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Abstract 
Arabic speaking users in the world is increasing with more significance, higher depth and breadth at more 
pace, the reason is due to more impact on internet based resources.  Due to increase in more Arabic users in 
the internet, there is necessity of computational techniques to categorize the Arabic text similar to English 
language. Arabic language is a complex in nature comparing to other speaking and scripting languages, so it 
requires detail research investigation on analysis of root extraction and text classification approaches for text 
datasets which are labelled in the form of single or multiple. The main objective of this paper is to propose a 
new study to improve the automated processing of Arabic texts. There are several machine learning 
approaches are existing, specifically, for this research, improved naïve Bayes classifier is applied. In first 
step, the documents which are unclassified are pre-processed by the method of punctuation removal and stop 
words. Second, after pre-processing, each document is represented by vector of words and frequencies as per 
the case of Naïve Bayes Classifier approach.  Third, the technique of stemming was applied reduce the 
feature vector dimensionality. Fourth, classification is applied to categorise the Arabic text.  The proposed 
work is an initial study and basic experiment was tested with an in-house Arabic text collection (i.e. self-
developed Arabic Corpus). Based on initial study using Naïve Bayes approach for Arabic text categorization, 
results of the classifier was promising compared to existing classifiers based on accuracy, precession, recall 
and error rates. 
 
1. Introduction 

Past 20 years ago, after the evolution of internet, research on automatic text categorization becomes 
very important. The reasons for higher significance in text categorization research is due to two factors, first 
is tremendous usage of internet by everybody, anywhere and anytime, Second, development of hardware 
architecture, embedded systems, IoT devices, which needs more number of specially designed systems. Apart 
from that, number of internet users who use the applications based on their own mother tongue are getting 
increased rather using the English language, which has created more attention for researchers to investigate 
on the new methods or enhancing the existing methods to process and categorize the huge volume of online 
data [1]. Normal process of categorizing the textual data is through manual labelling according to specific 
categories by experts, but the limitation of manual process is very expensive and consumes more time. 

Arabic language is more used languages on the web, it ranks top ten languages on natural speaking 
and seventh is internet usage world. As per statistics, Arabic users using the internet was found to be 17% 
and growth of internet usage tremendously increased between 2000-2016, Statistic was promising and 
emphasize the importance of conducting research into text mining specifically text categorization to Arabic 
language. As per research studies, Arabic language is a very complex language which requires detail 
investigation on existing works which includes intelligent machine learning techniques such as Natural 
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Language Processing (NLP) [2]. In the process of NLP research, more studies need to be conducted on 
Arabic morphological analysis and machine learning techniques of text categorization. 

Text categorization(TC) is the process in which document sets are assigned with labels, where the 
set of assigned labels will be known, based on that categorization is performed. Text categorization is useful 
for many applications which includes classification of stores, email messages and web pages. Algorithms 
used to categorize the text includes artificial neural networks, support vector machines, generalized 
discriminant analysis, Decision tress, K-nearest neighbour and generalized instant sets. Mentioned algorithms 
are tested against English text, some were applied to Chinese text in the previous research. Text 
categorisation applied in Arabic text are very rare in the existing literature reviews, the researchers Zapio, 
Sawaf and Ney have applied entropy approaches in Arabic document clustering [3].  In the techniques of 
document clustering, where documents are assigned in random manner for clustering, in following iterations, 
there will be a shift of document from one cluster to another when there is a gain in improvement, these set of 
research are classified under unsupervised learning. The work reported by El-kourdi made a comparison of 
text classification using probabilistic classifiers based on in-house collected Arabic datasets [4]. There was 
work based on distance based classifier for Arabic text categorisation from the work of Dunwairi [5]. 

Various research works have also been conducted on the stages of analysis, algorithm development, 
implementation of Arabic stemmers (i.e. output stem), morphological analyses (i.e. output root) based on the 
analysis level required. These applications are applied more effectively on Information Retrieval (IR), where 
the building stemmers can manage the morphology. There are various commercial morphology analysers 
which includes Sakhr’s, Moropho3, Xerox are available. Morphological analyser for Arabic are categorized 
in developmental system and commercial system [6]. Development system are developed by individual 
where it can be used in academic research. Commercial system is developed as per the market needs such as 
Arabic search engines.  There are several techniques available in existing works to implement text 
categorization which includes rule based techniques and Lexical based techniques, other than that, some of 
the techniques are not freely accessible through online for research purpose [7][8]. There are two 
benchmarking research which can be used as reference for Arabic text categorization which includes Khoja 
morphological analyser and Buckwater stemmer system [9] [10].  To test the Arabic text categorization, 
many Arabic corpora are available, but there is no benchmarking online Arabic text dataset freely available 
for the researchers to experiment root extraction and machine learning methods.  The machine learning 
methods applied for classification or regression, whereas the current research in this paper focuses on 
classification techniques. As per the existing studies, still the text categorization for Arabic implementation is 
in infant stage, there are not much studies conducted Arabic text categorization[11], [12], [13]–[20].  

The aim of the research is to conduct an initial study and propose an enhanced method of Naïve 
Bayes classification for Arabic text categorization. The research paper is organized as follows: Section 1 
briefs explains the generic process of text categorization and the background knowledge of Arabic language. 
Section 2 explains the motivation and objective of the study. Section 3 frames the research questions for 
progressing the research. Proposed research methodology using Naïve Bayes is explained in Section 4.  
Initial experiments and result analysis were presented in Section 5. Finally, conclusion is made in Section 6. 
 
 
2. Research Background 

The research experts have recognised the set of tasks need to be followed for designing the text 
classifiers. Figure 1 illustrates the generic text mining process. The basic steps involved in the pre-processing 
stage, the below steps are related to classifier design: 
 
Designing the features: In this stage, pre-processing process is performed to extract the features 
Corpus Filtering: - In the corpus document, filtering and formatting are performed. 
Extraction of Significant Information’s: - Words are the significant information’s, where the termination of 
words is applied here to ignore or remove the function words. Linguistic information’s will be taken in to 
consideration as part of class. The complexity is on identifying features compared to basic words, i.e. 
multiple words or combing with word senses (lexical) [21]. 
Normalization: -The process of word stemming is performed to remove the suffixes which are common in 
words, it is classical approach applied in the research. When the words are stemmed, and it is called after 
stemming as stems, when there is an increase in complexity of the features, which is identified through 
analysing the linguistics, therefore the process of normalization is the part of lemmatization such as detection 
of noun, pronoun or verbs [22].  
Feature Selection: - It is an approach to remove the un-wanted words from the documents to improve the 
effectiveness of categorization and it will decrease the complexity in computation. The selection conditions 
are based on information gain or frequency of documents [23-24]. 
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Feature Weighting: - Features are important and they are used in each stages a different manner, the 
representation is very lesser. Different set of weights will be allocated for each features based on some 
divergent models.  
Similarity Calculation: - Modelling and Calculating the similarity is based on computing the operations by 
taking features as input. The similarity computation will be performed between the two set of documents or 
based on combing the features. Quantitative models are used for this estimation. 
Inference: - Once the similarity is computed among the document, it will initiate the classification for 
decisions.  Assigning a document to set off target class depends on the modelled decision function over the 
similarity values. Heuristic or probability rules are applied in this process.  
Testing: -After the classification scheme, accuracy is evaluated by using set of predefined labelled documents 
which is called as test data sets, these datasets are not used in the learning stage (training datasets). The 
created labels produced by the classifier engine will compare with the correctly detected results. The results 
in this stage will be having numerical values and it estimates the distance between the training data and 
original categorization. 

 

 
 
 

Figure 1. The typical process of text mining 
 
 
2.1. Arabic Langauge 

Arabic language is written from right to left and it has 28 Arabic characters such as  
 

  ا ب ت ث ج ح خ د ذ ر ز س ش ص ض ط ظ ع غ ف ق ك ل م ن ه و ي

 
Hamza (ع) is another character which is used in special grammatical meaning. Arabic language have 

 vowels characters and rest all are considered as consonants. In an Arabic language, each character ( اوى) 3
has different representation style depending on character position in a complete words and combination 
character. For example, the character (س) can be written in different style, (رس) style is used when is appear 
at the beginning of any word and (أسبوع) style is used when it used in the middle of any words. Diacritics 
(such as Shada, dama, fathah, double kasra) are the symbols placed below or above the character to read and 
pronounce them correctly.     
 
3. Research Motivation and Objectives 

The usage of internet has increased in Arab world, which leads to creation of numerous number of 
websites, online tools, search engines which can intelligently classify, retrieve, and translate Arabic 
documents for the necessity of the users.  The search engines designed for Arabic are very limited, there were 
not sufficient research works carried out of Arabic text processing, but for the past few years, there were 
literature on morphological analysis of Arabic text sets, in which accuracy need to improved based on 
various training and testing procedures for Arabic, still more research analysis are required. In current 



Jour of Adv Research in Dynamical & Control Systems, Vol. 10, 10-Special Issue, 2018 
 

2515 
 

research of Arabic text categorization, research investigation was carried based of the effects of using stem/ 
root as replacement of words in Vector Space Model representation. There is no specific identification of 
root/ stem/word which can be applied in improvement of text categorization. There is no availability of free 
Arabic Benchmarking corpus orb Online Corpus for experimentation, researchers who have performed 
automated Arabic text categorization(ATC) have developed small Arabic corpus for their research, university 
of Leeds which has 400 documents. In previous research work, different text collections which are collected 
based on Ad-hoc basis and smaller in size, therefore hard to predict the accuracy for larger Arabic corpora 
datasets leads to the study of Arabic text categorization.  The objective of the research is conduct an initial 
study of Arabic text categorization and propose an enhanced machine learning classifier (i.e. Naive Bayes).  
Features extracted from the documents are trained and tested for Arabic corpora in which roots/stems are 
extracted as per words and accuracy is improved. The main objective of this research study is to 

 
a) To study on the research literature based on the concepts of text categorization in the domain of machine 

learning techniques. 
b) To acquire, pre-process and represent the new set of items for building the automatic classifications for 

Arabic text 
c) To design algorithms and train the models using enhanced Naïve Bayes Classifier for Arabic text 

classification 
d) To develop and evaluate the performance of proposed algorithm in automatic Arabic text categorisation 

based on the accuracy. In this paper, initial experiment with limited datasets were used.  
 

4. Research Questions 

Based on the above objectives stated on the paper, the following research questions were framed to 
conduct the research, they are as follows: 

 
RQ1: What steps are needed to create an Arabic corpus from two set of collections which are manually 
classified as single label procedures out of available classes 
RQ2: What are the available extraction procedures for roots to be designed and implemented in the research. 
RQ3: What are the limitation in this research and how to improve and compare the extracted roots/stems for 
alternate words based on developed arabic corpora datasets. 
RQ4: How the feature choices are varied in corpus vector space model representation and how the 
performance will be measured in Arabic text categorization. 
RQ5: Which machine learning classifier will be used in numerous representation of Arabic corpus 
datasets.whether the accuracy rate has increased compared to previous research techniques.  
 

5. Initial Proposed Research Methodology 

The proposed methodology is to categorize the text based on using machine learning tools which is 
comprised of five techniques of machine learning classifiers. There are five stages to categorize the text from 
documents, a) Pre-processing b) Feature Extraction c) Feature Selection d) Classification using Intelligent 
Tools e) Performance Evaluation. Figure 2 illustrates the proposed methodology of Arabic text 
categorization. 
 
Stage 1: Acquire the data and feed the input for pre-processing, in stage of pre-processing, text document 
will be assigned a label and represented in the form of vector which has word features as weights from 
collection of words, so each word will be occurring once in the set of document.  The process is more 
suitable for learning algorithms in machine learning tools. 
Stage 2: Pre-processing is the stage, where it cleans and extract the words in clear format. The process is 
applied to feed the text document and extract words through rooting, tokenization, termination of words and 
stemming. The document will be having more features and it will be noisy with irrelevant words. The 
processing tasks are as follows: - 
a) Tokenization is a task, where the document is considered as string and divided into number of strings 

which is similar to rooting. 
b) Termination of words: Insignificant words are removed, or frequently occurred words such as “a”, “the”, 

“is”, “to” etc. are taken in to consideration of removal in English text 
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c) Stemming is the process to convert different word to same canonical form. For example, connecting will 
be converted to “connect” or building will transformed to “build”. 

Stage 3: Feature Selection is the process to build a vector space to improve the scalability and accuracy. If 
there are too many features available from the dataset, based on counting the frequency of words which have 
high significance in the document, extracted word will be assigned with highest score, based on that features 
are selected, it is very important step after feature extraction.  The feature’ selected will maintain the meaning 
and clear understanding for the learning task. The challenge in text categorization is high dimensionality, the 
reason is too many features, only some are beneficial and other features are irrelevant and not useful in 
categorizing the text. Some feature has sharp noise which may affect the classification accuracy. Feature 
selection component is applied to reduce the dimensionality of feature space and improve the efficiency and 
accuracy. In feature selection, each word is assigned with weighted metrics based on frequency of word and 
uniqueness.  
Stage 4: Classification stage in which text features are feed into designed classifier for processing the text in 
set of categories based on distance measure metric applied for different learning models or different 
classifiers which includes enhanced naïve Bayes classifier, from that classifier, same dataset will be feed in a 
training process and results are achieved, for testing phase, same process is applied and predication rate is 
achieved with high accuracy and efficiency.   
 

In training: Extracted text features are transformed into input values to feature sets, where the basic 
information of individual inputs is used for categorization. There will be a pair of feature sets and assigned 
labels which will feed as the input to the machine learning algorithm. 

 
In testing, same feature extractor step is used for unknown data as input to set of text features, the 

feature sets are fed into machine learning model and it retrieves the labels and classify the text as per the 
proposed different classifier. 

 

 
Figure 2. The proposed methodology of Arabic Text Categorization 

In above section, general text categorization stages are defined, below section explains the initial 
proposed methodology for Arabic text categorization based on Arabic documents. 

 

5.1 Arabic Document Pre-processing 
 

There are some procedures for document pre-processing of Arabic language, which refer to 
removing the punctuation marks, formatting tags, prepositions, pronouns and managing conjunctions. 
Normally, these features have various meaning when used in large documents; therefore, it can be remove 
and manage by filtering process.  Arabic is an amusing language in term of meaning and combination. One 
word or verb can be used for multiple meaning in different context using different prefixes, infixes and 
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suffixes. For instance, word (درس) resembles with the English word study, can give various meaning in 
different formats, i.e. it can be change into a present verb done by adding one prefix (ى). However, it will 
become (سدير ) if a suffix (ا) is added to the verb, which means work is done by two males participants in 
past.  

Arabic language is so unique and vast that it could give several meaning to one word. Moreover, 
these immense range of words in Arabic language holds an interchanging rooting system connected by stems. 
Division of these roots include two, three, four and six letters systems. More than 80% of the words can be 
included in the three-system. However, there is a week side of this rooting system, that is, words which can 
be included in one root, lose their identity of tenses (Present, Past, Future). For example, reducing to the stem 
of various forms of word go (سدير) can lead us back to three letter rooting system (). Although, mapping a 
word can result into a dimensionless vector. Letter rooting system is divided into two main groups. 

 
1) Mapping words in a group of pre-structured rooting system after removing their prefixes, infixes and 

suffix. Words belong to this type of algorithms can only be mapped into its rooting system after scanning 
and observing it several times. This category of includes work reported in [2, 8, 12, 14]. 

2) Algorithms that are classified by assigning letter weighs and ranks scheme. Rooting of these types of 
algorithms are extract by tracking their weighs and order scheme. Example of this category is the work 
reported in [3]. 

In this research paper, extracting of roots are done by using the work reported in [3]. Al-Sahiba et al. 
[3] has used a method to extract word roots by assigning weights and rank to the characters which constitute 
a word. Weights refer to real number ranging 0 to 5.  They drive characters’ weights from extensive 
experiments with Arabic text. This method divides 28 Arabic characters into six groups as shown in Table 1. 
 

Table 1: Assignment of Character to Weights 
Arabic Character Weight 

ا ه   5 
 3.5 ي ى ء

 3 تىو
 2 آإمن

 1 ل س ه 
Rest of Arabic Char 0 

 

The characters ranking is depending on the length of the word as whether the word contains odd or 
even character number. Table 2 has been extracted from [3] which explain the ranking of characters; N refer 
to number of character in a word. Once weight and rank of each character in a word is extracted, characters 
weights are multiplied with their rank. Hence, three characters with the smallest product value constitute the 
root which is shown in Table [3] Al-Shalabi et al. This method only used to handle three character roots. 
Fortunately, approximately 80% of Arabic words have three character roots which words are commonly 
used.  

Table 2: Character Order 
Letter Position From Right Rank (Even Word) Rank (Odd Word) 

1 N N 

2 N – 1 N – 1  

3 N - 2 N – 2 

[N/2] [N/2+1] [N/2] 

[N/2] + 1 [N/2] + 1 – 0.5 [N/2] + 1 – 1.5 

[N/2] + 2 [N/2] + 2 – 0.5 [N/2] + 2 – 1.5 

[N/2] + 3 [N/2] + 3 – 0.5 [N/2] + 3 – 1.5 
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N N – 0.5 N – 1.5 

 
 

Table 3: Example 
 

Word    

Char ا ل م ح ا ف ظ ه 

Weight 5 0 0 5 0 2 1 5 

Rank 7.5 6.5 5.5 4.5 5 6 7 8 

Product 37.5 0 0 22.5 0 12 7 40 

Root  

 

5.2 Enhanced Naïve Bayes Classifier 

Bayes Classifiers are applied to predict the category )( jC of the Arabic document )( id  in which 

the Bayes rules is applied. Following Bayes Rules is: 

)(

)()(
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i
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ij dP

CdPcP
dCP


                                                                                                                           

(1) 

Where jC is represented as a category and id is represented as document. In the case of text categorization, 

document id is indicated by a vector which has a keywords  tvvv ...., 21 , while calculate the probability of 

)( ij dCP is not important. To make it simple the calculation, naïve Bayes had an assumption in which 

feature tvvv ,......,, 21  are being independent based on labelled category jC . Assumption may not work and 

it may be unrealistic, but the computation of above equation 1 is simplified, therefor based on independent 
assumption, equation is revised as follows: 
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Based on equation 2 rule, maximum posterior classifier is constructed by identifying the optimal 

solution in which posterior )( ij dCP is maximized. 
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In which )( idP  is constant for all the set of document categories. Probability of vector set is 

calculated as follows:     

F

f
cvP jk )(       (5) 



Jour of Adv Research in Dynamical & Control Systems, Vol. 10, 10-Special Issue, 2018 
 

2519 
 

f is considered as word frequency )( kv  in the testing document and F  is total number of document in 

which words )( kv occurrence. To manage the cases, in which word doesn’t not appear in the document, i.e. 

to avoid the zero probability, add a set of single Laplace smoothing, therefore equation (6) rule is set as 
follows: 

j
jk WF

f
cvP





1

)(
   

(6) 

Where the jW is considered number of training document set in the document category set )( jC . 

 
 
6. Initial Experimental Results 

The initial study was conducted based on in-house collected Arabic documents for experiments, 
which is called Arabic text corpus. The corpus contains 500 documents for initial study which has different 
length and writing styles and it has been divided into 10 categories, in which 50 documents per category. 
From the available document, for classifier, 50% of documents are used for training and another 50% are 
used for testing (50:50). The Arabic documents are undergone the first stage of pre-processing in which 
punctuation marks are removed and stop/termination of words are performed. Next stage, word stemming is 
applied to reduce the number of features from the set of documents (i.e. filtering approach), the major 
function of stemming is to reduce the feature vector dimensionality. Next stage naïve Bayes classifier is 
applied to determine the accuracy of text categorization.  

 
Arabic text corpus which are collected in-house consists of 500 documents, which has different 

length and writing approaches, these set of documents are categorized into 10 pre-labelled categories. Every 
category will be having 50 documents. The collection set of documents with pre-labelling includes: sports, 
finance, arts, wildlife, science, technology, politics, religion, pharmacy, agriculture. Manual categorization 
was performed as a part of initial study, every document is categorized and fall into one category. If a 
documents falls under more than one category, then assigned category for the document will be represented 
by maximum likelihood as per the human categorization. For every category, 25 documents are randomly 
taken and applied for training and remaining set of documents are used for testing.   

In the experiment, once testing is performed, accuracy of the classifier is performed by precession, 
recall, fallout and error rates.  
 
Precision: It is to measure the probability based on random collection of document are classified under set of 
specific decision is correct. 
Recall: It is to measure on the condition, in which random document need to be classified and it should be 
under the decisions. 

Fallout :
TNFN

FN


; Error =

TNFPFNTP

FPFN




; Accuracy: TNTP   

Below table 4 shows the values of precision, recall, fallout and error rate for ten chosen category of 
documents mentioned in the table, in which naïve Bayes classifier is used. Religion category achieves highest 
precision (1.0), while finance achieves the lowest precision (0.37), similarly recall, fallout and error rates are 
computed and it’s been self-explanatory. Finally, average for all the categories are calculated. From the table, 
there were highest and lowest value of precision and recall can have been highlighted as per different 
categories. Based on the observation, some of the documents will have common words, when classifier 
outputs are reexamined, there may certain percentage of misclassification occurs, the reason is due to certain 
words from technology will fall under science and its wrongly classified.  
 

Table 4: Precision Recall, Fallout and Error for 10 categories of Arabic document using Naïve Bayes 
Classifier computation 

Category Recall Precision Fallout Error 

Sports 0.56 0.94 0.0042 0.032 
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Below figure shows the 
results of accuracy based 
on different values for Naïve Bayes classifier in Arabic documents. 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4. The accuracy of classifier using Naïve Bayes Classifier 

 
 
7. Conclusion 

This paper is an initial study on the proposed work of automated Arabic text categorization. The 
work is based Naïve Bayes Classifier, in which definition and usage are agreed for constructing the classifier 
based on existing works. In this research, category is defined as a collection of keywords which forms the 
feature vector based on scanning the set of previous category of documents which is called as positive sets. 
There will be unclassified documents, in which pre-processing are performed based on stop words, 
punctuation marks removal and stemming. After stemming, stemmed words are stored as feature vectors. In 
naïve Bayes classifier, worked with their frequency and number of documents in which the how many times 
the words appeared, all of these information’s are stored as feature vector representation. When processing 
the Arabic text is complex due to richness in the language. The feature vector size grows larger for huge 
documents, then stemming process is applied as filtering mechanism to reduce the feature set dimension size. 
The accuracy of classifier is computed based on measuring the precision, recall, fallout and error rate. The 
initial results achieved from enhanced Naïve Bayes classifier were promising, still the results have not 
compared with other classifiers. In future work, naïve Bayes classifier will have enhanced according to huge 
Arabic document collection based on developing own Arabic corpus dataset as mentioned in research 
questions and higher accuracy will be achieved. The work will be continued to address the several research 
questions (RQ1-RQ5) on Arabic text categorization, whereas this research area is not well explored in the 
existing research works. In future work, plan to investigate the filtering approaches based on calculating 
information gain or clustering approach for Arabic text categorization. 

 
 

Finance 0.96 0.37 0.1176 0.156 

Arts 0.21 0.68 0.0212 0.089 

Wild life 0.53 0.89 0.0033 0.065 

Science 0.42 0.98 0.0112 0.087 

Technology 0.34 0.46 0.0433 0.026 

Politics 0.56 0.72 0.0567 0.012 

Religion 0.67 1 0 0.062 

Pharmacy 0.76 0.51 0.056 0.009 

Agriculture 0.59 0.97 0.0332 0.006 

Average 0.56 0.752 0.03467 0.0544 
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