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Abstract 
 
Al-Quran is the holy book of the Muslims and the most important scripture containing knowledge on many domains. The recent advent 
of smart technologies like smart phones, digital devices and tablets has connected the daily life routines under a single touch adopted by 
many, these new tools with an exponential growth. This paper presented a Digital Quran Model (DQM) using hexadecimal representa-
tion using Unicode Hexadecimal and UTF-8 for character encoding, which is backward compatible with ASCII code. DQM target to 
handle all duplicated words or verses in Al-Quran using sparse matrix with double offset indexing to handle memory optimization. Three 
approaches were discussed: indexing and representation of the digital Quran to optimize storage, organize verses structure using sparse 
matrix to handle repetition with double offset indexing to efficiently use the space. The algorithms were implemented using Visual studio 
and Java server and the solution quality was measured by the size of a file before and after applying DQM model. For surah Al-Baqarah, 
the longest chapter in the Al-Quran, the reduction of the storage size was 25.00% whereas surah Al-Fatihah was 47.89%. The proposed 
DQM model is able to optimize the memory space and can be extended to other non-Roman characters used for information retrieval 
such as Hindi, Chinese and Japanese that are categorized in unicode standards. 
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1. Introduction 

The popularity of digital Quran shown by the rapid increase of online 
Quran learners worldwide have resulted the needs of software applica-
tions that facilitate knowledge retrieval from the Quran, being the major 
source of authentic Islamic knowledge. In this study, we proposed Digital 
Quran Model (DQM) a representation based on hexadecimal with sparse 
matrix techniques to optimize memory storage. DQM handle all dupli-
cated words or verses in the Quran by proposing a new technique for 
indexing based on hexadecimal representation that use Unicode Hexa-
decimal UTF-8 for character encoding which is backward compatible 
with ASCII code. In this study, surah Al-Baqarah and Al-Fatiha were 
taken as a test case to demonstrate how the technique is able to handle the 
many repeated or duplicated words in the Al-Quran. 
This paper is organized as follows: Section 2 presents the review of relat-
ed literature. Section 3 highlights the motivations and objectives of this 
study. The steps and methods of constructing the Digital Quran represen-
tation and algorithms based on hexadecimal and sparse matrix are pre-
sented in section 4, this is followed by section 5 presenting the implemen-
tation, and the evaluation is provided in section 6. Finally, our work in 
this paper is summarized in the last section. 

2. Related Works 

Al-Quran is the most important source of knowledge and considered as a 
standard text reference which relate valuable stories, prophetic habits and 
inherited Muslims wisdom. This great Book is a corpus which consists of 

30 juzu, 60 hizb, 114 chapters, 6236 verses, 77439 words and 320015 
letters [1]. Al-Quran is preserved from tampering since 14 centuries. This 
section presents the background and literature review of Al-Quran in the 
original Arabic text and digital Quran representation techniques that have 
been used. 
Most recent notable work in the area of Quran studies using the cutting 
edge technology is by [2] and also their published work in [3, 4]. The 
main objective of this research deals with the design and development of 
a complete and comprehensive online cloud-based Quran portal. The 
portal and its applications makes all the reading and resource sections 
accessible to the audience whether the users are using laptops, PC, mo-
bile, tablet, or personal digital assistants. Another notable work in the 
Quranic applications is presented in [5]. This work is about cross lan-
guage information retrieval (CLIR). It presents a semantic technique on 
queries for retrieving more relevant results in CLIR, that concentrate on 
the Arabic, Malay or English query translation (a dictionary based meth-
od) to retrieve documents  according to query translation. The size of the 
applications varies from one application to another with the highest size 
found to be 638MB and the smallest size of 79KB [6]. These applications 
are developed with the advancement of multimedia technology [7] where 
a primarily reciter of Al-Quran accomplish the learning of the holy book 
through a variety of sources, either websites such as Quran portals or 
modern gadgets like the iPhone and android apps as done in [8]. 
A survey related to the use of the internet or mobile devices to read the 
Quran or hadith were conducted in [1] where 73 % of the participants 
rely on the internet to find a particular Quranic verse or hadith and 52.9 % 
preferred reading the Quran in a soft copy or mobile devices as shown in 
Figure 1, whereas quite a large number of respondents use various types 
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of digital devices to read and memorize the Quran. 

 
Fig. 1: Use of Internet for reading Quran and preference of reading Quran 
using mobile devices [1] 

Watermarking of text-documents has been classified as linguistic and 
non-linguistic by [9]. Linguistic techniques manipulate the lexical, syn-
tactic and semantic properties of a document while trying to preserve the 
meanings; however, in the non-linguistic approaches changes are made to 
the text by using different text-attributes to embed a message. Text-
watermarking techniques have been based on shifting techniques such as 
line-shift coding, word-shift coding and feature/character-coding, and 
natural-language based watermarking techniques such as synonym-
substitutions or semantic-transformation techniques which are language-
dependent. A study in [10] proposed a fragile watermarking method to 
preserve the authenticity of the digital Al-Quran. The method is consid-
ered as fragile watermarking method, which works on wavelet and spatial 
domains of digital Quran images. The authentication bits are embedded 
into each block of wavelet transformed image. Then, the least significant 
bits of pixels are considered to embed another authentication bits. The 
experimental results show that the watermarked image is imperceptible 
and fragile to the common attacks. 
Works have also been done in the field of Digital Quranic Information 
Retrieval on different format and techniques but most researchers use the 
normal preprocessing techniques of Quran words and verses such as 
stemming, tokenizing, POS tagging and image processing. However, all 
of these techniques need time and storage, and ignore words duplication. 
Therefore, this paper presents a new technique which saves time and 
storage using UTF-8 characters encoding which is backward compatible 
with ASCII code [11], implemented using sparse matrix with double off 
set indexing to handle word duplication. Unicode transformation format 
(UTF) is the universal character code standard to represent characters 
where UTF-8 is an alternative coded representation form for all the    
characters in Unicode while maintaining compatibility with ASCII code 
[12]. 

3. Motivations and Objectives 

The motivations behind this work come from the fact that all of our daily 
routine is being transferred to smart tools such as smart phone, tablet, PC 
and other devices in a similar way, people are transferring to smart devic-

es to read/brows their religious books. Millions of Muslims are also using 
smart devices to read/browse Quran and its sciences, which is easily 
available through the web or search engines. This inspired and motivated 
us to propose a new DQM that helps to optimized memory for the whole 
digital Quran by handling duplications. The purpose of this study is to 
propose DQM that can handle duplications and evaluate this implementa-
tion in terms of optimization of storage. 

4. Methodology 

The specific aim of this research work is to build a new model for digital 
Quran using hexadecimal representation and sparse matrix. The study 
begins with Arabic letters later develop the longest surah of the Al-Quran. 
By handling word duplication, it saves memory storage that may lead to 
ease of searching. Figure 2 shows DQM process flow. Letters, words, 
verses conversions and sparse matrix are discussed respectively in the 
next four sections as shown by the algorithm designed.  

 
Fig. 2: DQM Process Flow. 

4.1. Arabic Letters Conversion  

Letters conversion is the backbone of the proposed technique using UTF-
8 for character encoding, which is backward compatible with ASCII 
code. The placement of the letter in a word is significant which are: ini-
tial, medial, final and isolated such structure of Arabic letters make the 
process of digital Quran complex. The next example shows Thad (ض) 
letter in four expected positions and drawings on the word in addition to 
the hexadecimal representation that have been inherited from Unicode 
Standard 7.0, Copyright © 2014 Arabic Presentation, refer to Figure 3 
and 4. 

Fig. 3: Thad (ض) letter in four expected position on the word. 
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Fig. 4: Unicode Standard 7.0, Copyright © 2014 Arabic Presentation. 

4.2. Words Conversion  

The Al-Quran contains 77439 words and 18800 unique words, implying 
not only a huge amount of words but also repeated words. The new pro-
posed technique represents the words of Al-Quran using Unicode by 
calculating the hexadecimal representation of each word. Transformed 
words are stored in an array. The word conversion is based on letter con-
version as in the previous section constructed by the formula in Equation 
(1): 
 

 ……………………… (1) 

 

…………………………………….. 

 
 

(2) 
 
where W(k) is the hexadecimal value of the words and L is the function 
that calculates the value based on each letter representation in hexadeci-
mal. 
In addition, one must take into consideration the letter position on each 
word. The following example shows the weight of the word (قدیر ) 
QADEER in hexadecimal; according to Equation (1), calculated as         
follows: 
 
W (قدیر)     = L ( ــ +  ق ــد    + ــ     ی + ــر       ) 
                   = L (FED7+FEAA+FEF3+FEAE) 
                   = 3FB22  
 
The size of the word (قدیر) is 8 bytes compared to 5 bytes size of the same 
word in hexadecimal representation according to the above formula. This 
approach is useful in optimizing memory space, thus, may increase the 
speed in searching such as in information retrieval, text mining, Quran 
memorizing and interpretation. 

4.3. Verses Conversion  

Verses conversion depends on the previous section which is word     
conversion. The simple verse represented on hexadecimal is the first 
verse in the Quran بسم الله الرحمن الرحیم which is repeated 114 times; if we 
compare the size of the verse Bismillah Alrahman Alrahim ( بسم الله الرحمن
-will be 23 bytes compared to 4 bytes of FDFD hexadecimal repre (الرحیم
sentation, indicating storage size reduction.  
Next, the case study of this research was the second chapter of the         
Al-Quran which was Surah Al-Baqarah ((البقرة)) which contains 26249 
letters, 2279 unique words, 6140 words, 286 verses besides surah         
Al-Fatiha. Table 1 shows the Quran Surah Statistics (QSS) effectively 
made up 36 rows showing the Arabic printable letters, and 114 columns 
for all thesauruses. The rest of the rows or columns show computed   
cumulative statistics. The acronym WWR stands for Words without 
Repetition or unique words where the alphabets are ordered in           
accordance to the Unicode standard as shown in Table 1. 
 

Table 1: Quran surat statistics (QSS) [1] 

 

4.4. Sparse Matrix and Double off Set Indexing 

Sparse matrix is the solution for words that has same hexadecimal repre-
sentation by giving each word a unique ID to avoid duplication. This 
conversion is represented on a Lookup Table shown in Table 2. The 
conversion is represented with three columns; the first column contains 
the word in Arabic or Kalimah, the second column contains a counter 
that counts the number of each repeated word, the third column contains 
a hexadecimal representation for each word and the last column contains 
an ID. The storage of words being optimized through the use of one 
memory space for that particular word rather than one memory space for 
each Arabic character in the words of the Quran. Then, a sparse matrix 
will be constructed to encode to the display of Arab characters in Surah 
Al-Baqarah ((البقرة)) as shown in Figure 5. Here, the reduction of the stor-
age was 25.00%. 

Table 2: Lookup Table Represent Surat Al-Baqarah ((البقرة)) 
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Fig. 5: Sparse Matrix Represent Arabic Characters for Surat Al-Baqarah

5. Implementation 

This section discusses the implementation process of DQM from the first 
step until evaluation; developing a DQM prototype application involves 
combining and chaining many components, not all components will need 
to be executed on every system run. Instances containing the Quranic 
letters and words must be represented in Hexadecimal. Basically, the 
implementation process of the proposed system features three major 
processes which are: (1) letters conversion to hexadecimal, (2) word 
conversion to hexadecimal, and (3) sparse matrix with double offset 
indexing. 
This Quranic Code will be done on three levels; character or letter, word, 
and verse level. Character level will be translated using UTF-8 character 
encoding for each of the Arabic characters in the Quran which is the basis 
of DQM, and compute the word representation in hexadecimal, followed 
by the verses. The algorithm was implemented using Visual studio and 
Java server as depicted in Figure 6 showing the main interface. 

 
Fig. 6: Main interface of DQM. 

In the DQM application, the algorithm can be applied directly by entering 
any Arabic or Quranic letter, word or verse, then retrieve the hexadecimal 
weight of the entered characters. Next, generate the sparse matrix and 
compare the size byte.  

6. Evaluation 

The main factor in the evaluation process is the solution quality, which is 
measured by comparing the size of a file before and after applying DQM 
algorithm. For example, the word Al-Rahim(م یــ رح  and ,(قدیر)Qadeer ,(الـ
the first verse in the Quran which is Bismillah Al-Rahman Al-Rahim ( بسم
 the hexadecimal representation was computed to be ,(الله الرحمن الرحیم
5F893, 3FB22 and FDFD respectively which yield about 58.33%, 
37.50%, 82.60% reduction.  

 
Fig. 7: Size comparison between Arabic text, Hex text and sparse text for 
Surah Al-Baqarah. 

The first verse in the Al-Quran بسم الله الرحمن الرحیم is repeated 114 times. 
Therefore, if we compare the size of the verse Bismillah Al-Rahman Al-
Rahim   ( ن الرحیمبسم الله الرحم ) will be 23 bytes instead of 4 bytes of FDFD 
hexadecimal representation. Imagine the reduction when repeated 114 
times, the reduction will be of 2622 bytes compared to 456 bytes after 
applying the conversion algorithm which equal to 82.60%. For surah   
Al-Baqarah, the reduction on the storage size was 25.00%; and Al-Fatiha 
was 47.89%. Table 3 summarizes the comparison for all above          
mentioned words, verses, in addition to surah Al-Baqarah and Al-Fatiha. 
Figure 7 depicts the size comparison between arabic text, hex text and 
sparse text for surah Al-Baqarah. 
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Table 3: Summary of the comparison. 
Word/ Verse/ Surah Number  

of Words 
Repeated  

Words 
Size of Arabic 
Text (Bytes) 

Size of Hex  
Text (Bytes) 

Size of Sparse  
Text (Bytes) 

Occurrence in  
the Quran (Freq.) 

Total Size 
Reduction (%) 

Alrahim 
 الـرحـیـم

1 0 12 5 9 148 58.33 

Qadeer 
 قدیر

1 0 7 5 4 45 37.50 

Besm Ellah Alrahman Alrahim 
 بسم الله الرحمن الرحیم

4 0 23 4 4 114 82.60 

Surah Al-Fatiha          47.89 1 85 149 159 3 29 الفاتحة 
Surah  Al-Baqarah 

 البقرة
2210 649 33199 30652 25149 1 25 

 

7. Conclusion  

In this paper, a new Digital Quran Model was proposed using Hexadeci-
mal representation for storage optimization. Sparse matrix with double 
offset indexing use for handling words and verses duplications reduces 
the storage at 82.60% for the first verse in the Quran Bismillah Al-
Rahman Al-Rahim, 25% for surah Al-Baqarah and 47.89% for Al-Fatiha. 
Thus, DQM is able to handle duplications and optimize the memory 
space. The approach can be extended to other non-Roman characters 
such as to serve information retrieval for non-English text (e.g. Hindi, 
Chinese, Japanese, etc.) categorized in unicode standards.  
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