the Arabic language that will be specified in TDL
(Type Description Language) and validated by the LKB
(Linguistic Knowledge Building) system. This grammar is
very interesting. In the one hand, it models the different
grammatical principles, in the other hand, it represents
lexical entries. This representation differs from an entry to
another according to the entry’s type. Therefore, the
originality of this work is located in the identification of a
type hierarchy classifying the different Arabic unities.
Based on this hierarchy, we bring some modifications on
the HPSG to the lexical and syntactic level.
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In the following paper, we start by some previous
works focused on the syntactic analysis. Then, we propose
a type hierarchy for the Arabic language. Based on this
hierarchy, we present the established grammar HPSG as
well as the different modifications brought to make it
compatible with Arabic. Finally, we validate this grammar
with the LKB system that generates automatically a
parser. This parser is tested on a corpus of sentences.
According to the obtained results, we evaluate our
grammar and we enclose our work by a conclusion and
some prospects.

IL.

The study on various previous works showed that there
exist two principal approaches to construct a parser. The
first approach consists in designing and implementing an
own parser based on a very determined analysis algorithm.
The second one consists in using a system that generates
automatically a parser.

The first approach is important since it is expandable
and it allows the designer to master the details of his
parser. However, there is always a problem in the choice
of the adequate algorithm that can guarantee the parser
efficiency (i.e., Chart parsing algorithm). It’s also very
complicated and requires an elevated cost in term of times
and efforts.

For the second approach, it is sufficient to establish an
adequate grammar. The generator uses specific algorithms
guaranteeing effective results. Thus, the cost is less
expensive and the interface ergonomics is generally tested
by experienced users. The only problems of this approach
are in term of extensibility and maintenance. Indeed, it is
necessary to have the right of access to generator’s code.

Among the systems generating parsers based on HPSG,
we can mention LKB [7] and TRALE, an extension of
ALE (Attribute Language Engine) systems [13]. These
two generators are similar in the reliability point of view.
But in term of accessibility, the LKB interface is more
ergonomic and easier to use. This explains the choice of
LKB, in most works for parsers generation.

Researchers having constructed parsers are not
numerous, especially for the Arabic language. Most of
these works used the first approach. Among these
researchers, we mention [6] who presents in his work the
first results of SYNTEX, a corpus-based syntactic
analyzer. The main objective of this work is to develop a
new parser covering French phenomena. This parser was
based on the different principles of LEXTER. It identifies
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dependence relations extracting phrases. Another parser
treats the phenomenon of Arabic relative, proposed by [9].
This parser is based on the HPSG. In the same way, we
can mention the work of [1] that proposed a parser for the
Arabic nominal sentences. The algorithm of analysis
followed by the two works is based on an ascending
methodology. Another work, SYNTAXE system, has
been proposed by [4] to analyze Arabic texts. This parser
is based on a standard algorithm: the Chart-parsing. All
these works didn’t treat the Arabic language in an
effective and robust manner. The assessment of the
grammars used is difficult. Besides, the graphic interface
requires an improvement for a better presentation,
especially for the lexical entries.

Other works used the second approach. Most these
works appeared in order to analyze the Latin languages as:
[10] and [15]. Indeed, the first work proposed a parser
treating the phenomenon of the Spanish relatives. The
second work proposed a parser for the French language.
The two works were based on HPSG and used LKB as
parsers generator. The results obtained are more reliable
than the results of the other works having followed the
first approach. Therefore, we decide to validate our
grammar with the LKB system. In the following
paragraph, we present the type hierarchy that we have
proposed for the Arabic language.

I1I.

The Arabic language is the spoken language by the
Arab people. As any language, the Arabic has a grammar
which is rather particular and so complicated. This
grammar covers four branches (lexicon, morphology,
derivation and syntax). In our work, we are interested at
the syntactic level.

After a long discussion with linguists and based on
some references as [2] and [8], we have proposed the type
hierarchy represented in the figure below:

PROPOSITION OF AN ARABIC TYPE HIERARCHY

v v v
verbal nominal prepositional
‘ verb ‘ ‘ noun ‘ ‘ particle ‘

Figure 1.  Arabic type hierarchy

Indeed, our study shows that the type root is the
linguistic sign «X&élly. It is subdivided into two sub-
categorizations: word «4Sy and phrase «=S_e». A simple
word (u_all &) can be a verb « J28 », a noun « s~ » or
a particle « <@~ y.

According to [2], several criteria are presented to
categorize an Arabic verb. It can be subdivided according
to the number of letters that compose it or according to
whether it is augmented « 23« » or denuded « 22 ». We
choose, in this article to subdivide the Arabic verbs
according to the first criterion. Thus, a verb can be
triliteral « % or quadriliteral «cb_», as shown in
“Fig. 2,”
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Figure 2. Verb’s categories

The above figure shows that a triliteral verb or
quadriliteral can be sound “zm~<=" or defective “Jiae”,
Each type has different possible values what makes
possible to distinguish the various Arabic verbs.

For the nouns « LYl » we choose to subdivide them
according to there declension «<=¥W. Thus, we find
declined nouns «& =) ¢lew¥ly and indeclinable nouns
«Xisa) ¢le) 5, as shown in “Fig. 3,”

noun

indeclined

pronoun

apparent
- hidden

insignificant

variable

invariable

demonstratif
pronoun

conjunctive

noun

Figure 3. Noun’s categories

In fact, a declined noun can be variable “— »<i” or
invariable “—_n»<=is 2 [t is variable when it varies in the
sentence, in gender and in number and invariable when it
remains always invariant. Moreover relative pronouns
“slawll Asasal” and demonstrative pronouns LY
¢lul” are considered in Arabic as insignificant nouns.
They have a meaning only when they are connected with
another declined noun.

For particles « <5l », according to [2], we can
classify them in two different categories. The first
category represents operative particles «ille oy
which influence either on the nouns or on the verbs. The
second represents neglected particles «ilega a5~y that
don't have any influence on the verbs nor on the nouns.
“Fig. 4,” illustrates the two distinguished categories.
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Figure 4. Particle’s categories

Based on the proposed type hierarchy for the Arabic
language, we have to adapt the HPSG grammar. In fact,
the criteria characterizing every type vary from a language
to another. Thus, it is necessary to add new criteria
specifying an Arabic word. Besides, the word order in the
Arabic sentence defers from the Latin sentence. Therefore,
the syntactic rules composing the phrases will be different.

In the following paragraph, we present the different
modifications made to HPSG, to make it compatible with
Arabic language.

IV. HPSG FOR THE ARABIC LANGUAGE

HPSG is a unification grammar [14]. It is characterized
by a reliable modelling of the universal grammatical
principles and a complete representation of the linguistic
knowledge. Indeed, each lexical entry contains different
types of information (phonological, morphological,
syntactic and semantic). Thus, HPSG takes into account a
great number of linguistic phenomena and describes
constructions with a limited number of operators.

HPSG grammar is based on two essential components:
AVMs (Attribute Value Matrix) and a set of immediate
domination schemata (DI schemata). An AVM is based on
a set of features characterizing a lexical entry. According
to the type of the word represented, these features vary
from an AVM to another. The following “Fig.5,”
represents the general structure of an AVM:

[FHOM = =

TETE [MA.J ]
caT
Loc WALEMCE
S-ARG
SYMSE M
COMTEML
COMTEXTE
PO LS

Figure 5. General structure of an AVM

As represented in this figure, each feature describes a
type of information, like the features TETE and VAL. The

first one covers intrinsic information. The second
represents the various components that will be
categorized.

For the DI schemata, HPSG is based on six different
schemata (i.e., rule of specification 1). Each schema
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describes a syntactic phenomenon. To compose the
various phrases with those schemata, a set of principles
(constraints to be checked) should be verified (i.e., HFP
Head Feature Principle).

In fact, HPSG grammar was conceived for the Latin
languages. In order to use it for the Arabic language, we
present in the following paragraph the different
modifications made to HPSG. These modifications were
made on the features and schemata level.

A. Arabic item feature

Referring to previous projects [1], [4] and [9], we have
kept some features and have added some others according
to the proposed type’s hierarchy. As we have already seen,
a linguistic sign (word or phrase) can be characterized by
its declension (<_=Y¥"). Therefore a new feature: “DEC” is
necessary to specify if it is declined (<) or indeclinable
(CE IO

According to “Fig. 2,” a triliteral or quadriliteral verb
can be sound (al) or defective (Jizs). Thus, the features,
characterizing the verb type are gathered in the table
below:

TABLE 1.
ARABIC VERB FEATURES
Features Possible values
RADICAL - trilateral Pk
- quadrilateral <t
VFORM - sound e
- defective ino
TYPE - intact Al
- doubled R
VOICE - Passive Ssgaall e
- Active psbeall o
ASPECT - accomplished (=l
- unaccomplished & Hhuae
-Imperative sl
ROOT - the verb’s root (o)

The different features characterizing the Arabic verb are
mentioned on the HEAD feature (TETE) level. In
“Fig. 6,” above, we give an illustrative example of an
AVM.

Figure 6. An example of AVM

Based on this AVM, we conclude that the verb «
yaachrab- » (<< is in an elided form (ps)e=). It is
preceded by an elision particle (a)> <), (referred by
SPR feature) and followed by a masculine noun (referred

e R . ~
PHON <<% vaachrab->
4 . e MAJ verh \-\-\
VFORM Sound
RADICAL Triliteral
TETE| TYPE Intact
VOIX Active
ASPECT unaccomplished
RACINE sh.r.b
DEC elided
SS | LOC| CAT
SPR< Elparticule L k-
Opérative-verb.
VAL particule of elision
COMPS < N >
EF [masc ]
RS \$-4RG <[1][2]> vy
/
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by COMPS feature). The order of these two components
is respected by the S-ARG feature.

According to “Fig. 3,” a declined noun can be variable
(“2_»<) as the common nouns or invariable (< pai &)
as the proper nouns. For the indeclinable nouns, they
regroup personal pronouns (Llel), conjunctive nouns
(relative pronouns) (Us—sell ¢lewl) and demonstrative
nouns (3_Y! ¢lul), Thus, the features characterizing the
noun type are presented in table below:

TABLE IL.
ARABIC NOUN FEATURES
Features Possible values
NFORM - Declined e
- Indeclinable )
DEFINITE - yes if it is defined B
- no otherwise
NAT - demonstrative nouns 3L/ aul
- conjunctive nouns s so an
ADJ - Yes if it can be an adjective
- no otherwise

In the same way, the features characterizing the Arabic
nouns are mentioned on the HEAD feature level. It should
be noted that on the level of the VAL feature, we can
differentiate the various types of nouns. In fact, a declined
noun can be preceded by another indeclinable. However,
an indeclinable noun cannot have a precedent. It only
categorizes some complements.

The Arabic particle, presented in “Fig.4,” can be
categorized in operative particles and inoperative ones.
Thus, the features characterizing the particle type are
presented in the table below:

TABLE IIL
ARABIC PARTICLE FEATURES

Features Possible values

PFORM - Non operative Jaga
- Operative hle

NATP - elision particle PoX P
- Subjunctive particle ~<uai<i s

The modifications brought to this formalism cover not
only the features but also the different schemata of the
HPSG grammar. In the following paragraph, we are going
to present the different modifications brought to the
schemata.

B. Arabic schemata

As we already mentioned, HPSG is based on six
different schemata. In this work, we adapted each schema
to represent an Arabic syntactic phenomenon. We give, in
this paper some examples of adapted schemata.

The first schema (rule of specification 1) was
considered to represent any noun phrase preceded by an
indeclinable noun (i.e., pronouns). The following figure
illustrates a representation of a nominal phrase with this
schema.
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PHON< &gl 5, This by >

i
ss|Loc|car|TETE

§-ARG <>

HEAD-DTRS /\ SPR-DIRS
PHON< 430, by > PHON< &, This >

NFORM  indeclin.
DEFINI no
NAT  pdemo

ss|Loc|car|TETE

VAL [SPR{ 2]

SS|LOC|CAT|TETE

!

As represented in the figure above, the name “J3ll, boy”
represents the head-daughter (HEAD-DTRS) of the noun
phrase “J 13 this boy”. It categorizes as specifior
(Head-SPR) the demonstrative noun 13, this”, indexed 2.

The second schema (rule of specification 2) was
adapted to represent the different forms of Arabic nominal
sentences. In fact, it covers various forms of topics and
attributes. The topic (NP, Nominal Phrase) represents the
HEAD-DTRS. It categorizes the attribute (NP or VP,
Verbal Phrase) as a COMPS-DTRS. Thus, this adapted
schema represents sentences: (NP + NP) or (NP + VP)
where:

NP —N | NP
VP >V | VP

According to [5], the third schema (rule of
complementation) represents phrases having a not limited
number of complements. Therefore, we have adapted this
schema to represent different type of nominal phrases and
verbal sentences. Among the nominal phrases treated with
this schema, we can mention: the Annexed phrases
(Adlxy) <lS )l as “the neighbour’s son” (Jadl ) and
the substitution phrases () LS )4l as “Faatimatu the
prophet’s girl” (sl i dakild),

These various phrases and sentences are treated with
the same schema. The difference between there
representations appears on the level of the constraints
specification characterizing the HEAD-DTRS and the
COMPS-DTRS.

The modification rule represented by the schema was
adapted to represent adjectival phrases (&f=ill <l ),
This schema is characterized by a modifier (MOD-DTRS)
having the MOD feature. This feature selects the HEAD-
DTRS.

To validate this grammar with the LKB, we have
specified it in TDL. In the following paragraph, we give
an idea about the grammar’s specification.

Figure 7. Illustrative example of the schema 1

V.

According to [11], the TDL syntax presents an
important similitude with the HPSG representation.
Therefore, we choose this language to specify our adapted
grammar. In the following paragraph, we present an
example of an AVM’s specification. Then we present an
example of an adapted schema’s specification.

TDL SPECIFICATION
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A. TDL specification of an Attribute Value Matrice Following the phase of specification TDL, we tested the
adapted HPSG grammar with the LKB system. In the next

F HPSG tation, the TDL ificati f . . .
N fepresentation, B1e SpECtiration © paragraph, we give an idea about this system. Then we

an AVM is very simple. We present in the following

figure the specification TDL of “I, that” (hadha). describe the experimentation and the evaluation of this
grammar.
r PHON< & > 3\ hadha:=lex-nom-non-decline &
- ~| [BHON <!<«hadhax»!>, VI. EXPERIMENTATION AND EVALUATION
TR iiTUEOC[ LKB system is a generation tool, proposed by [7]. It is
CAT|TETE IINFORM. indec TETE based on two types of files: TDL files and LISP files. The
ST NAT p. demo BRI noun, first type represents the grammar’s files (i.e., types.tdl,
7 ‘ NFoms tncectil rsynt.tdl, lexique.tdl). The second type represents files to
CONT [IND [3OMB - sing l ] NAT P demol], parameterize the LKB system. Among these files, we can
T especially mention the file: “script.Isp’. It is a very
L~ /) IND[NOME sing, important file. It charges the grammar on the LKB system.
GEN masc] In fact, it indicates the name and the site of each grammar
G file. In the following paragraph, we describe the stages of

syntactic analysis. Then, we present the experimentation

Figure 8. Specification TDL of "that” (hadha, (A% N
£ P ( ) of this grammar.

_ In fact, the symbol “:=” designates that “hadha” is an 4 Ssages of syntactic analysis

instance of indeclinable nouns. The different constraints . . .

are added by the symbol &. The feature structures are The first step of syntactic 'fmalysm with LKB is to
delimited by brackets [ ]. Besides, the various attributes charge the HPSG grammar on it. Therefore, we give the

values are separated by commas . and the full stop ". " path of the file “script.Isp” by unrolling the “load” menu

: and choosing the “complete grammar” order. Thus, the
designates the end of the AVM. LKB system tests the different grammar files. If there isn’t
B.  TDL specification of a schema any error message, we can use the generated parser. In

fact, LKB offers two different types of analysis: analysing

To explain the specification TDL of a schema, we take :
a simple sentence or a corpus of sentences.

as an example the schema 1 represented in “Fig.7,”

above. This schema represents binary nominal phrases To analyze a simple phrase, we have to unroll the
(declined noun preceded by another indeclinable, a  “parse” menu and choose the “parse input” order. Thus,
demonstrative noun for example). The following figure  the LKB system generates a zone of text to type the
presents the specification TDL of this schema. sentence and as result, a derivation tree appears. The
following figure represents the result of a sentence’s

Specification rule 1 := regle-bin-t-fin & analysis.

[$S[LOC[CAT[tete noun & [NFORM declined, ADJ nmo]]],

1

=
naama hadha aabwaladu aaljamily o, 0 X

BRS[BR-TETE [SS[LOC[CAT[tete noun &[NFORM declined, Cose Cose Al Print Show chat
ADJ ne], PHRASEVERB ?
v W

VAL [SER <fnontete »]], "

J | ——

CONT [IND [GEN $oen]]]]], V o ¥
Maaa ‘walvaladu sl jamily v

BRS-NTETE <[5 fnontete & ¢ [

[LOC[CAT [TETE noun & [NFORM indeclin.,

Figure 10. Derivation’s tree of “the beautiful boy slept”

DEFIN no, The derivation’s tree shows that three rules were
AT deno] ] applied to generate this result: The modification rule, the
P8O rule of specification] and the complementation rule.
To analyse a corpus of sentences, we should give to
CONT 1D [GEN $gen] 1111 > 1. LKB two paths: the path of the file containing the
Figure 9. Specification TDL of the schema 1 sentences (corpus.txt) composing the corpus, and the path

of the file that will contains the results (results.txt). For

As represented in “Fig. 9,” the rule of specification 1 that, we have to unroll the same menu “parse” and choose
represents an instance of “regle-bin-t-fin”. It represents a  the “batch parse” order. In the following figure, we
type of rules that we have defined. This type represents  present an extract of “results.txt”.
binary phrases where the HEAD-DTRS comes at the end
of the phrase. Moreover, the term “BRS” represents the
two components of the phrase: BR-TETE (HEAD-DTRS)
and BRS-NTETE (SPR-DTRS).
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Lo §

172 hage-a tane

khalasan 'ahmady waladu 'maljaari 'aalamajuzi sutrata hu L 15

lass 'tlam makrabl Bl :E:B!E! 'aaimufakiirs 0 8

175 jaleaa 'salwaladu jalsaca 'salrajuli 'aalmufaikiri L 12

176 jalama 'aalvalad: 'ilams maktabi Bi 1 1%

hattae 'aallalaamy 'aalhaaliku 'aalsamaa~a 'aalasafivata 111

nu ‘aslsamassu bi 'incikaa~i 'aalchivas~i 113

bL 'aachisaacy has 127
b

Ligod & am
nisal £ L

185 yaftanu ‘aalvaladu ‘aalbaabe 135

186 samiasa hadha 'salvalady 'aalsaghizy carkazall kabyzatall L 14

a =

1 ‘aalarimro caburzo 'aalkalba 4

16 ina 'salwalada ‘salaaghiry 'ahmada ki ‘adlchearidi L 13

2 ik ETL

89 ina 'asivalads fi taryki ‘aalhayaaci 112

'galraahata 0 6

aalwasag~ilu cakaddy

L 'ealkadymati
187 1na zawjaca 'amaljaari f
"salzawiany

'salzandaty

‘salfaatinaty thivaaball mitazzazazall 1 14

'anlthiymabi ru

Figure 11. An extract of “results.txt”

As represented in this extract, the LKB system presents
as results the number of each sentence, its text and two
numbers. We take, as an example the framed sentence. In
fact, the first number (1, for this sentence) represents the
number of tree’s derivation and the second one (3)
represents the number of nodes in the creation graph of
the derivation’s tree. In the following figure, we give the
derivation’s tree and the creation graph of this sentence.

M bakae ‘aalmiskynu (2 |[E)[K]

Close Close All Print  Show chart

bakze ‘zalmiskynu

£ |»

M Parse Chart for "bakae...”
Close Close All Print

bakae 0-1[1] LEX-VERB ]
i 0.2 [3] REGLE_PHRASE_VERBALE(
“aalmiskynu—1.2 [2] LEX-NOM-DEC-VARIABLE

EEX

a1
< I

Figure 12. Result of “the poor cried”
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Moreover, the LKB system presents in bottom of this
file, the total time of analysis. According to this file we
have evaluated our grammar.

B.  Evaluation

To test our HPSG grammar, we used a corpus of 200
transliterated sentences. This corpus was created from a
lexicon of 781 words. It covers various structures of
nominal and verbal sentences. According to the file
“results.txt”, we obtained the following results.

TABLE IV.
OBTAINED RESULTS
Number of Number of sentences having n
derivation’s trees analysis
(n)

0 25

1 175

2 5
200

In fact, 85% of sentences were analyzed correctly. The
failure cases (0 analyzes) are due to the absence of rules
treating some particular syntactic phenomena (i.e., relative
phenomenon, coordination phenomenon). The ambiguous
cases (2 analyze) are due to a no precise specification of
the constraints specification of some syntactic rules.

VIL

In this article, we proposed a type hierarchy
categorizing the Arabic word. Based on this hierarchy, we
adapted the HPSG grammar. To validate it with the LKB
system, we have specified this grammar on TDL. The
experimentation was effected on a corpus of 200
sentences. According to the obtained results, we evaluated
our grammar.

As perspectives, we are going to reduce the number of
failure cases. We will treat other particular phenomena
and specify more constraints to eliminate the ambiguous
cases. Moreover we consider developing a converter
permitting to convert the lexical entries of XML in TDL
in order to facilitate the development of the lexicon.

CONCLUSION AND PERSPECTIVES
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