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Abstract

The goal of many natural language proc-
essing platforms is to be able to someday
correctly treat all languages. Each new
language, especially one from a new lan-
guage family, provokes some modifica-
tion and design changes. Here we present
the changes that we had to introduce into
our platform designed for European lan-
guages in order to handle a Semitic lan-
guage. Treatment of Arabic was
successfully integrated into our cross lan-
guage information retrieval system, which
is visible online.

1 Introduction

When a natural language processing (NLP) system
is created in a modular fashion, it can be relatively
easy to extend treatment to new languages (May-
nard, et al. 2003) depending on the depth and
completeness desired. We present here lessons
learned from the extension of our NLP system that
was originally implemented for Romance and
Germanic European' languages to a member of the
Semitic language family, Arabic. Though our sys-
tem was designed modularly, this new language
posed new problems. We present our answers to

' European languages from non indo-European families
(Basque, Finnish and Hungarian) pose some of the same prob-
lems that Arabic does.
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these problems encountered in the creation of an
Arabic processing system, and illustrate its integra-
tion into an online cross language information re-
trieval (CLIR) system dealing with documents
written in Arabic, English French and Spanish.

2 The LIMA natural language processor

Our NLP system (Besancon et al., 2003), called
LIMA®, was built using a traditional architecture
involving separate modules for
1. Morphological analysis:
a. Tokenization (separating the input
stream into a graph of words).
b. Simple word lookup (search for
words in a full form lexicon).
c. Orthographical alternative lookup
(looking for differently accented
forms, alternative hyphenisation,
concatenated words, abbreviation
recognition), which might alter the
original non-cyclic word graph by
adding alternative paths.
d. Idiomatic expressions recognizer
(detecting and considering them as
single words in the word graph).
e. Unknown word analysis.
2. Part-of-Speech and Syntactic analysis:
a. After the morphological analysis,
which has augmented the original
graph with as many nodes as there

2 LIMA stands for the LIC2M Multilingual Analyzer.
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are interpretations for the tokens,
part-of-speech analysis using lan-
guage models from a hand-tagged
corpus reduces the number of pos-
sible readings of the input.

b. Named entity recognizer.

c. Recognition of nominal and verbal
chains in the graph.

d. Dependency relation extraction.

3. Information retrieval application:

a. Subgraph indexing.

b. Query reformulation (monolingual
reformulation for paraphrases and
synonymy; multilingual for cross
language information retrieval).

c. Retrieval scoring comparing par-
tial matches on subgraphs and en-
tities.

Our LIMA NLP system (Besancon et al., 2003)
was first implemented for English, French, German
and Spanish, with all data coded in UTF8. When
we extended the system to Arabic, we found that a
number of modifications had to be introduced. We
detail these modifications in the next sections.

3 Changes specific to Semitic languages

Two new problems posed by Arabic (and common
to most Semitic languages) that forced us to alter
our NLP system are the problem of incomplete
vowelization of printed texts’ and the problem of
agglutinative clitics. We discuss how these new
problems influenced our lexical resources and lan-
guage processing steps.

Lexical Resources

The first task for introducing a new language is to
create the lexical resources for this language. Since
Arabic presents agglutination of articles, preposi-
tions and conjunctions at the beginning of words as
well as pronouns at the end of words, and these
phenomena were not treated in our existing Euro-

? Since the headwords of our monolingual and cross-lingual
reference dictionaries for Arabic possess voweled entries, we
hope to attain greater precision by treating this problem. An
alternative but noisy approach (Larkey et al. 2002) is to reduce
to unvoweled text throughout the NLP application.
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pean languages®, we had to decide how this feature
would be handled in the lexicon. Solutions to this
problem have been proposed, ranging from genera-
tion and storage of all agglutinated words forms
(Debili and Zouari, 1985) to the compilation of
valid sequences of proclitics, words and enclitics
into finite-state machines (Beesley, 1996). Our
system had already addressed the problem of com-
pounds for German in the following way: if an in-
put word is not present in the dictionary, a
compound-searching module returns all complete
sequences of dictionary words (a list of possible
compound joining "fogemorphemes" is passed to
this module) as valid decompositions of the input
word. Though theoretically this method could be
used to treat Arabic clitics, we decided against us-
ing this existing process for two reasons:
1. Contrary to German, in which any noun
may theoretically be the first element of
a compound, Arabic clitics belong to a
small closed set of articles, conjunc-
tions, prepositions and pronouns. Al-
lowing any word to appear at the
beginning or end of an agglutinated
word would generate unnecessary noise.
2. Storing all words with all possible cli-
tics would multiply the size of lexicon
proportionally to the number of legal
possible combinations. We decided that
this would take up too much space,
though others have adopted this ap-
proach as mentioned above.

We decided to create three lexicons: two additional
(small) lists of proclitic and enclitic combinations,
and one large lexicon of full form® voweled words
(with no clitics), the creation of the large lexicon
from a set of lemmas using classic conjugation
rules did not require any modification of the exist-
ing dictionary building and compilation compo-
nent. Since our NLP system already possessed a
mechanism for mapping unaccented words to ac-
cented entries, and we decided to use this existing

* Spanish, of course, possesses enclitic pronouns for some
verb forms but these were not adequately treated until the
solution for Arabic was implemented in our system.

5 Qur dictionary making process generates all full form ver-
sions of non compound and unagglutinated words. These are e
then compiled into a finite-state automaton. Every node corre-
sponding to a full word is flagged, and an index corresponding
to the automaton path points to the lexical data for that word.



mechanism for later matching of voweled and un-
voweled versions of Arabic words in applications.
Thus the only changes for lexical resources involve
adding two small clitic lexicons.

Processing Steps: Morphological analysis

Going back to the NLP processing steps listed in
section 2, we now discuss new processing changes
needed for treating Arabic. Tokenization (la) and
simple word lookup (2a) of the tokenized strings in
the dictionary were unchanged as LIMA was
coded for UTF8. If the word was not found, an
existing orthographical alternative lookup (1c) was
also used without change (except for the addition
of the language specific correspondence table be-
tween accented and unaccented characters) in order
to find lexical entries for unvoweled or partially
voweled words. Using this existing mechanism for
treating the vowelization problem does not allow
us to exploit partial vowelization as we explain in a
later section.

At this point in the processing, a word that contains
clitics will not have been found in the dictionary
since we had decided not to include word forms
including clitics. We introduced, here, a new proc-
essing step for Arabic: a clitic stemmer. This
stemmer uses the following linguistic resources:

e The full form dictionary, containing for
each word form its possible part-of-speech
tags and linguistic features (gender, num-
ber, etc.). We currently have 5.4 million
entries in this dictionary®.

e The proclitic dictionary and the enclitic
dictionary, having the same structure of
the full form dictionary with voweled and
unvoweled versions of each valid combi-
nation of clitics. There are 77 and 65 en-
tries respectively in each dictionary.

The clitic stemmer proceeds as follows on tokens
unrecognized after step lc:

e Several vowel form normalizations are
performed ( ~ " ° . are removed, | ) |
are replaced by ! and final 5 & ¢ ors
are replaced by ¢s5 ¢ & or o).

® If we generated all forms including appended clitics, we
would generate an estimated 60 billion forms (Attia, 1999).
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e All clitic possibilities are computed by us-
ing proclitics and enclitics dictionaries.

e A radical, computed by removing these
clitics, is checked against the full form
lexicon. If it does not exist in the full form
lexicon, re-write rules (such as those de-
scribed in Darwish (2002)) are applied,
and the altered form is checked against the
full form dictionary. For example, consider
the token 2! 5 and the included clitics (s,
#), the computed radical 's does not exist
in the full form lexicon but after applying
one of the dozen re-write rules, the modi-
fied radical s is found the dictionary and
the input token is segmented into root and
clitics as: pa + 5o + 5= aalsa,

e The compatibility of the morpho-syntactic
tags of the three components (proclitic,
radical, enclitic) is then checked. Only
valid segmentations are kept and added
into the word graph. Table 1 gives some
examples of segmentations’ of words in
the sentence 481 =l 4l 5 ) 5 Sl lgaila (4

Agglutinated Segmentations of the aggluti-
word nated word
) ot 9= Oey
Luls L + ila = Lails
FIE] LIRS + Jl = a0
il 4+ [J+ 1] = adall
gAY e + J = g )
A8 e + [d+ 1] = &8
Cladlaall Glladlas + J) = caldadlaal
Gildilag + [J + 1] = clladlall
ahall bl 4 [J) + J] = ahall
208 s+t d= o
D[+ 1= s
48h o+ u»AA = 4ud)

Table 1: Segmentations of some agglutinated words.

Producing this new clitic stemmer for Arabic al-
lowed us to correctly treat a similar (but previously
ignored) phenomenon in Spanish in which verb
forms can possess pronominal enclitics. For exam-
ple, the imperative form of “give to me” is written
as “dame”, which corresponds to the radical “da”
followed the enclitic “me”. Once we implemented
this clitic stemmer for Arabic, we created an en-

" For example, the agglutinated word sl has two

segmentations but only the segmentation: dalals + JI = ada)all
will remain after POS tagging in step 2a



clitic dictionary for Spanish and then successfully
used the same stemmer for this European language.
At this point, the treatment resumes as with Euro-
pean languages. The detection of idiomatic® ex-
pressions (step 1d) is performed after clitic
separation using rules associated with trigger
words for each expression. Once a trigger is found,
its left and right lexical contexts in the rule are then
tested. The trigger must be an entry in the full form
lexicon, but can be represented as either a surface
form or a lemma form combined with its morpho-
syntactic tag. Here we came across another prob-
lem specific to Semitic languages. Since Arabic
lexicon entries are voweled and since input texts
may be partially voweled or unvoweled, we are
forced to only use lemma forms to describe Arabic
idiomatic expressions rules with the existing
mechanism, or else enter all the possible partial
vowelizations for each word in an idiomatic ex-
pression. Since, at this point after step lc, each
recognized word is represented with all its possible
voweled lemmas in the analysis graph, we devel-
oped 482 contiguous idiomatic voweled expression
rules. For example one of the developed rules rec-
ognizes in the text S o5 (January) as a whole
and tags the expression as a being a month.

After idiomatic expression recognition, any nodes
not yet recognized are assigned (in step le) default
linguistic values based on features recognized dur-
ing tokenization (e.g. presence of uppercase or
numbers or special characters). Nothing was
changed for this step of default value assignment in
order to treat Arabic, but since Semitic languages
do not have the capitalization clues that English
and French have for recognizing proper and since
Arabic proper names can often be decomposed into
simple words (much like Chinese names), the cur-
rent implementation of this step with our current
lexical resources poses some problems.

For example, consider the following sentence:
Guibase s alia )y (onlfl Jiandlly Jitisg o5l il
da_dl aS )% Frank Lampard celebrates the score by
Chelsea and his team mate Eidur Gudjohnsen
shares his elation. The name <) 4 (Frank) is iden-

8 An idiom in our system is a (possibly non-contiguous se-
quence) of known words that act as a single unit. For example,
made up in He made up the story on the spot. Once an
idiomatic expression is recognized the individual words nodes
are joined into one node in the word graph.
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tified as such because it is found in the lexicon; the
name )Y (Lampard) is not in the lexicon and
incorrectly stemmed as 2,k + ¥ (plural of the noun
2. (grater)); the name Lsy (Eidur) is incorrectly
tagged as a verb; and o252 (Gudjohnsen), which
is not in the dictionary and for which the clitic
stemmer does not produce any solutions receives
the default tags adjective, noun, proper noun and
verb, to be decided by the part-of-speech tagger.
To improve this performance, we plan to enrich the
Arabic lexicon with more proper names, using ei-
ther name recognition (Maloney and Niv, 1998) or
a back translation approach after name recognition
in English texts (Al-Onaizan and Knight, 2002).

Processing Steps: Part-of-speech analysis

For the succeeding steps involving part-of-speech
tagging, named entity recognition, division into
nominal and verbal chains, and dependency extrac-
tion no changes were necessary for treating Arabic.
After morphological analysis, as input to step 2a,
part-of-speech tagging, we have the same type of
word graph for Arabic text as for European text:
each node is annotated with the surface form, a
lemma and a part-of-speech in the graph. If a word
is ambiguous, then more than one node appears in
the graph for that word. Our part-of-speech tagging
involves using a language model (bigrams and tri-
grams of grammatical tags) derived from hand-
tagged text to eliminate unattested or rare sub paths
in the graph of words representing a sentence. For
Arabic, we created a hand-tagged corpus, and
where then able to exploit the existing mechanism.

One space problem that has arisen in applying
the existing processing designed for European lan-
guages comes from the problem of vowelization.
With our previous European languages, it was ex-
tremely rare to have more than one possible lem-
matization for a given pair: (surface form,
grammatical part-of-speech tag)’. But, in Arabic
this can be very common since an unvoweled
string can correspond to many different words,
some with the same part-of-speech but different
lemmas. The effect of this previously unseen type
of ambiguity on our data structures was to greatly
increase the word graph size before and after part-
of-speech tagging. Since each combination of (sur-

° One example from French is the pair (étaient, finite-verb)
that can correspond to the two lemmas: étre and étayer.



face-form, part-of-speech-tag, and lemma) gives
rise to a new node, the graph becomes larger, in-
creasing the number of paths that all processing
steps must explore. The solution to this for Arabic
and other Semitic languages is simple, though we
have not yet implemented it. We plan to modify
our internal data structure so that each node will
correspond to the surface form, a part-of-speech
tag, and a set of lemmas: (surface-form, part-of-
speech-tag, {lemmas}). The inclusion of a set of
possible lemmas, rather than just one lemma, in a
node will greatly reduce the number of nodes in
the graph and speed processing time.

The next step in our NLP system, after part-of-
speech tagging, is named entity recognition
(Abuleil and Evans, 2004) using name triggers
(e.g., President, lake, corporation, etc.). Beyond the
problem mentioned above of distinguishing possi-
ble proper nouns, here we had an additional prob-
lem since our recognizer extracted the entity in its
surface form. Since in Arabic, as in other Semitic
languages, the input text is usually only partially
voweled, this gave rise to many different forms
(corresponding to different surface forms) for the
same entity. This minor problem was solved by
storing the fully voweled forms of the entities (for
application such as information retrieval as shown
below) rather than the surface form.

After named entity recognition, our methods of
verbal and nominal chain recognition and depend-
ency extraction did not require any modifications
for Arabic. But since the sentence graphs, as men-
tioned above, are currently large, we have re-
stricted the chains recognized to simple noun and
verb chunks (Abney, 1991) rather than the more
complex chains (Marsh, 1984) we recognize for
European languages. Likewise, the only depend-
ency relations that we extract for the moment are
relations between nominal elements. We expect
that the reduction in sentence graph once lemmas
are all collected in the same word node will allow
us to treat more complex dependency relations.

4 Integration in a CLIR application

The results of the NLP steps produce, for all lan-
guages we treat, a set of normalized lemmas, a set
of named entities and a set of nominal compounds
(as well as other dependency relations for some
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languages). These results can be used for any natu-
ral language processing application. For example,
we have integrated LIMA as a front-end for a cross
language information retrieval system. The inclu-
sion of our Arabic language results into the infor-
mation retrieval system did not necessitate any
modifications to this system.

This information retrieval (IR) application in-
volves three linguistic steps, as shown in section 2.
First, in step 3a, subgraphs (compounds and their
components) of the original sentence graph are
stored. For example, the NLP analysis will recog-
nize an English phrase such as “management of
water resources” as a compound that the IR system
will index. This phrase and its sub-elements are
normalized and indexed (as well as simple words)
in the following head-first normalized forms:

® management_water_resource
® resource_water
® management_resource

Parallel head-first structures are created for differ-
ent languages, for example, the French ‘“‘gestion
des ressource en eau” generates:

® gestion_ressource_eau

® ressource_eau

e gestion_ressource.

The corresponding Arabic phrase: ekl ) se 5]

is likewise indexed with voweled forms:

S IR AR A

[ ) Q JB_;_;L:A

e 5ol 2y

When a question is posed to our cross language IR
(CLIR) system it undergoes the same NLP treat-
ment as in steps la to 3a. Then the query is refor-
mulated wusing synonym dictionaries and
translation dictionaries in step 3b. For Arabic, we
have not yet acquired any monolingual synonym
dictionaries, but we have purchased and modified
cross-lingual transfer dictionaries between Arabic
and English, Arabic and French, and Arabic and
Spanish'®. When a compound is found in a query,
it is normalized and its sub elements are extracted
as shown above. Using the reformulation dictionar-
ies, variant versions of the compound are generated
(monolingual, then cross-lingual versions) and at-

191 indén and Piitulainen (2004) propose a method for extract-
ing monolingual synonym lists from bilingual resources.



tested variants are retained as synonyms to the
original compound'' (Besancon et al., 2003). To
integrate the Arabic version into our CLIR system,
no modifications were necessary beyond acquiring
and formatting the cross language reformulation
dictionaries.

The final NLP step (3c) involving in our CLIR
system involves ranking relevant documents. Con-
trary to a bag of word system, which uses only
term frequency in queries and documents, our sys-
tem (Besangon et al., 2003) returns documents in
ranked weighted classes'”> whose weightings in-
volve the presence of named entities, the com-
pleteness of the syntactic subgraphs matched, and
the database frequencies of the words and sub-
graphs matched.

Example

An online version of our cross language retrieval
system involving our Arabic processing is visible
online at a third party site: http://alma.oieau.fr.
This base contains 50 non-parallel documents
about sustainable development for each of the fol-
lowing languages: English, Spanish, French and
Arabic. The user can enter a query in natural lan-
guage and specify the language to be used. In the
example of the Figure 1, the user entered the query
“slaall 2 50 33” and selected Arabic as the language
of the query.

Relevant documents are grouped into classes char-
acterized by the same set of concepts (i.e., refor-
mulated subgraphs) as the query contains. Figure 2
shows some classes corresponding to the query “
sl 2,50 3,107 The query term ol 2,50 350 is a
term composed of three words: skw, 2,15« and 3,1
This compounds, its derived variants and their sub
elements are reformulated into English, French,
and Spanish and submitted to indexed versions of
documents in each of these languages (as well as
against Arabic documents). The highest ranking

! This technique will only work with translations which have
at least one subelement that is has a parallel between lan-
guages, but this is often the case for technical terms.

12 This return to a mixed Boolean approach is found in current
research on Question Answering systems (Tellex et al., 2003).
Our CLIR system resembles such systems, which return the
passage in which the answer is found, since we highlight the
most significant passages of each retrieved document.
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classes (as seen in Figure 2 for this example)
match the following elements:

Class Query terms Number of retrieved documents
1 slaa 3 )50 3] 14

2 aL;\A:UbA_‘ ) sa Bl 18

3 3l 5e 30 colra 9

Terms of the query or the expansion of these terms
which are found in the retrieved documents are
highlighted as illustrated in Figures 2 and 3.

5 Conclusion

We have presented here an overview of our natural
language processing system and its use in a CLIR
setting. This article describes the changes that we
had to implement to extend this system, which was
initially implemented for treating European lan-
guages to the Semitic language, Arabic. Every new
language possesses new problems for NLP sys-
tems, but treating a language from a new language
family can severely test the original design. We
found that the major problems we encountered in
dealing with a language from the Semitic language
family involved the problems of dealing with par-
tially voweled or unvoweled text (two different
problems), and of dealing with clitics. To treat the
problem of clitics, we introduced two new lexicons
and added an additional clitic stemming step at an
appropriate place in our morphological analysis.
For treating the problem of vowelization, we sim-
ply used existing methods for dealing with unac-
cented text, but this solution is not totally
satisfactory for two reasons: we do not adequately
exploit partially voweled text, and our data struc-
tures are not efficient for associating many differ-
ent lemma (differing only in vowelization) with a
single surface form. We are currently working on
both these aspects in order to improve our treat-
ment of Arabic. But the changes, that we describe
here, involved in adding Arabic were not very ex-
tensive, and we able to integrate Arabic language
treatment into a cross language information re-
trieval platform using one man-year of work after
having created the lexicon and training corpus. A
version of our CLIR is available online and illus-
trated in this article. We plan to more fully evalu-
ate the performance of the CLIR system using the
TREC 2001 and TREC 2002 in the coming year.



References

Steven Abney. Parsing by Chunks. 1991. In R. C. Ber-
wick, S. P. Abney, and C. Tenny, editors, Principle-
Based Parsing: Computation and Psycholinguistics,
Kluwer Academic Publishers, Boston.

Saleem Abuleil, Martha Evens. 2004. Named Entity
Recognition and Classification for Text in Arabic.
IASSE 2004, pp. 89-94

Mohamed Attia. 1999. A large-Scale Computational
Processor of Arabic Morpholofy, and Applications.
M.S. thesis in Computer Engineering, Cairo Univer-
sity, pp. 28-32.

Y. Al-Onaizan and K. Knight. 2002. Machine Translit-
eration of Names in Arabic Text. Proc. of ACL
Workshop on Computational Approaches to Semitic
Languages, pp. 400-408

Kenneth Beesley. 1996. Arabic Finite-State Morpho-
logical Analysis and Generation. Proc. of COLING-
96, pp. 89-94.

Romaric Besangon, Gaél de Chalendar, Olivier Ferret,
Christian Fluhr, Olivier Mesnard, and Hubert Naets.
2003. Concept-Based Searching and Merging for
Multilingual Information Retrieval: First Experi-
ments at CLEF 2003. CLEF-2003, pp. 174-184.

K. Darwish. 2002. Building a Shallow Arabic Morpho-
logical Analyzer in One Day. In Proc. ACL-02, pp.
47-54

Fichier  Edition  Affichage  Favoris  Oukils  #

“J Recherche - Microsoft Internet Explorer

Fathi Debili and Lotfi Zouari. 1985. Analyse morpholo-
gique de I’arabe écrit voyellé ou non fondée sur la
construction automatique d’un dictionnaire arabe,
Cognitiva, Paris.

Leah S. Larkey, Lisa Ballesteros, Margaret E. Connell.
2002. Improving stemming for Arabic information
retrieval: light stemming and co-occurrence analysis.
Proc. of SIGIR 2002, pp. 275-282

Krister Lindén and Jussi Piitulainen. 2004. Discovering
Synonyms and Other Related Words. CompuTerm
2004, Geneva, Switzerland, August 29.

John Maloney and Michael Niv. 1998. TAGARAB: A
Fast, Accurate Arabic Name Recogniser Using High
Precision Morphological Analysis. Proc. of the
Workshop on Computational Approaches to Semitic
Languages. Montreal, Canada. August.

Elain Marsh. 1984. A Computational Analysis of Com-
plex Noun Phrases in Navy Messages. In Proc. of
COLING '84, Stanford, pp. 505-508.

Diana Maynard, Valentin Tablan, Kalina Bontcheva,
Hamish Cunningham. 2003. Rapid Customization of
an Information Extraction System for a Surprise Lan-
guage. ACM Trans. Asian Lang. Inf. Process. 2(3)
pp- 295-300.

Stefanie Tellex, Boris Katz, Jimmy Lin, Gregory Mar-
ton, and Aaron Fernandes. 2003. Quantitative
Evaluation of Passage Retrieval Algorithms for
Question Answering. Proc. Of SIGIR 2003, pp. 41-47

<= Précédente - = - (2 24 | Direchercher  GelFavoris  fmedia OF | B S E N

o

Adresss [&] htup: /{132, 167,34, 85:8888/cocoon/ jordanjquery

=] @ox |Liens =

frabic Language Multilingual Application
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bic as input language. For best results, the query should be syntactically correct and not in telegraphic form.
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0. LES MESURES PRISES POUR LUTTER CONTRE LA SUREXPLOITATION DES
NAPPES EN FRANCE ET DANS DIFFERENTS PAYS EUTROPEENS

language : french ; source | Office international de 'eau

.. [7] Dautre part, une nouvelle loi sur la gestion de la ressource en eau doit étre votée
prochainement par le parlement italien. ...
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Figure 2: Search results user interface. Results can appear in many languages.

Fichier ~ Edition  Affichage  Favoris  Outils 7

Z} Résultats de la recherche - Microsoft Internet Explorer E

B

&Précédente - = - () a1 | Qrechercher  [EFavoris  imeda (% | - S - (3]

Adresse I@j http: /{132,167, 34,85: 8855 cocoonfjordan/interface

=] @or | uens >

-

age Hultilingual Application

Riabc Lai
olrall 3 il ao 5 0F
Subrmit new query
1. b 3ylge Bylal:
( 14 documents - arabic english fench )
2. 3l Bl tslie 35 g
( 18 documents © arabic  english french )

3, el oyl ge Blal:

(9 documents ; arabic enghsh )

4. obwe 3yl se B ylak

{ 28 documents © arabic english french )
5.l aylee

(9 documents | arabic enghsh )

B, b 155l

( 6 documents | arabic  french )

7. s 1 3l ge B ylal:
(34 documents © arabic  enghsh french j =

relevance class n°l < document 2/14 = extract n°1/3 =

Lle] Iv

\;JD c_lﬁnn EJ|J;| EJSQ gg.\;jg.a U;LI Ct\.\l\.\:w 38 e JJ Lalan. Lalavh, Aﬂ].:I.AH JJUA EJ|JJ J}LJ.ALJA ccuﬁm‘!}\ 38 h).\:l.q._ij
18 5al1" gy il il e (gl ] A8 ARkl (] g0 BB (o Bl S alioT | ganiay (o om0 ol

el aliall & ol i pins Vg L | g gl (o o (B a1 e 381 508 agdd (e aguai] o | gilhal LS 1l ol
o onall 3yl g el (e 328 ST sy (81 (g ] Nlae 8 Al 8y 9 puin 4] (Jp cAbaiall (J90 8 L Ll |yl el
Asnlll il iy (g M1 gLsB (8 (0 2 A 38 3 HlaShosa] o) (] Al lin g (sl coliall U (0687 (Jolay Lay) Al
i gl 13 daell 3yl ga g e (5l e ¢ gl (o 30y Al Lo g Lol |yl yiny AL Ll olall g ) elsall Fpallall
@Qmmjuf?ﬁd%\ﬂl@hluﬁd‘dbsj 2l gl s sl o I 8 513] b g ot ¢ plell
Ledite bl g’_ln ‘Gj.\“ quJ\” _).\Sld&.u.!"n.l\)la.l QLI.AH _)L?.m\c.l.\a.!‘;hw‘ d}.\@b\.\aﬂ|ébulu| nJ|J|
Q;_ILQ.I%_I“nle.ns|4m)|t_|!|!=s&_l=\;g4.esﬂ|u.ng;ﬂ.nJ..\Bu’_bud‘)\”G_uls..\ﬂ_g_cL_u]‘n_)..hu.ng?ﬂ.l.!gﬂd_g.‘a]“\.n.\htﬁsuub
Uiu.))ig|3m_5$;.t;|_)wijl€.l:’mu| aL_I.A“ ..\_)b.d_):l):nl‘ cua_gﬂ.!‘t‘llilﬂ Ql.llg.\]‘ QJMT} slﬂ.‘d}'n.ﬂagj d_gla._g slq.l.n
(4 ) 2025 alo st Al B 258 3291 ) Gl A5l 8 2,80 31 60) (0 aill duin s Al ol 331 30
claliayl sl cgihall daadl U] (6 g szl sbas dudaus G 5 (5 pan yallYis gSally Aaladl elaall Al ] i g
wl.wiwéju‘u;lj.\.guﬂjuau|&LLﬂ|4.ul:ll=g..\]|J_g..\]‘@uﬁ({gl.nsmw|eaum‘5)|djj)ﬁéal:n4sngj)mﬂ
308 0m g (7 s oll)ge sl g e s (Jilad s i V1 OapalSY1 pa U | 50 a8 2809 ol ppn 8 ity
O donall ol Dlaa ] adyg (3381 gal g 2 ebaall o o Ualll y it s ala 38 % 1 L Lo Conall 1 gl gl A1) )
alaatal (1 %80 Jga 1S 1999 a 1995 bl & (lee (e dadladdl i yuall slre elld 8 Ly dondandl odl

H

8. 3l g 1Byl = : ; - - : . g

(4 documents © arabic english ) ez k,f‘;l (d".“}‘ W 3(’ Uﬁﬁ" 41 oo u gé'-‘”) ":"“')” Faabg «lSa 31.000 l,g_)} Laiada 3 39! 95""3 e sl

9, s il Byl Chuall gl @ ),us S 5351 gl g e gl il g2 Y elpall alalie] a0 g Saall AlMAGY] ia i

(2 docurments © arabic ) = e Aae ) bdl alasyl | yanad &1 LK) 2001 5 2000 o), =l
[& [T [ 4 ntermet 4

Figure 3: Highlighting query terms in retrieved documents.
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