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ABSTRACT 

One  of  the  foremost  difficulties  of  recent  Information  Retrieval  (IR)  systems is  the vocabulary problem.  
One  way  of  processing the vocabulary problem  is  by  using a  thesaurus  (usually  semantic),  Query expansion 
mechanism has an remarkable solution for attaining a perfect answer to a user inquiry whereas preserve the quality of 
retained documents. This at most depends on an accurate choice of the added terms to an initial query. This paper proposes 
a system for Arabic Information Retrieval System that can be used to expand the Arabic query automatically. The Arabic 
Query Expansion (AQE) system used the Arabic WordNet for producing thesaurus and Cuckoo algorithm to select the 
most relevant documents. The AQE system applied on standard dataset, which is called (Xnh4500) that contains 4500 
documents distributed over eight classes. The investigational results show that the AQE proposed system outperforms the 
comparative system and has accomplished high accuracy, precision, recall and F1-measure about (76%, 95% and 83%) in 
the standard dataset respectively. 
 
Keywords: Arabic information retrieval system, Arabic query expansion, Xnh4500 dataset. 

 
1. INTRODUCTION 

Recently, enormous quantity of information is 
sent on the Web and it carries on increasing with an 
explosive speed. However, the information cannot be 
accessed or used proficiently and effectually unless it is 
well systematized and indexed. Numerous search engines 
were generated for this requirement in recent years. Web 
users, nevertheless, typically submit just single word as 
their queries on the Web [1]. It is even worse that the 
users’ query words can be relatively dissimilar to the used 
ones in the documents in relating the same semantics. 
Namely, a gap is existing amid user’s query space and 
document representation space. This problem happens in 
minor precisions and recalls of queries. The user may 
obtain an overwhelming but huge percentage of unrelated 
documents in the result set. Actually, this is a hard 
problem in Web information retrieval. An operative 
technique for solving the above problems is query 
expansion [2]. Query Expansion (QE) stands for 
Information Retrieval (IR) method target at reformulating 
the original query by inserting different terms into it to 
accomplish an improved accuracy for the IR system. QE is 
an IR technique used to improve the relevancy of IR 
systems through the amendment of the query key terms. 
Typically, the short user query is has few words and from 
time to time the ignorance of the subject being searched 
creates the user uses insufficient key terms. This technique 
assumes that the user query is the problem in retrieving 
irrelevant documents and the relevancy can be enhanced 
by either inserting new words to the query or by 
substituting the query words with new words. The 
goalmouth of this method is not just to enhance the recall 
by recovering applicable documents that cannot be 
retrieved by the user query, but also to enhance the 
precision of the retrieved Documents by setting the most 
related ones at the topmost list of the retrieved documents 
[3]. 
 

2. LITERATURE REVIEW 

Query extension is the way toward adding extra 
terms to the first inquiry to enhance the IR frameworks' 
execution. This section includes several works that are 
considered as related works to QE system using different 
techniques: 

Khaled Shaalan1 et al. (2012): suggested a 
technique for query expansion on Arabic Information 
Retrieval using Expectation Maximization (EM). They 
tested them algorithm on INFILE test collection of 
CLLEF2009, and the experimental results depict that 
query expansion has similarity of terms and both enhances 
precision and retrieves more relevant documents [4]. 

Francesco et al. (2013): suggested the usage of a 
structured depiction with named, weighted word pairs to 
develop the preliminary query. This technique has the 
categorical relevance feedback to achieve a new query. 
These authors extracted routinely the Weighted Word 
Pairs exemplification from documents using term 
extraction. TREC-8 dataset has been adopted to test the 
model, allied to about 520,000 documents on 50 topics. 
The result has shown that their method retrieved more 
relevant documents as compared with an method using a 
list of words only [5]. 

Riyad Al-Shalabi et al. (2014): proposed paper 
studied and compared the  search engine performance 
before and after intensifying the query through Interactive 
Word Sense Disambiguation (WSD).Conversely, 
increasing the query with a more wide-ranging 
(polysemous) synonym extend the search, which would 
affect on the precision to be  decreased [6]. 

Ahem Bouziri1 et al. (2015):  initially create a 
training set utilizing genetic algorithm based methodology 
that investigates the affiliation rules space with the end 
goal to locate an ideal arrangement of expansion terms, 
The tests have done on SDA 95 gathering, a data set for 
Information recovery [7]. 
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Waseem Alromima et al. (2016):  presented a 
semantic-based retrieval system for the Arabic text that 
enlarges the input query semantically by means of Arabic 
domain ontology. The projected method has been tested on 
the Arabic Quran corpus, and the tests depict that the 
method outdoes in terms of both precision and recall the 
customary keyword based methods [8]. 

Belal Al-Khateeb et al. (2016): proposed query 
expansion system to select the right meaning of the 
keywords and expanding the query to other keywords that 
have same meaning using WordNet. After the query 
expansion is done, Google search engine is used to do the 
search. The obtained results are promising, opening further 
research directions for enhancing the search process [9]. 

Ahmed Abbache et al. (2016): proposed AQE 
utilizing Arabic Word-Net and Association Rules inside 
the setting of Arabic Language. The outcomes got certain 
with a suitable choice strategy; they can exploit Arabic 
Word-Net to enhance the recovery execution. Them 
observational outcomes on a sub-corpus from the Xinhua 
gathering demonstrated that the programmed choice 
strategy has accomplished a huge execution enhancement 
in term as Mean Average Precision (MAP) and recall and 
a superior accuracy with the principal top retrieved 
documents [10]. 
 
3. THE SUGGESTED SYSTEM 

This section presents the projected query 
expansion method using Arabic WordNet for mining 
supplementary query terms, and then apply cuckoo search 
optimization algorithm to select the best feature and 
retrieve the most relevant documents to the query. Figure-
1 summarizes the projected query expansion method.  

The user has typically his requirements with a set 
of words which form his preliminary query. To increase 
this query with proper words; the projected technique has 
some important steps with a pre-processing phase. 
 
 

 
 

Figure-1. The block diagram of the Projected System. 
 
3.1 Preprocessing phase 

The first phase of the AQE system is pre-
processing. It pre-processes the content of documents 
because there is huge number of unimportant words, so it 
is necessary to clean the text of documents from words 
that are irrelevant because it does not help in expansion 
process and thus leads to reduce the dimension, the 
following are the pre-processing steps: 
 
A. Tokenization 

Tokenization is very important in natural 
language processing. Tokenization means breaking the 
text document into tokens using the space to separate each 
word from other. These tokens may be symbols, words 
and numbers. 
 
B. Normalization 

 Remove all numbers. 

 Remove all symbols such as !, ?, @, *, #, $, %, &, ( ), 

[ ], { }, <, >, =, !=, +, -, _, ,, ;, :, :-, ", ', \ and /. 

C. Remove stop words 

In the pre-processing part, stop words (Regularly 
used words that do not differentiate one document from 
the other as they do not insert any semantic sense to the 
sentence as in “من“ ,”ال” and “هذا”) are removed. 
 
D. Stemming 

After stop words removal process, the process of 
stemming is performed which extracts the root of each 
word to organize the query for the subsequent step, the 
main purpose of this step is deleting different suffixes 
from words, reduce the number of words and save time 
and memory space. The algorithm 1 shows the algorithm 
of Preprocessing Steps. 
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Algorithm(1) Preprocessing Steps 
Input: collection of documents(T) 
Stop word List(SWL) 
Character & Number List(CNL) 
Output: collection of tokens for each document(S) 
Begin 
Step1: Read the document. 
Step2: break every word from other depending on space 
to acquire(Tokens). 
Step3: // take out numbers & characters token. 
i=1 
T=number of all tokens 
While i<=T do 
Begin 
If token[i] is found in CNL then 
Exchange token[i] with space 
i=i+1 
End 
Step4: // take out stop words 
i=1 
T=Number of all Tokens 
While i<=T do 
Begin 
If i is found in SWL then, 
Exchange i with space 
i=i+1 
End 
Step5: Stemming the residual tokens 
Step6: built collection of tokens for each document. 
End 

 
3.2 Arabic Word-Net 

Query expansion method in this work based on 
Arabic Word-Net for mining additional query terms. The 
user has typically his requirements with a set of words, 
that creates his preliminary query. To develop this query 
with suitable words, Arabic Word-Net can be adopted as 
the source for term choice. There are some papers in the 
literature for term selection considered to take the 
terminology of a language like Moby Thesaurus3, 
TemaTres2 and others. WordNet is as well intended for 
the identical purpose but it is the major and most all-
inclusive resources which is established and preserved 
manually by a international community [10].  
 
3.3 Features extraction 

Feature extraction is a significant phase in query 
expansion so that after the text of documents have been 
preprocessed and extract the synonyms of the words, the 
features are then extracted from them. The features are 
extracted by using vector space model, which is also 
known, as bag of words model. 
 
 Term Frequency (TF) 

TF is computed for each feature which turns up in 
the document by counting the frequency appearance of 
each feature in the document. This method shows the 
significance of the feature in a document. 

 Inverse Document Frequency (IDF) 

For evaluating the importance of feature in the 
collection of documents as opposed to TF which calculates 
the importance of feature in only one document. The IDF 
depends on the idea that if a feature appears in only a few 
documents in the collection, then such a feature is 
expected to be a good discriminator of these documents. 
The IDF calculated by using eq (1). 
 
IDF= log N/Ni ……….                                             Eq (1) 
 

Where: N refers to the all documents in the set or 
class of documents. 

Ni refers to the number of documents where word 
i appears in the collection of documents. 
 
 Term Frequency – Inverse Document Frequency TF-

IDF 

Workings by influential frequency of features 
appears in an explicit document compared to the inverse 
proportion of that feature over the documents in the 
training set. This calculation regulates related feature in a 
particular document. The TF-IDF calculated by using eq 
(2). 
 
Tf-idf = tfi * log N/Ni      …….                                  eq (2)     
 

Where: tfi refers to the number of times the word 
i appear in document.  

N refers to the all number of documents in the set 
or class of documents.  

Ni refers to the number of documents where word 
i appears in the collection of documents [11]. 
 
3.4 Cuckoo search optimization 

After the process of Term Frequency-Inverse 
Documents Frequency (TF-IDF)   the cuckoo search 
optimization algorithm has applied to opt for the best and 
nearest weights to the query to get optimize solution. This 
algorithm is one of the swarm optimization algorithms 
which is used to extract the optimal features. 

First, the weights of all features are computed 
then, cuckoo search algorithm is applied to reduce the 
synonyms and choose the best features in each document. 
Random values within range (min and max) for optimal 
solution are generated, the parameters used in this 
algorithm are (dimension of features=10, number of 
iteration is 100, number of nests is 100, probability of 
cuckoo egg detection is 0.5 and the minimum and 
maximum value take from the TF-IDF Weight). This 
algorithm is applied on both train and test phase. The 
algorithm 2 shows the algorithm of cuckoo search for 
finding optimal solution. 
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Algorithm (2) :Cuckoo Search Optimization 
Input: collection of documents weight 
Output: Optimize weights(features) within the range 
specify 
Begin 
Produce introductory population of  
n host nests xi (i = 1, 2, ..., 100) 
no.of  iteration=100 
probability of Cuckoo egg detection=0.5 
dimension of features=10 
lower and upper values take from tf-idf  
while (t <Max-Generation) or (stop criterion) 
Develop a cuckoo arbitrarily by Levy flights  
evaluate its quality/fitness Fi 
select  a home among n (say, j) arbitrarily  
if (Fi > Fj ) 
change  j by the new solution; 
end 
A breaking (pa) of worst  nests 
are abandoned and new ones are made; 
Keep the finest solutions 
(or nests with quality solutions); 
Rank the solutions and catch the current finest solution 
end while 
Post-process results and visualization 
End 

 
4. SIMILARITY MEASURES  

Distance and similarity measures are common 
tools used widely in measuring the deviation and closeness 
degrees of different arguments. Up to now, many scholars 
have paid great attention to this issue and have achieved 
many results, which can be roughly classified into two 
sorts: one sort is based on the traditional distance 
measures, like Euclidean distance, Hamming distance and 
the Hausdorff metric [12]. 
 
4.1 Cosine-similarity measure 

There are numerous methods to determine the 
similarity amid the user query and the retrieved 
documents. Cosine-similarity has been such extensively 
used method [13]. It is influential similarity checking 
method to compare all other existing techniques [14] and 
broadly employed for web document similarity. After 
apply cuckoo search finally we calculates the similarity on 
both the documents and query to match weights and 
retrieve the best documents to the user.  
 
Cosine-similarity (q,d) = 𝑞.𝑑  𝑞  ∗| 𝑑 |                        eq (3)  
 
where, q and d stand for query and document vectors. In 
addition, ||q|| and ||d|| stand for their length 
correspondingly. The similarity strength relies on the 
value of θ. If θ = 00, the document and query vector are 
comparable. As θ changes from 00 to 900, the similarity 
amid the document and query lessens. 
 
 
 

5. THE EXPERIMENTAL RESULTS 
The suggested system is tested and determined by 

means of (Xinhua) dataset which is a free documents 
dataset that contains 4,500 documents in different groups 
(e.g. china, Economy, Culture-Education, Middle-East, 
Science-Health, Sport, Tourism-Ecology, World) the 
major properties of this dataset is that contains multiple 
classes. 

The experimental results are performed to 
evaluate the performance and accuracy of the proposed 
system. First, the proposed system will be applied to the 
documents of the dataset to extract the documents features, 
which will be used in the similarity with the tested queries. 
Second, the tested query will be expanded using the 
Arabic word net to extract the synonyms, then apply 
cuckoo search algorithm to find the best features, at last 
the similarity will return the most relevant documents to 
the tested query. The following sections illustrate the 
testing steps in details. 
 
5.1 The evaluation of AQE system 

The evaluation of the AQE system is significant 
because it measures the performance of AQE system, for 
this purpose the precision, recall and F1-measure are used 
according to equation (1, 2 and 3) respectively. The 
proposed system is evaluated using precision and recall 
evaluation measures. The proposed system is applied on 
samples of the datasets, which consist of eight class. 
Table-1 illustrates the precision, recall and F1-measure 
performance and Figure-2. 
 

a) Precision: is the portion of recovered archives 
that is significant to the client's data require. Precision = number of relavent retrieve documentsnumber of retrieval documents  

b) Recall: is the division of the reports that is 
significant to the question that is effectively recovered.  Recall = number of relavent retrieve documentsnumber of class related retrieval documents 

 
c) F-measure: the weighted symphonious mean of 

accuracy and review, the customary F-measure is: Fm = 2 ∗ ( Precision. RecaalPrecision + Recall) 

 
Table-1. Precision, Recall and F1-Measure calculation. 

 

Domain Precision Recall F-measure 

Class1 0.94 0.86 0.898 

Class2 0.87 0.95 0.91 

Class3 0.84 0.98 0.89 

Class4 0.82 0.97 0.88 

Class5 0.69 0.98 0.81 

Class6 0.66 0.95 0.77 

Class7 0.71 0.97 0.81 

Class8 0.57 0.99 0.72 
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Figure-2. Chart for Precision, Recall and F-measure for Retrieval of the 
Proposed System. 

 
5.2 The comparison of the proposed system with  

      other systems 

The results in this section of our suggested 
system were compared with method mentioned in 
literature survey section (2) [9]. This method based on 
Precision, Recall and F-measure, taking into account that 

in comparison we use the same dataset. The listed 
consequences show that the projected technique 
outperform to this method. Table-2 shows the comparison 
amid the proposed system and the other system for 
Precision, Recall and F-measure. Figure 3 illustrates   

 
Table-2. Comparison for Retrieval of Proposed System and other System. 

 

Other System[9] Proposed System 

Precision Recall F-measure Precision Recall F-measure 

0.16 0.77 0.24 0.76 0.95 0.83 

 

 
 

Figure-3. Chart for Comparison of Retrieval of Proposed system and 
other system [9]. 

 
6. CONCLUSIONS 

Through working on the proposed AQE system 
and the results reached from the system implementation, a 
number of conclusions were obtained regarding the 
projected system. 

The pre-processing is a significant step in the 
AQE system in order to supports to gain the clear words 
without noisy data, which makes the features extraction 
more accurate. The features extraction step confirming to 
present the documents in the style, which are appropriate 
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to, fed that documents to the algorithms. The Term 
Frequency-Inverse Document Frequency (TF-IDF) 
process supports to know the significant of feature in a 
combination of documents not only in one document. The 
proposed features selection method supports performance 
to select important features that are used in Query 
Expansion and retrieval process to achieve high accuracy 
of the AQE system. The Arabic Word-Net process 
supports to extract the synonyms of the query tokens in 
order to expand the query by adding more words on it. The 
model of Cuckoo Search Optimization algorithm supports 
to deal with the features and selected features give 
description enough that this features have high relevance 
and are important with their classes.  
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