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Abstract—Corpora present a basic informational source for
varied NLP applications. Their construction becomes now days
necessary. This paper presents a tool created to help syntactic
tagging an Arabic Treebank. It is based on an already con-
structed grammar called ArabTAG which constitutes a repre-
sentational method of Arabic grammatical rules using TAG
formalism. This tagging tool is a node among a set of other pre-
treatment steps as: morpho-syntactic analysis, grammatical
tagging and sentence segmentation. It gets as input a sentence
and helps to give it the appropriate syntactic tree in an incre-
mental manner.

1. INTRODUCTION

UNTILL now, NLP rule based systems can be consid-
ered inefficient to resolve lexical, syntactic and seman-
tic ambiguities of natural languages. In fact, a rule-based
system can not produce and manipulate all possible rules de-
scribing linguistic phenomena as well as their exceptions.
Therefore, multiple NLP researches are, actually, oriented to
use machine learning models in order to handle most of nat-
ural phenomena. The use of machine learning paradigm in
NLP systems leads us to discuss the necessity of corpora in
NLP applications. In fact, well coverage corpora can control
different real structures without distinction between rules
and their exceptions. Then, they are helpful for NLP systems
since they let them manipulate linguistic data from real elec-
tronic sources.

As a result of this interest, the corpora construction be-
comes one of the most important NLP applications. Then,
different kinds of corpora are built and manipulated in textu-
al or spoken forms with unprocessed or processed data.

In this paper we describe the approach which we adopted
to construct an Arabic Treebank. Since building Treebanks
should follow a formal grammatical formalism, we chose the
TAG (Tree Adjoining Grammar) formalism [1] to construct
our Treebank. We argue our choice by some theoretical jus-
tifications presented in [2]. Then, we previously created a
grammar baptized ArabTAG. This latter consists of an orga-
nized set of Arabic grammatical rules presented as tree
structures. ArabTAG constitutes the principal basic concept
to construct our corpus. In addition, different preprocessing
tools are used: a morpho-syntactic analyzer [3], a semi-auto-
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matic grammatical tagger [4] and a sentence segmentation
tool [5].

The final node of this preprocessing chain is a tool for
syntactic tagging sentences. That’s why, this paper presents
a syntactic tagging tool that we have implemented to assist
and help the user when associating correct syntactic struc-
tures to Arabic sentences. Subsequently, the current paper
consists of four sections. The first one presents some previ-
ous works related to the corpora construction. The second
one is a description of the basic concepts of our tool which
are: the Arabic parts-of-speech and the grammatical generic
model called ArabTAG. The third section deals with the pre-
sentation of the principal motivations in constructing our
Treebank. The fourth section exposes all preprocessing
stages that come before the use of our syntactic tagging tool
and the final one details its different functionalities.

II. Previous AraBic LANGUAGE CORPORA

Few researches are interested in Arabic corpora construc-
tion. This is due to:

. The specificities of ambiguities that makes Arabic
language one of the most confusing natural languages [6],
[7], [8]. In fact, different ambiguity cases exist as: the lexical
proximity, the agglutinative phenomenon, lexical and gram-
matical words’ ambiguities and the syntactic and the seman-
tic sentences’ ambiguities.

. The rarity of Arabic electronic data sources. These
data should be well formed to be used in corpora construc-
tion in order to gain in corpora accuracy.

. The absence of automatic tools oriented for lexical-
ly and syntactically processing Arabic corpora.

However, in the last decade, there is big interest to Arabic
electronic data sources. That’s why conception and imple-
mentation of Arabic tools as well as Arabic corpora con-
struction become very required.

Some researchers have tried to construct different Arabic
corpora forms. Then, we can denote Sulaiti’s corpus [9] of
unprocessed modern Arabic, Habash’s [10] corpus that con-
sists of spoken dialects sequences (as the Palestinian dialect)
and the Penn Arabic Treebank [11].
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Until now, Penn Arabic Treebank is the first and only
Arabic Treebank. It associates to each sentence its appropri-
ate syntactic tree. This latter did not follow any grammatical
formalism. In addition, it makes use of meta parts-of-speech
(noun, verb, adjective, preposition) and meta phrases (nomi-
nal (NP), verbal (VP), prepositional (PP) phrases), whereas
Arabic language includes more refined parts-of-speech and
phrases. We denote for instance different types of nominal
phrases as : adjectival NP (i S ), complementary NP (
SAual S ), similarly clausal NP (ol 405 S ), approval
NP (2555 S ), apposition’s NP (xS ), ete [12].

III. Basic CoNcEPTS

A. Refined Parts-of-Speech

To be well understood, Arabic language requires refined
parts-of-speech and phrases as discussed above. The refined
parts-of-speech and phrases of the Arabic language can help
disambiguating confused syntactic structures in a parsing
task. We can present for instance the following sentence
without vowels.

Example:

Al G

Saying that the words 2 (the boy) and <= (to strike),
that compose this simple sentence, are respectively a noun
and a verb can not be helpful for further analysis, especially
syntactic and semantic ones since macro parts-of-speech are
not informational rich.

However, if we consider different combinations of the
refined parts-of-speech of these two words, we can denote
the role of each of them. Then we can decide the whole
syntactic structure of the sentence. So, we can obtain the
different meanings presented in the table 1.

Consequently , according to this suggestion, we make use
of refined parts-of-speech extracted from a morpho-syntactic
analyzer [3] and also a set of refined phrases types.

B. ArabTAG Grammar

The second basic concept is the ArabTAG grammar. In
fact, building an Arabic Treebank should follow a formal
grammatical formalism. Consequently, we have chosen the
TAG (Tree Adjoining Grammar) formalism [1]. We argue
our choice by some theoretical justifications, presented
in [2]. And, we have created a grammar baptized ArabTAG
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that consists of an organized set of Arabic grammatical rules
presented as tree structures.

ArabTAG is a semi-lexicalized grammatical model [12]
for presenting basic Arabic elementary syntactic structures.
Each of these structures presents a language element (part-
of-speech or textual form) surrounded by its possible contex-
tual information. It uses all basic elements of the TAG for-
malism [1].

C.TAG presentation

TAG formalism can be called the twice formalism since it
uses two structures combined by two operations for generat-
ing two final trees. The two distinct structures are:

- Initial trees which can be joined to other elementary
trees by substitution.

- Auxiliary trees that can be associated with other elemen-
tary trees by adjunction. In this case, the root node of the el-
ementary tree should have the same category as one of the
leaf nodes.

Moreover, TAG is qualified to be a simple formalism as
it applied only two operations for combining structures: the
substitution that consists of inserting an initial (or derived)
tree to replace the leaf node of another elementary (or de-
rived) tree; and the adjunction that attaches an auxiliary tree
(A) to an elementary one (B) by exchanging a specific frag-
ment from the former (A) by the whole structure of the sec-
ond (B). Ultimately, it generates two types of resulting trees:
a derived tree which is the complete analysis tree and a
derivation tree that holds essential information about how
the derived one was built. The derivation tree nodes repre-
sent addresses of the elementary trees while arcs correspond
to the combinatory operations.

D.TAG accommodation to Arabic structures

We have noted that in some cases, standard TAG operations
(substitution and adjunction) are not adequate to attach a
new selected elementary tree to an already created tree
fragment. Then, we need other operations to make good
parsing attachment. Two main cases are noticed.

The first one is illustrated by the example below.

Example:
a8 ey Lie i lall e g%, (554l LS. (The strong has
attacked the weak since long time)

TasLe l.
DIFFERENT MEANINGS OF THE SENTENCE N sll < _puia,

Words
Th i
Combinations e word 2

The word L) Meanings

1* combination active verb conjugated at
present with the 3™

singular person

Nominative defined
word

The boy strikes.

2" combination active verb conjugated at
the present with the 3™

singular person

He strikes the
boy.

Accusative defined
word

3" combination
the past with the 3™
singular person

passive verb conjugated at

Nominative defined
word

The boy is struck.
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For this sentence, associating the circumstantial phrase (
a3 () Mia) to the basic sentence structure can not be carried
out neither by substitution nor by adjunction. In fact, a
circumstantial phrase is facultative and can take more than
one place in the sentence. Then, we suggest that our
grammar ArabTAG represent only the basic structures
without facultative components. This can reduce enormously
the number of ArabTAG’s elementary structures. Then, to
describe these kinds of structures, we add a new operation
called attachment that allows tying this type of structure into
any position of the sentence analysis tree.

The second case is presented by the following sentence.

Example:

o smma 4y o s Jls ) s elill Gy (The house of the
poet Jobrane Khalil Jobrane is visited by his admirers).

For this sentence, the first nominal phrase (s Jelill Cu
U i3 constitutes the subject and since the analysis tree
of the whole sentence is created incrementally (i.e word by
word) then the structure of this phrase is created firstly and
should be then added to the whole structure. That’s why; we
consider another new operation called superposition to su-
perpose the structure already constructed to the full sen-
tence’s structure.

E. ArabTAG description

ArabTAG takes advantages of all these characteristics. It
is a set of basic Arabic elementary syntactic structures which
is created from enriched free context rules. It presents only
the simple Arabic syntactic structures as it was discussed
above. We suggest that complex ones can be created by ma-
nipulating the different connection operations. In addition,
enriching a rule consists in adding some lexical, syntactic
and sometimes semantic information in order to generate
feature structures for the new model. The figure 1 is the rep-
resentative tree structure of an enriched free context rule.
ArabTAG structures are coded in XML language for stan-
dardization reasons.

This example describes a simple Nominal Sentence (NS).
It consists of two phrases: a Nominal Phrase (NP) followed
by a Prepositional one (PP). The NP has a category and a
function (Subject) and consists of a single sub-level which is
a Noun (N). This N is the anchor (symbolized by 0) of the
elementary tree that can be instantiated by a part-of-speech
and/or a textual form and should be nominative. The PP is
the predicate of the sentence that must be genitive and can
be substituted in further decompositions. Substitution is pre-
sented by the symbol |). The operation type of each compo-
nent is presented between parentheses in the enriched free
context rule.

All these linguistic information associated to nodes can be
very useful for other NLP applications like automatic
parsing as we will discuss in the following paragraph.

IV. MoTIvATIONS

The Arabic Treebank construction is not the main objec-
tive of our work but a preliminary and essential stage. In
fact, this corpus constitutes an informational source for an

NS

np Function : subject

UC : Casual sign: nom PPl

Function : predicate

Gender = x UC: Casual sign: gen
Number =y
Gender = -
Pronoun = -
. Number = -
Voice = -
L. Pronoun = -
Enclitic = wl )
Voice = -

Proclitic = w2 Enclitic = w3

Proclitic = w4

IC:POS =z

NO POS-enclitic = z1
POS-proclitic = z2

UC: Casual sign: nom

Legend

NS : Nominal Sentence
NP : Nominal Phrase

Gender = x

Number =y PP : Prepositional Phrase
Pronoun = - UC : Unification Criteria
Voice = - IC : Instanciation Criteria

Enclitic = w1 POS : Part-of-Speech

Proclitic = w2

gen : genetive
acc : accusative
nom : nominative

Fig. 1 Example of elementary tree in ArabTAG corresponding to the rule:
NS[ [NP{subject, nominative} (intermediate) [N {part-of-speech,
nominative } (anchor)]], PP[ {predicate, genetive} (substitution)]]

Arabic classifier parser that we project to construct. And the
expected classifier parser must learn from the Treebank how
to associate an elementary tree (from those of ArabTAG) to
a given word according to its surrounding context. After
learning, it should generalize its knowledge by incrementally
processing a whole sentence [2]. In fact, a sentence is pro-
cessed word by word. For each word, the parser has to speci-
fy the most appropriate elementary structure, giving differ-
ent information (called learning attributes) such as:

*  The morpho-syntactic information of the cur-
rent processed word,;

e The contextual information including morpho-
syntactic information of some surrounding
words of the actual processed word;

*  The compositional information which consists
of elementary trees already selected in previ-
ous parsing stages.

The elementary trees choice is simultaneously carried out
with the selection of the suitable operation needed for their
connection. Our aim is to obtain for a whole sentence the ap-
propriate syntactic structure.

In addition, the Treebank that we aim to construct should
be composed by syntactic and semantic correct texts. So, we
chosen to take advantage of texts extracted from educational
supports or literary books to be sure that the information
knowledge is accurate and can help the parser.
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The tagging tool will process exactly in a similar way but
without machine learning models. It treats human choices
instead of automatic classifications and creates for each un-
processed sentence its syntactic tree based on human assis-
tance. But, how this tagging tool will process linguistic and
syntactic information in Arabic texts? We answer this ques-
tion in the following section.

V. THE PREPROCESSING STAGES

The tool presented in this paper manipulates grammatical-
ly tagged sentences. Then, some works should be achieved
before using the syntactic tagging tool. Initially the unpro-
cessed textual data receive a set of preprocessing stages in
order to enrich the corpus and to prepare them for the syn-
tactic tagging phase. All the preprocessing stages are manu-
ally controlled so as to minimize the number of eventual er-
rors. These stages are successively: the morpho-syntactic
analysis, the grammatical tagging and the sentences segmen-
tation. In order to standardize the Treebank construction, all
preprocessing tools manipulate and generate XML files.

A. The Morpho-syntactic Analysis

In the first phase, words are lexically and syntactically an-
alyzed [3]. After this analysis, each word (with or without
vocalic signs) is associated with all possible lexical informa-
tion and also by some syntactic ones, especially the position-
al refined parts-of-speech. As an example of refined parts-
of-speech we denote the following: s~ a¢x« - (accusative un-
definite name). Information’s word is gathered around a
group of proclitic/stem/enclitic. A same word can have more
than one such group. Each one of them includes:

e the textual form

e the proclitic and its part-of-speech

e the enclitic and its part-of-speech

e the stem and its attributes: possible lemmas
and all possible parts-of-speech. For each
probable part-of-speech, the gender, the num-
ber, the transitivity and the pronoun are associ-
ated.

B. The Grammatical Tagging

Grammatical ambiguity leads us to tag texts in order to
disambiguate the different interpretations which are associat-
ed to words in the previous preprocessing stage. Grammati-
cal tagging is carried out semi-automatically, using the tool
(Rafaa 4] (&)]. It is a manual tool which is created to help
users to read texts word by word carefully. Each word is ini-
tially associated to all its ambiguous information. After that,
the user chooses the most appropriate ones according to the
surrounding context.

After the morpho-syntactic analysis and the grammatical
tagging phases, we can obtain for the word " s3" (I walk) the
structure presented by the second figure.

C. The Sentence’s Segmentation

Furthermore, Arabic sentences delimiters are generally
not always well known. Indeed, the punctuation has not an
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<Word number="1" value="_,s3">
<Decoup value="/ /">
<Proc/>
<Stem val=" _J">
<Lem value="_)~" NFC="2">
<POS-Stem val="152">
<Gender/>
<Number/>
<Pronoun>1</Pron>
<Trans>I</Trans>
</POS-Stem>
</Lem>
</Stem>
<Enc/>
</Decoup>
</Word>

Fig. 2 Resulting tagged morpho - syntactic analysis representation of the
word « i ”

important role to play in Arabic texts. Then, the sentences’
lengths are not limited but they can reach several lines.
However, to have an accurate Treebank we suggest decom-
posing texts into sentences using a set of segmentation rules
(Mourad et al., 2003). For instance, we notice the following
rules:
* the word "¢Sly' (and but) is the begin of a new
sentence.
e the conjunction "' (and) followed by a verb is
the begin of a verbal sentence.
Then, an automatic segmentation is carried out by a
segment ing tool [5]. This action is controlled manually in
order to guarantee the accuracy of this pre-processing task.

VI. Tue Syntactic Tageing TooL

After all the preprocessing stages presented previously,
we need an ultimate tool that performs a syntactic tagging of
the different sentences. This tagging tool is special since it
tags words and sentences in the same time. Its goal is to as-
sociate the appropriate syntactic tree to each sentence in the
corpus and also to affect to each word in this sentence the
most suitable elementary tree from the ArabTAG. The two
tagging tasks are complementary since in the first hand tag-
ging words help to create the whole syntactic tree of the sen-
tence and in the second hand information extracted from the
sentence can help to discriminate between different elemen-
tary trees to affect to each individual words. The tagging
tool needs a very important care from in order to tree-tag
correctly texts. We explore in the following subsections the
two tagging tasks of the tool.

A. Elementary Tagging

A sentence is processed word by word. A set of possible
elementary trees references can be associated for each word
according to its part-of-speech. The tool presents an inter-
face that gives a graphical representation for each elemen-
tary tree. To choose among the whole set, the user has to ex-
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amine the morphological and the contextual information of
the current processed. Information are presented on the same
interface. Then, we can find: proctilic and enclitic with their
parts-of-speech, the word’s part-of-speech with its form, its
gender and number if it is a noun or an adjective, and the
transitivity and the pronoun if it is a verb.

Nevertheless, creating a list of elementary trees that are
based on only part-of-speech information, can not give com-
plete lists. Consequently, the lists generated not contain al-
ways the appropriate correct elementary structure. Then, we
have created the button "SI il J< (All elementary struc-
tures) that allows to get all elementary trees references that
exist in ArabTAG. The elementary tagging process is pre-
sented by the figure 3.

s —
0 el ool ko

The screen capture presents the last processing stage of
the sentence "ss sl &g (T hope that he arrives). Tt treats the
verb "¢ (arrives). The tool generates a list of possible ele-
mentary trees references. Each of them has a tree presenta-
tion. For example, it presents the PV7 reference which de-
notes a verbal sentence that consists of only a verb whereas
the subject is absent. The elementary structure choice is si-
multaneously carried out within the choice of a correlation
operation (substitution, adjunction, attachment or superposi-
tion). The two choices allow the construction of the whole
syntactic structure. In that case, the same figure gives an
idea on the second type of tagging.

= [B]%]

JE|

Ogi—all baElas @il \_d.n|

sl

T oy En.. Adeadl
| | Al Al R
B < Bl A_alehl
gt il Alaadl
Pl el i Iahat) Lol
3. P oad Ll Ay i D a8 el "
4 gadh] s glaall
3%l uiall cgaill bl
daa B | bl Aty ol diati g

Pv1 4

| |

PV

PYE =

Pwa
Pva
Pw10
Pw11
P17

V< (n2)

I

PV

AN

W {n1) SH ! (n2)

L ] o o

)
o Py {ndy ¢
——u

V<= (n2) MW= (...

7 Substitution

bl

O Attachement

) Adjonction © Superposition

Fig. 3 The syntactic tagging tool Interface

B. Full Tagging

In order to have a complete syntactic tree for the whole
sentence, we can obtain for each tagging step a new tree por-
tion that is constructed by associating the new elementary
tree selected to the previously constructed tree portion. This
new portion and especially its leaves’ nodes which can ac-
cept substitution or adjunction help enormously user to make
its decisions in further analysis stages. That’s why we illus-
trated on the same interface this portion. Figure 3 shows this
by presenting the two structures of the two words "<y (I
hope) and "s" (that) tied by substitution. This graph can re-
strict the choice among more than 140 elementary structures
described by the ArabTAG to only those describing verbal
sentences [12]. Tagging process is then controlled incremen-
tally and manually by the user.

The tagging result of our tool is also an XML file as well
as its input. The XML file so generated includes the deriva-
tion trees of the different processed sentences. Some extracts
of the input and output files are given in the figure 4. It
presents the sentence: "asa) siall 3 jaall Al i g3l (T walk in
the little modest house).

VII. CoNCLUSION AND PERSPECTIVES

The tagging tool presented in this paper is the ultimate
node in a chain of necessary and useful preprocessing tools
for constructing an Arabic Treebank. We use actually the
tool to tag some school texts. We chose this type of texts
with the aim of getting a diversity of structures and a good
coverage. The tool helps us to construct well formed syntac-
tic structures for different kinds of sentences.
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J—
<Texter
<Phrase contenu="daa 3311 dhmbr i s a8

<HOT nueero="1" valsurs

<Mot numero="2" valeur="_J </ Hot>
<Mot numero="3" valeur="|il1" [/ Moty
<Hot numero="4" valeur=: [ Je/mats

<Mot mumero="S" valeur="deg ) il
<Decoup valenr="/deslyiaf J1">
<Proc valenrP="J1m»
<WgProcs1</VgProcs
</Proc>
<Rad wal="dapl ;33"
<Lem TAleurs" gl jiEm>
<VGRad val="zOiT>
<Genr>F/ Genr>
<Monizr>5</Nodars>
<Praon />
<Trans />
</VGRad>
</ Lew>
</Rad>
<Enc />
</ Decoup>
</ Mot
<Ponctuationy. </ Ponctuations
</Phrase>
<Phrase contenu="BYT BYTHUFN TaiuMUhu MuHaBUW 1LoMulsitQay .">
<Not numero="1" valeur="BYTN:

<Texte>
<Phrase contenu="

</Procy

<Enc />
</Decoup>
<Arbre nuw="SN-A" oper="subs" />
</Mot>
<Ponctuation>.</Ponctuation>
<ArbreDerivations
<hrbre ref="PY9" />
<Operation type="instanciatien” position="on />
<hrbre ref="SPi" />
<0peration type="substitution" position="SP !" />
<hrbre ref="SN-N" />
<Operation type="instanciatien” position="iT />
<hrbre ref="SN-3i1" />
<0peration type: ubstitution” position="SN-N" />
<hrbre ref="SN-A" />
<Operstion type="substitution” position="SN-SAT />
</hrbreberivation>
</Phrases
<Phrase contenu="BYT BYTRWFN YauulUhu MuHsEUVW lLoMuWsiVQay .'>

Fig. 4 Extracts of the input (1) and output (2) of the tagging tool

However, it can be ameliorated by using an intelligent
way that helps the user in making its decision. Until now, all
choices are made up by the user who makes use of his gram-
matical knowledge and sentence observations to make his
decisions. We think that adding a machine learning model
can automatically assist the tagging process and accelerate
the Treebank construction by eliminating the worse choices
from the list of elementary trees before presenting them to
the user. Thus, it would be more “intelligent”.
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This tool can be also ameliorated to consider the case of
ambiguous sentences which require more than one deriva-
tion tree. Finally we can improve its interface by making it
more ergonomic.
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