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Abstract. The need of having a Passage Retrieval (PR) system for
Arabic texts is due essentially to our aim to build an Arabic Question
Answering (QA) system in our research team. We have chosen working
on the PR system to be our first step to pursue our aim because being
the core component and its quality will affect directly the performance
of the QA system. JAVA Information Retrieval System (JIRS) is a PR
QA-oriented system, multi-platform, open source and free to use. JIRS
uses an n-gram model and it is language-independent. It separates lan-
guage configuration files to make easier its adaptation to any language.
In this paper, we report the different challenges when adapting the JIRS
to the Arabic language.In order to evaluate JIRS on Arabic, we had
to develop an Arabic test-bed using the multilingual CLEF QA one as
guideline. We also report the results obtained in our experiments where
we retrieved Arabic passages with JIRS first without any text prepro-
cessing and second performing a prior light-stemming on the documents
of the test-bed. The preliminary results show that it is possible to obtain
a first Arabic passage retrieval system adapting JIRS on pre-processed
text with a light-stemmer.

1 Introduction

Information Retrieval (IR) systems allow users to find the relevant web sites
and/or documents by only providing a query to the system. These systems had
great success merely because the Internet is growing fast and a manual detection
of a needed document is practically impossible for a simple user. However, the
new trend in the field is a new type of systems for users who are not willing to
navigate on the Internet and only need a concise answer to a specific question.
The QA systems were defined as systems allowing to a user to introduce a
question written in natural language to the system, and then answering to this
question with a natural language sentence.

Most of the QA systems search the answer in open-domain non-structured
documents. Therefore, a QA system is mainly composed of three modules: (i)
Question Analysis; (ii) Passage Retrieval; and (iii) Answer Extraction. In the first
module, the question is processed to obtain some useful information such as the
type of answer we are looking for. A search engine is generally used to search for
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the documents which may contain the answer. Furthermore, a processing of these
documents is needed to obtain the passages with high probability of containing
the answer. This step is performed by a Passage Retrieval (PR) module. Finally,
the third module extracts the answer from the passages returned by the PR
module with the help of the information obtained in the Question Analysis step.
The PR module proved to be a core module because the quality of the retrieved
passage affects highly the quality of the global QA system [22]. In fact, it would
be impossible to extract the answer if the passages do not contain it.

The QA task is a complex and challenging task both for building a QA system
and for evaluating it [5]. TREC1(Text REtrieval Conference) and CLEF2(Cross
Language Evaluation Forum) are two international competitions allowing to the
researchers in this area to compare their systems. Both Monolingual and Cross-
Lingual QA tasks were organised in these competitions. However, in this paper
we will be concerned mainly by the monolingual task. The best accuracy in the
monolingual task in CLEF 2006 was 68.95% achieved by [18] for the French
language using intensive Natural Language Processing (NLP) techniques both
in the indexing step and in the answer extraction module. In the second position
[25] with 52.63% for the Spanish language using mainly lexical pattern matching
and statistical approaches which makes their system more independent of the
language than the previous one. Whereas in the third position was for [11] for
the French language adopting as well a statistical approach. It is also reported
that in order to answer factoid questions their QA system relies mainly on the
information provided by the Named Entities Recognition (NER) module. In the
TREC competition the systems adopted by the participants were more complex
than the ones seen in CLEF. The questions are harder to analyze because they
are related to a common, given target [28], i.e. a good anaphora resulotion is
needed. The proceedings of the TREC 2006 have not been published yet. For
this reason, in this paper we only report systems that gave good results in the
TREC 2005. [15] obtained the best score in the TREC 2005 with 53.4%. They
used a syntactical parser and a NER system as tools accessible to improve the
performance of the system. Whereas for answer selection they used statistical
methods. This system has the peculiarity of using a module named logical prover
which uses semantic information to proof the correctness of the answer. [26]
obtained the second position in the TREC 2005, with an accuracy of 46.4%. The
authors report that the good results obtained with this system are due to the
dependency relation matching technique used in the answer extraction module.
Finally, [8] obtained the third position with 24.6%. This other system adopt a
multi-agent structure, with each agent relying on a different QA approach and
then, at the end, a combination technique is used to combine all the answers
and produce one final answer of the system.

In the CLEF and TREC conferences, the participating QA systems were sys-
tems performing on many languages (English, French, Spanish, Italian, Dutch,
...) but unfortunately, the Arabic QA task did not figure among the defined

1 http://trec.nist.gov/
2 www.clef-campaign.org/
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QA tasks. However, some efforts were conducted to build QA systems oriented
to the Arabic language. In [23], a knowledge-based QA system is described;
unfortunately, in the paper no results are shown and the system has a quite spe-
cial architecture since answers are extracted from a knowledge-base (structured
data). Moreover, in [14] a QA system based on the 3-module generic architecture
(question analysis, passage retrieval and answer extraction) which is adopted by
most of the QA systems is illustrated. For the test, four native Arabic speak-
ers with university education presented 113 questions to the system and judged
themselves whether the answer of the system was correct or not. The author re-
ports a precision and a recall reaching 97.3%. However, as we mentioned above,
there are no Arabic QA tasks which provide a test-bed allowing a general test
for any Arabic QA system, so the reliability of the reported results keep on being
very low since such precision and recall were not achieved in any other language.

In this paper, we present the first step of building an Arabic QA system
obeying to the general norms reported in the CLEF conference. Studying the
best performing QA systems and considering the experience of our research
team in the QA task we estimated that the best way to proceed in building
a QA system is to start by building an efficient and reliable PR module. The
idea behind the work we present in this paper, is to use a language-independent
PR system for the Arabic language. However, any language-independent system
needs language-dependent techniques to tune it for a better performance on the
target language. Therefore, the main task in this work is to study the JIRS and
the Arabic language and find out through reliable (CLEF based) experiments
the needed techniques for adapting JIRS to the Arabic language and improve its
performance. Moreover, we built three necessary corpora to test the system: (i)
a corpus of documents; (ii) a corpus of questions and (iii) a corpus containing
the correct answers of each question. The last corpus is needed as a reference to
the system in order to compute the accuracy.

As a possible PR system for our Arabic QA system, we decided to investigate
the possibilty of adapting the language-independent Java Information Retrieval
System (JIRS). Many are the systems participating in different tasks of CLEF
2005 [24], [12] and 2006 [6] [25], [10] are JIRS-based. This shows that JIRS can be
also employed in other NLP tasks than just QA [1]. JIRS proved to be efficient
for the Spanish, Italian, French and English languages. The peculiarity of the
Arabic language of being highly inflectional and, therefore, very different with
respect to the above languages, made the study of the possibility of using JIRS
very interesting and its adaptation very challenging.

The rest of this paper is structured as follows. In the Second section of this
paper we will describe some important peculiarities of the Arabic language.
Moreover, details about successful techniques for Arabic IR will be also pre-
sented. Section Three will illustrate with more details the main characteristics
of the JIRS passage retrieval system. Finally, in the forth section we present the
results of our preliminary experiments, and finally we draw some conclusions
and discuss the further works to be done.
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2 Retrieving Passages in Arabic

The Arabic language has many peculiarities which make even more challenging
many of the NLP tasks, following we introduce some of the characteristics of
Arabic:

(i) it is an alphabet-based language of 28 alphabets , 25 consonants and 3
vowels (long vowels), plus the short vowels, which are not considered as part
of the alphabet because they are diacritics that may be added above or below
characters. The short vowels are not used anymore in newspaper and this makes
the text very ambiguous (because the same word with different short vowels
could give different meanings, see the first example of Figure 1);

(ii) some of its characters might be combined to form one character (e.g. Alif
and Hamza, Alif and Madda, Waw and Hamza, etc.). In newspapers some of
these combinations are not used anymore. This makes these characters combi-
nations another source of ambiguity (see below the second example of Figure
1);

(iii) the root of any of its words is a trial (three consonants) or quadriple (four
consonants) verb. Any other form of the verb can be inflected from this root.
There’s a pattern to obtain any of these inflections, however there is not only
one pattern for all the verbs. Moreover, irregular plurals are very common in
the Arabic language. These peculiarities classify the Arabic language among the
languages with very complex morphology;

(iv) Arabic is a highly inflectional language because the general form of a word
is: Prefix(es) + stem + Suffix(es). Therfore, a part of a sentence (e.g. in their
house) may be expressed in Arabic with only one word (e.g. is bimanzilihim, see
the third example of Figure 1). This peculiarity of the language causes a high
data sparseness. In order to tackle this problem, [21] proposes a n-gram model
based algorithm to segment the text in order to overcome data sparseness in
Arabic texts. However, it is not very easy to implement the algorithm since a
large manually segmented corpus is necessary for training. In our work, we will
only use a light stemmer as described in the fourth section.

Nowadays, there are no available PR systems oriented to the Arabic language.
This makes imposible a comparative study for determining the best approach
for the Arabic PR task. Due to the fact that the PR task may be considered as a
more specific subtask of IR, we investigated first the characteristics of some of the
Arabic IR systems. The proceedings of Arabic/English Cross Lingual Retrieval
(CLIR) task in TREC 20013 and 20024 were a valuable source of information
because including an Arabic monolingual retrieval task as well.

In the study of the state of art of Arabic IR, we made a special emphasis on
the characteristics of the best systems [27], [19] and [7]. We found out that in
order to build a good IR system for Arabic texts it is very important to take in
considerations some crucial aspects:

3 http://trec.nist.gov/pubs/trec10/
4 http://trec.nist.gov/pubs/trec11/
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Fig. 1. Examples of some Arabic language characteristics

(i) Text normalization: There is no unique definition to text normalization in
Arabic, but generally it consists of reducing all the variants of characters such
as Alif, Waw or Alif maksoura in one form;

(ii) Stop words: Many researches used the stop words list that was published
by Yaser Al-Onaizan in his web site5; (unfortunately, this URL is not available
anymore;)

(iii) Query expansion: All the participants, used a blind feedback expansion.
Lately, [29] carried out a study which showed that using a thesaurus for query
expansion gives better results than the blind feedback expansion. The authors
argue that this technique performed better because synonyms are widely used
in Arabic texts and variety in expression is appreciated as a good writing style.
However, even if this technique gave good results it is important to emphasize
that it does not seem like a simple solution since an Arabic thesaurus is nec-
essary. In this same work an automatic algorithm inferring a thesaurus from
a parallel corpus is proposed. In the experiments, they used the UN parallel
corpus;

(iv) Light stemming: This last technique consists of omitting affixes to over-
come the data sparseness problem we described before. Some participants built
their own light stemmers [7] whereas others used a light stemmer published by
Kareem Darwish in his website6. Furthermore, among the participations of the
SIGIR 20027 conference, in [19] a comparison between the different available
light stemmers was carried out. In the paper the author also reports the list of
prefixes and suffixes which give the best results for the IR task.

5 http://www.isi.edu/∼yaser/
6 http://www.glue.umd.edu/∼kareem/research/
7 http://www.informatik.uni-trier.de/∼ley/db/conf/sigir/sigir2002.html
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3 The Arabic-JIRS Passage Retrieval System

As we have already mentioned, the PR module is a core component of a QA
system. Thus, it was estimated worth to investigate PR modules oriented specif-
ically to QA systems. Those PR modules are more focused on the texts which
possibly contain the answer to the user’s question than the documents related to
the user’s query. Many techniques have been investigated in this area. The most
successful techniques were the ones based on density [17], [20], [3](JIRS is based
on density, see Figure 2 and the JIRS architecture description below) and the
ones based on terms overlap [4], [9]. However, there are other works which in-
vestigated the efficiency of the PR module when the order of the question terms
is respected [2] and the possibility of using semantic information to obtain the
relevant passages [16].

Fig. 2. The JIRS architecture

JIRS is a QA-oriented PR system and it can be freely downloaded from its
main web page8. As illustrated in Figure 2 in order to index the documents the
JIRS relies on an n-gram model. To retrieve the relevant passages it performs in
two main steps [13]. In the first step it searches the relevant passages and assigns
a weight to each of them. The weight of a passage depends mainly on the relevant
question terms appearing in the passage. Thus, the weight of a passage can be
expressed as:

wk = 1 − log(nk)
1 + log(N)

(1)

8 http://jirs.dsic.upv.es
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Where nk is the number of passages in which the associated term to the weight
wk appears and N is the number of the system passages.

The second step performs only on the top “m” passages of the relevant pas-
sages returned by the first step (generally m=1000). In this step, JIRS extracts
the necessary n-grams from each passage. Finally, using the question and the
passage n-grams it compares them using the Density Distance model. The idea
of this model is to give more weight to the passages where the most relevant
question structures appear nearer to each other. For example, let us suppose the
question and the two passages shown on Figure 3. The correct answer to the
question is ”Rabat”. The Density Distance model would give more weight to
the first passage because the distance between the words capital and Morocco is
smaller than the distance between these same words in the second passage.

Fig. 3. An example to illustrate the performance of the Density Distance model (an
English translation is given in between parenthesis)

In order to obtain a bigger weight for the passages that have a smaller distance
between question structures, the Distance Density model of a passage p and a
question q employes the following equation:

Sim(p, q) =
1

∑
i wi

.
∑

x

h(x)
1

d(x, xmax)
(2)

Where x is an n-gram of p formed by q terms, wi are the weights defined by (1),
h(x) can be defined as:

h(x) =
∑

k

wk (3)
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and d(x, xmax) is the factor which expresses the distance berween the n-gram
x and the n-gram with the maximum weight xmax, the formula expressing this
factor is:

d(x, xmax) = 1 + k.ln(1 + D) (4)

Where D is the number of terms between x and xmax (the example given in
Figure 3 shows an example where D=0 and another where D=4). The last version
of the JIRS was reported to perform better than last year in all of the Spanish,
French and Italian languages [6]. It was also reported in [6] that the JIRS showed
better performance than the Lucene PR system9 for the Spanish and French
languages, whereas the same performance was reported for both systems for the
Italian language.

The Arabic-JIRS version of the passage retrieval system relied on the same
architecture of Figure 2. The main modifications were made on the Arabic
language-related files (text encoding, stop-words, list of characters for text nor-
malization, Arabic special characters, question words, etc.). The Arabic-JIRS is
also available at the main web page10.

4 Experiments and Results

4.1 Test-Bed for Arabic Question Answering11

In order to test the JIRS on Arabic in the same conditions in which were tested
the QA systems which participated in the CLEF 2006 competition we had to
develop a test-bed in Arabic with the same characteristics. The test-bed consists
of:

(i) The documents: we have used a snapshot of the articles of the Arabic
Wikipedia12. This makes a collection of 11,638 documents. A conversion from
the XML to the SGML format was necessary to preprocess the corpus for JIRS;

(ii) The questions : we have manually built a set of 200 questions considering
the different classes that were reported in the CLEF 2006 competition with the
same proportion of each class [12]. These proportions are shown in Table 1;

(iii) The correct-answers: in order to obtain the Coverage (ratio of the num-
ber of the correct retrieved passages to the number of the correct passages) and
Redundancy (average of the number of passages returned for a question) mea-
sures automatically from the JIRS, it is necessary to provide, for each of the 200
questions, a list containing all the possible answers. It is also very important to
verify that each of these answers is supported by a passage in the collection. We
have built the list of the correct-answers and manually verified the existence of
each answer in at least one passage of the collection.

9 http://lucene.apache.org/java/docs/
10 http://jirs.dsic.upv.es
11 http://www.dsic.upv.es/∼ybenajiba
12 http://ar.wikipedia.org
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Table 1. CLEF 2006 classes Ratio

Class Number of Questions
NAME 6
NAME.ACRONYM 1
NAME.PERSON 22
NAME.TITLE 1
NAME.LOCATION 6
NAME.LOCATION.COUNTRY 14
NAME.LOCATION.CITY 2
DEFINITION.ORGANIZATION 24
DEFINITION.PERSON 25
DATE 11
DATE.DAY 4
DATE.YEAR 2
QUANTITY 16
QUANTITY.MONEY 3
QUANTITY.DIMENSION 2
QUANTITY.AGE 2
GENERAL 59

4.2 Preliminary Results

Two experiments have been carried out to estimate the performance of the JIRS
on Arabic text. The first expriment consisted of using the test-bed described
above. Whereas in the second experiment we performed a light stemming on
all the components of the test-bed before we started the retrieval test. The
light stemmer we have used for our experiment is the one provided by Kareem
Darwish. Figure 4 shows the coverage (a) and the redundancy (b) measures for
both experiments.

(a) (b)

Fig. 4. Comparison of Coverage and Redundancy of JIRS over both light-stemmed
and non-stemmed Arabic corpora
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The results presented in Figure 4 show that JIRS can retrieve relevant pas-
sages also in Arabic, reaching a coverage up to 59% and a redundancy of 1.65
without performing any text preprocessing. However, we carried out a second
experiment where we performed a light-stemming to overcome the high data
sparesness problem due to the nature of the Arabic language. The light-stemming
helped to raise the coverage up to 69% and the redundancy up to 3.28. The val-
ues obtained for redundancy show that we cannot reach a higher coverage if we
do not use a bigger set of documents.

5 Conclusions and Further Work

In this paper we investigated how to develop a first efficient and reliable passage
retrieval system for Arabic. The language-independent JIRS passage retrieval
system was adopted in order to retrieve texts in Arabic. To evaluate the Arabic-
JIRS PR system we had to manually build a test-bed in Arabic which is now
freely available for the research community. We carried out experiments on both
raw and light-stemmed Arabic texts because the Arabic language is highly in-
flectional and light-stemming helps significantly to tackle this problem. These
experiments showed that with light-stemming the coverage measure raises up to
69% and the redundancy measure up to 3.28.

In the next future, we plan to test JIRS with a corpus of the same size as the
corpora used in CLEF 2006 (around 454,000 documents). We would like also to
investigate the use of various light-stemmers instead of just one.

Acknowledgments

The research work of the first author was partially supported by MAEC - AECI.
We would like to thank the research project MCyT TIN2006-15265-C06-04 for
partially funding this work.

References

1. Aceves-Prez, R. M., Villaseor-Pineda, L., Montes-y-Gmez, M.: Using N-gram Mod-
els to Combine Query Translations in Cross-Language Question Answering. Inter-
national Conference on Intelligent Text Processing and Computational Linguistics
CICLing-2006. Lecture Notes in Computer Science, vol. 3878, Springer, 2006.

2. Adriani, M., Rinawati: Finding Answers to Indonesian Questions from English
Documents. In Accessing Multilingual Information Repositories: 6th Workshop of
the Cross-Language Evaluation Forum, CLEF 2005, Revised Selected Paper. Vol.
4022 of Lecture Notes in Computer Science, pp. 510-516. Springer, 2006.

3. Amaral, C., Figueira, H., Martins, A., Mendes, A., Mendes, P., Pinto, C.: Priberams
Question Answering System for Poteguese. In Working Notes for the CLEF 2005
Workshop. In Accessing Multilingual Information Repositories: 6th Workshop of
the Cross-Language Evaluation Forum, CLEF 2005, Revised Selected Paper. Vol.
4022 of Lecture Notes in Computer Science, pp. 410-419. Springer, 2006.



Adapting the JIRS Passage Retrieval System to the Arabic Language 539

4. Bouma, G., Mur, J., Van Noord, G., Van Der Plas, L., Tiedemann, J.: Question An-
swering for Dutch Using Dependency Relations. Accessing Multilingual Information
Repositories. 6th Workshop of the Cross-Language Evaluation Forum, CLEF 2005,
Revised Selected Papers. Lecture Notes in Computer Science, Vol. 4022, Springer,
2006.

5. Burger, J., Cardie, C., Chaudhri, V., Gaizauskas, R., Harabagiu, S., Israel, D.,
Jacquemin, C., Lin, C., Maiorano, S., Miller, G., Moldovan11, D., Ogden, B.,
Prager, J., Riloff, E., Singhal, A., Shrihari, R., Strzalkowski1, T., Voorhees, E.,
Weishedel, R.: Issues, Tasks and Program Structures to Roadmap Research in
Question & Answering (Q&A). Technical report, National Institute of Standards
and Technology.
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