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Abstract 
The main objective of an Information Retrieval System (IRS) is to 
obtain suitable information within a reasonable time to satisfy a 
user need. To achieve this purpose, an IRS should have a good 
indexing system that is based on natural language processing.In 
this context, we focus on the available Arabic language processing 
techniques for an IRS with the goal of contributing to an 
improvement in the performance. Our contribution consists of 
integrating morphological analysis into an IRS in order to compare 
the impact of morphological analysis with that of stemming 
algorithms. 
Key words: 
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1. Introduction 
 

Today, usage of the Internet is widespread, and there 
has been a proliferation of heterogeneous resources 
(websites, e-books, e-newspapers, e-magazines, and online 
media) that has led to a high volume of information being 
generated. In this context, the importance of Information 
Retrieval (IR) has grown [1] [22]. IR refers to the process 
by which a user searches for certain information from a 
large amount of unstructured textual data using a query [4]. 
There is an imperative need for retrieval systems to match 
searchable documents with user needs (queries) in order to 
return relevant documents. An Information Retrieval 
System (IRS) is a library in which information is stored, 
processed, organized and retrieved to satisfy user needs [8]. 
The primary challenge for an IRS is to obtain the necessary 
information at the right time from a large amount of data. 
A classical information system process contains three 
phases: indexing, query reformulation and matching. 
Indexing consists of selecting keywords from each 
document/query to build an index. The query is then 
reformulated to be suitable for the information retrieval 
model. Finally, the entered query is matched to the index to 
select the relevant documents. The selected documents are 

ranked in descending order and are displayed to the user 
[3,4,7]. 
 

We focus on the indexing phase, as this forms the core 
of the IRS. The main purpose of this work is to optimise the 
speed and performance of an IRS in finding relevant 
documents in response to search queries. Once an effective 
index has been built, the retrieval process is simplified [4, 
5]. The rapid growth of Arabic content on the web offers 
motivation for the processing of an Arabic corpus. The 
Arabic language is classified the fourth most widely used 
language on the web, and in the last eighteen years (2000–
2018), the number of Arabic-speaking internet users has 
grown by 8,616%  (first language in user growth). The 
difficulty of indexing documents depends on the language 
processed [2] [4] [26]. 
 

This paper study the impact of morphological analysis 
on the performance of an IRS . It is organised as follows. 
Section 2 describes the morphology of the Arabic language. 
In Section 3, a literature review is carried out of 
morphological analysers and stemming algorithms. A new 
IRS based on morphological analyser techniques proposal 
is presented in Section 4. The experimental methodology 
and results are studied and analysed in Section 5. Finally, 
the conclusion and future works are given in Section 6. 

2. Arabic morphology 

The Arabic language has two forms:  

Classical Arabic. This is the language of the holy Quran. It 
is vowelised (i.e. it uses Tashkil).  

Modern Standard Arabic. This is used in official documents, 
newspapers and communication. 

We focus on the second of these. The Arabic language has 
a very complex morphology compared to other languages; 
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it is a highly inflectional language, and the sematics of 
words depend on various diacritics. On the other hand, 
unlike many other languages, Arabic does not have a 
standard rule for adding affixes to words. Another feature 
of the morphology is that pronouns are attached to a word 
as prefixes and suffixes [6-8]. 

The root is the basic unit of Arabic. The following example 
shown in fig 1 illustrates the complex structure of an Arabic 
word known as an agglutinated word:    سيكتبونه means ‘They 
will write it’  

 

Fig. 1  Arabic morphology. 

As shown in this example, an Arabic word can express 
an entire sentence. The prefixes or suffixes used may also 
change the semantics of the word; for example,    مكتبة means 
‘library’. Furthermore, the absence of vowels (diacritics) 
causes an ambiguity problem. Several words of different 
meaning will have the same root; for example, the word 
 ,’can have several meanings, including ‘calculate (حسب)
‘think that’, or ‘accordingt o’ [8]. This ambiguity poses a 
problem for IR applications, and the richness of this 
morphology makes it difficult to develop natural language 
processing applications for Arabic IR[26]. 

The most important challenge facing developers of an 
IRS is that of how to extract a suitable root without 
changing the semantics of the word. The indexing process 
is based on root extraction (stemming), and there are several 
algorithms in the literature that can handle the stemming 
problem.  

3. Literature review 

Stemming is a linguistic process in which the various 
morphological variants of the words are mapped to their 
base forms [8,10]. In Arabic morphology, finding a suitable 
stem is very difficult [8]. Stemming algorithms can be 
classified into two basic groups: root extraction stemmers 
(morphological analysers), and light stemmers 
[6,7,9,11,12,16]. 

 

 

 

3.1 Stemming Algorithms 

Light stemming algorithms remove prefixes and 
suffixes from words. The most popular algorithms used for 
IRSs are the Larkey stemmers (light 1, light 2…….light 10) 
[7,13]. In this context, the authors of [7,8,15] have 
developed a new stemmer based on light 10, and have 
proved that the effectiveness of their algorithms is better 
than light 10. In [7,12,14,15], the authors built stemming 
algorithms based on various methods, including statistical 
methods and big data. To evaluate their approaches, they 
compared them with a Khoja stemmer (a morphological 
analyser). The results obtained in all cases confirmed that 
Arabic stemming was better than Khoja stemming. 

Discussion:  

   Although Arabic stemming methods of this type have 
achieved good results, they face many problems. Stemmers 
do not use morphological rules to determine the correct 
affixes [10], and may obtain roots that are very different 
from the original word in their meaning. Additionally, light 
stemming encounters problems such as over-stemming, 
mis-stemming and under-stemming [8]. These approaches 
also do not remove the infixes of the words, which 
decreases their effectiveness [11]. These issues increase the 
ambiguity, thus reducing the performance of the IRS. 

3.2. Root Extraction Stemmers: Morphological 
Analysers 

A root extraction stemmer recognises the composition 
of a word, and can provide specific morphological 
information about words [13]. This approach consists of 
reducing morphological variants to linguistically correct 
root morphemes, using trilateral Arabic verb patterns 
[11,15]. The most successful morphological analyser was 
developed by Khoja [11]. In this section, we are interested 
in the most widely used morphological analysers in the 
literature. 

3.2.1. ARAMORPH. 

Aramorph is a free, open source morphological 
analyser distributed under a GPL license. The original 
version was developed in Perl by Backwater, although it is 
now available in Java Aramorph defines three lexicons: one 
for prefixes, one for suffixes and a third for lexemes. The 
analysis proceeds as follows: the Arabic words are first 
transliterated (for example, كتاب is transliterated to ‘ktb’). 
Aramorph then attributes morph syntactic traits to each 
word (e.g. gender, number). 
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3.2.2. MORPH2. 

MOPPH2 [13] is a morphological analyser for Arabic texts, 
and can analyse vocalised Arabic words. It was developed 
using the Java programming language, based on the version 
proposed in [16]. The new version developed in the current 
work can increase the precision and recall from 69.77% to 
89. 77%  and from 68.51% to 82.51%, respectively. 

3.2.3. Qutuf[27] قُُطْوف 

This uses finite state automata and rules for agreement 
developed for cliticalisation parsing. It is based on the 
AlKhalil Morpho Sys 2 database 

3.2.4. AlKhalil (AlKhalilMorpho Sys). 

AlKalil is a morphosyntactic analyser for standard Arabic 
words taken out of context. Version 1.0 was distributed at 
the ICCA 2010 conference in the form of a free Java source 
code. AlKhalil analyses partially or totally vowelised words. 
The authors of [17] have developed an improved version of 
AlKhalil Morpho Sys 2, and have introduced several 
improvements, such as patterns and lemma tags to  increase 
text coverage (99%). According to these authors, AlKhalil 
can index every word in the text by specifying the frequency 
of its occurrence and its locations in the text.  

In our work, we are interested only in the open source 

 

 morphological analysers AlKhalil and Aramorph. The 
following section aims to study these two morphological 
analysers and to evaluate them using a text file encoded in 
CP-1256 from the EASC corpus. 

3.3. Evaluation of Arabic Morphological Analysers 

Table 1: Evaluation metrics 

 

3.3.1. Aramorph 

This approach is able to: 
- Provide information about the word in question: glossary 
in English, possible combinations of analysis, voyellations; 
- Assign the appropriate morphological categories; and 

- Decrease ambiguity with respect to XEROX [20]. 
However, it has several shortcomings [19]: 
- It is not based on rules i.e. the word forms are inserted 
manually, meaning that the cost of updating is high; 
- The components of agglutinated words must be presented 
in the lexicon;  
- The treatment of question morphemes is poorly specified, 
meaning that the limitations of ambiguity and the coverage 
decrease; and 
-  It does not analyse abbreviations; if the word is 
decomposed, it loses its semantics. 

3.3.2. AlKhalil 

AlKhalil has two main interfaces: one that allows the text to 
be entered for analysis and another to display the results of 
analysis. Users can choose the desired type of output, and 
the scan result can be saved as an HTML file. 
AlKhalil is characterised by a wide coverage of textual 
words, a high speed of analysis, and accurate indexing of 
textual words in terms of their location, frequency and 
identification number. However, also it has some 
disadvantages, in that it does not analyse the proper names, 
and has difficulty updating the database. 

3.3.3. Comparative Study Between AlKhalil  and 
Aramorph.  

To enrich our theoretical study, we analysed a text file 
encoded in CP-1256 taken from the EASC corpus.  The 
results are presented in Table 1. 

 
Discussion. 

The first two metrics (agglutinated and vocalised 
words) were selected from [18]. We find that both 
Aramorph and AlKhalil are able to analysevowelised 
Arabic words, regardless of the type of vowel assigned. 
Unlike Aramorph, AlKhalil covers all the agglutinated 
words presented in the file. 

However, AlKhalil covers the text by providing all 
possible analysis solutions, in contrast to Aramorph. Hence, 
AlKhalil is the most useful morphological analyser. In 
addition, many authors have used AlKhalil in their research, 
including the present authors [21,22]. 
The main goal of developing a stemmer or morphological 
analyser is to increase and support the search effectiveness 
of an IRS. Hence, to evaluate the impact of a stemming 
algorithm or morphological analyser, the best approach is 
to use it with an IRS [5]. 

 

 

 AlKhalil Aramorph 

Agglutinated 
words 

+ + 

Vocalised words + ± 

Text cover + ± 

Availability Open source Java 
code 

Open source 
Java code 

Arabic language 
type 

Classic and 
modern Arabic 

Classical 
Arabic 

 AlKhalil Aramorph 

Agglutinated 
words 

+ + 

Vocalised words + ± 

Text cover + ± 

Availability Open source Java 
code 

Open source 
Java code 

Arabic language 
type 

Classic and 
modern Arabic 

Classical 
Arabic 
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4. An IRS Based on Morphological Analyser Techniques  

To carry out a comparison between a stemmer and a 
morphological analyser, we used an open source IRS called 
Lucene, based on a light stemmer from the Arabic 
Computational Linguistics project. The indexing process of  
Lucene is illustrated in the figure2. It consists of three 
phases: 
- The encapsulation phase, in which parsers transform the 

file into an object called a document; 
- An analysis of the document is carried out using a suitable 

analyser; and 
- Creation of the index using an IndexWriter module, in a 

location determined by the directory 
 
 
 
 
 
 
 
 

Fig. 2  the indexing process in Lucene. 

Our contribution is made at the level of the analysis 
phase of a document, and consists of developing a new 
 
Java class based on the AlKhalil morphological analyser. 

5. Experimentation and validation 

5.1. Test collection 

Our corpus is taken from the Islamic website 
www.islamweb.net . We chose the rubric of consecutive 
notice الفتاوى in order to build the collection test, and 
considered each question posed as a query. The answers to 
this questionrepresent the relevant documents. Our corpus 
contains 586 documents, and an example of one of these 
documents is shown in Figure 3. 

Fig. 3  the indexing process in Lucene 
Table 2: query types 

 

 

 

 

 

 

 

 

 

 

 

5.2. Query 

Twenty-five queries were collected for our 
experiments. Table 2 presents the relevant documents 
for two queries of different lengths. 

5.3. Evaluation Methodology 

In our experiments, we use the program trec_eval[25]. 
In particular, we are interested in the following measures: 
- The main average precision (MAP) for a comparison of 

the overall performance of the SRI; 
- The precision/recall report for a behaviour evaluation of 

the SRI; 
- The precision calculated at different points (after the first 
5, 10, 15 and 100 documents returned) to measure the 
quality of the results returned by the IRS after the first n 
documents. 

Our assessment is a comparative study between Lucene 
based on stemming algorithm light 10 and Lucene based on 
morphological analyser Alkhalil (our proposal). 
This study is carried out according to one main parameter: 
the variation in the query length. We therefore classified the 
submitted queries into two types, based on their length: 
short and long queries. The results are presented in the 
following section. 

 

Long  query   ،ما حكم من صدق الكاهن
رغم علمه أنه ال يعلم 
الغيب إال هللا، ثم قال 

صالته؟ الشهادتين في   

Means 

' What is the 
ruling on the 

sincerity of the 
priest, despite 

knowing that he 
knows only the 

unseen but Allah, 
then he said the 

two testimonies in 
his prayer? ' 

Doc 88, Doc 12, 

Doc 24 

Short query   ما حكم من يسرف في
 صرف المال ؟ 

Means 

' What is the 
ruling of wasting 

money? ' 

Doc 20, Doc  
50, Doc 55 

Analyse Index
Writer 

Dire
ctor

Do
cu
me
nt 

F

Fi
l

Fi

 
Docu
ment 
Parse

r 

Fil
es
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6. Results 

 

6.1. Precision for n Documents Retrieved.  

Improvement of  +22.22% in the precision values P 
@ 5 and P @ 10 using our proposal, as compared to 
Lucene. 

An increase in the query length results in a decrease in 
the precision values P @ 5 and P @ 10; however, this 
variation is lower in our proposal than in Lucene. 

 

6. 2. Main Average Precision. 

As our second result, we obtained the MAP. 

These results show that we obtain an improvement in 
the MAP of +11.62% in our proposal compared to 
Lucene. However, the MAP shows a loss of −18.61% 
when submitting long queries. 

 

 

Table3. P@5 and P@10 documents retrieved 

 

 

 

 

 

 
 
 

          Table 4.  MAP results 

 
 
 
 
 
 
 
 
 

6.3. Precision/Recall Curve. 

The impact of the variation in query length on the first 11 
points of the recall is illustrated in Figures 4 and 5 for short 
and long queries, respectively. 

Figure 4.  Short queries. 

 

Figure 5.  Long queries. 

P@5  
 Lucene Our_proposal  

10 short 
queries 

0.1800 0.2200 +22.22% 

15 long 
queries 

0.1133 0.1067 −5.08% 

P@10 

10 
short 

queries 

0.0800 0.11 +37.5% 

15 
long 

queries 

0.1133 0.1067 −5.8% 

MAP 
 

 Luc
ene 

Our_prop
osal 

10 short 
queries  

0.52
33 

0.6753 +29.04% 

15 long queries 0.82
86 

0.6729 −18.61% 
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7. Conclusion 

In this work, we describe the impact of the integration of 
a morphological analyzer for the Arabic language in an 
open source IRS. Our experimental results show that 
morphological analysis improves the performance of the 
IRS terms of precision/recall, MAP and precision for n 
documents returned. 

So that, Morphological analyser find the suitable root of 
the word by matching it with different patterns. This 
analysis contribute to the creation of a good index of the 
document (query). Hence, an IRS can select more relevant 
document for user query. 

This improvement is shown only when short queries are 
used; for long queries, a stemming algorithm is better than 
a morphological analyzer. This regression in IRS 
performance may be related to the ambiguity in the solution 
provided by the morphological analyzer. To address this 
problem, a new stemming algorithm should be developed 
based on morphological analyser techniques.  
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