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Abstract— Looking up the meaning of an English word in a dictionary or a lexicon is an easy task. Unfortunately, this is not true in case of 
the Arabic language in which, typically, the root of a given word has to be derived first before its meaning is looked up. Deriving the root of 
an Arabic word is not a trivial task. Thus, students always find difficulty in learning the process. Besides, there is hardly any textbook with 
enough exercises to help students get trained as much as they need. This calls for developing an automated tutor that helps train students 
by deriving the root of an input Arabic word and generating an explanation of how the root has been derived. This paper presents an 
automated tool that has been developed for this purpose. It is used to train students to derive the roots of Arabic verbs provided that the 
root is composed of three or four characters. 

Index Terms— Minimum 7 keywords are mandatory, Keywords should closely reflect the topic and should optimally characterize the 
paper. Use about four key words or phrases in alphabetical order, separated by commas.   

——————————      —————————— 

1 INTRODUCTION                                                                     
HIS Arabic language is characterized by a complex 

structure. Thus, to look up the meaning of a given Arabic 
word in a dictionary or a lexicon, the root of the word has 

to be derived first. This is not a trivial process. Thus, we need 
an automated tool that can be used as a tutor for helping stu-
dents get enough training with this process. Many automated 
tools have been developed in the literature, but most of them 
aim at generating roots for Natural Language Processing 
(NLP). This is why each of these tools suffers from one or 
more of the following disadvantages: (1) does not follow the 
standard rules of Arabic word root generation, (2) is not error-
free, (3) does not generate explanations of how roots are de-
rived and/or (4) cannot be used as a learning tool. Thus, the 
aim of this research study is to develop an automated tutor 
that handles all these issues. In other words, the tool follows 
the standard rules of Arabic word root extraction, strives to be 
error free and generates explanations of how roots are derived 
to be used as a learning tool. This paper presents the first pro-
totype of the tool that helps derive the roots of Arabic verbs 
provided that the root is composed of three or four characters. 
It is accompanied by a lexicon to generate the meanining of a 
subset of possible verbs (as a proof-of-concept). It is worth 
noting that another advantage of the proposed tool is that both 
the explanations and the word meanings can be generated in 
English so as to be suitable for those learning Arabic as a se-
cond language. 

The paper is organized as follows: Section 2 presents the re-
lated research in the literature. Section 3 provides the details of 
the Arabic word root extraction rules utilized in the prototype. 
Section 4 presents the developed prototype and Section 5 pre-
sents some additional results (roots of input Arabic words) gen-

erated by the prototype. Finally, Section 6 provides the conclu-
sions and directions for future research.    

2  RELATED WORK 
Al-Shalabi and Evens [1] developed a morphological sys-

tem for the extraction of the roots of Arabic words. The idea is 
to remove the longest possible prefix and then to search for a 
possible root in the remainder by inspecting the possible sets 
of locations and comparing them to a database of roots. Ha-
was [2] developed an algorithm that exploits the relations be-
tween the word letters and their placement in the word for 
Arabic root extraction. It tries to predict the word letters com-
prising the root based on some rules and relations among the 
word letters and their placement in the word. They claim 
about 97% success. Yousef et al. [3] developed another algo-
rithm for Arabic word root extraction based on N-gram with-
out using morphological rules in order to avoid the complexi-
ty arising from the morphological richness and the multiplici-
ty of morphological rules in the Arabic language. Boudlal et al. 
[4] utilized a Markovian approach for the extraction of the 
roots of the Arabic words. Since this is a mathematical ap-
proach, it is clear it is not suitable at all as a learning tool. Ka-
naan and Kanaan [5] developed an algorithm for the extrac-
tion of triliteral Arabic roots by examining the words letter by 
letter starting from the last letter of the word to the first.  

These are few of many other proposed systems in the litera-
ture. In spite of the diversity of developed systems, they do not 
achieve 100% accuracy. This has been shown for example by Al-
Shawakfa et al. [6] who compared six Arabic root finding algo-
rithms [7], [8], [9], [10], [11], [12]. The reason for this is that most 
of these algorithms are heuristic algorithms that have been de-
veloped for Arabic natural language processing that favors 
speed over accuracy. Additionally, since they do not follow the 
exact rules of Arabic word root extraction, they cannot generate 
corresponding explanations. Thus, these systems are not suita-
ble as learning tools. 
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3  ARABIC WORD ROOT EXTRACTION RULES 
In this prototype, we consider verbs whose roots are of length 
three and four characters. The rules used for the extraction of 
such roots are explained below.  

3.1 Rule 1 
Rule 1 states that if the verb is composed of  four characters 
and the second and third characters are repeated, then we de-
lete one of the duplicate characters. For example the root of  
ملع isعلمّ . It is worth noting that the  ّ◌ indicates duplication of 
the corresponding character. 

3.2 Rule 2 
Rule 2 states that if the verb is composed of three characters 
and the first character is آ, then we replace آ with أ. For example 
the root of آكل is أكل. 

3.3 Rule 3 
Rule 3 states that if the verb is composed of six characters, the 
first character is ا and the fourth character is duplicated, then 
we delete ا and the duplicate characters. For example the root 
of اجلوّذ is جلذ. 

3.4 Rule 4 
Rule 4 states that if the verb is composed of six characters, the 
first character is ا and the fourth character is ن, then we delete ا 
and ن. For example the root of افرنقع is فرقع. 

3.5 Rule 5 
Rule 5 states that if the verb is composed of six characters, the 
first character is أ, the fourth character is ا and the last charac-
ter is duplicated, then we delete the first أ character, the fourth 
 character and one of duplicate characters. For example the ا
root of  ّأصفار is صفر. 

3.6 Rule 6 
Rule 6 states that if the verb is composed of six characters, the 
first character is ا and the last character is duplicated, then we 
delete the ا and one of duplicate characters. For example the 
root of  ّاطمأن is طمأن. 

3.7 Rule 7 
Rule 7 states that if the verb is composed of six characters, the 
first character is ا, the fourth character is و and the third and 
fifth characters are similar, then we delete و ,ا and one of the 
similar characters. For example the root of اعشوشب is عشب. 

3.8 Rule 8 
Rule 8 states that if the verb is composed of five characters, the 
first character is ا, and the fourth character is duplicated, then 
we delete the ا and one of the duplicate characters . For exam-
ple the root of  ّاحمر is حمر. 

3.9 Rule 9 
Rule 9 states that if the verb is composed of six characters, the 
first character is ا, the second character is س and third charac-
ter is ت, then we delete the س ,ا and ت. For example the root of 
 .خرج is استخرج

3.10 Rule 10 
Rule 10 states that if the verb is composed of five characters, 
the first character is ت and the third character is ا, then we de-
lete ت and ا . For example the root of تعامل is عمل. 

3.11 Rule 11 
Rule 11 states that if the verb is composed of five characters, 
the first character is ت and the third character is duplicated, 
then we delete ت and one of the duplicate characters. For ex-
ample the root of ّتفهم is فهم. 

3.12 Rule 12 
Rule 12 states that if the verb is composed of five characters 
and the first character is ت, then we delete ت. For example the 
root of تدحرج is دحرج. 

3.13  Rule 13 
Rule 13 states that if the verb is composed of five characters, 
the first character is ا and the second character is ن, then we 
delete ا and ن. For example the root of انكسر is كسر. 

3.14 Rule 14 
Rule 14 states that if the verb is composed of four characters 
and the second character is ا, then we delete ا. For example the 
root of قاتل is قتل. 

3.15 Rule 15 
Rule 15 states that if the verb is composed of five characters, 
the first character is ا and the third character is ت, then we de-
lete ا and ت. For example the root of انتصر is نصر. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4 THE PROTOTYPE 
The developed prototype is an automated tutor that accepts 
any of the verbs whose root is of size three or four and gener-
ates the root. It generates an explanation of how the root has 

 
Fig. 1. Prototype basic interface; students can select Arabic or Eng-
lish.  
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been extracted so that students can benefit from the explana-
tion. Explanation can be generated in both Arabic and English 
so that Arabic students and students who are learning Arabic 
as a second language can utilize it. The prototype is accompa-
nied by a dictionary that can also generate the meaning of the 
input word depending on the generated root. Both formal and 
simplified explanations are generated. Figures 1 through 6 
show snapshots of the system. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 
 

 
 
 
 
 

 

 
 

 
 

 
 

5  RESULTS 
This section provides results of the prototype. In other words, 
it provides additional examples for some roots that have been 
derived using the prototype based on the utilized rules. The 
results are shown in Table I. 

 
Fig. 2. Prototype interface; students can request the root of the input 
word, the meaning, the root with explanation or the root with explana-
tion and meaning.   

 
Fig. 3. The extracted root for the input word استخرج.  

 
Fig. 4. The generated meaning of the input word استخرج.   

 
Fig. 5. The extracted root and corresponding explanation of the input 
word استخرج.   
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6  CONCLUSION 
This paper proposed developing an automated tutor that can 
be used for training students to extract the roots of Arabic 
words. The tutor accepts an input word and generates the cor-
responding root, explanation of how the root has been extract-
ed and the meaning of the word. The tool generates both the 
formal and simplifed explanations. The tool has an English 
interface in addition to the Arabic one to be usable by students 
learning Arabic as a second language.  

So far, a prototype has been developed. It considers Arabic 
verbs whose roots are of length three or four. In the future, the 
prototype will be extended to cover all root generation rules 
and will be accompanied by a comprehensive lexicon. The tool 
will also be tested empirically and the results will be presented 
in subsequent papers. 
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Fig. 6. The extracted root and corresponding meaning explanation of 
the input word استخرج.   
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