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gate is considered
the smallest one of
AlAgsa Holy Mosque,
its height is 23.5m with square shape.
It was built in 677AH/1278AD using
limestone with beautiful «Mugarnasat»
dangle from it, fig 3.

The minaret Al Silsila gate has a
square shape, its height is 35m; it was
built in 730AH/1329AD during the era
of Al Sultan Mohammad bin Qalawoon
using limestone, fig 4.

The minaret of Al Ghwanimah gate
has a square shape; it distinguishes by
its height and architectural precision in
structure, ornaments, wonderful marble
columns, and its upper part with eight
flanks. The minaret consists of six levels
of limestone, and at the top there is
a wooden dome, it is considered the
tallest minaret, its height is 38.5m, it
is built in 697AH/1297AD during the
era of Al Sultan Al Mansour Housam
Al Deen Lajeen, fig 5. Al Agsa Holy
Mosque was subjected to earthquake
in 1341AH/1922AD, it caused some
damages at the upper part of the
minarets but they were repaired. On
the other hand, the great threats that
Al Agsa Holy Mosque and its wonderful
minarets would face is the systematic
underground diggings and tunnels
conducted by Zionist Occupation.
However, these minarets are remain until
now lofty stable.

Muslims had dominated Egypt,
and they had established Al Fustat
City, then they built Amer Ibn Al Aas
Mosque in 62AH/641AD, which was
the first mosque in Egypt and all Africa.
It was, also called “Al Fateh Mosque”.
Nowadays the mosque has two minarets
with Ottoman Style, one of them is
placed in front of the entrance, and

another one is placed above the old
corner, their height is 18m, fig 6.

Al Azhar is the first mosque,
which was built in Cairo after conquering
Egypt, whereas Jawhar Al Sagely, who
was the commandant of the first Fatimid
Caliphs in Egypt Al Muez Le Deen Allah,
conquered Egypt. Al Azhar Mosque is
the oldest monument in Egypt; it was
built during 359-361AH/970-972AD. The
most precise context that Fatimid was
called Al Azhar its attribution to Fatima Al
Zahra, who is the Prophet Mohammad'’s
Daughter. Its beautiful minarets
distinguished by multiplicity of balconies,
wonderful inscriptions, and its polygonal
sections. There are three minarets in this
mosque, the highest of them is Al Gori
Minaret, and its height is about 45m, it
distinguished by big polygonal sections,
two crowns and two chambers at the
top. Kaitebay minaret follows Al Gori
Minaret in height, fig 7. In addition, Al
Sultan Hasan Al Naser Mosque in Cairo,
it was built in 763AH/1362AD, it has two
minarets with two balconies, and the
sections of its minarets have square and
polygonal shape, fig 8.

Let us move to the west to, Tunis,
we shall show the minaret of Ogba bin
Nafee Mosque “the greatest mosque”,
it is the biggest mosque in Al Qairawan.
It was built during 50-55AH/670-675AD,
but the current minaret was built during
105-109AH/724-728AD, fig 9. The
minaret’'s shape resembles fort towers as
the most Al Qairawan’s minarets, it had a
square section similar to those prevalent
in Umayyad Era in Al Sham (Levant)
Region, but with greater size, hence
western scholars called it the Syrian

Minaret. The
minaret’s
total height
is 31.5m it
v consists of
three parts.
The lower part
was built by
using large stones, its height is 20.5m,
the dimension of its square section is
10.6m, and the average thickness of its
wall is 3.25m. The second part was built
by using medium size stones, its height
is 5m, the dimension of its square section
is 7.6m, and the average thickness of
its wall is 1.5m. The third part was built
by using bricks, its height is 6m, the
dimension of its square section is 5.5m,
and the average thickness of its walll
is Tm. There are many minarets in Al
Qairawan similar to war towers such as
the minaret of Yahiya bin Salam Mosque,
fig 10. and the minaret of Al Moallak
Mosque, fig 11.

In India, let us speak about Al
Sultan Qutb Al Deen Aibak, who was
the first Moslem sultan in India. He built
the first and the largest mosque in his
era in old Delhi City in 596AH/1200AD,
he called it “Quwwat-ul-Islam” Mosque,
he built the first minaret in it, (1), it was
called “Qutb Minar”, its height was
72.5m, and it was considered the tallest
minaret in the world at that time. The
minaret’s diameter at base was 15m,
and at the top was 3m. The minaret was
built with red hard stones, which are as
stiff as granite. The minaret consists of
five levels; they are separated with four
circular balconies. The first part’s height
was 32m, fig 12.

Erection of the second minaret
(I) was started in 710AH/1310AD
with the lowest part, its height was
16m, the diameter at the base was
36m, the expected height was 200m,
fig 13. Nonetheless, the construction
had stopped for unknown reasons.
The aim of building that minaret
was to immortalize the governor’s
victory, his strength and grandness.
Analogous example agrees with
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The Trilogy of Soul,
Creation and Beauty of
Masonry Minarets

M inarets present distinctive
features in the architecture of the Islamic
and Arabic Civilization. In addition, they
form unique component in the Islamic
and Arabic Architectural constructions.
Erection of minarets has been developed
along with the continuation of mosques
construction. Some of them such as the
minaret, Qutb Minar, of Quwwat-ul-Islam
Mosque, 1200 AD has reached 72.5m
height. Others have embraced Islamic
Ornamental and have developed their
shapes to become more elegance and
magnificence such as the minaret of Al
Mehmendar Mosque in Aleppo. Minarets
have become nowadays the most
architectural monuments that distinguish
the Islamic Cities in general and the Arab
Cities in special.

Minarets are considered a complete
structural system of construction with
engineering formation that consists of
several cross sections which reduces
their areas while elevating its body to
attain equilibrium and preventing their
collapse. Minarets consist of structural
bearer, balconies, crown, staircases,
and foundation. Minarets are built
in our region from hard limestones.
Since the combining mortar between
the masonry layers cannot resist
tension forces, therefore, minarets are
considered vulnerable to earthquakes.
Despite of this passive characteristic,
these minarets endured earthquakes,

Minaret of
Al Magarebah §
gate

x g

& Minaret of Al

Silsila gate

natural atmospheric conditions such as
temperature, rains, and winds. One of the
most important minarets is the Minaret of
the Great Umayyad Mosque in Aleppo,
which was constructed with height of
45meters in the year 489AH/1096AD.
This Minaret was subjected to four
severe earthquakes that struck Aleppo
City in the years, 1169AD, 1343AD,
1822AD, 1872AD. Moreover, it sustained
to earthquake and wind forces for more
than 900 years before it was destroyed,
in the year 2013AD, during the unjust
war in Syria.

1. Historical Context

The minaret is a unique architectural
engineering formation; it is a high
structure above the courtyard of the
mosque. It was used to announce prayer
times; the Muezzin ascends to the top
of minaret, five times a day, to call for
prayer with loud voice in all directions of
the minaret. The height of the minaret
is useful for conveyance the voice to
the farthest possible place. The minaret
is one of the most important prominent
signs in the mosques building; Arabs
and Muslims were fascinated with its
architectural and engineering formation
in addition to its distinct spiritual
eminence.

The minarets were known with many
names such as Al Manara, Al Swmaah,
Al Mezaneh, their architecture and
design were closely related to Islamic
and Arabic Architecture.
Throughout the ages,

#* minarets witnessed more
| development and creation
' and difference in shapes,
that Arab and Muslim
Engineer and Architect

Minaret of Al
Asbat gate

Minaret of
Al Ghwanimah
gate

Ammar Kaadan, Ph.D., P.E.
Professor of Civil Engineering
University of Kalamoon, Syria

developed them, until they became a
distinctive innovative historical model.
Historians have disagreed about the date
of establishment of the minarets, in the
early Islamic Prophetic Era; Bilal had
ascended to high place in the mosque to
call for prayer with loud voice, since there
were not minarets at that time. Thus,
such procedural performance continued
during the AL Righteous Caliphs Era
until the establishment of the Umayyad
Caliphate, and then the perception of the
minaret had appeared.

During the expansion of Islamic
Domination, the decorated mosques
with minarets were spread, and then
minarets’ shapes were developed to
distinguish them from region to another.
Some mosques included more than one
minaret, as was contemporary in great
mosques throughout the Islamic world.

The foremost example for
minarets to start with is Al Agsa Holy
Mosque; there are four minarets with
a distinctive creative engineering
design. In Al Agsa Holy Mosque, these
four historical minarets remain to
nowadays, fig 1. Three of them located
along the western side of the mosque,
starting at Al Ghwanimah gate, then Al
Silsila gate, next Al Magarebah gate.
The fourth one in the northern side
between Al Asbat gate and Hatta gate,
fig 2. The Minaret of Al Asbat gate
has a cylindrical shape, it was built in
769AH/1367AD using limestone, and
it rests on a square base, its height is
28.5m. The Minaret of Al Magarebah




falling stones, it is
discovered the sixth
band on the highest
level of the minaret
at the top of the
chamber. On this
band there is the
date of completion
of construction of
the minaret, it is 489AH, which means
that the construction of the minaret took
about 6 years, during 483-489AH/1090-
1096AD.

lll. The minaret architecture:

The minaret shows the continuity of
the Aleppo architecture tradition, as its
body was vacated by triple lobed and
multi lobed arches. The balcony is above
the fifth level and its projection is based
on mugarnas, and the chamber is in
the middle of it. The minaret's external
ornamentations are divided into five
horizontal parts.

B. Architectural documentation
of the minaret of the great Umayyad
Mosque:

Architectural documentation plans
of the minaret were prepared after
raising the status of it in 1999AD;
based on topographical measurements,
defining levels, photographs, and
measurements, all of them, were taken
authenticity. Geometrical sections of the
minaret of the great Umayyad Mosque
were determined, it was found that the
body of the minaret consists of square
section, its side was fixed from bottom
to the top of the minaret, and it was
between 4.65-4.92m. The total height of
the minaret, including the chamber and
the dome, starting from zero point at
the entrance of the minaret at northern
side of interior court of the mosque (the
southern fagade of the minaret) was
approximately 45.4m.

C. Damages on the minaret of
the great Umayyad Mosque due to
earthquakes:

Aleppo City and the minaret were
subjected to many severe earthquakes;

2013/4/24

the following earthquakes are the most
important:

|. The earthquake that happened in
565AH/1169AD;

Il.  The earthquake that happened
in 744AH/1343AD;

[II. The vigorous earthquake that
happened on 13/8/1822AD, its intensity
7.4 Richter;

IV. Another forceful earthquake that
happened on 3/4/1872AD, its intensity
7.2 Richter.

Earthquakes caused different
longitudinal and transverse cracks, their
width were between 10-30mm, and they
appeared in the outer and inner walls.
Repeated earthquakes led to irregular
inclination in the minaret fagades, mainly
toward the north-western side, with
maximum value about 35.84cm at the
top of the dome. In addition, they led to
breakage and fracture of many stones
in the fagades. Moreover, the binding
materials between the layer stones were
vanished.

D. Damages on the minaret of the
great Umayyad Mosque due to war
activities:

The minaret of the great Umayyad
Mosque in Aleppo resisted the seismic
and wind forces for hundreds years, yet
it could not resist hatred and viciousness
forces for few minutes, fig 26.

3. Conclusion

This article aims to in light a very
important side of engineering knowledge
in Arab and Moslem History. The
existence of these magnificent structures
that remained up to our contemporary
time reveals the talent of the Arab and
Moslem Engineers, Builders, Masons,
and Craftsmen, in the construction

of engineering structures including
minarets.

Moreover, using advanced structural
methods and utilizing advanced
structural software is our vital aim to
demonstrate that the Arab and Moslem
Engineers have the practical cognizance
and advanced engineering knowledge
in structural methods to construct such
unique structures that represent Arab
and Moslem Architecture that enrich the
human civilization.
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Taj Mahal monument in India, which
was built in 1041AH/1631AD from white
hard lime stones, the height of its four
minarets were 45m, fig 14. In the middle
Asia there is Kalian minaret in Bukhara
City, Uzbekistan, it likes lighthouse, it is
built from hard sand stones, its height is
55m, the diameter of its circular section
at the bottom is 13.5m, and at the top is
7.5m, fig 15.

In Iran there is Isfahan Mosque in
Isfahan City, the height of its wonderful
minarets is about 36m, they are covered
by coloured ornamental and mosaic, it
was built in 154AH/771AD. It is the oldest
and most beautiful mosque in Iran,
fig 16. In addition, there is an important
mosque in Iran; it is Al Shaheed Mutahari
Mosque, which distinguishes by its
beautiful minarets, fig 17.

Propinquity to our country, in Turkey
there are ottoman mosques, we shall
speak about some of their minarets.
These minarets have polygonal and
cylindrical shape, they become thinner
and more graceful, and they have at
the top tapered part as pencil shape.
Some mosques have one minaret with
one balcony, fig 18. Baized Mosque, or
two minarets with two balconies each,
fig19, Shehzad Mosque in Istanbul.
Others have four minarets with three
balconies each as Al Sultan Salim
Mosque, fig 20, its minaret’s height is
79m, it is considered the highest ottoman
minaret.

Moving to Mesopotamia in Iraq,

there is Al Kufa
Mosque, it is the oldest
mosque in Iraq, it was
built in 160AH/739AD.
Moreover, there is the
twisted lighthouse in
Samarra, it is the most
significant monument
of the Mesopotamia Civilization.
This monument was used for
observation the planets and stars,
and may be for worship rituals
events too. This monument was

22| built from dried clay bricks, and it

was rehabilitated during the rule
of the Abbasid Caliph Al Mutawakkil

in 237AH/852AD, fig 21. Its height is
approximately 52m, it differs from other
minarets in that, the stairs are external,
their width 2m, and they wrap around
the body of the minaret in a spiral shape
by reversal the hands of the clock. The
minaret was built on a square base, its
dimension is 33m and its height is 3m,
fig 22.

There is also Caliphs Mosque
in Bagdad; it is one of Bagdad'’s
archaeological ancient mosques. It was
built by Al Mouktafi Bellah Caliph during
289-295AH/902-908AD, it was called Al
Kaser Mosque, after that it was named
Al Caliphate Mosque, recently it is called
Caliphs Mosque, it is one of Bagdad’s
historical monuments, its minaret is
considered one of the historical minarets
distinguished by their architecture, it
is the last architectural monument of
Abbasid Caliphate. This minaret was
built only from bricks; its current height is
26m, fig 23.

Al Imam Ali Mosque “The Footstep
of Al Imam Ali” in Al Kufa, it was built in
56AH/ 635AD, it has two high beautiful
minarets, covered by plates with golden
colour, its height is about 25m, in each
minaret there is one balcony, fig 24.
Karbala Mosque “Al Imam Al Husain”
Mosque was built in 61AH/681AD, there
are also two beautiful and high minarets,
their height is about 45m covered by
plates with golden colour; they were built
with one balcony, fig 25.

2. Studying masonry
minarets construction

Minarets are considered
complete structural system
construction with engineering
formation that consists of
several cross sections which
reduces their areas while
elevating its body to attain equilibrium
and preventing their collapse. Minaret’s
cross section might be square, octagon,
12 sides, 16 sides, or circular. Minarets
consist of structural bearer, balconies,
crown, staircases, and foundation.
Different sections in the same minaret
makes it more beautiful and more
complex in studying and constructing it.

The minaret of the Great Omayyad
Mosque was built in the leading Islamic
Era; it is the oldest remaining part of
the mosque’s structure; it is located in
the north-western corner of the interior
courtyard of the mosque. It was built
as an alternative to antecedent one,
which was located at western wall
close to the northern wall of the interior
court of the mosque, “Al Qoblia”. Since
the first building which was built by
Omayyad Caliph “Suleiman bin Abd
Al Malek bin Marwan” was destroyed.
The current (2012) minaret was built in
482AH/1089AD by supervision of the
judge “Abi AL Hasan Mohammad bin
Yahiya ibn Al Khashab”.

A. The construction history of the
minaret of the Great Omayyad Mosque
in Aleppo:

The minaret was built through many
stages, which were dated by the writings
on it, these stages as follow:

. The minaret’s foundation:

It was built in the era of “Sabeq
Mahmoud bin Saleh Al Merdasi” who
ruled Aleppo during 468-472AH/1075-
1079AD.

Il.  The minaret’s body:

The building of minaret was started
in 483AH/1090AD, which it was carved
on the first lower level of the minaret in
the era of Al Saljouki Sultan “Malekshah”
who was died in 485AH/1092AD. The
building of minaret was finished in
487AH/1094AD in the era of Al Sultan
“Tatash” who died in 488AH/1093AD,
which was carved on the fifth level of
minaret; that is during the era of “Qosaim
Al Dawleh Aaq Sangar” who ruled
Aleppo during 479-487AH/1087-1092AD.
Recently, by observing the minaret's




case such as the

normalization of (hamza)
(1) or ((Vin all its forms to (alef
(("), and (Taa) (¢) to (Haa (»)).
Normalization puts all words on
equal footing, and allows pro-
cessing to proceed uniformly.

2.1.5. Root extraction

Arabic words are classified
into three main categories: nouns,
verbs and par-ticles. These words
are derived from a root word by
adding affixes. ISRI al-gorithm is
used for rooting.

2.2. Syntactic analysis

The purpose of this stage is
to extract the key phrases which
conveys the gist of the meaning
of the text. We use POS (Part
of Speech) tagging followed by
pattern-based chunking and
extraction. For chunking the
POS tagged text, we have to
define what POS pattern we
would consider as a chunk.
Noun-Adjective combination
(NNJINNS - JJ|[JJR]||JJS), Noun-
Noun combination (NN||NNS -
NNI|INNS) can be a useful pattern
to extract. Also, It is important to
chunk and extract proper nouns
(NNPJINNPS- NNP|INNPS). Next,
we ex-tract chunks matching
pattern. Key phrases which
consist of two or three words and
found in many sentences will be
used in the last stage to increase
score of those sentences.

2.3. Semantic analysis

Arabic WordNet 2.0 in format
of XML is used to represent text.
Representa-tions in WordNet
are not on the level of individual
words or word forms, but on the
level of word meanings. The
meaning of a word is determined
by its position relative to the other
words.

We solve word sense
disambiguation by measuring
the semantic similarity for each
concept of the word with the
concepts of three words before it
and concepts of three words after
it, then we choose the only one
closest concept (sense) of the
word with the highest similarity

value and closest to the mean-ing
of the text. Then, we measure the
semantic similarity to compute
similar-ity of each word's sense
to all words senses in the text.
Each sentence has a score of

the semantic similarity which is
equal sum of its words’ semantic
similarity scores. We increase

the score of the sentences that
contain im-portant key phrases
that are extracted in syntactic
analysis stage. Usage of key
phrase is very useful for texts that
contain un semantically-related
proper nouns.

2.4. Summary sentences
selection

Eventually, the system selects
the most important sentences
to produce a summary. The
sentences are arranged based
on their score of semantic simi-
larity descending from the highest
to the lowest. The first 45% of
sentences have been chosen,
and not more than 50% of words.
Finally, the extracted sentences
are reordered based on their
position in the original document
to preserve text coherency and
arrangement of ideas in the
generated summary.

3. Comparing to related
works

In this section, results of our
proposed method are compared
with results of other related Arabic
summarization methods based on
their published results in terms of
recall, precision, and F-Score .
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Fig. 1: Sample Input Document.
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Developing a new

approach to summarize

Arabic text
automatically using
syntactic and semantic

analysis

Abstract

Due to the wide spread
information and the diversity
of its sources, there is a need
to produce an accurate text
summary with the least time
and effort. This summary must
preserve key information content
and overall meaning of the
original text. Text summarization
is one of the most important
applications of Natural Language
Processing (NLP). The goal of
automatic text summari-zation
is to create summaries that
are similar to human-created
ones. This system is capable
of understanding the meaning
of information and retrieves
only the relevant part. The
effectiveness and evaluation
of the proposed work are
demonstrated under EASC
corpus using Rouge measure.

Keywords: Abstractive
Summarization; Ontology;
Semantic Similarity; Syn-
tactic Analysis; Word Sense
Disambiguation.

1. Introduction

There is an ever-
increasing need for better
automatic systems of Arabic
text summarization with the
explosion in the amount of
information available. We find
huge information online daily
in the unstructured documents
specifically. Information retrieval

from unstructured text is more
complex than structured or
semi-structured text. It is a big
challenge to analyze and retrieve
Arabic information because of
the difficulties in manipulating
Arabic language and lacking
of researches and tools about
Arabic language processing.
Automatic text summarization
has many features such as:
number of input documents
(single or multiple), purpose
(generic, domain specific,
or query-based), Output
(Informative or Indicative).

2. Proposed work

We introduce abstractive
summaries for Arabic free texts.
The role of our system is to
generate a summary by picking
out sentences which are most
relevant and contains the main
ideas presented in the document.
The system has four main
stages which are morphological
processing, syntactic analysis,
semantic analysis and generating
the summary. Morphological
processing converts the original
text into a structured form. It
includes sentence segmen-tation,
word segmentation, stop-words
removal, normalization and root
ex-traction. In syntactic analysis
stage, we use part of speech
to identify which phrases must
be chunked and extracted. In
semantic analysis stage, we solve
word sense disambiguation and
measure semantic similarity of
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all sentences in order to retrieve
the important ones. Final stage,
we generate the summary based
on their scores of similarity and
location in the original text.

2.1. Morphological
processing

Next, we will describe steps of
morphological processing in more
details:

2.1.1. Sentence
segmentation

At this step the text is
unstructured, we split it into
sentences. We extract each
sentence from the original text by
finding the sentence boundaries.
Sentences are assumed to be
separated by period, exclamation
mark, or commas.

2.1.2. Word segmentation

At this step, we split the
sentences into words to get the
Tokens.

2.1.3. Removing stop words

It is an essential step to help
identifying the most important
words; very common words that
appear in the text but carry little
meaning serve only a syntactic
function but do not indicate
subject matter.

2.1.4. Normalization

Before further processing,
text needs to be normalized.
Normalization gener-ally refers
to converting all text to the same
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Fig. 2: Summary Generated by
Score-Based, Machine-Learning
And NLP-Based Approach.

As shown in figure 3, our NLP-
based method introduces better
results:

The proposed NLP-based
method outperforms the others
in term of recall, precision and
F-score by values of 0.572,
0.459 and 0.498 respectively.
This is due to the usage of NLP
tasks; syntactic and semantic
analysis retrieve a good
summary unlike that method
depends on statistical features.
Our results are compared with
score-based and machine
learning-based under EASC
using rouge-1 and five reference

summaries in Table 1.

Table 1: Comparison of NLP-
Based Method with Other Related
Summari-zation Methods Using
Rouge-1 Under Five References
Summary

4.Conclusion

In this paper, we introduced an
abstractive Arabic summarization
system us-ing syntactic analysis
and semantic similarity. The
extracted chunks convey some
of the key themes presented in
the text. The essential sentences
of the original document are
identified based on their score of
semantic similarity. In addition,
the meaning of the original
document is preserved. The use
of Part of Speech (POS) with
word senses disambiguation
(WSD) and semantic similarity
promote quality of automatic
text summarization system. It
gener-ates more coherent, less
redundant and more informative
summaries.

Our proposed method is

compared well with EASC
dataset. The discovered results
are interesting. Using ROUGE
as a performance measure, our
system achieved 0.572, 0.459
and 0.498 for recall, precision
and F-score respectively. The
highest result was identified in
the texts related to health with
F-score (0.530) because most
of their sentences’ length is
moderate and have more related
concepts. The lowest result was
F-score (0.442) which is found in
the texts related to tourism that
contain too long sentences and
use a lot of words semantically
unrelated. Therefore, we used
key phrase extraction to increase
importance of sentences which
contain main words combined
as key phrase and not related

to other words semantically.
Future improvements of the
summarization system are the
generating summary for multi
languages, multi documents
and using additional features
represent the important ideas
in the text.m

Score-Based

Reference System Name Recall Precision | F-Score
Summary
score-based 0.513 0.388 0.442
) approach
Five machine-learning
referenc_:e approach 0.546 0.362 0.40
Summaries NLP-based
-base 0.572 0.459 0.498
approach
Table 1
1
0.845
0.8
0.647
0.6 0.506 :
+0.4220.436
0.4 B
0.2
o

machine learning-based

# Recall ™ Precision

NLP-Based

™ F-5core

Fig. 3: Comparison of Summary Generated by Score-Based, Machine-Learning
.and NLP-Based Approach
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