¥
CHAPTER 5 *

DIGITAL QURAN MODEL IMPLEMENTATION AV@ZUATION

5.1 Introduction ;Ld
[

This chapter focuses on developing the DQ ototype as a oi)f C}‘f\)&'ncept to
ur -

demonstrate the concept of a lightweight digital Q

52 DQM Designand Developmen\c') Q‘

This section discusses the ementa ch /d‘om the first step until
L&&x N

evaluation; developing a DQMétypeﬂ 49 ining and chaining many

components, and not all corv~ \l nee tols xecuted on every system run.
Instances containing the Ietteri‘ nd ‘Qlld ust be represented in Hexadecimal,

and fined the welght ch wo[ ; ically, t mplementation process of the proposed

system consists 0 EN jor p 7, wg@are
’
ngd on its Hexadecimal

o and VerEs nve n

S
E parse Matrix with Look Up Table for unique Quran words

Q Compressed Sparse Matric with Double Off-Set Indexing.



The process of achieving a feasible solution for Quranic word representation in
hexadecimal format using UTF-8 Arabic Presentation Forms A and B Uni oWndard
7.0 for Arabic characters encoding for phase 1 and 2 of the method I%chemas for
Surah Al-Bagarah, and surah Al-Fatihah were discussed in chap@d 4 in detail.

Figure 5.1 shows the DQM general process flow. V

DIGITAL QURAN MODEL
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Surat Al-Bagarah
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Figure 5.1: DQM General Process Flow
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The programming language used in the implementation is Java and Visual Basic

6.0; Java language has been chosen because it is a powerful programmin{ﬁuage for

implementing the required application. :(‘)

5.2.1 DQM Prototype Development T

These sections discuss some key principles for comstructing information

structures, such as sparse matrix and double offset indexing; ar’j discuss primitive

implementation in Java servers and VB. Such struc p V.B‘e\dfgundation for
g

understanding algorithm design considerations t a centr rc’le_ﬁﬁ’ computer

science, some of which will be presented in IateWers. atrixes data ‘structure or two-

\ o
dimension array is one of the critical ccﬁ')ﬂqﬁts 0 ral (i%puting. The other
component is double offset indexing to\plentwp nt tIOmatrix with non-zero

&
elements to save empty spaces. o c}
d
In Java, the class concept'\ as a sion ‘%is notion, in the sense that a
. Y NI .
class provides methods fztac sing the| dat @entlng the data internally. Classes
critic

buiIdim( $ éjy constructing various data structures.

Further discussion c‘&g bje |co pt a uses appears in the following section.

O
Figure 5.2 below%\ the/p@g’%oh the implemented DQM.

and matrixes are the
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l |

Letters &Words Letters S&\Words
Transformation Transformation

.

QURANIC TEXT IN ARABIC

In this research, a Dig u hasdneen described, which aims at

providing a conceptual % ntation for ulld@@rtal Quran-related applications.
incl dei

g}éveloplng the application programming

The proposed approa

interface (API) ce | for searching, reading, annotating, and

building mobile I tlon a cﬁl @orks around the central theme of the Digital
S

Quran. A I nt, Yfeaturé pr%;ﬁsed APl is the ability to represent and retrieve

Quranlchks and words in @c with word indexing and storage optimization that

also ns content integrity.

our key algorithms were developed and used in the new DQM, which are:
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a.  Quranic words Conversion from Characters (Harf) Conversion based on

UTF-8 Arabic Presentation Forms A and B Unicode Standard {ir Arabic

characters encoding standers. O)
ondRJ

b. Quranic verses conversion into series of correis i

Hexadecimal. \’

c.  Construction of sparse matrix based on impre sian words indexing list

words in

with a lookup table of a unique ID. ‘l\d
d.  Construction of a compressed sparse iX with a do Iei 5@' indexing
_ _ -\
compression algorithm.

F 4
\me \’Y'
Thus, this study allows flexibility to e\xte/ thg" nta%ng-using any other

Arabic words and the whole Holy Q c@shown 1 ur & which illustrates an

architecture for the DQM function@lities w%? ntaly mechanisms  to

optimize space. % ?
o Lettter \ '

° Words And
(Harf) Verses
Conversion conversion

AR
2

* Sparse - Double Off
a s Matrix Set Indexing
§ Figure 5.3: DQM Implementation Key Mechanism
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5.2.3 Coding DQM

For many years, computers used only the 26 Latin alphabet letters @nglish

version. The ASCII coding system, for example, did not recognise es% accents in

French. After that, the ASCII coding system was extended to cope with Arabic and all
European languages. Incompatibilities among keyboards w;;x incompatibilities
among page code,; problems of electronic transmission of @etc Until now, pure
ASCII is still the unique universal standard for coding la f a_mormalized and

complete coding system that includes all known a §s IS one of h(i n@g&?roblems

that face computer software in general. The norm de h‘as ee buﬂtvée answer this

question. Unicode is a system on 16-bit; it aj\, e c‘% 655%Bﬁerent characters
(Wesley, 1991). Therefore, it allows l@ in several angéﬁs and multi-language
&

modes. T

An 8-bit code table consi 6 pesrtlo ran n 16 columns and 16 rows.
The columns and the rows ar ed # umns and rows are numbered 0
to F in hexadecimal nota%l tatlo ft ﬂ)rnmentrfy the code table positions xx/

:
yy where Xxx is the numl'er yy 18 row number. The value of each byte

N

indicates its UTF t| n, as , (..)(J
« 00 to Y/ !é;)] nthme byte of a sequence.
g6 1ol %\

. 80 ex (1 ): cc;(mnumg byte in a multi-byte sequence.

-K F hex (194 to Zzéﬁ%rst byte of a two-byte sequence.

to EF hex (224 to 239): first byte of a three-byte sequence.
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« FO to FF hex (240 to 255): first byte of a four-byte sequence.

UTF-8 remains a simple, single-byte, ASCII-compatible encoding Wif no
characters more significant than 127 are directly present. This mea (@an HTML
document technically declared to be encoded as UTF-8 can remai %Iar single-byte
ASCII file. The document can remain even though it may c% nicode characters
above 127 if all characters above 127 are referred to indirectly Wpersand entities.

Having 28 alphabets, Arabic is semantic. The s@rientation m\rlta is done from
the right side towards the left. Moreover, Arabic {is, the mixed la uige’a)@a during
official occasions by the United Nations. The DQI\&% jhe'fo dati&/nz-f\or creating a

representation of any word and verse in S%Z—Ba‘gia\ﬂd Surah’ Al-Fatihah using
UTF-8. It is commonly used in HTV\\%similar t olscgkconvert all Unicode

characters to variable data Iengths.cg:ode \raqu g{kponding to the famous

N
ASCII group have the same vak% Unicode actetglonverted to UTF-8 can be

&)
used with most software. \ ' \A

5.2.4 Word and V:@:onvelrs

The imple jon” of t

qs ar(i)erse conversion algorithm for DQM as a

4
proof of concept has” bee w:?e fully\%mployed to reduce memory space of the Digital

Holy Qur, w the “intelligeft nés through handling word duplication mechanism
%ﬁ S’
whilst w ing content integﬁ(y.

Ny
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In addition to the formulation mentioned in Eq 3.1 — 3.3 previously, the letter
position on each word must consider either of the four locations: initial, dia?ﬁnal and

isolated. The following example shows the word (:%) QADEEE Qf)exadecimal.
According to formulas 3.1 and 3.2, it will be calculated as the following w (%) =

PE s Y,
= L (FED7 + FEAA + FEF3 Tﬂ)

=3 FB23
This model is helpful in optimizing memory space, an,d ‘thus, jincr thevgpeed for
| &
searching such as in-system programming, minin% uran n‘%_r\?'norizing and

interpretation (Mazlan et al., 2018). The findings¥of thi M h ar "@-\’consensus with

@BYS Qiilus es

existing literature and scholarly ﬁndinK anatomy for (L)
QADEER word. _

O

IMNITLAL

IMITLAL

;o .
Figure 5.4: Ana@ny Design for (_22) QADEER Word
A Ng
Figure s the screenshot from the proof-of-concept implementation of the same word.

@ e result of the new calculated hexadecimal representation is 3FB23 which yields
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about 37.33% of reduction that has 45 occurrences in the Quran as Equation 4.1 page 87.
This is an important matter for the current research as it develops on the @ndings
from similar studies (e.g. Mazlan et al., 2018; Hakak et al., 2019; Almaiog@t al., 2018,

2020).

B Digital Quran Model . ®

Enter the Quran Word / verses:

HEX Val Saprse Matrix & Double Offset Indexing |

Hex Werght Sparse Matx

public class DataSetCode {
private HashMap <String, String>

public HashMap <String, String> insertData ()

= mnew HashMap<>()~>

-puc(
-puc (
c.puc(™2-,
-puct ("s*,
- .puct (

W

B ue B
w

v

puc ("7,
DataSec.put (™t

%ure 5.6: Program Code Represent Surah Al-Fatihah (4=34ll) in Hexadecimal
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Figure 5.7 depict the flow chart that represents hexadecimal code of input file of the hash

map, using data set and displays of the output file for Surah Al-Fatihah, (“=3&l) which

contains 7 verses. : (—)

Input File Hash Map Dis'p'i-éy

public HashMap <String, String> insertdata () ouill ALFATEHA - Notepad sl 5) [

t Fle fdt Fomat Yiew Help
new HashMap<>(); . a8y 0 ¢
,.,;1," Nl

-
| input file - Notepad Lo
File Edit Format View Help

el O dl saall
2)

a2l pasl

3

ol ps o

4

Cusiass U3 Sei I
5)

sl bl sl Gaal
(6)

£ shin‘omoush DataSeXode ) () inserthata )

Figure 5.7: Flow Repr ntRTh'e Colie Ing ng%ash Map, Display and Data Set

_' > (ff"

Each code m@ ents word for example. For verse 1 ( 4 aw

p sl e M) h an rd cede’ |n(TDe UTF 8 equal to FDFD in hexadecimal

representati |gu‘w ura@l Fatihah is displayed in hexadecimal of its
equivalent %Arablc text. c.';/

econd verse which contains 4 words (cseled) < 4 2all) and each word

Séely represented with the formulation in Eq 3.1. Thus, in hexadecimal according
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to the Unicode Arabic presentation standard are 4F99C, 2FCAF, 1FD3C, 7F65F

respectively. Thus, the word (V) AHAMDU according to formulation ca{%d as the

following: _{')

WEal) = L() + 34 + s+ +2) Nz

= L (FE8D + FEDD + FEA4 + FEF4 + FEAA) Yw

= 4F99C
'\d.

This representation reduces the memory spac 8 7%/l fo @J[_\é‘.) A aall in
surah Al-Fatinah after applying the hexadeci orlthm»‘z;s shown in

Table 5.1. \/
Q
Table 5.1: Comparison of Memo ; rabic e a @ Hexadecimal

Vi
e resent&? ) \é\

No. o ize ] No.of [Size in

Characlqg in adec@a’ Words Bytes
\
daall 5 , §C
& » (2FCAF

Ny SN TSN
ajojo] o,

< (_IFD3C
Cpadlad) 7TF65F
Gy A daal) Total 20
Q*Jl.d\h Q
REDUCTION (39 20)/ 39 % = 48.7%

*1 Character = }W
f
gﬁhous types of digital Quran expounded such as image-based, audio, video and
ased

e,

format. Table 5.2 shows the display of Arab characters of surah Al-Fatihah in
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various formats, taking advantage of hexadecimal representation to reduce the storage

space after text transformation into hexadecimal representation. \?

Table 5.2: Comparison of Various Digital Representations for

%ﬂ'@\é@’é m\c}gj ;‘-‘Yldu;Ji &

G AL 804 KB
HUHREGS e
NV

Eo
\4

X
h?ua“Vs L1f 4\

https ://www.youtube.c

725 KB

159 Bytes

;8 graas dlly
5174041 158 agiional) Bl yual) Ut

2 W fpgle cipdsiall 12

%9 FCA9 FD3C F667
F889 F897
N FB2B FCC2 F9F3 81 Bytes
FAE2 FAEF F9DO F8D9
F999 F826 F64D
FABS F9F3 FOB1 FA6D FC71 F75E FA6D FDE9 F775
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https://www.youtube.com/watch?v=WsT1tL1fogk
https://www.youtube.com/watch?v=WsT1tL1fogk
https://www.youtube.com/watch?v=0DrQPfsaaYg
https://www.youtube.com/watch?v=0DrQPfsaaYg

5.3 Storage Optimization with Compressed Sparse Matrix and Handling

Duplications
A sparse matrix is used to represent all words and verses in hexadc?x; with

a unique ID that represents all words and unique words of the two sAz Figure 5.8
shows the representation of words in Hexadecimal and verses in sparse” matrix. In this
study, Surah Al-Fatihah and Al-Bagarah were used as test cas \,

Duplications were handled by creating an index list PY.L'nlque words in the
Quran. A word representation lookup table was created Wyvhlch are the

Yw
Hexadecimal code of the word, the Arabic text a |que ID. seé milpbe rewrite
in

and represented using the unique 1D in the form of ¢ trl

. L LMD

=r1 2 g (ot 0y
4PirE FH 4 11|
JECAE M F AP
VEDSE o) 5 _';,u;n. e A
TEOSF i W
SFRAS - 7 ms )
SFR9) - 8 il
1 H Y 9 g gy
2FCE u'- 10 H'l
ﬁl} = 11 E 5.l. s B
skt X 1 Verses e
IFALE i 13 I
-] i 14 E 3 1I|-':'-i..lh .
3AEL = 12 (et iy g d
AFOFE Gl 1% [n] |

— = 2|5 |6 (5
T b‘L:'.t o a 7 B LT
SERZA 17 G
FiAE — 18 3 TR Sl ol U
] i 19 15|
oty e » 2 ||1w]| 2|15 PRI
AFAAF e b3l _g\.-J
AFABA e [ 16 | 17 | 18 y L | 2 2

- 2 B
Ll e - B |w|u|u |38 | u|la|e|s|s by
BE758 il T Stz ¥y
AFDd2 S 1 0l
FHED 4 14

Look Up Table Sparse Matrix Display Quranic

Verses

5.8: Quran Representation with Unique ID In A Sparse Matrix for Surah Al-

0% Fatihah
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The storage of words is being optimized due to the use of one memory space for
that word instead of one memory space for each Arabic character in the p rt%?word.
For example, =) has 5 letters meaning 2 Bytes x 5 letters = 10 B me ace where
each letter is stored in 2 bytes (16 bits). Its conversion to hexadecimal 4F99C requires 5
bytes. In the case of surah Al-Fatihah, after applying hexad%%:presentation was
49.05%. However, with a sparse matrix, the reduction j tWrage size is 54.08%.
Figure 5.9 shows the comparison between the di ep ese%of Surah Al-

Y

Fatihah.

Surah Al-Fatihah

) iocin ALFATEHA - Notepad | (5. SRS
Eile  Edet  Fgrmat  Yiew Help

ezl pas )l dll pl
(@D)]

uallall &y all sl
%vii) o)l

el e
(3

il pa o
4

i 3013 i )
)

adicall bl all Gaal
.

(@) Original Arabic Text

Y. VS
h B NV
F% af@(o‘?@*atlhah Representation

In this sta e i on &())e algorithm achieved the expected results
’ 4
which were @ b;yn Ho uran words and verses of Surah Al-Fatihah
4
(Adhoni ﬁ i, 2013) and S‘urah -Bagarah as a real test case.

the vast number }ci?words and repeated words, the proposed technique

S% words of the Quran using Unicode by calculating the hexadecimal
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representation of each word. Word conversion ID is based on letters conversion Unicode
standards. This hexadecimal representation will reduce the searching speed\w i5 in
the presentation layer similar to the operating system and able to han -K ted words
and verses by manipulating indexes of unique Quran words. This_is in" contrast with
AlMazrooei et. al (2020) and Hakak et al. (2017) that concat tim hexadecimal of
each letter thus form a string of concatenated hexadecimal ha@& It does not optimize
space, nor does it handle repeating words of the Quran. '

The solution for any repeated word is throughfihe mechanism e,e v&@' IS given
a unique ID; as a result, there is no way for du Ilﬁhs Jco Version |sxtepresented on
a Lookup Table after calculating the Word r rese atlo Id tr%g%olumns the first
column contains the word in Arabic o h, the contalns a counter
that counts the number of each rep€at d word; @rd n contalns hexadecimal
conversion for each word and h Ium co and@’whlch refers to the position

&/

of the word to eliminate a r e W0 |c save mory. Table 5.3 represents the

most frequent words in s%- aqar Jﬁbéir;b%

Table 5.3: The'&Fre L{e‘\’ly; ords @drah Al-Baqarah with Their ID’s.
N

Kalimah _ Count . New Hex 11D .
PSP 9 8F507 2260

Ol Slls 9 8F570 2261

ST C LN 9 8F571 2262

o eSaslal 9 F5BAS 2263
RPPL L 9 8 F5C9 2264

TN I snaiuls 10 9 F394 2265
0 Ol sl 10 9 F3C9 2266,
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Sparse Matrix will be constructed containing the encoded hexadecimal form of

Arabic characters for surah Al-Bagarah and Surah Al-Fatiha. Table 5.4 bel Rplays the

longest ayat (129 words) in the Holy Quran which is Al Bagarah vsggz with the

sparse metric code for each word and verse.

Table 5.4: Sparse Code for the Longest Ayah in the Holy Quran%;arah, 282)

Longest Ayah on the Holy Quran Sparse Code nique ID of Quran

(Al-Bagarah, 282) W?rc}s\d

2588 aca Jal (M Cpy alS 1Y Islel cud ) b | 18 1562 120 1128 45 1963 ios 79 2009

A Ade LS S o S Gy Y dally Gl aSiy i | 1740 13117853 149,72 2 92353 533'182 788 695

dda udy Yy 4y ) @y a0 Ao o) Jlady s | 2709 1885 5 131 133 202 446 282

O b ¥ gl U ) Wb (3l dle o1 (s o U] 4037171 187 5 8 5@‘216 9 1106 9 10 1536
2

O aslla ) o Opdged | gl 5 Jardly 4y Jlald % 289 43 239 1806 37 159117133

O #13g8l) Ga g Gea Al Jasd ARl Al 21 1 8‘*56& 9 277 1098 37 1893 139 1887

L1 plagddl oy Yy s oAY Lalaa) S 1 1 887 202 92 1893 45 13 467 202 1444
N

Ll o813 ala ) 1 s UM PRT) PP y, 80 945 9 1021 203 513738 418 162 695 1279

12?1197 2268 1876 75 734 838 845 2171 1311
N

olas (s of W) seli s Y&o
\JM\JL&J&Y‘CH%\J&

|
> &%Z 1345385 22681943 1976451913 202 471 353

202 646 201 1621 674 751 186 1558 695 2113 695

1296 181 128 804
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54 Letters and Words Conversion for Surah Al-Bagarah
Letters, words, and wverses conversion for surah Al-Bagarah usi@cimal
representation is computed according to Eq 3.1and 3.2. For example, th in Surah al

Bagarah ()ssaieutd cuili llhg) which are repeated ten times and the size of these words

before applying the words transformation algorithm is 20 b both. Next, after
applying the transformation of the word into hexadecima W 7 bytes as in Figure
5.10. The sizes in terms of occurrence in Surah al B which s imply 200

bytes of the original Arabic text and 70 bytes in hexadecimal respecti Iy'w‘rp})k‘LzEan save
A

Y-

up to 65% of memory space.

& Digital Quran Madel

_f

Enter the Quran Word { verses: Size of Sparse File:

Saprse
Offe

sl Read from File & Find
HEX Val

Size of Quran verses  OVERSES.TXT uses 20 bytes
Size of Hex Weight ~ QHEXTXT uses 7 bytes

Size of Sparse

HEX Val Saprse Matrix & Double Offset Indexing ‘ Size of Saarse Doutle Offet
IZe ol wparse Louble Utise

Hax Werght Sparse Matrx Arab charachiers——
09

Enter the Quran Word / verses: Size of Sparse F: ‘
o) Read from File & Find Saprse Matrix & Double
HEX Vel Offset Indexing

Size of Quran verses  GVERSES.TXT uses 20 bytes

Size of HexWeight ~ GHEX.TXT uses 7 bytes

Size of Sparse

HEX Val Saprse Matrix & Double Offset Indexing ‘ Sieof Spase Double Ot

‘ Hex Wewght Sparse Malrix Arab charzchlers
- 39 . N
\

Figure 5.10: Screen Shot of Words Conversion () ssaicd, cpall gllg)
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5,5  Surah Al-Fatihah Implementation and Performance Evaluation

Word conversion algorithm applied to the Quranic word in, Ara_bic text

represented in hexadecimal. The Quran Parsing module as in Figure 547 'repfésents the

use of a scientific calculator in hexadecimal word format.

5 Quran Parsing

Enter the Quran Word / verses:

File

. HEXVal

Read from File & Find
HEX Val

Size of Cluran verses File:

Size of Sparse File:

Saprse Matrix & Double Offset Indexing Bize of HextWeight File:

Hex Weight

Sparse Matrix

Saprse Matrix & Double
Offset Indexing

Arabh charachfers

" Space Size

Figdre B 1: Quran _Pa__fsirig _P'ro'gram to Calculate Words in Hexadecimal

""Th_e"aim of the evaluation process is the solution quality, which compares the size

bf'the_ﬁle before applying the Digital Quran algorithm.
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The first verse in the Al-Quran ams il ea )il & s repeated 114. So, if we compare

the size of the verse (m>_N ool ) aws) will be 23 bytes instead of 4 byt chimaI

representation. Imagine the reduction when repeated 114, the reduction &@2622 bytes
compared to 456 bytes after applying the conversion algorithm which eﬁuals 82.60%.

Table 5.5 presents the results of the comparatives sizes for ioned words and

verses T
|
\J.

Table 5.5: Comparatives Results for Words Befo

20

Ny &

As f Al-fa , the @hapter of the Holy Quran consists of 143 letters,
)

31 words, verses and 17 'hfiaue words. Table 5.6 presents the results after the

s% to hexadecimal representation with a 49.05% storage reduction.
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Table 5.6: Summary of the Comparison Words and Verses Conversion

49.05%

s'ze_\@‘.e Quran

a 4%?3% reduction

Y.

the Arabic text,

54.08%
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Next, evaluation of compressed sparse matrix with double offset indexing te{ e.

Table 5.8 shows how the compressed sparse matrix reduces the storage S%W Al-

Fatihah. Y"
Y

exw&mpression Algorithm

Table 5.8: Sparse Matrix Technique with Double-off Set |

48 69.81%

The size of the Quran vers%
matrix with double offset indexin II Wlth%éGQ.Bl% reduction in the storage
size. The table shows %tpaﬂ} n%/éenble file size of the Arabic text,

&)
hexadecimal represe&spa@tﬂx repgdtation and sparse matrix with double
N

offset indexing ﬁleﬁg ati I
¢
O [53°¢

NS

5.6 SUN -Bagarah Implementation and Performance Evaluation

N
Nlar process with Surah Al-Bagarah, conversion to hexadecimal form with a

$ D for all uniqgue words in the surah, DQM algorithm with a sparse matrix to
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represent each word and verses in Surah Al-Bagarah. Repeated words will be replaced
with their unique 1D as a reference thus reducing the usage of memory. \3

Figure 5.12 displays the screenshot of the prototype of DQM \‘ﬂg shows the
three approaches of surah Al-Bagarah representation in Arabic te>q format, hexadecimal
format, and sparse matrix format. \’

Size of Ouran varses  DAKARAVERSE.TXT uses 33199 bytes

Size of Hex Weight BAKARAHEX. TXT wses 30652 bytes

Siza of Sparsa BAKARACODE.TXT uses 25149 bytes

Het Weight Sparse Matie

s | ]a 18
I FCES FIFE FEFE FCX FCBT FLBFTED EI HEZT BI040 23 Y ol gk
" FOF P16 PGS Food FORAFRAI FTAOFAA 16832007 722 1445 212431851 1207 ﬂbu!LnJM\
FEET F418 L3 FAFE FB35 FLSF FAFB FOC3FRZ3 FEEE FOCD FAT4 666 40 2127 653 37 546 200 638 S46 67 1631 1765 Wm‘ 0 4 3Ty B 1 H‘M
P37 FC% FCBA FLICS FROD FARS FOCD FR7C AT A0 1654 37 207 2551118 W .Jbl, ) o b gl Syl
FDEE FSF3 FADR FAAF FABD F72L FIGA FOCY FRAT FEFB F318 187 101642 331 20401362 75 116812078 M‘Mﬁ”fud&;dn e g 8 il ol
FCZ1 FDF2 FC36 P05 FROS P31 FROIFEDR F396 FROE P FOED 55533032?9331931 W?ﬁmmﬁﬁﬁmlﬁ e e gy bl ¢;JN'*'Q‘° 3 e 4
FCHT F434 FOC3 FR FADR FACIFTROFCEF FOCD FTA1 006287 o o by 35 oy e Gl ok 0 0l g
FT7 FOF2FRE! FACRFCS FREAFDR) FACT FCSF FEFO WBQFMWREIWMHEBIEEEQSIM gyl Y 28y g il iy by
FOICE FA05 FCAE FAR9 FDF2 FADF FASR FABA FBI3 FCOA FACC FOEQ 17631148 87 637 230827 450 696 1614159 1820 35 a8 ol il g il 3 g ]
FAAE FCAY FCAD FEFB Fd FOCSFAFDFACOFAEY FCT FiFG 1780 218502 1129887 B 1419 10206 275 309 wﬂﬂanl-n.!\;u w’ pl,uhw*ili.l
FOTF PR30 FOCD FEfB FREF FEFR FEFR 1687 10820 2200 40 T4 2268 1
FAAE FCASFCAD FOCAFCAD FCABFIMFAODFRRR FCAD FCBFGEFFOTF ||| 150840704 260100 1P 1G22270 1128 YO IR 1B 06 25 009 nﬂ,-w,n,mhw,m,j.nﬂﬂv;" I,..w
FB30 FOCD FREF FBF FEFB F356 185910820
FAAE FB3Z F3F3 FACE FACO FADB FAAE FBOZ FOBBFGA7 FACOFBFD FRED TIB502 T80 73 1292212 203 SR 79497 1128 1128 1207 6073 o o L) B ) H..M,m,}glm,uw,m 1y

FAETFCT! 1061 2082 35 1847 206 1515695
FOF2 FB6d4 FCF F330 FOCSFICB P62 1773 1148 208 1902 311 174 1533 1346 1400 1207 1118

uwl,ﬂlg
FART P53 FBOG FRED FERAFLAG FATA FEDS FCEF FACL FRER 10104036 1760 1767 655 127 2267 13835 671 363 1MBDS81 C6 1300 W!M@@ymﬂu‘pwmw ¥ Ni
Fi2D FB 33 FBI4 FEM3 FABD FEEZ5 FAGT FOT1 FBSB FL27 FOFY FEEQ FEDD 1675
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' |gu e 5.12:3Su raﬁ-AI Bagarah Representation

S

Tab resents e @sults?of the first level of comparison and the result was

&Y

obtameﬂsln the algorithm to \onvert Arabic text to hexadecimal representation which

0652) _

1o 7.67%, reduce storage.
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Table 5.9: Conversion of Arabic Word into Hexadecimal For ?

Yriaa Yorov

26249

6140 07.67%

_ . . o
Figure 5.13 shows the comparison between t e size! of lAr text and

hexadecimal representation for surah Al-Bagarahgwhi WQ MB&? the text file

Yv
and 30.625 MB for the hexadecimal file. \/ °\ é

i Size of Arabic Text (Bytes) M Size of Hex Text (Bytes)

34000 33199

33000
32000
31000
30000
29000
28000
27000
26000

re 5.13: Size 'gf rabic Text File & Hex Text for Surah Al-Bagarah

30652
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Table 5.10 shows how sparse matrix reduces the storage with the size of the file of

33.199 MB for Arabic text, 30.625MB for hexadecimal file and 26.149 I{Qr sparse

matrix file with a 24.24% reduction in the storage. .‘.G)

Table 5.10: Sparse Matrix Technique to ReducesStorage

~

Yri44

3

g S
Figure 5.14 shows the second I@e compari beé!‘sn the file size of the

tio @\surah Al-Bagarah.
N,

6140 2226 Y.loY 25149 24.24%

Arabic text, hexadecimal and sparse ix file r

~

E Size of Arabic Text (Bytes) M Size of Hex Text (Bytes)
kd Size of Sparse Text (Bytes)

35000
34000 33199
33000
32000
31000
30000
29000
28000
27000
26000
25000
24000
23000
22000
21000
20000

30652

25149

0 Figure 5.14: Size of Arabic, Hex, Sparse Text for Surah Al-Bagarah
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From Figure 5.14 and Table 5.10, the size of the sparse matrix file was found to be
smaller than hexadecimal text and Arabic text for surah Al-Bagarah itm4 %
reduction of file size, which is a similar result with Surah al-Fatihah. T '%ies that the
processing speed could also be improved as the space and data n ﬁ data transfer
are much smaller. Also, words duplication has been solved &rd indexing list

with the unique 1D stored into the sparse matrix. All the FWF prove that the DQM

model able to reduce storage thus optimizing memo hic@lead to faster
processing due its lightweight feature. ' ‘C}Y-
A
The next evaluation is the sparse matrix an ubles goffset dexilv-technique as

N

in Table 5.11 to show how compressed sp%gtrix%/ ble g indexing is able
to reduce the storage by comparing)\hs size h 16.347MB for a

compressed sparse matrix with doubl%zt mdﬁq W, i}é@.ﬁ?% reduction.

Y
&

iqle ﬁSet Indexing Compression
go

d

Table 5.11: Sparse Mat@n

S

6140 2226  YYydd  v.ley 25149 16347 50.76%
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Table 5.11 shows the sparse matrix technique with double-off set indexing

compression algorithm reduced the storage together with handling wo@ations

through word indexing which reduce 50.76% of file size. (‘)
C b

Based on Figure 5.15, it can be concluded that the size of ompressed sparse
metric text file with double-off set indexing is smaller due to removal of the empty
item in the matrix. The compressed sparse matrix is mu SW than the sparse text

file, the hexadecimal representation text, and the origi rabic t@ Al-Bagarah.

®

This also again implies that the processing speed c@ e inpro ?s t@)&?ace and
h

A

data needed for data transfer are much smaller. T results. provef the I@M technique

N
able to optimize memory space as stated in the research n E\T

i Size of Arabic Text (Bytes)

i Size of Hex Text (Bytes)

L Size of Sparse Text (Bytes)

i Size of Sparse &Double off Set Indexing Text (Bytes)

33199

30652
I ]
| I

.15: Arabic Text, Hex, Sparse and Double Off-Set Indexing for Surah Al-
Bagarah
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In summary, Table 5.12 presents the reduction for surah Al-Fatihah after applying
hexadecimal representation is 49.05% and the reduction in the storage SKR 54.08%

after applying sparse matrix, the third level of comparison was uiim@ble off-set
indexing compression algorithm for the same Surah which is 69.81%I

N

Table 5.12: Comparison of Storage Size According to Re reswn: Al-Fatihah& Al-

Bagarah '
. : Y
Space Reduction Hexadecimal Sparse X le Offset
Representation In xir}g\v
Al-Fatiha 49.05% % | d/69'81%"
Al-Bagarah 7.67% t / 50. 7’@%
The space reduction for AI—Baqar a ang I representation is
07.67% and the storage size is 24. 24% a a rr@ The composition of

the Quran is 77,797 words with Y/ War q na{!gls .com) being unique which

reflects 75% repetition of words rses. AQ’
' S
5.7 DQM Evaluatio {
’ 2 40

The above- ed nre owﬁﬁe evaluation owverhead hierarchy in-
memory optlmlzat s |ng etteré}conversmn to hexadecimal representation
followed by tu g t co@_ﬁt using sparse matrix together with handling
words du dflndgi. lookup table, compressing it with double offset
|ndeX| ithm. The performsc&e overhead of DQM is also compared to existing

g%an storage capacity with domain experts for content validity in the following
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5.7.1 Comparison Results of DQM with Existing Applications

Evaluation of the DQM performance with digital Quran representat@es on
the integrity check and authentication of Quranic verses. In addition, %y of digital
Quran applications has been done as the second stage of compari&v;/ih more than 30

techniques and applications. Table 2.3 in Chapter 2 summarizw d 15 techniques.

However, none focuses on memory optimizations through digwﬂuran content structure
@

e

especially handling words duplications.  There is re n' Quranic Code for

@

Representing the Quran and Quran Recitation Software which provi fs &éﬁres like
A
ce

audio files compressed in AMR format for redu rage srequirements.jFhis technique

4

provides audio files in AMR format, compre% t)'%s ccupyless storage space

which is in contrast with this study thal@tes th eprémation of the Quranic
A,
\ 2

text or content.
?J 'S A

]
&
Alginahi et al. ( 2013 ir] al. Ol4@kak et al. (2017), Alsmadi and
Zarzour (2017) and Maz% j (ZO}M‘.{Jms}de centric string matching approach

&
or string matching 6&@ © e \( co@ré each string or letter from the word.
1

Saada and Zhan i IPI’ a@'oach with the hexadecimal for compression

—9

¢ " .
zr@e et al. (2020) used one character two bytes to

but only represénting<one IH?A
be coded %ort a)’;t réstingr his study, however, extends the work to words,
o)

verses@apters of the Qura?l&?sing al-Fatinah and al-Bagarah, the longest surah as the

Ny
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test case. Refer to Table 5.13 which summarizes the similarities and the differences for

current application for digital Quran

Table 5.13: Similarities and Differences in the Current Application for Rigital 3Quran.

Authors Similarities Differences
Alshareef & Authentication approach. Searching algofithn’s were performed
Saddik 2012 using 8 Diagritical Quranic phrases
only thew.comparison was performed
using_7_randem Arabic words.
Sabbah & The framework to detect and | This “work [jain®~_fQ0 propose a
Selamat, 2013 | authenticate Quranic verses. framework for acewrate = detéction of
Quranier verses from téxtiWhether it is
nome or fully diacritical. using string
matching techniquies.
Alginahi etal., | Authentication approach. Used Unicode cenixié string matching
2013c approach op'string“matching approach.
Kamsin et al., ] Authentication checking appreach | .Used Whicodeseentric string matching
2014 for Quran electronic version, approachjor'string matching approach.
Saada and Hexadecimal  representation for | Gompression and Hexadecimal to
Zhang, 2015 letters and compressian. represent/only one letter.
Alsmadi & Authenticatiops of ¥Quranic | verses J Different verses were tested using
Zarzour (2017) | Complete verses€an be checked at a | different hashing approaches. Used

time.

Wnicode centric string approach.

Hakak et al., Quran_‘applications ~Using" UnicQde | Used Unicode centric string matching
2017 matchingsappreach. approach.

Mazlan etal., | Hexadecimal Cenversion | Used Unicode centric string matching
2018 Algorithm BHy._using the< éncoding | approach or string matching approach.

approach.

Almazrooie et
al., 2020

Hexadecimal  repreSentation  and
coding method wusing UTF-8 to
encode the text.

Used Unicode centric string matching
approach or string matching and small
ayah used.
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The hexadecimal code Quran representation aims for a system that constructs the
content structure if the digital Quran with this code. The translation has be W)n the
character level, word level, and verse level. Character level WIK nslated by
extracting all the Arabic characters in the Quran regardless of the linguistic combinations.
Word level will be translated by summation, combination@%;racting all the
duplicated words, generate a special ID for these words an v%'ﬂse compressed sparse

matrix technique for the content structure. l

‘ g
IO
5.7.2 Content Integrity and Authentlcatlon 2 X
v

Testing on DQM and evaluation so % ap rrec@Enlc verses from

Surah Al-Fatihah and Surah Al-Ba the s@@d promising space

optimization and performed well. Th evalu jétest;
o 2)
g

a. Missed letter text (- ,u &)
e
b. Non-Quran text (‘?ﬂ 4’,
c. Non-Quran text with Words eXi tﬂ Q}Jran (Sdd g |yl ale ) 4i)

The DQ &)ot a ept hﬂn@}%f fake and incorrect verses and words it gives

incomplete and i ? lssueshhe sparse matrix. These results demonstrate the

authentiei d content mtegnty@SQM as presented in Figures 5.16, 5.17 and 5.18.
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Digital Quran Model "S55 55

Size of Sparse File:

il gl Read from File & Find Saprse Matrix & Double
HEX Val Offset Indexing

Size of Quran verses VERSES.TXT uses 20 bytes

Enter the Quran Word / verses:

Size of Hex Weight ~ QHEXTXT uses 17 byles

Size of Sparse QPARSE.TXT uses 0 bytes

HEX Val | Saprse Matrix & Double Offset Indexing ‘ e
g IZ8 0l oparse Uoubie Ulise

Hex Weight Sparse Maim  rArah charachiers
A EIEE o (B

Figures 5.16: Testing with Missed Letter

Unmatched input \

[ Digital QuranModel

Size of Sparse File:

FRETER Read from File & Find Saprse Matrix & Double
HEX Val Offset Indexing

Size of Quran verses  YERSES.TXT uses 2 byles

| Enter the Quran Word / verses:

Size of Hex Weight ~ QHEX.TXT uses 12 bytes

Size of Sparse [PARSE.TXT uses 0 bytes

Saprse Matrix & Double Offset Indexing o e i
. j 118 O oparse Louble

Sparse Mafix drab charachiers

& A

Figures 5.17: Testing with Non-Quran Text shows no sparse matrix was constructed
0 since it does not match the Quran words in the Look Up Table
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2l Quran

Enterthe Quran Word verses: Sie o Sparse il
Xy S el Read from File & Find Saprse Matrix & Double
HEX Val Offset Indexing

Size of Quran verses  OVERSES.TAT uses 24 byes

Size of Hex Weight  HEX.TXT uses 22 bles

Size of Sparse (IPARSE.TXT uses 0 bytes
Siza.of Snarsaloublofffcel

-Hex Weight Sparse Matrx Adb charachters
RFB RS

HEX Vel Saprse Matrix & Double Offset Indexing

Figures 5.18: Testing with Non-Qur. G? at ihelud eﬁgthat Exist in Quran
shows no sparse matrix was construc ince it does mateh.any Quran verses cross

checked with the Look-Up Table

This is the primary proc w put @e text extracted from the
source, and the output is th 0 s of tha&ave been identified as Quranic
guotations using a mixtu r det Llon ‘Igbr The next section has a detailed

&

description of this p@ | \ %
To |mprov etection in tl@gé’ instances, additional strategies were used,

g 'S
as stated in the owing p/fa p :\s_/

Th dit |oﬂ'al seek for typical Arabic article opening or ending
words m&nal that the followﬁ section of text is a quote or a verse. Additionally,
%b tenses (Past/Present), and the poem may conclude with any ending phrase or

bt end at all; in other words, there are no restrictions governing the beginning and
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ending phrases. These scenarios create an enormous number of possible possibilities and
combinations. Especially the most common situation, in which the author{ e article
cites the verse(s) using the chapter (Surah) name or a number and se number
enclosed in brackets separated by a comma.

Additionally, a position index of filtered Quranic wi SY: inverted index
comprises a list of all spots in the Holy Quran where seac red Quranic word is

referenced. By removing non-Quranic terms found b D teqh‘r{uathis technique

improves not only the identification of verses and qdetations in @ no drc?i&c@'text but
S
also the accuracy of the Diacritical Ratio techni in ap completely wQecorated text

(Alshareef & EI Saddik, 2012). This approwZess

of letters, diacritics, and filtered Qurani@ Howe

with standard string matching algorit@)Additl \N\W
can e with non-diacritic text to

as a straightforward authenticatio%od a S
verify that the Quranic words@uoti e Inythe right"sequence as they appear in the
holy Quran. % Dj ( 0'

The figures 5 17 ein sho%

\m? N
calc@ﬁ of the weights

N,

~+

at authenticity and content integrity of

DQM could successfully detect mi 'Iettce‘gxt (el cag ifl9),  Non-Quranic
¢
;o s . ‘
text (el /3 and N07 ranichtext with words exist in the Quran ( L8 ale/ ab/

4
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5.7.3 Experts Evaluation

The role of the expert is to ensure that the method and the proposekw were
relevant in this thesis and reviewing the prospective methodological ment. The
experts in Islamic studies specifically Quranic studies to validate rﬁnﬁrm that the
output of the Quranic text from the Hexadecimal conversion formis out error or zero
error as required by Quran publication, Y'

The Quran experts were also involved in data lle tior@a"nentation, and
@

evaluation of the proposed DQM. Interviews were ¢ cted to gaugedtheir Qe‘)@e?ption on

A
the implementation of the DQM. They gave their s of ghe' whole prQbIem. Besides
Y

that, they also approve the digital Quran coptent oteggo\sthe rﬁh scope, where

DQM implementation was able to d& -Qura a@‘do not produce the

Hexadecimal conversion. The two k&ssks Wi \& p@med that there were zero
N

error in the Quran display using ith the storing a isplaying mechanism and (ii)

&)
to confirmed that the DQM 'Mnt!t' were a&e:\to detect non Quranic text as

|

shown in Figure 5.16 ,5.1 :18. The do rts involved were

h
:

2 9

H% in y II\(_for Information  Technology, The Hashemite
Wity, Zai ,Jtrdanqg\
)
: . Mohammad Al™Khaldy, assistant professor at Khwarizmi University

§ Technical College (KUTC) in Jordan.

NN
a. Dr. I&QI ried haw@h, Department Chair Faculty of Prince Al
n <Bi la
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5.8  Conclusion
The DQM model was implemented using Java programming Iangu&ﬁd Visual

Basic for the proof of concept of with all the for key algorithms involvf%essment on
ieve

the approach was conducted to evaluate the storage optimization aqE nt in terms of
|

words and verses conversion, sparse matrix structure with uniqlw ook up table for
unigue Quran words and compressed sparse matrix content We using double offset
indexing. The content integrity was also evaluated e el authenticity of the
.. . . .
digital Quran using this new approach of space ement efficie y, I?;ﬁﬁts were
A
ce

consulted throughout the study to ensure the pro re legitimate/’ and Q\e outcome is
\,

agreeable with the policies of digital Quran insth. v\ \ g
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