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ABSTRACT: This paper addresses the optimization of information retrieval in Arabic. The results de-
rived from the expanding development of sites in Arabic are often spectacular. Nevertheless, several ob-
servations indicate that the responses remain disappointing, particularly upon comparing users' requests 
and quality of responses. One of the problems encountered by users is the loss of time when navigating 
between different URLs to find adequate responses. This, in many cases, is due to the absence of forms 
morphologically related to the research keyword. Such problems can be approached through a morpho-
logical analyzer drawing on the DIINAR.1 morpho-lexical resource. A second problem concerns the formulation of the query, 
which may prove ambiguous, as in everyday language. We then focus on contextual disambiguation based on a rich lexical re-
source that includes collocations and set expressions. The overall scheme of such a resource will only be hinted at here. Our ap-
proach leads to the elaboration of a multi-agent system, motivated by a need to solve problems encountered when using conven-
tional methods of analysis, and to improve the results of queries thanks to a better collaboration between different levels of 
analysis. We suggest resorting to four agents: morphological, morpho-lexical, contextualization, and an interface agent. These 
agents ‘negotiate’ and ‘cooperate’ throughout the analysis process, starting from the submission of the initial query, and going on 
until an adequate query is obtained. 
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1.0 Introduction 
 
1.1 Background: computer engineering and language 
 
Natural Language Processing (NLP), currently oscil-
lates, even today, between approaches related to engi-
neering (computer sciences, statistics...), and ap-
proaches involving both linguistics and computer sci-
ence (computational linguistics). Information re-
trieval, which is the central topic of the present paper, 
offers a particularly interesting example of collabora-
tion between these two approaches. Let us consider, 
by way of comparison, automatic translation, which is 
also one of the most important areas of NLP. The last 
few decades have witnessed the development of sys-
tems based on rules and lexical resources, to which 
optimization methods based on statistics (frequen-
cies), have later been added. The best known example 
is SYSTRAN, a leading supplier of language transla-
tion software (www.systran.fr). Over the past decade 
pure statistical systems have appeared, built on learn-
ing procedures through automatic matching from bi-
lingual parallel corpora. REVERSO, a free online 
translation dictionary offers a familiar example (www. 
reverso.net). Another well-know example is the 
Google translator. Both systems provide users with 
Arabic-English online translation. 

Statistics-based systems, after a remarkable phase 
of success, encounter two general types of difficul-
ties: 
 
– Available translators do not seem to be either 

complete or perfectible. Extending the corpora 
from which they have been constructed leads to a 
quantitative increase of data, but not a significant 
improvement in the quality of translations. Every-
thing happens, so to speak, as extending corpora 
increased the quantity of data while the percent-
ages of the structures statistically extracted from 
them remained constant. 

– These systems are inadequate in specialized trans-
lation, unless the basis of which the corpora are 
built of includes a significant amount of specialized 
texts. To include new specific areas, one needs new 
corpora which prove to be expensive to acquire 
and preprocess. The economic benefit of this ap-
proach, compared to that based on rules and lexica, 
plus statistical optimization, is thus significantly 
weakened. 

 

1.2 Specific introduction: the object of research  
 
In this paper, we emphasize the need for a balanced col-
laboration between linguists and computer scientists in 
the field of information retrieval in Arabic. Such col-
laboration has been part of the work of the SILAT 
(Systèmes d’information, Ingénierie Linguistque et 
Traduction http://silat.univ-lyon2.fr) research team 
from the outset. During the 1990s this collaboration 
has allowed, jointly with the Tunisian research center 
IRSIT (Institut Régional des Sciences de l’Informatique 
et des Telecommunications), the achievement of the 
DIINAR.1 database (Dictionnaire Informatisé de 
l'Arabe, version 1 http://diinar.univ-lyon2.fr) (Dichy et 
al. 2002; Dichy and Hassoun 2005). 

In the context of information retrieval in Arabic, 
keyword applications can prove to give poor results, 
which often, in addition, include noisy or ambiguous 
answers. Difficulties can be traced back to variation on 
several levels, including: 
  
– Morphological changes, as in قلم, qalam, “pen” 

(sing.)  أقلام , ’aqlâm, “pens” (plural). 
– Lexical variation, when two different words share a 

similar meaning (with shades of a difference), e.g.: 
 ”.fatât, “girl , فتاة bint and , بنت

– Semantic variations due to homography, for exam-
ple: عملة, respectively ‘amala&, “employees,” 
“workers” or ‘umla&, “currency.”  

 
The writing system of Arabic features a very high 
level of homographic ambiguities (Dichy 1990). All 
of these variations have been included in the DII-
NAR.1 database. 

To tackle such difficulties, we use a multi-agent ap-
proach. The approach consists of building models 
based on distributed artificial intelligence (DAI), 
simulating the “collaborative work” between human 
experts or cognitive modules implemented by a single 
expert. The use of language resources such as lexico-
contextual databases in which lexical entries are asso-
ciated with their contexts and expected (or ‘pre-
ferred’) collocations is a crucial aspect of our ap-
proach. 

Section 2.0 below discusses information retrieval in 
Arabic, and highlights the need to develop a new lexi-
cal resource rich enough in collocations to solve a 
significant set of ambiguities. Section 3.0 recalls the 
multi-agent approach and its contribution to NLP, 
then describes the agents of our system and the way 
in which they cooperate to help users with the for-
mulation of their queries. 
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2.0 The problem of information retrieval in Arabic 
 
Written Arabic is highly ambiguous. The writing sys-
tem of the language graphically realizes as mere dia-
critics vowels: consonants repetition, a great part of 
case-endings markers in nouns and of moods in 
verbs, etc. These signs are omitted in standard texts 
(correspondence, newspapers, literature, essays, sci-
entific works, administrative documents). Informa-
tion retrieval based on single word queries will conse-
quently include a higher percentage of ambiguous 
queries than in English or French. 

To deal with such problems, word level analysis 
needs to be based on a linguistic model. In the mor-
pho-lexical theory (MLT) underlying the DIINAR.1 
resource and the related analyzers, such a model in-
cludes a morpho-lexical resource. Entries are associ-
ated with word-level morpho-syntactic specifiers 
‘managing’ relations between the lexical entries, which 
come within the word-form, in stem position (Dichy 
1997), and the other word formatives. As a conse-
quence of the complexity of the linguistic system, 
many queries based on a given Arabic word in stan-
dard nondiacriticized (or ‘unvowelled’) script un-
avoidably relate to several different words. 

Such relations may, in addition, be both 
morphographic and semantic. For instance, the un-
vowelled word-form Swt صوت may refer to: 
 
– Sawt “voice” (in both meanings: in Arabic and 

English [as well as in French], this word may cor-
respond either to a ‘sound’ or to a ‘vote’); 

– Sawwata “make a noise or a sound,” “vote” (unlike 
the previous reading, there is no single word trans-
lation to English or French for the first meaning); 

– Suwwita, passive of Sawwata. 
 
This relatively simple example shows that, in applica-
tions based on the context-free processing of single 
word-forms, ambiguity might be due to:  
 
– various diacriticizations supported by a great pro-

portion of single written words (e.g. Sawt / Saw-
wata / Suwwita); or  

– polysemy (two meanings in English and Arabic for 
Sawt, i.e. “voice” and “vote”). 

 
2.1 The lack of morphologically related forms  

and the reason 
 
Let us consider four levels of automated analysis, tra-
ditionally corresponding to the first four ‘layers’ of a 

text: morphological (i.e. word level), lexical, syntactic 
(i.e. sentence or phrase level), and semantic, analysis. 
At what levels of indexing do current search engines 
operate? When one types a given keyword, the engine 
searches its database for all the Web pages that contain 
this word: no intelligence in the process, but a simple 
recognition of strings, which must be identical. In 
some cases, the engine appears to remove clitics, such 
as articles, prepositions, etc. Currently, most search 
engines (such as Google, Alta Vista, etc.) are still fun-
damentally based on the first level above, i.e. on 
words. Most search engines do not include tools de-
vised for displaying morphologically related word-
forms. Indeed, when a user initiates a query, then re-
sponses only match the query word, most often in the 
form in which it has been entered, or in a very close 
form, such as the word with the article al-. Thus, a 
query on Google (French version) launched in De-
cember 2010 for the conjugated verb form partirais 
(“would leave”) gave approximately 285,000 pages in 
French, obtained in 0.14 seconds. The only variation 
that we found is partirai (“will leave”) (without the "s" 
of the conditional).  

The lack of links between a given word and mor-
phologically related forms (e.g.: in French: the partici-
ples partant and parti, the infinitive partir, the noun 
départ, “departure” in English, as well as the conju-
gated forms of the verb) must be related to what is 
widely known as Google page-ranking, which is based 
on extensive exploration of connections in the net-
work (crawling) and much progressive indexing, 
which goes up from one month to another with re-
markable speed (a synthesis has been presented in An-
izi and Dichy 2009; see also http://www.rankspirit. 
com and Peyronnet 2007). 

The aformentioned result, for partirais (“would 
leave”), is impressive, considering the speed with 
which Google results are displayed. Let us suppose the 
engine had been coupled with a morphological ana-
lyzer. Whatever the speed of the analyzer, and given 
the hundreds of millions of words that need to be ana-
lyzed (or even more, since test analysis must be com-
pared to the query), this would have resulted in a very 
significant, if not disastrous, slowdown. It is abso-
lutely out of the question, for a search engine, to work 
for many minutes or even for hours: for example, by 
granting morphological analysis, on a purely theoretic 
basis, 1/10,000th of a second, the approximately 40 
million responses we obtained almost instantaneously 
in April 2009 for the query kawkab “aster, celestial ob-
ject,” would have required waiting for 4,000 seconds, 
i.e. for about 1:06 hour. In addition, integrating mor-
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phological analysis in exploration operations (crawl-
ing) and automatic indexing would result in consider-
able slowdowns entailing a heavy disruption of opera-
tions related to Google ranking. Consequently, we do 
not, in any event, consider integrating an analyzer in 
Google searches, but rather propose a method for the 
enrichment and the reformulation of queries. 

Morphological variations associated with the query 
keyword can, in many cases, be very useful to users. 
A person seeking in Arabic the word safîr, “ambassa-
dor” (9.9 million Google results in 0.23 seconds on 
November 18, 2010), is likely to need results related 
to the feminine form safira or the 'broken plural' form 
sufarâ'. A recent search on Google for the same word 
has nevertheless given only one form, the masculine 
singular, with or without the article al-. 

The result is the same for the compound word 
‘alim (al)-’âtâr’, “archeologist”: a query launched in 
November 2010 gave approximately 4.46 million re-
sults in 0.22 seconds, which did not include ‘âlimat 
(al)-’âtar’ (“archeologist, fem. ”) or ‘ulamâ’ (al)-’âtar 
(plural masc.). For qânûn al-jinâya, “Criminal Law” 
(about 291,000 results in 0.25 seconds on November 
19, 2010), we only got the expression determined by 
the article al- (before jinâya), in the singular form. In 
other words, the only answers obtained were those 
related to the original form of the query. No results 
were given for the plural qawânîn or the indetermi-
nate form qânûn jinâya (without the article al-). To 
obtain the latter, a given user must proceed with new 
queries in the plural form, without the article, etc.; 
i.e., build in his or her own mind the set of morpho-
logically related word-forms potentially needed. 
 
2.2 Problems due to contextual and semantic variation 
 
A query on Google with the word al-mal, "money" 
produced 9,690,000 results in September 2008 and 
approximately 52.6 million ones in November 2010, 
which illustrates both the increase in the number of 
users of Arabic language and the subsequent devel-
opment of the exploring (crawling) and automatic in-
dexing processes of Google page-ranking. In neither 
query, though, did the plural 'amwâl appear. Note that 
one can observe the same lack of formal relationship 
between the French word capital and its plural capi-
taux, which can be assigned to the same reasons as 
those given above for Arabic. 

Here are some examples of results for the word al-
mal: 
 
– al -'azma l-mâliyya “the economic crisis;”  

– al-'awrâq al-mâliyya, word for word: “the com-
mercial papers” (papers related to money), “paper 
money,” “banknotes;” 

– al-mu'assasât al-mâliyya, “financial institutions;” 
and, 

– al-'aswâq al-mâliyya / al-sûq al-mâliyya, “financial 
markets” / “the financial market.”  

 
Noticeably, the suffix –iyy of the relative adjective or 
noun, appears here with the noun al-mâl, in the results 
of the query, together with the article, unlike other 
word-form variations. 

The last example is interesting to observe. With the 
Google request related to al-mal, we get two answers 
al-'aswâq al-mâliyya and al-sûq al-mâliyya, with the 
singular and plural forms of sûq, "market.” However, 
by bringing the application on either sûq (sing.) or 
'aswâq (plural), we only obtained one answer, respec-
tively sûq al-mal (“the financial market”–word-for-
word: “market of the money” or “currency”) or al-
'aswâq al-mâliyya (“the financial markets”). Albeit 
both expressions appear in the same context, Google 
treats them as two independent results. This high-
lights the need for collaboration between morphology 
on the one hand and contextualization on the other. 

The query for the word safîr is interesting for an-
other reason. The word means, according to the con-
text, “ambassador” (literally) or “symbolic represen-
tative” (in a figurative sense, very common in Arab 
newspaper writing today). Examples: 
 
– al-safîr al-jazâ'iriyy, “the ambassador of Algeria” 

(literal meaning); 
– safîr al-nawâya al-Hasana, “the ambassador of 

good intentions” (figurative meaning). 
 
Also found with the figurative meaning: 
 
– muntada safîr al-Hubb, "the [internet] forum ‘the 

ambassador of love’;" 
– safîr al-Hubb, “the ambassador of love” (name of a 

website, www.sfiiral7b.com) – compare with the 
similar English re-use of the word ambassador);  

– muntadayât safir al-waTan li-l-jamaahiir al-
ahlawiyya, forum of supporters of the Egyptian 
football club al-Ahli, word-for-word “Forum of 
the country's ambassador to the public Ahliotes;” 
and, 

– safir al-shawq, “the ambassador of nostalgia.” 
 
These examples show that for a given query, users ob-
tain results that could be distinguished, in order to 
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eliminate unwanted answers, using a contextualiza-
tion tool, based on a lexico-contextual resource that 
includes collocations and set expressions. The ques-
tion is: how? 
 
2.3 Developing a new type of lexical resource 
 
To achieve this, the development of a new lexical re-
source is needed. This resource will be based initially 
on DIINAR.1 (computerized dictionary of Arabic 
version 1), whose first foundations were laid in Has-
soun (1987), and Dichy (1990). The extension proto-
type we plan to build will be based on a linguistic 
model consisting of a set of lexical information, the 
types and hierarchy of which will be defined in a 
DTD (Document Type Definition) corresponding to 
a valid XML file based on the FLEXARABE (‘format 
lexical de l’arabe’) lexical format of Arabic elaborated 
by Dichy (1990). (A first prototype based on the 
same work was introduced in Anizi 2008). 

In an experiment conducted with the Google 
search engine in November 2010, the Arabic word 
kawkab gave about 56.4 million answers in 0.16 sec-
onds. This word has several senses: “planet,” “star,” 
“movie star,” etc. Regardless the user may only need 
one of these meanings. 

Collocations such as kawkab al-marrîkh, “the 
planet Mars,” kawkab al-shams, “the Sun” or kawkab 
al-sharq, “the Star of the Orient” (traditionally refer-
ring to the great singer Umm Kulthum), etc., corre-
spond to specific contexts that can be stored in a da-
tabase and provide users with a pertinent response. 

The software we propose will guide users in their 
searches on Google, Yahoo!, Bing, Ask, AltaVista or 
any other search engine that includes Arabic searches. 
The device should offer users functions allowing the 
morphological optimization of queries and their se-
mantic filtering. To build our lexico-contextual re-
source, we will use representation tools belonging to 
the XML/OWL galaxy as well as processing tools 
(scripting languages such as Perl or XSLT) applied to 
corpus treatments. 

Let us now turn to the outline of our approach. 
 
3.0 Morphological And Lexical Analysis,  

As Part Of A Multi-Agent System 
 
Let us first recall in few words what a multi-agent 
system (MAS) is. A MAS can be described as a set of 
interacting autonomous agents (Erceau and Ferber 
1991; Ferber and Gasser 1991; Gleizes and Glize 
1990); an agent is a real entity (robot) or an abstract 

one (a software module) located in an environment in 
which it is able to act. This entity has a capacity of 
perception and a partial representation of its envi-
ronment. It can ‘communicate’ with other agents. Its 
autonomous ‘behavior’ is a consequence of its ‘obser-
vations,’ stored or acquired knowledge, and interac-
tions with other agents. An agent is, thus, an entity 
that is capable of acting ‘rationally’ and of ‘intention-
ally’ meeting its own ‘goals,’ and reflecting the cur-
rent state of knowledge. 

MAS systems differ according to criteria such as: 
the type of agents (reactive vs. cognitive), the type of 
agent behavior (selfish vs. altruistic; cooperative vs. 
confrontational), the communication mode (commu-
nication through shared memory, communication by 
messages, communication through environment), 
type of control (centralized vs. decentralized control) 
(Warren 1998) and the settlement structure (the two 
main types of architecture are the ‘blackboard’ and 
the architectures based on agent languages). 

The distributed resolution of a problem depends 
on several factors including: 
 
– the type of agents used (cognitive, reactive); 
– the type of control implemented (centralized, de-

centralized or mixed); 
– the type of agent behavior (cooperative vs. con-

frontational); 
– the technical implementation of interactions that 

can be managed by data;  
– the sharing of results led by goals; and, 
– task-sharing, or mixed interactions.  
 
Resolution by sharing tasks runs as follows: decompo-
sition of the problem into subtasks, distribution of sub-
tasks, resolution and integration of results. Resolution 
by sharing results requires a distribution of knowledge, 
and a summary of results (Warren and Stefanini 1996). 
The system we propose uses a functional approach, 
‘cognitive’ and ‘altruistic’ agents and a decentralized 
control. In case of conflicts, a process of ‘negotiation’ 
between agents can be launched. Resolution in our sys-
tem uses a basic technique for the implementation of 
interactions between agents which is the intentional 
communication by sending messages (3.2 below). 
 
3.1 Contribution of the multi-agent approach to NLP 
 
Natural language processing (NLP) is often seen as a 
set of disjoint and successive processes, rarely as cal-
culations that can be performed in parallel, and much 
less often as knowledge and collaborative processes. 
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Classical NLP methods, which propose going through 
a morphological or morpho-lexical stage (word level), 
a syntactic stage (sentence level, considered from a 
formal point of view), and a semantics stage, have 
helped solve several problems and develop useful sys-
tems in many applications. Well known examples are 
those of spelling and grammar checking. One can also 
cite the progress of automatic translation and com-
puter-assisted translation. Nevertheless, these meth-
ods encounter limitations in terms of matching lin-
guistic analysis levels, lack of interaction between rep-
resentation levels, lack of distribution of control and 
knowledge, and difficulties in modifying their system. 
The main consequence of working with disjoint levels 
of analysis is the risk of combinatorial explosion. 

Distributed architectures allow improving results 
through a better collaboration between different lev-
els of analysis. Thus the boundaries are less clear-cut 
than in a sequential and modular system, where each 
level is isolated from the others. One of the contribu-
tions of the MAS approach is cooperation, which 
aims at activating the proper analysis of a text by 
eliminating parasite solutions in order to achieve a 
robust and optimal analysis (Warren and Stefanini 
1996; Aloulou et al. 2002). Robustness is frequently 
sought in morphological and syntactic analyzers. In 
Arabic, ‘well prepared’ texts for the sake of NLP ap-
plications remain rare. Almost no text, for instance, 
currently includes consonant doubling marks 
(shadda), the lack hereof is responsible for a large 
percentage of NLP analysis difficulties (Abbès and 
Dichy 2008). We believe Distributed Artificial Intelli-
gence (DAI) and in particular, MAS approaches, can 
contribute powerfully to the solving of such general 
or language-specific NLP problems.  
 
3.2  Collaboration between the morphological,  

morpho-lexical and contextualization agents  
 
Agents in our approach are defined according to the 
tasks assigned to our system, which are in turn de-
scribed according to an analysis of human behavior in 
performing similar tasks. Among the agents that are 
included in our modeling, we consider the morpho-
logical agent, the morpho-lexical agent, the contextu-
alization agent, and the user-friendly interface agent. 
 
3.2.1 The morphological agent 
 
This agent segments and analyzes word-forms, con-
text free (Dichy and Hassoun, eds, 1989). For in-
stance: 

– al-mâlu, “the money,” after segmentation breaks 
down to the following formatives: al-, article, mâl, 
stem, “money,”–u, case-ending suffix, nominative;  

– wa-mâl-a-hu, “and his money,” is analyzed as: wa-, 
coordinating conjunction, mâl, stem, “money,”–a, 
case-ending suffix, accusative, –hu, enclitic com-
plement pronoun, masc. sing. “of him.”  

– mâl-iyy, “financial,” gives: mâl, stem, –iyy, relative 
adjective suffix.  

 
Such relations can only be accounted for if the mor-
phological analyzer is based on a lexical database en-
riched with morpho-sytactic specifiers. These specifi-
ers are the core of the morpho-lexical theory intro-
duced in (Dichy 1990, chap. X) and (Dichy 1997). 
For instance, the relative adjective suffix is not com-
patible with all nouns, e.g.: kitâb, “book,” has no rela-
tive adjective (meaning “book-like” or “bookish”), 
because the form kitâbiyy (“scriptural,” “in-writing”) 
is related to kitâba&, (“writing”).  

There is a need, in addition, for a singular  ‘bro-
ken plural’ relation, in applications such as informa-
tion retrieval and automated translation, e.g., mâl 
(singular)  ’amwâl (‘broken plural’). 

The morphological agent is designed to determine 
the morpho-syntactic characteristics of each word us-
ing the DIINAR.1 resource, in which each entry is 
associated with a set of specifications called W-
specifiers, i.e. specifiers operating at word-form levels 
(Dichy 1997). 

We must also consider two types of association be-
tween the core lexical formative (or stem) of the 
word-form, and other word formatives, such as the 
suffix +a&. For instance, the word-form jâmi‘a& 
supports two analyses: 
  
– the active participle jami‘, “bringing together,” fol-

lowed by the feminine suffix +a&; 
– the noun jâmi‘a, “university,” in which the suffix 

+a& is not a femine ending, but a lexicalized ex-
tension-formative, which cannot be removed, and 
actually belongs to the lexical unit (see, for this 
analysis, (Dichy 1997)). 

 
Such distinctions are crucial in the contexts of auto-
mated translation or information retrieval. They can 
only be found in a morpho-lexical database. Collabo-
ration within this agent between the DIINAR.1 data-
base and the rules implemented in the analyzer yields 
all the relevant word-level information corresponding 
to a given word-form placed at the input of the ana-
lyzer. 
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3.2.2 The morpho-lexical agent 
 
This agent must work with a grammar and a lexicon. 
It determines whether a word does or does not be-
long to the lexicon and aims at associating each form 
with one or more lexical inputs and one or more lexi-
cal categories (with the values of their variables). The 
morpho-lexical agent also relates the word with its 
other morphologically related forms, eg. sakana (per-
fective, “he dwelt”)  ya-skun-u (imperfective, “he 
dwells”)  sakanun (infinitive form, ‘dwelling’), 
through consulting the DIINAR.1 resource. The plu-
ral form can also be used to identify the meaning, e.g., 
‘âmil (عامل) has two plural forms, ‘ummâl (عمال): 
‘workers, laborers’ and ‘awâmil (عوامل) ‘factors.’ 
 
3.3.3 The contextualization agent 
 
This agent needs the knowledge of both the morpho-
logical and morpho-lexical agents, on the basis of 
which it reads the new XML-based vocabulary that 
includes the usual contexts related to a lexical unit, 
and connects the word with the set expressions, idi-
oms, collocations, “preferred contexts,” etc. in which 
it is included. This agent aims at disambiguating 
words according to their meaning, through helping 
users in choosing the exact context that matches their 
need. 

The contextualization agent is based on a typology 
of syntactic contexts, such as ‘annective structures’ (in 
Arabic, mudâf and mudâf 'ilayhi), the ‘name/adjective 
sequence’ (na‘t wa -man‘ût). The example above of the 
word ‘âmil shows the existence of two different mean-
ings, related to morphological variation (here: sing.  
plur. relations). These meanings are also related to 
specific contexts, e.g. ‘amil binâ’, “construction 
worker” (plural ‘ummâl binâ’) vs. ‘amil ’iqtiSâdiyy 
“economic factor” (plural ‘awâmil ’iqtiSâdiyya).  

To disambiguate the query, users can choose the 
appropriate context with the help of the interface be-
low. In addition, the example features in the plural, 
converging results between the morpho-lexical and 
contextualization agents. The prototype of a new 
lexico-contextual database rich in contexts was built in 
XML, on the basis of Dichy’s (1990) lexical format. 
 
3.2.4 The user-friendly interface agent 
 
This agent is not parallel to the other three, which are 
designed to ‘cooperate’. It provides users with the 
benefits of an interactive system assisting them in the 
reformulation of queries. It is not based, as are the 

preceding agents, on analyzers drawing on lexical re-
sources, but rather, on the observation of the behav-
ior of actual users. 

The system plays an important role in suggesting 
words and forms, and displaying on computer screens 
lists of words and expressions. The user examines the 
list and decides on the choice of lexical units that he 
or she wishes to add to the query. The final decision 
in the selection thus belongs to users. 

Let us now consider the different phases of the 
agents based on morphological, lexical and contextual 
analysis, and the way in which they interact. 
 
3.3 Communication between agents 
 
In the course of segmenting the query word into 
formatives, the morphological agent asks the mor-
pho-lexical agent about its various virtual context-
free segmentations. Thanks to the lexical knowledge 
extracted through consulting the DIINAR database, 
the morpho-lexical agent returns a set of linguistic in-
formation such as the grammatical category of the 
stem included in the word-form, its gender, number, 
etc., and other features associated with either the 
stem itself, or its prefixes and suffixes. The morpho-
logical agent then retains existing words, and rejects 
invalid segments or parasite analysis (i.e. word-form 
analysis that would have been proposed by the mor-
phological agent, for forms not evidenced by the lan-
guage, stored in the DIINAR.1 database, which allow 
excluding non-attested ‘virtual’ forms). The morpho-
lexical and morphological agents send the analysis re-
tained to the contextualization agent, which in turn 
associates each of them with the set of its colloca-
tions, through consulting the new lexical resource. 
The contextualization, the morpho-lexical and the 
morphological agents work together, thanks to the 
technique of sharing results, to merge the results and 
enrich the user’s request. Writing the new query 
thanks to the user-friendly interface finally helps us-
ers in formulating queries. We will aim to add to 
search engines a ‘smart’ tool for the generation of 
forms (see examples in Anizi and Dichy 2009). 
 
4.0 Design And Modeling 
 
We are in the course of developing, for the purpose of 
the multi-agent communication described above, 
models of the communication that can occur during 
the analysis of a given query (composed of one word 
or more). These models require a detailed design of 
our MAS system. For this we use AUML (Agent 
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Unified Modeling Language) which is an extension of 
the UML method. The latter is mainly used for mod-
eling multi-agent interactions, and mainly introduces 
two new concepts in the representation of protocols 
and representation levels of the interactions between 
agents (Odell et al. 2000). 

Our model has not yet been entirely defined (Fig-
ure 1. below presents an outline). However, we re-
tained the option of a functional approach of model-
ing. This makes it possible to distribute knowledge 
between agents specialized in their respective areas, 
called expert agents.  
 
5.0 Conclusion 
 
The first part of this paper presents problems inherent 
to the Arabic language in relation with both word-
form analysis, and information retrieval. The second 
part proposes the modeling of a tool for information 
retrieval in Arabic that can help reformulating users’ 
queries and supporting them in finding relevant in-

formation. The modeling is based on problems en-
countered in effective queries on the Google search 
engine. To overcome the problem of morphological 
changes our interface exploits the basic forms of 
words in the query produced by the morphological 
analyzer to infer derived forms. To disambiguate and 
contextualize the query we elaborated the prototype 
of a lexical resource, which is rich in collocations, set 
expressions and contexts and aims at assisting users in 
formulating their queries. 

We chose a multi-agent approach (parts three and 
four) to ensure collaboration between morphological, 
lexical and contextualization modules, by bringing to-
gether several expert agents. The crucial aspect of this 
model is the combination of inter-agent communica-
tion and the provision of rich lexical resources. Gener-
ally speaking, the system we propose, regarding its 
configuration, can be integrated in many Arabic lan-
guage engineering applications such as passage re-
trieval in question/answering systems (Abouenour et 
al. 2010). 

 

Figure 1. Overview of the system 
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