RESEARCH METHODOLOGY

N
CHAPTER 3 ‘\%
<

3.1 Introduction z

This chapter describes the research methodology ap i tMQI re?garch It
further describes the selected research methodolo a |eve e an-ieC%arch aims
as presented in chapter 1. This chapter includes a ratlbp\ me undertaken

Three phases are illustrated: the h@reve phase, t@QM development
|g‘le 1 presents the critical

phase, and the evaluation phase for the p of%?

activities used for this research corr ghtd%re
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literature Review Phase

Development Phase

Evaluation Phase

Develop a Secure Digital Quran
model that optimizes space

Prepare test data: Surah
Al-Fatihah and Al-
Baaarah

Collecting and Evaluation the
Testdata Samples

Proposing and modelling a new
representation for Digital
Quran model

Analyzing, segmenting the
Testdata

0 igure 3.1: Different Stages of the Research Activities
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3.2  Proposed Digital Quran Text-Based Format Using Hexadecimal and

Compressed Matrix Structure
This study proposed a novel approach for representing Qurani S using

Ty

Unicode transformation format (UTF) that utilizes the UTF-8 charam%coding, which
is backwards compatible with ASCII code. Unicode is the World\Wharacter coding
standard for representing characters, whereas UTF-8 is an alternaté%Coded representation
format for all Unicode characters that maintains ASCII lmlty' (Kurniawan et al.,

2014). Three algorithms need to be developed as a is tc.)\bpd;e the storage

Y.
space: é ' _\c}
4 X

a. Quranic word representation in Hexad?ﬂl represe |on.Y‘§/

Instead a memory is allocated ttwletter in rds, S%E an algorithm is
formulated to represent a QuranNy i

memory location. N
E & 4 QC_—)
b. Compressed sparse matri diwn gﬂtent structure
\
The Quran conte is%tored an lma iX-like structure or two-dimensional
array. Since the Ien@ of each e 'C@es from one letter to 129 words, each
row of the @rem@e ver{g;%is not equal in length which resembles a

sparse VT%\ A /co@sgcl ca_jig{)rithm for this content structure needs to be
N
develep
&

C. ij up table for uni\ Y(Suran words with a unique ID
é??lookup table stores the unique ID of each unique Quran word, acting as the
0 indexing list for the structure of the digital Quran content arranged according to
sequences of verses and words in the actual text. Content will be organized using
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this unique ID, thus reducing repeating words that have a larger size than the

3.2.1 Arabic Letters and Words Conversion to Hexadecimal @taﬂon

unigque numbers.

The details of this mechanism approach is explained in the following

Letters conversion is the backbone of the proposed tech eY-thisl study using UTF-8
Arabic Presentation Forms (A Range: (FB50-FDF nd B e AFE70-FEFF)).
Unicode Standard 7.0 for Arabic characters fo aractef enc drgi\cg‘gng into
consideration the position of the letters on the hich &re, eitder initidl, medial, final

X

ers™in He imal according to

SR

or isolated. Figure 3.2 show the Unicode

the position of the letters.
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The general context of the orthographic Arabic word consists of a sequence of

Arabic characters, and Arabic word is a finite set of Arabic characters that (;K denoted

as Equation 3.1: 3 )

woe W(h,) =L(h,;+ h, +--+ h,) T
(3.1) \,
Where W is the Arabic word, h is each letter (half) in the §om its hexadecimal value

with a finite length, and L is the conversion form for tH\Arac word. The
@

representation of an Arabic word W in hexadecimal camywbe denofed a e’ui\@;n. 3.2.h, =

‘82T

X hy
h, Represents an Arabic word with a ﬁm\ley;h i com@& each character
value in hexadecimal form into a new @‘al value. ex@ﬁe, the word (s

AL RAHIM; this token is represe e%ogra hi gs
? (|

S
converted to 6 hexadecimal V\ comw ‘hx@'éimal word format, refer to
formula (3.3).W (m=t) = L 24 S+ ~)
(ﬁ Bj ' §
+ F

3 A\ (3.3
N ) O30S
’
Q- &
%! $oty
Tﬁ representation 'c)c Iculated according to formulas 3.1 and 3.2 referring
. N I :

to U MTable according to the letter’s position as in Figure 3.2. The algorithm for the
rdsconversion was developed as discussed in Chapter 4. Table 3.1 shows the letter

rsion and word conversion that is proposed in this study. The storage size reduces
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from 6 locations to only 1 location that stores the new code of the word itself instead of

letters. (’}Y.

Table 3.1: Comparison between letter and word conversion in term%tora

Letters J A > N - - aa )
Unicode FE8D | FEDD | FEAE | FEA3 | FEF4 FEEZ code | 5F893
Size (bytes) 2 2 2 2 2 ze (bytes) 5

Total storage size: 12 bytes for the word ~=_) with the letters ap
word approach.

ach and 5 bytes with the

l

Y.
In the previous approaches, Al-Mazrooei et al. (2%1 Hak {26’1(3 use string
esent

concatenation where the word aaJi will be r ring c atenatlon as in
FESDFEDDFEAEFEA3FEF4FEE2 which @’ 12 s @’ compa gd to 5F893 which

occupies only 5 bytes. Thus, word epre t dg‘dmal reduces the spaces

N
required for each letter in the wor d n )

a? -

3.2.2 Compressed Matrix R tatr li ura “Gontent
For the Holy Qurahe a Zjéxéquhere the shortest verse has one word
only, and the most v@ rds which are in Al-Bagarah verse 282
(httpsj/quranana an‘ %s'tat&ms .php). Thus, if we present the whole
Quran in a maj;l is 6236 rows, and a maximum of 129 columns

where eacﬁ represents one veI)ca and the column represents the word in the verse as

in EE 3.4 illustrated in Flgure 3.3.Memory Size = 6236 row X 129 column X
e

S

in Bytes for word
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https://qurananalysis.com/analysis/basic-statistics.php

= 4.022 MB (Assumes max size = 5B) (3.4)

Figure 3.3: Sparse Matrix RepreE

There are two concerns for space optimiz

a. The space without word rgr) the
]

b. Duplication of word eoccw
The next space optimization r@

matrix which is tab@k populated? with

numerical analysiU}pars matrj
Bulirsch, 20 instance, the
R 3

zero ele@ s, total-s is 'TL, larger than s where total elements in the matrix
AN

N
i‘s'a ﬁagr(b( populated primarily with zeros (Stoer &

—

~ékgﬁas v columns w rows, if the number of non-

are v }\and we will say the matrix is sparse. Figure 3.4 demonstrated the space
|%

S

nts for the sparse matrix which (4x4) x (4x1) = 64 memory allocations.
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:>needspace4><4x4 = 64

1
2
3
4

Figure 3.4: Sparse Matrix Populated Prlmarlly Mros

This matrix is a typical sparse matrix; the tot of e'eme for the first
vector is 16. It has 12 zero (0) elements, which marily lth oi a two-
dimensional array to store a v row w column sparse rix, ifevery array e@ment needs L

rix |94@~W*L Thus, in

binary to store it, then the total storage need for this s

this matrix, most of the space used tC\&gero ele is \@ed while taking huge
spaces to store item zero. C : T &

N
Sparse Matrix computing 5(9 ma qdrﬁemgcﬁ operations, for example,
addition, scalar muttiplication% se cto |p||cat|on which is one of the
most important comput impleme |lo akuan, 2009). Due to the low

computation and hi \gommLplc i~ char. |st|cs of a sparse matrix, a simple

64%

compression alg
’

'of%eg)ndexing was also introduced to further
¢’

optimize the s the t pre{mation. Therefore, to optimize the space, a better

approach i Iy sto‘r‘e rowgems (Norwawi, 1994). To find an item in the matrix
)

is eas now which row %caj column the item is located. Hence, in a sparse matrix,

ce a new data structure that only defines non-zero items only via the row and

olumn is required as the compression mechanism.
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3.2.3 Sparse Matrix with Double Off Set Indexing \:

4

A wide variety of Markov chain and grid structured models can be created using
v

variable Arrays. The basic idea is that when looping over a range_?or each block, the

a D
loop counter i can be accessed and use expressions of the form (i-k) or (i+k) where k is a

A
constant integer. This is called “offset indexing" and allows you to I|nk the array element
at index i with index i-k of the same array or another array (Mi a.}ha,dgm% The 2-

dimension array structure is compressed to only s non-zero t_@r example,

Figure 3.5 shows how the matrix is represented |??mle o@ ng\J
L\

Colum =2
Row-()_>—0 04
Row ofof1|1]3]3
00570
::} Column |2|2|2]3 1]z
goooo | value @45725
02500
L

Figure 3.5: Spars@« Uu le O Indexmg Representation.

The compres Nchmqpe d d -offset indexing will reduce the zero

rg E){}torage requirements of a sparse table by

elements in the m
eliminating de y th (Jnmces of a non-default entry must be stored in
to faC|I te

the comp t ﬁon-d?fault entry lookup as shown in Figure 3.5. A given

row co n index can be ?epeated multiple. An algorithm was developed for the

n method that tries to eliminate such redundancy and take advantage of default
\b as presented in Chapter 4.
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3.2.4 Handling Word Duplication of the Digital Quran Content Strqit{ in the
Matrix Representation

In order to handle the repeating words in the digital Quran conte ture, all unique
words in the Quran is listed in a look up table with a unique ﬁ\fo,each word. Thus,
duplications were handled by creating an index listing of al nmords in the Quran. A

word representation lookup table was created wi e oWhich are the

[
igue ID!as sh ’li_r{,@me 3.6.
Y-v

N

Hexadecimal code of the word, the Arabic text and th

)
9
Fi 6 Example of a Lookup Table for Indexing Unique Quran Words with

Unique ID
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The Quran content consisting of the chapters, verses and words are arran N;rding to
the unique ID of the words instead of the Arabic characters. Repeated-xqgjs will appear

in the content structure with its unique ID. For example, Figure 3.Wrate the use of

look up tables as in Figure 3.6, unique ID to represent the cont:smrah Al-Fatihah

Verses
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3.3 Development Phase: Digital Quran Model Implementation
The development phase is one of the standard processes in the metwd\ggy flow,
which aims to identify the essential procedures and steps to construct Se(ﬁiel, design,

and analyze the proof of concept. The development life cycle is dﬁd,as a process of
building the conceptual DQM model, implementing the proof ow pt, and modifying

and manipulating the prototype to achieve the desiredg.out] or performance. The

research used a design-based approach with a de nt
e
techniques) to produce the conceptual model of a ne resentation ,he gﬁél Quran

by handling word duplications to optimize space. “he ndodel i€ enhafced with an

Y/
authentic digital Quran model with tamperpsoof and ﬁﬂnt\?mtegr@g;tures to bridge

the research gap for digital Quran resea@evelop é
AN

NP/

0 v,

5 AN

3.3.1 Creating Quran Testc ta: Su -Fatﬂﬁh and Al-Bagarah

For proof of concgpt Wpro;#)sed
tia

developed for storage op tion ~diéclsséd ‘Eef-ljier Surah Al-Fatihah, being the most

\
it%@ran model with the 3 mechanisms

frequent Surah recit&} da |nd -Baq{ﬁ being the longest Surah, were chosen as
1 O
the test cases. Q;fﬁs Igafrd QQ&&D data is collected from tanzil.net which is a

reliable andé&/ﬁg sogr D'ﬂf e @tal Quran source under the University of Leeds

Quran @:h group. A Quran\('j’eg;rt was also referred to during the data collection,
expe \uion, and evaluation of the proposed model. Through these measures, the
Q‘%@earch established a testcase data that will address the research objectives and

ions.
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3.3.2 Consultation with Domain Expert

Consultation with the Quran expert was conducted to get their insing;e issue.

They also have a broader viewpoint of the whole problem that @wprove the

proposed solution significantly. This further allowed the researcher er structure the
research and its approach and gain an in-depth understanding o ic at hand. These
semi structured interviews that are qualitative approach a\mn conducted by the
researcher to yield comprehensive results that can fici W scholars and

@
practitioners alike. The report of consultation is prow in the ngxt ¢ ptfr Qgggé study.

3.3.3 Designand Develop the Digital Qu pt g
In this thesis, two conceptual\ of Dlglt r‘Of"E proposed: (i) new
representation for digital Quran usm adeC| A‘L-\blc Presentation Unicode

Standard 7.0  and (ii) enhanc Whlzzﬂ,;was further developed into a
h ~

Digital Quran model to furthv mlzi sp itampering and content integrity,
in
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» New Representation for Digital with Hexadecimal UTF-8

Unicode 7.0
7
o =y

 Develop a Digital Quran Model that Optimizes Space with
tamperproof and content integrity features.

, Ao~

Phasel

Phase2
J

 Evaluate the optimization of storage, tamperproof and
content Integrity of Digital Quran Model

Tof s of verses in Al Quran
N

Cj _

ur Wor@re mapped into an array of

The key emphasis in this res 0

>
O S

into Unicode 7.0 in Hexadeci
letters and matched each le ith rf et p@on in that word either on the

beginning, middle, lsolate t wrth ng hexadecimal Unicode. The word

representation in He I @mpu

As mentlor% ier, gd 0 rds was optimized with one memory space
han J

for that word g} ry.space for each Arabic character. For example, for
the wor d IS represented arated space but only 1 space in hexadecimal shown

9 as described also wh'able 3.1.

s



o == [~ [ 5F893

-

1 space for each character 1 space for 1 Wdrd ﬁéﬂw decimal

Figure 3.9 Comparison of Memory Space Allocated with Omaxt and

Hexadecimal Transformation.

On the other hand, all verses are represented in a m consisting of ayat
(row) and words in the ayat (column). Due to the variable 0 dach ayat, the matrix
becomes a Sparse Matrix, each row and column cgntains achverse To
address the waste of space in the sparse matri ouble o et dem@compressmn

algorithm has been used to optimize the size aR stor. e %ﬁg& Furthermore,

duplications are handled by indexing all L@}ﬁor aI-QEra and restructuring

the verses based on the indexed ID. \ _\O
A

The backbone of the p‘ro%' was ertt |n 03Tsual Basic 6.0 and Java

-
programming language taking adv lf to séi%f:e the cost of deployment per

\
user. End-users of DQM an_r the applicat nlu@ﬂy a browser; no special software

:
aside from the appropr e bro s<i be n@%ﬂed on their computers.

S

VB is a component n 0. lang@s/ that is attuned to Microsoft’s Component
|

Object Model , C M C pO’neQ_s} can be written in different languages and then

integrated % ; hﬁnﬂu& mtﬁ%ces of COM components can be easily called

remotely®wigy Distributed COM OM), which makes it easy to construct distributed

J“

applications, as a result, COM components can be embedded in linked to your
applieations user interface and also into stored documents (Object Linking and

Embedding “OLE”, Compound Documents).
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In the earlier stage of the study, DQM was developed in Java programming
language taking advantage of abstract classes and threading used for% us pre-
processing steps. The prototype was designed and develop according t tge’ﬂ)w show in

Figure 3.10.

T
P [,
/ Enter Q.Im Text / )3 , _@r

Generate Hexadecimal Value <§

to Reoresent Words

|

CJuranic Chapters
Renresentatinn

&\ Decode Hexadecimal to

Arahic

S | |
1

Content Integrity Test

9%
$ I
N)

Figure 3.10 Flowchart of the Prototype of DQM functions
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3.4 DQM Evaluation Phase
In the evaluation phase, an experimental approach was used t Yre and
evaluate the proposed model and compare the digital Quran model’s (ra\ance result
with the related work, which served as the performance evidence o roposed model.
%j on the three

Digital Quran Model (DQM) implementations were conduc

parameters mentioned (space, tamperproof, content integrit ?

The main factor in the evaluation process solutj o which was
measured by comparing the size of the file before Iy|ng the D a hm. For
example, the word (~=_Y) AL RAHIM, the W xade resen on is 5F893

which yield about 58.33% of space reductio er Ol’do‘Vhl will s%‘e er to 148 times
occurrences in the whole Quran. é

In the proposed DQM, the Qur od eis c\mx 'e\IeveIs character or letter,

word, and verse. At the charac , I ers ‘tra d into its UTF-8 character
N\ _
encoding for the Arabic chara ‘ an @h is the basis of DQM, and then
(
compute the word represe% in hexadeci | verses.

The evaluation erf@ of th&.@@posed DQM is based on
N

a. Storage Baeq I (_)

CJ 2.9

Ith

w iginal é\ n bytes, reduction due to word conversion into

%’ml, content §rucﬂ?é of verses using compressed sparse matrix as in

W)
able 3.2. \C)

S



Table 3.2 : Evaluation on the Storage Optimization

Storage Size | Original | With Words Sparse rse, Matrix
Text in | Conversion into | Matrix Content % Double
Test Case Avrabic Hexadecimal Structure Offset Indexing
Selected Quran
words
Al-Fatihah
Al-Bagarah S},
. ‘ Y’
b. Content Integrity ' (‘}
A

Besides the actual Quran text, three typ of evaluate

werg used Sy
\ é\.r

I.  Quran text with missing Ietter

_ﬂ
[\

il.  Non-Quranic text
iii. Non-Quranic text embetﬂgy/lt sﬁ_ﬁs)y R
S

c. Content Validity \d

Quran experts% nvolve in go dlng the database collection, verify

—50
w
B
oD
=)
e
c
5

the experl n, arld e atlon Q&ﬁe proposed model. The experts were:
\ , &
’ ‘-'7
grle eb awaldeh, Department Chair Faculty of Prince

<

o‘
: ussein Kbd{/lﬁh Il for Information Technology, The Hashemite

niversity, Zarqa, hdan

il. Dr. Mohammad Al Khaldy, assistant professor at Khwarizmi University
0 Technical College (KUTC) in Jordan.
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3.5 Summary

This chapter provides a summary of the research activities enn{% in this

thesis. DQM key space optimizations algorithms for (i) representing:&fa text using

hexadecimal representation for letters followed by words a rses conversion
intelligently reduce memory usage using the presentation | rmat of Unicode
Hexadecimal UTF-8 for character encoding which is ba wmmpatible with ASCII
code and (ii) compressed Sparse Matrix with doubl index%rther improve
the memory management and finally (iii) handle repe words jwith o?kf%)%le of all
unique Quran words to cross reference the content stfueture with unique ID7"Then a proof

T Y
of concept is implemented to as workable % f tne‘ \0’sed {b& which then be
3 .

evaluated with certain protocols. The @)ter sh

implementation used in this research. c,) \T &'\
o S



