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Abstract:

Arabic has features that are not found in other languages. Almost all computer
software programs are implemented in English and very few of them are supported by
Arabic. For this reason we have developed an intelligent morphological Arabic
Analyzer that can give the correct semantic of Arabic sentences and shall deliver
correct grammar with text and voice. This analyzer will provide different
morphological characteristics of each word in the Arabic input text and therefore will

enable us to extract the syntactic characteristics of these words.

The main idea of this research is to design and build a database schema to represent
the Arabic morphological and grammatical categories that includes all possible words,
roots, derivations, and concatenations among them. The system and the database
engine were implemented using the VB.NET. We have created an appropriate
interface for the morphological analyzer for testing and experimentation purposes.
The user can enter the Arabic text from 12 predefined categories (combinations), and
the smart analyzer returns the morphological text within correct grammar (J:55) and
correct semantics, and it can convert the text into voice. The realization of such a
morphological analyzer requires not only an exhaustive database, but also it had
adapted sophisticated techniques to appropriately exploit the database and enable the

user to compose correct Arabic sentences with the right grammatical rules.

The proposed system has many useful applications especially in translation services.
In addition, it can be helpful to people with visual disabilities since the system can
read the Arabic text for the user, and it can be a great learning tool for non-Arabic

speakers who want to learn Arabic.
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Chapter 1

1.1 Introduction

Morphology is the backbone of a natural language processing system. Therefore
morphological analysis needs to be the first step of most natural language processing and

applications for communication between humankind and computer.

Arabic has its own features that are not found in other languages. Arabs want to talk to the
computer in their own language. To let the computer understand their language we will
make a smart system, a morphological analyzer of Arabic that lets the computer guess and
match the input to an appropriate Arabic text in context, from its Artificial Intelligence

domain.

This thesis aims at realizing a morphological Analyzer for Arabic text and to develop a
system that uses Arabic morphological analyzer and Parser to develop a computer aided
instruction package that can assist in teaching Arabic to foreigners. This analyzer should
be able to provide different morphological characteristics of each word constituting the
input Arabic text. This should allow us to extract syntactic characteristics of every word in
the text. The computational linguistics is one of the essential tasks of natural languages
processing. Its aim is to develop several computer tools allowing the user to recognize
automatically different linguistic processes - such as speech synthesis, speech recognition,
automatic translation, etc. It is important to mention that the computer linguistic science is
made up of two essential tasks: 1) Analysis whose goal is the extraction of linguistic
information from a given word. 2) Generation which permits the generation of words or

sentences from an informational situation represented by an internal formalism.



The realization of morphological analyzer for Arabic text is done within the analysis task.
The primary goal of such analyzer is to construct a database of all Arabic basics like verbs
schemes, derived nouns schemes, particular nouns, particles, prefixes, suffixes, and to
formulate important morphological rules. In addition, it employs several methods and
techniques of analysis that allow the extraction of different morphological and grammatical

characterization from textual words (words out of context).

In literature, there are many research papers in this area that attempted to build a
morphological analyzer, for example the morphological analyzer of Xerox.: It adopts the
root and pattern as basis for analysis and uses a set of rules built with Xerox finite-state
technology (Beesly, 2001). However the latter has a disadvantage, i.e. It presents some
defects concerning the rules of derivation and appropriate formation of the forms; likewise,
the morphological analyzer of Buckwalter which is certainly the more referenced analyzer
in the literature and available for evaluation yet, it has a disadvantage that neglects the use
of rules that process linguistic phenomena. For example, each lexicon entry is followed by
all forms obtained by inflection which increases the cost of its maintenance. These also
affect the morphological analyzer of Attia, based also upon Xerox finite- state technology.
It helps recognize multiword expressions but it does not handle vocalized texts and targets
only a particular application (which is syntactic parser) (Attia, 2005, 2006). Because of
such limitation, it cannot be used in application like automatic voyellation texts. We
analyzed all of these systems to develop a new system for both the syntactic and semantics
of Arabic words. We need to develop these modules so they deal with the morphological
analyzer both contextualized and decontextualized words. Previous systems find the root of
the words but they do not emphasize the grammatical form of the words. We want to

develop a complete Arabic morphological text-to-voice intelligent system that will help



people learn and perform correct grammar of Arabic. We give a short description of the

proposed system in figure (1.1).

\ / techniaue

Morphological analyzer

Word to analyze ﬁ Morphological

representation

Figure 1.1: System description
1.2 Problems and Objectives

Arabic is a very sophisticated language. It has many complicated rules that cannot be
found in other languages; Very few words are in common, for use by the software made in
Arabic. We want to design a system that solves many inherited problems to get the correct
Arabic meanings and rules. We have reviewed many papers on morphological analysis.
Most of those papers were concerned with the morphologic aspect of the text. They did not
pay attention to the resulting morphologic words when changes occur at the end, when the
process changes the word’s original position because of inherent difficulty of the Arabic.
Words in Arabic classification fall into two categories: With one of them such as in (=)
there is no problem because in such words, they don't change their form when their
position is changed. However this is not the case in the second group which called (<)
which changes at the end when they change their position as a reflection of grammar states.

We aim to solve this problem by building a complete Arabic morphological analyzer that



will hopefully solve these problems via intelligent database that can provide grammatical
analysis of Arabic, and to help users learn Arabic correct grammar form. We will highlight

some of the problems that the new system aims at solving:

e The agreement in number between the verb and the subject depends on the position
of the subject in relation to the verb. Example:

Subject + verb agreement (sl La3l)
Verb + subject no agreement (L3l caly)

e In Arabic there are many words that have the same syntactic 45 but the different
semantic meaning E.g. G&&: qiis

Gold: <l go: il

e A word can form a complete sentence and letter can replace a complete word. E.qg.
s

e Sophisticated prefixing and suffixing rule. E.g. ¢sab

e Very wide set of vocabulary.

e Most of the words change the end daitactics when their position is changed in the
sentence.

e Some words in Arabic didn't come from roots like most the language (Irregular
word formative).

e Multiple derivation rules of a root.

e Arabization is not a set of 1/O characters but a whole scheme to implement the

language features (essentially, NLP).



1.3 Related Work

Arabic is the mother tongue for more than 300 million people. There has been a
considerable amount of work on Arabic morphological analysis. We summarize some of
the most relevant work here. Kataja and Koskenniemi (1988) presented a system for
handling Akkadian root-and-pattern morphology by adding an additional lexicon
component to Koskenniemi’s two-level morphology (1983). The first large scale
implementation of Arabic morphology within the constraints of finite-state methods is that
of Beesley et al. (1989) with a “‘detouring’ mechanism for access to multiple lexica, which
gave rise to other works by Beesley (Beesley, 1998) and, independently, by Buckwalter
(2004). The approach of McCarthy (1981) to describing root-and-pattern morphology in
the framework of auto segmental phonology has given rise to a number of computational
proposals. Kay (1987) proposed a framework with which each of the auto segmental tiers
is assigned a tape in a multi-tape finite state machine, with an additional tape for the
surface form. Kiraz (2000, 2001) extended Kay’s, Saliba and Ai-Dannan (1989) developed
a Comprehensive Arabic Morphological Analysis and Generative System at the IBM
Scientific Center in Kuwait. Their analyzer examines the input word for different word
types and attempts to find all possible analysis. In the analysis process the longest valid
prefix and suffix are stripped from the word and the remaining part of the word, which is
called the stem, is used to identify a valid Arabic word. If the stem is accepted as a content

word (noun or verb) then further analysis processes will be carried out.

El-Sadany and Hashish (1989) developed an Arabic morphological system also designed
to carry out both analysis and generation, capable of dealing with vowelized,
semivowelized, and Nonvowelized Arabic words. This system was developed at the IBM

Cairo Scientific Center. The system has the ability to vowelize nonvowelized words. The



system was implemented in Prolog on the IBM PS/2 Model 60, the morphological analyzer
of Attia (Attia, 2005, 2006). This analyzer is based upon Xerox finite- state technology. It
helps to recognize multiword expressions. It does not handle vocalized texts and targets a
particular application, which is syntactic parser Because of limitation; it cannot be used in

application like automatic voyellation text.

1.4 Motivation

Human beings experience emotional states based on interaction with one another. People
make us happy, angry, and sad etc. These states are then reflected on our faces by our
facial expressions i.e. smiles, frowns etc. Arabic words behave in a similar fashion. They
enter grammatical states because of interaction with surrounding words.  These
‘grammatical states’ are then reflected on the last letter of the word, unlike human

emotions.

Most of computer programs are implemented in English, some have Arabic support. And
to protect our language from distortion and damage, many people make several mistakes
when they write in Arabic. For this reason We decided to develop an intelligent system to
address such problems by constructing correct Arabic sentences within correct grammar
rules. This system can also help people with visual disabilities to learn Arabic, and also

non-Arabic speakers who want to learn Arabic with the correct grammatical formation.



1.5 Contribution

The ultimate goal of this study is to develop a new smart system; an Arabic morphological
system that can process any text in Arabic and convert it from abstract forms into correct
grammar form that helps the user to observe and understand the rules of grammar of
natural Arabic by proper rules that give the correct meaning, and convert text to voice
within the spelling for pronunciation of Arabic so as to prevent our language from

distortion of message and intent.

1.5.1. Research Questions

In this study, we try to answer the following questions:

a) Is it possible to feed Arabic linguistics rules into the computer system and help
humans to learn them easily?
b) Is it possible to solve Arabic problems by using system?
¢) What is the correct way to let people know the correct spelling for pronunciation
and meaning of the Arabic?
d) Arabic is very rich in vocabulary; can one build a system containing most, if not
all of its words?
e) Can the system help the non-Arabic speakers to learn Arabic?
f) Can we make Arabic an area of interest for researchers, like English?
By developing our system and completing a research in this domain, anyone uses it should
be able to solve all these questions. When our task is complete, we are interested in
having this domain to solve any emergent issues we face in this research. We hope to
complete it and make Arabic available and desirable and we hope to have more

opportunities to develop grammatical system version in Arabic.



1.5.2. Research Methodology

We develop our new smart system by using (Visual Basic.NET) as a programming
language to build the system and the Arabic morphological analyzer to benefit from
several advantages such as flexible engine API, High Performance, Portability,
Client/Server, Web Ready, Precision Query technology, very large Table support for
International Languages. We used the Microsoft Access to build the database for the
system and make an agent to convert text to voice. We used the following methodology to
complete our research.

First: We will attempt to collect the vocabularies of Arabic and classify these words into
groups to find correlation between these words. We require the correlation between words
and their groups to know how we can build a complete database that shall contain all
possible words in the Arabic.

Second: We work with an eminent scholar of Arabic who gave us correct grammar rules of
standard Arabic and on how to classify Arabic. We need to comprehend the grammar of
the Arabic and understand to be able to apply its rules and classify them into groups
according to their syntax and semantics.

Third: We need to build a database that contains all possible words in a new
morphological analyzer system the computer can translate Arabic text into grammatical
Arabic text within their correct meanings via a smart system with an equally smart
database to match numerical values to match the very huge database content.

Forth: We have used (Visual Basic.NET) as a programming language to build the Arabic
morphological analyzer to be implemented.

Fifth: We will build this smart system with an attractive and easy GUI.

Sixth: We will need to process the system through testing.



Finally: We shall get a morphological analyzer in the Arabic that enables users to enter
any possible combination of Arabic text that will return morphological text within correct
grammar and correct meaning for use in any application, E.g. dictionary, translation etc.

Example:

NGA BB WRA RSENCE

The teacher doesn’t come to school.

1.5.3. Research Application
The system can be used in several domains like:
e Wireless SMS.
e Arabic Braille Environment, to help visually impaired learn Arabic.
e As an educational system in schools and universities.
e To teach non-native speakers to speak Arabic fluent.
1.5.4. Research Boundaries
This thesis will affect and assist Arabic expertise at all Palestinian universities, colleges
and schools in West Bank, even worldwide.

1.6 Key Words and Definitions
e < ma: These are the parts of speech which do experience grammatical cases and |
show these states by using damma, fatha, and kasra.

e Resembling (*%): these are parts of speech which do experience grammatical

cases that can't be change in any case.



Morphological analysis: is the first step of most natural language processing
applications.

Natural language: is an area of computational linguistics concerned with the
processing a naturally occurring (human) language by computer. It studies the
problems of automated generation, manipulation, and understanding of natural
human languages.

Computational linguistics: is an interdisciplinary field dealing with the statistical
and/or rule-based modeling of natural language from a computational perspective.
Vowelizing Arabic lexis: is the process of placing the short vowels above and
below Arabic consonants.

Arabic graphical word: we mean by graphic word, any graphical sequence of
characters that can be separated either by delimiters or such as blank or punctuation
marks.

Diacritics: special marks are put above or below the spelling characters to
determine the correct pronunciation.

Diacritized language: the language that uses the diacritics like Arabic.

10



Chapter 2

Literature review

Arabic is the native language of more than 300 million people (El-Kourdi et al. 2004).
Unlike Latin-based alphabets, the process of writing in Arabic is from right to left; and the
Arabic alphabets consist of 28 letters. Arabic words reflex for number gender and case,
feminine and masculine; three numbers: singular, dual, and plural; and three grammatical
cases, nominative, accusative, and genitive. A noun has the Nominative case when it is
subject; Accusative when it is the object of a verb; and the Genitive when it is the object of
a preposition. Words are classified into three main parts of speech, nouns (including

adjectives and adverbs), verbs, and particles.

Much of the work in text classification treats documents as a bag-of-words with the text
represented as a vector of a weighted frequency for each of the distinct words or tokens.
Such a simplified representation of text has been shown to be quite effective for a number
of applications (Diederich et al. 2003; Sebastiani 2002). There are several attempts to

enhance text representation using concepts or multi-word terms (Mesleh 2007).

El-Kourdi et al. used Naive Bayes algorithm to classify Arabic documents automatically.
The average accuracy reported was about 68.78% (El-Kourdi et al. 2004). Sawaf et al.
2001 used statistical classification methods such as maximum entropy to classify and
cluster news articles. The best classification accuracy they reported was 62.7%. In
addition, El-Halees (2006) described a method based on association rules to classify
Arabic documents. The classification accuracy reported was 74.41%. Al-Fedaghi and Al-
Anzi’s algorithm tries to find the root of the word by matching the word with all possible

patterns with all possible affixes attached to it (Duwairi 2005).

11



Al-Shalabi et al’s (1998) morphology system uses different algorithms to find the roots and
pattern. This algorithm removes the longest possible prefix, and then extracts the root by
checking the first five letters of the word. This algorithm is based on an assumption that
the root must appear in the first five letters of the word. Khoja has developed an algorithm
that removes prefixes and suffixes, all the time checking that it’s not removing part of the
root and then matches the remaining word against the patterns of the same length to extract

the root (El-Kourdi et al. 2004; Larkey and Connell 2001).
2.1 Previous Software Descriptions

The realization of morphological analyzer for Arabic text is located in the analysis task.
The primary goal of such analyzer is to construct a database of all Arabic primitives like
verbs schemes, derived nouns schemes, particular nouns, particles, prefixes, suffixes, and
infix and to formulate important morphological rules. In addition to that, it needs several
methods and techniques of analysis that allow the extraction of different morphological
and grammatical characterization from textual words (words out of context) the figure

(2.1) describe the general standard for Arabic morphological analyzer.

Amnalysis
Technique

Morphological

Morphological
Analyzer

Représentation

Word to analyze

Figure: 2.1 Morphological analyzer principles
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Most of the architectures of the morphological analysis system are made up of tree
modules: Prefix-suffix segmentation module, decision module and processing module the

figure (2.2) show this architecture.

ot - Failure
Word to Prefix-suffix Decision Processing
Analyze segmentation » module - module - it
module

Figure 2.2: Architecture of the morphological analysis system

Figure (2.3) shows how the morphological analysis works.

Prefix="dl” , suffix="cr’ , stem = {noun (<l ...), verb (i)}

Vo A
| Search in database to find the suitable possible noun | @ambiguatioD

<

Prefix="d)” , suffix="cx’ , stem = noun '', male, single, undefined

y
@atures >
A

=ikl (noun, plural, defined )

Figure 2.3: An example for the morphological analysis
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There are many Arabic morphological analyzers where some of them have commercial
purpose and others are available for research and evaluation. Among the most recent and

known analyzers are:

2.1.1. The Morphological Analyzer of Buckwalter

Buckwalter Morphology is well-known in the literature and has even been considered as
the “most respected lexical resource of its kind” (Hajic et al., 2005). It contains 38,600
lemmas, and is used in the LDC Arabic POS-tagger, Penn Arabic Treebank, and the
Prague Arabic Dependency Treebank. It is designed as a main database of word forms
interacting with other concatenation databases. Every word form is entered separately. It
takes the stem as the base form, and information on the root is also provided. Buckwalter’s
morphology reconstructs vowel marks and provides English glossary, and it is less

ambiguous than Xerox’s. The disadvantages, however, are:

1. It is not rule-based. All word forms are entered manually. After each entry, all forms
that belong to that specific entry at different inflectional levels are listed. So it does not
capture generalities, and it increases the cost of maintenance.

2. The system is not suited for generation. This means that you cannot give the system a set
of strings and tags in order to produce the surface forms.

3. Lack of coverage of the critic question morpheme, which can be prefixed to verbs and
nouns. This was perhaps intended to reduce ambiguity, but it still limits coverage. For

instance the examples below are not found by the system.

14



3

Ex: Js8i - "a’aqdlu ‘do I say’ — not found

2ad  ‘muhammadun ‘Is it true that Mohammed’ - not found
4. Insufficient coverage of imperative forms: Out of 9198 verbs, only 22 verbs (0.002%)
have imperative forms. This is far less than the 32% allowed in our morphology. This
restricts Buckwalter’s morphology from dealing with instruction manuals, for example.
Buckwalter’s system does not give the imperative senses associated with common verbs as

the follow example.

Ex: Jdswa hawil try'
) intazir ‘wait'
Gl idrib hit’

5. Insufficient coverage of the passive morphology. Out of 9198 verbs, only 1404 verbs
(15%) are allowed to have a passive form. In our system, 36% of verbs can have a passive
form. Buckwalter’s passive forms are also restricted by tense. Only 110 of them have a
passive form in the past (perfective) tense. There are even passive forms for verbs with
low probability as example follow.

ilay yumat ‘be made to die’

Ul yu‘as ‘be lived’

Other verbs with high probability are not allowed in the passive, such as the following:

Jué gabal ‘meet’

Jaxiail 'ista’ mala 'use'

6. It accounts for the classical affirmative clitic J la ‘indeed” which is prefixed to nouns.
This makes it ambiguous with the preposition which has the same form, and increases the

ambiguity level.
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Ex: Y la-'ahzab indeed + parties

7. Some proper names are associated with senses that are no longer used in the language.
Ex: FYSYEN Husam / sword

s Hanifah / orthodox

8. Buckwalter’s system does not handle multiword expressions (MWEs). MWEs have
high frequency in texts and when they are identified and analyzed correctly they add a
sense of certitude to the analysis and reduce ambiguity. However, when MWEs are
analyzed compositionally, they lose their meaning and add to the ambiguity problem, as

component parts may be individually ambiguous. The MWE in (18) has four different

analyses by Buckwalter’s system.

Ex: | gﬂ\
Abi ‘as'ad
My father / proud happier / make happy

'‘Abu As'ad [proper name]'
9. Inclusion of classical entries. Every entry added to the lexicon of a morphological
analyzer is very costly in terms of ambiguity, so terms should be extracted from
contemporary data, rather than from traditional dictionaries, if they are meant to handle
modern texts. There are many hints that Buckwalter and Xerox took Hans Wehr’s Arabic
English Dictionary of Modern Written Arabic (Wehr, 1979) as the backbone reference.
However, in the earlier introduction, Hans Wehr stated that the dictionary “lists classical
words and phrases of elegant rhetorical style side by side with new coinages”. Buckwalter
includes some roots that are totally obsolete, such as.
Ex: <@ gaffa 'to be dry’

& abada  'untamed'

<l abba  ‘'desire’
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Some forms are fossilized in contemporary usage, as their usage is limited to expressions
in a certain syntactic and morphological context. However, they are included in
Buckwalter’s system as full entries.

10. Improper spelling relaxation rules. Buckwalter justified the inclusion of these
relaxation rules by the fact that they are common in the data analyzed (Buckwalter, 2004).
We reckon however, that this is not a solid justification because firstly, we should take into
account that Arabic electronic texts are relatively recent and that not so many authors are
well trained in using proofing tools. Secondly, misspelled words should be handled as
special cases, or apply rules when the forms fail to receive an analysis. Applying the rules
globally leads to a massive increase in the ambiguity level for correctly spelled words.
Thirdly, misspelling is even common in English. The Google score for the misspelled
word “around”, for example, is 2,530,000 and for “video” is 2,150,000, and this will not be
deemed as a plausible ground for including these misspelled words in an English
morphological analyzer. The examples below how Buckwalter analyzed words with alif

(") In the middle, and then applied the spelling relaxation rules to allow this alif to be also
interpreted as hamzah (i), further increasing the number of ambiguities

Ex: J&é  faghil

11. Noncomprehensive treatment of the rules that govern the combination of words with
clitics, or grammar-lexis specification (Abbés et al., 2004, Dichy, 2001, Dichy and
Fargaly, 2003). As clitics are syntactic units, syntactic rules should apply when they
combine with words. For example, when a preposition precedes a noun, the noun must be
in the genitive case. Similarly, while it is acceptable for the noun to be followed by
possessive pronouns, this is not acceptable for adjectives, which is not observed by

Buckwalter.
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Another wrong analysis is shown follow example where a verbal noun derived from an
intransitive verb is attached to an accusative pronoun clitic, which is grammatically and
morphologically not acceptable.

gxas musirry (determined /insistent + my)

2.1.2. The Morphological Analyzer of Xerox

Xerox Morphology is regarded as a system that is “based on solid and innovative finite-
state technology” (Dichy and Fargaly, 2003). It adopts the root-and-pattern approach. It
includes 4,930 roots and 400 patterns, effectively generating 90,000 stems. The
advantages are that it is rule based with large coverage. It also reconstructs vowel marks
and provides an English glossary for each word. The system inherited many disadvantages
from Buckwalter’s morphology such as the lack of specifications for MWEs, and improper
spelling relaxation rules. It even includes more classical entries, and lacks more grammar-
lexis specifications. The following example shows an extreme case which violates the
syntactic rule that a pronoun must be free within its binding domain, or *“co-reference of

the subject and of the object” (Dichy, 2001).

Ex: W ai  nadribuna 'we hit us'
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Additional disadvantages of Xerox morphology are:

1. Over generation in word derivation: The distribution of patterns for roots is not even,
and although each root was hand-coded in the system to select from among the 400

patterns, the task is understandably tedious and prone to mistakes.

word transliteration | root meaning
qwl sav (verb)
Ja qal qlw fry (active participle)
qll decrease (active
participle)

Table 2.1: Over generation of spurious stems

The first analysis is valid, while the other two are spurious derivations that have no place

in the language and not even found in classical dictionaries.

2. Underspecification in POS classification, which makes it unsuited for serving a syntactic

parser. Words are only classified into:

- Verbs

- Nouns, which include adjectives and adverbs.

- Participles

- Function words, which include prepositions, conjunctions, subordinating conjunctions,

articles, negative particles, and all other particles.

3. Increased rate of ambiguity: Due to the above-mentioned factors, the system suffers
from a very high level of ambiguity, as it provides so many analyses (many of them

spurious) for most words, as shown:
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EX: gxas  misriyy "Egyptian
Xerox (22 solutions)
Buckwalter (10 solutions)

Attia (2 solutions)

2.1.3. The Morphological Analyzer of Attia

Our system is built on using finite state technology (Attia, 2005, Attia, 2006a), and it is
suitable for both analysis and generation. It is based on contemporary data (a corpus of
news articles of 4.5 million words), and takes the stem as the base form. It contains 10799
lemmas (1532 verbs, 8923 nouns and adjectives, and 344 function words) and 2818
multiword expressions. The core system provides efficient coverage of MSA (Modern
Standard Arabic) for its specific domain (news articles). The system is available for
research and evaluation at www.attiaspace.com, along with a set of relevant finite state
tools: a tokenizer, a white space normalizer, MWE transducer and a morphological
guesser. The system is rule based; there is only one entry for each stem, and all inflection
operations and orthographical changes are handled through xfst alternation rules. This
helps in separate the task of the developer and the lexicographer. As adding new terms to
the lexicon in a morphological transducer is a never ending process, the lexicographer’s

job is made clearer and easier.

One point of strength in the system that may give it an advantage over other morphological
analyzers is the coverage of multiword expressions (Attia, 2006b). The system can
efficiently handle compound names of people, places, and organizations, as shown in (27),
(28) and (29), in addition to more complex expressions which can undergo inflections and

lexical variations. 1 give the following example:
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Ex: _le s

Abt 'ammar (lit father of Ammar)

A disadvantage of the system, however, is its limited coverage. Between Buckwalter’s
38,600 and Attia’s 13,600 entries, a good coverage, general domain morphology is
expected to be around 25,000 entries including MWEs. My system does not handle
Diacritized texts. The decision to ignore diacritics was taken after examining a set of
35,000 unique words from the corpus, where only 156 words were found to carry diacritic
marks, which is statistically insignificant. Other disadvantages are that it does not
reconstruct diacritics, or provide English glossaries. These limitations do not affect the
functionality of the morphology especially when the target is to feed a syntactic parser; yet
it has been customary in Arabic morphology to provide diacritics and glossaries for

illustration and pedagogical purposes.
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Finally the following table contrast the systems discussed earlier.

The morphological analyzer of
Xerox

The morphological analyzer
of Buckwalter

The morphological analyzer of
Attia

ASG Arabic Slot Grammar

It adopts the root and pattern as
basses for the analysis and uses
set of rules build with the Xerox
finite state technology and the
disadvantage of this technology
it presents some defects
concerning the rules of
derivation and  appropriate
formation of the forms as well.

It is an analyzer that is used in
information retrieval, machine
translation, and natural language
processing.

This analyzer based upon Xerox
finite state technology it helps to
recognize multiword expression.

They focus on the integration of
BAMA with ASG and describe
initial version of slot grammar
and has the feature of deep
structure in parse tree.

Table 2.2: Related work comparison
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Chapter 3

The model of Arabic word

Arabic can be classified into three main varieties: Classical Arabic (>l 4 21l) Modern
Standard Arabic (&l 4nal), and Colloquial Arabic dialects (4l 4w al)). Classical
Arabic is the language of the Holy Quran. It could also be viewed as the language of the
pre-Islamic poets. This language is fully vowelized and is rarely used in today’s everyday
writing. Modern Standard Arabic (MSA) is the language of today's Arabic newspapers,
magazines, periodicals, letters and modern writers. It is also used as the medium of oral
communication in formal speeches and in television and radio broadcasts. There is a lot of
interest in the study of Arabic in the last few years. Most research focused on the
morphological analysis of the language and its use in applications such as Information
Retrieval and Question Answering Systems. These studies have highlighted Arabic as a
highly derivational and inflexional language in which morphology plays a significant role.
However, most of these studies saw the derivational and inflexional aspects of the
language as a disadvantage rather than an advantage when it comes to the automatic

processing. Figure (3.1) shows the structure of Arabic.

Avrabic Word

Particle WVerb Mo

Sound Verb Wileak Werb

Figure 3.1: A structure of Arabic
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3.1 The Definition of a Word

As morphology is concerned with the analysis of words, it is primary to define the term
word. Although linguists may enjoy endless discussions about what a word definitely
means, we fortunately follow a much straightforward and easier approach. As words are in
the form of written text, we operationally define a word as it is defined by any text editing
program: A word is the alphanumeric string between any two non-alphanumeric

characters.
3.2 The Definition of an Arabic Word

As with the definition of word, Arabic linguists do not agree on what an Arabic word
definitely means. Here also, we operationally define an Arabic word as:

An Arabic word as defined above, which meets the following two conditions:
1. All its characters are bare or Diacritized Arabic alphabets (Diacritics are introduced in
section [3.3].)
2. It belongs to either of the following two categories:

i) The original Arabic words.

i) The Arabicized words.
Original Arabic words are divided in turn into two sub-categories:
Derivative Arabic words: These are the verbs and nouns that are built according to the
Arabic derivation rulesl. The vast majority of the Arabic words belong to this category.
Fixed Arabic words: These are a set of words molded by Arabs, anciently, and do not
obey the Arabic derivation rules. Most of these fixed words are neither verbs nor nouns;
most of them are functional words like pronouns, prepositions, conjunctions, and question
words. They may be best regarded as the glue that ties the words of the Arabic sentence

together. The category of the fixed Arabic words contains a limited number of members.
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The Arabicized words are nouns borrowed from foreign languages (perhaps with some
phonetic adjustments to suit the Arabic pronunciation) and have become common among
the native Arabic speakers. To preserve the purity of the Arabic, it is not preferable to
consider a word in this category unless its meaning has no counterpart in the category of

the original Arabic words. Figure (3.2) summarized the definition of Arabic word.

Arabic word

Original Arabized

Derivative Fixed

Figure 3.2: The definition of Arabic word
The derivative Arabic words divided into two categories:-
e Derived Nouns :
Nouns attached to verbs are called in Arabic “Derived Named Nouns”
(Sl dgiiall slalil)we defined them in six categories.

» The infinitive (b&=4l)): Verbal nouns are nouns that are formed directly as an
inflexion of a verb or a verb stem. However, in Arabic the word "_x=2l" means
source and most grammarians' state that triliteral verbs are derived from verbal
nouns. However, in practice, it is much easier to organize the ontology based on
the verb and to link the verbal nouns to the verb as verbal nouns do not have a

logical organization and they have too many patterns.

= The present participle (JeW aul): Active participle represents the subject

performing the action described by the verb. Each verb in Arabic has one active
participle and this include the verb’s derivations. Table below summarizes the

patterns of the active participle for some verb patterns with examples. Hence, it

25



is not only possible to identify that a particular word is an active participle, but

we can also identify the root, hence the meaning of the verb from the ontology

Verb pattern A.P. pattern Example
Jad Jolé S (G
Jadi i RICPRWR PR
Jeld Jelda i gl (2
d”éﬁ d;-ﬂﬁ J:.MS:\.JA 3 M‘JHS

Table 3.1 Patterns of some active participles with examples

* The past participle (Jssial al): Represents the object upon which the action is

performed. The passive participle takes the form Jsia for example < is derived
from <3 (to write) we note that not all verbs will have a passive participle.

= Substantive Adjectives: Adjectives are divided into three subcategories:
e Adjectival Noun(d¢s&all 4aall):  These are nouns that in a particular context

are regarded as adjectives and describe the state of a person or a thing.

e The maximizing adjectives (4wl &ua): These are used to overstate the

qualities or descriptive of a noun.

e Superlative (Jxaiill af): Also known as superlative adjectives indicate that
something has some feature to a greater degree than anything it is being

compared to in a given context. They are also used for comparison.

= Adverbials of time and place (oSl aud ¢cla3l aul): These nouns refer to places or

periods in time.

» Instrument noun (4! aul): This names category denotes instruments used to

perform the action described by the verb.

The part of the ontology that models the derived nouns is shown in Figure (3.2) which

shows the main six categories of the derived nouns and the three subclasses of adjectives.
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Derivatives noun  Jadlly dgudiall £)aud)

Verbal noun k)

Active participle Jeldl au)

Past participle Jssiall aul

\ J
4 _ ] N
Adjectives
- J
N
dgadial) diall
J

- - - . \
Active participle JeWll aul 4gdiall 4dal)

J

" A

Al fsa
J

Comparative and Jx<aiil) au
superlative adjective
J
( N

Space noun  Gsal) aul

Time noun gl amd

Instrument noun &Y sl

Figure 3.2: Part of the Ontology Representing Derived Nouns
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e Derived Verbs:

The basic patterns of triliteral and tetraliteral verbs are have the following meters:
= Trilateral verbs have the following three basic patterns :(Jsd «Jaé «Jad ).

= Tetraliteral verbs have only one basic pattern which is represented as :(Jixé ).
According to these meters, many derivatives are produced and these are based on the
number of consonants in the verb. The derivation is composed of the basic consonants

forming the root to which we add one or more consonants.
3.3 Arabic is a Diacritized Language

The pronunciation of a word in some languages, like English, is almost always fully
determined by its constituting characters. In these languages, the sequence of consonants
and vowels determines the correct corresponding voice while pronouncing a word. Such
languages are called non-Diacritized languages.

On the other hand, there are languages like Latin, where the pronunciation of their words
cannot be fully determined by their spelling characters only. In such languages, two
different words may have identical spelling whereas their pronunciations and meanings are
totally different. To remove this ambiguity, special marks are put above or below the
spelling characters to determine the correct pronunciation. These marks are called
diacritics and the language that uses them is called a Diacritized language. Arabic is also a
Diacritized language. In fact, Arabic has the most elaborate diacritization system.

Table (3.3) shows the Arabic diacritics and the significance of each one.
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Diacritic Name Sound like example Comment
“y Fatha  4a a Go Lay | -
EA Dammah &ea 0 O E———
Kasrah 3,uS e Book 58 | e
- Sokoon OsSw A non vowelized Gold VS
consonant
2 Tanween damm on Book Qs Only the last character
may be assigned this
mall (g6 diacritic
Z. Tanween fateh an Book  Lu< Only the last character
et may be assigned this
il o g diacritic
Tanween kasir in Night elwe Only the last character
Cl ’ may be assigned this
BRENITPLs diacritic
_ Vowel Long (a), (e), Say Ja
2l or (0) vowelized
stress Repeat the letter | Learn e | Infact, shadda is not a
= diacritic but is a mark of
vzl Doubling the character

While pronouncing it. The
character with a shadda
needs another diacritic

Table 3.3: The Diacritics table

Each character in an Arabic word must be assigned two things about diacritics:

1. The shadda state of the character. (With shadda/without shadda)

2. The diacritic of the character.

These are called the diacritic information of the character.
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Unfortunately, in today Arabic writing, people do not explicitly mention diacritics. They
depend on their knowledge of the language and the context to supply the missing diacritics
while reading a non-Diacritized text. They only mention diacritics in writing when a
severe ambiguity is feared or for educational purposes. An automatic morphological
analyzer must consider diacritics in its model of Arabic word and must also have some
mechanism of figuring out the missing diacritics of a given Arabic word.

The diacritization states of an Arabic word are:

1. Full diacritization: It is the assignment of all the diacritic information for each
character in the word including the last one. In Arabic, the diacritization of the last
character sometimes depends on the syntactic analysis of the word within its sentence.

2. Half diacritization: It is the same as full diacritization except for that it does not
provide the diacritic mark of the last character if it depends on the syntactic analysis of the
word. As the morphological analysis deals with words one by one and does not analyze
the sentence as a whole, it can only be hoped to provide half diacritization.

3. Partial diacritization: Any other diacritization state of the word that provides less
diacritic information than half diacritization is called partial diacritization.

4. The grammatical diacritization: this diacritic is on the end letter of the words this
diacritic change when the word change its position this is the most difficult problem in the
Arabic. The most morphological systems care in the diacritic of the word not on the
grammatical rules of the word, my system interest in grammatical rules of Arabic and
solve this problem, | develop this smart system that can diacritics the sentences in the
Arabic and give grammatical diacritization with the correct syntactic and correct semantic |

give you some examples of grammatical diacritization in Arabic words.
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Example:

Saan sall
Mﬁj‘ oS
Jeen 52l ¢

Jrandl Tead) Ty,

Arabic depends on the graphical structure of the words, Arabic words have two structures
one of them complex structure of AGW (Arabic Graphical Word) and simple structure of
AGW, a simple AGW is an attested word of the language; it is formed by the
concatenation of a basis with possible affixes (prefixes and suffixes ). Without affixes, it
does not constitute an attestable word of the language.

e Simple AGW = Prefixes +Base +Suffixes.
But complex AGW is formed by the concatenation of a simple AGW and a set of clitics

(proclitics and enclitics).

e Complex AGW = proclitics #AGW # enclitics.
e Complex AGW =proclitics # prefixes + base + suffixes #enclitics.
e Or Complex AGW = prebases +base + postbases where prebases = proclitics
#prefixes. And postbases =suffixes # enclitics.
Notes: concatenation noted by the symbol # in the above expression, express a weak
connection, in other words an attestable complex AGW of the language can be carried out

without proclitics, respectively enclitics.
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Example: the graphical form agd 5 jSdaub

Postbases Prebases
Enclitiques Prefixes Base Suffixes Proclitiques
o ¢ S 09 p

We want to build a linguistic database integrating all the linguistic data suitable for the
Arabic. Morphological analysis system rests on the use of a linguistic data, which represent
its own basic knowledge. For this reason, the organization of the database is very
important. We suggest then a particular organization that is adapted to the particularity of
the Arabic morphology. For instance, our database is composed of several tables that are

loaded automatically from several files. We discuss the database in chapter four.
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Chapter 4

System Description

The system that we created it can process the text in Arabic and convert it from abstract
forms into grammar ones to help the user understand the syntactic rules in Arabic. The
proposed new system is not an easy task to perform for Arabic is a difficult language
compared to English, French, or Spanish. Those languages are written in Latin alphabet
and have vowels, whilst Arabic has special characters called "Diacritics". These diacritics
give the words the correct meaning inside a sentence. For example, two Arabic words that
have different meanings can be written in exactly the same way which only the diacritics
can help the reader to distinguish them from each other. If one wishes to build a new
Arabic morphological analyzer, there are several organizational structures for Arabic that
they depend on the framing of the Arabic graphical words which we will need to justify by
the choice of organization we opt within Arabic. We built a grammatical morphological
Arabic system by organizing all the rules of Arabic grammar, to then build an intelligent or
smart database. The database is composed of several tables that are loaded automatically
from several files. We noticed that we based them on many works done in Arabic
morphology, in order to constitute the database; a database dependant on the code of huge
volume of words represented to be stored in many tables, to get all possible combination of
word meanings in Arabic text. Our used Visual Basic.Net to build, implement our system,
design and then to use the agents to convert diacritic texts to voice. The process of the
system is based firstly on entering the text; analyze the text, and separating the text into

wordings and finally converting into retrieving to morphological text.
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What follows is the summary of this new smart system and the figure (4.1) describes the

work of our morphological analyzer:

Search in Matching the
database to find ‘——— words
the words
Entering the Separating the Returning back the
text =i text into words text morphological
(Eia)
Figure 4.1: System model steps
The figure (4.2) gives you the system process with the synthesizer:
Input Text ‘ Output fexe
P And Voice

Morphological

Figure 4.2: System process with the synthesizer
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Also figure (4.3) gives you a full description of how the synthesizers work in the system to

add the grammatical rules on Arabic sentences.

Grammar rules Arabic grammar
V Stem with features
nput sentencpsr"”"P TN -
—, arser
N /
\*_
Inflected word
v Stem
[ n,
4 [
v Morphological Analyzer e
Parse free S
Stem with features \ /

Figure 4.3: Synthes
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4.1 Methodology of my Work

We decided to make this new system to save our language from further distortion and one
which restores right correct language with a proper rule grammar; we make this system to
the diacritics of Arabic words. To build this system, we will need to work in many stages
to complete it and produce results hopefully, correctly. These stages are mentioned and

described below:

4.1.1. Collect Arabic Rules

Arabia is the most complex language because it is rich in many rules of the grammar,
unlike most other languages; it is the language of the Holy Quran. We collected all the
rules of Arabic language that we discuss earlier in chapter 3, studied and analyzed them to
find the relations between the words that would help build and complete our new system to
produce correct grammar with right semantics and syntactic, to save our language from

distortion.

4.1.2. Build the Database

Organizing the Arabic rules and obtaining right, relations between words, is intended to
help us build a smart database which can find correlations within Arabic vocabulary. The
basic component of our system is the database. It depends on the code we use. It will be an
intelligent database which supports our project and it is designed to resolve problems we
may face during the development of our system. Our database consists of six tables which
we build using Microsoft Access programs. We used code numbering to fill the tables.
This way, the system becomes intelligent, making the database more simple, clear and fast
to return the value whenever we send a request. This is called a neural —network, where it

uses the cde numbering to fill the fields. These tables are as follows:
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e Table alharakat :-which it contains a four record field

1. Numb
2. Harkehid
3. Harkeh
4. Note

Numb Harkeid Harkeh Description
1 1 - Fataha da%
2 2 e Dammah s
3 3 Sokon OsSa
4 4 - Kasrah B

e Harkehtype table: which it contains

Table 4.1: Alharkat table

1. Harkehid
2. Name
Harkeid Name
1 PR
2 dai
3 Qe
4 B S

Table 4.2: Harkehtype table
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e Jomeleh table: which it contains

1. Jomelehid

2. Moharekeh

3. Note
Jomelehid | Moharekeh Description jomeleh Description Note
moharekeh
11 22 BEVIEW g s ac g sy
21 12 Jeld ¢ alall Jadll & e geaia
31 22 deld cg jlaa J=8 g ag 8
211 121 4 dsrie (Jeld ¢ale Jud Q saiacg e gaie
311 221 2 Jsmia (Jolb g lias Jad C pemiace A yacp sy
2141 1234 ol in (Jold egmla Jab | s snaca s haacg A jac saaie
3141 2134 ol <G (Jel g Jama dud | 5 yaaca s e shacg e
511 121 L e Lgand gt il S palacg @ pai gala
611 112 L ea gl (gl sal 5 ) g S a0 praiad puaie
71 31 4 Jgria ¢yl Jad O paiaca 5 Jae
3111 2221 Jsmiaciiac Jelip Jlias Jad | 3 geaiacg s jac s jace 5 e
a
2111 1221 | sy priacimJelicpiabe Jub | cpmmie @ fomf m ez el

Table 4.3: Jomeleh table
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e Words table: which it contains
1. Numi
2. Word
3. Wordtype

4. E-rootword

5. Note
Numi Word Wordtype | E-Rootword Note
1 al 2 1
2 Jsea 1 9
3 Sl 3 2
4 o 4 6
S5 LS 5 8
6 o 6 10
7 fs e 1 7

Table 4.4: Word table
NB  This table contains very wide wordings in Arabic, of all the types of possible words
to identify the storage; even of words you can add; any word that you want in my system,

it will give. We explain one such example in the table above.
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e Wordtype table: which it contains

1. Wordtype
2. Name
3. Note
Wordtype Name Description Note
1 and noun
2 2kl Jadl Past verb
3 & e Jad Present verb
4 i Proposition
5 S e sal Kana word-family
6 o el Al Ena word-family
7 d Jad Imperative

Table 4.5: Wordtype table

NB One can also add any new types of the wordings in Arabic; these tables are flexible

and scalable.
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e Root table: which it contains

1. R id

2. Root

3. R_moh

R_id Root R_moh
1 Jaé 111
2 Jas 1312
3 O sxia 13222
4 Jad 141
5 AR 1313114
6 Jais 2132
7 S 433

Table 4.6: Root table
NB  This table contains many another roots for the derivative words and some fixed
words you could add to any roots that you want in my system that this way it can diacritic
each letter in the word. It would be simplest and easiest way to get correct syntactic and

right semantic for the Arabic wording.

41




The graph shows the database correlations:

Harkehld

Wordtype

Harkat * Harkehtype

( Jomelehid )( Mohrkeh )( Note )

Rootword

Words

G000 000 (00 ¢

Root

Figure 4.4: ER Diagram

Jomleh
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4.1.3. Implementation of the System

We used (visual basic.net) as a programming language to build my system and the Arabic

morphological analyzer to benefit from several advantages:

Firstly: Our proposed system is Internet-based, meaning that it will be executed by a web
browser. The morphological analyzer runs as a VB script that is embedded in a web page

and stored on a web server.

Secondly: VB supports fully Unicode characters, which facilitates the integration of

Arabic text as the system input.

Finally: the VB features of VB maps easily the system’s description presented earlier in
this thesis. The rules are stored in vector structures, which are initialized automatically
upon start-up of the morphological analyzer from files that store off-line the rules
attributes. They are represented as a VB which implement the rules attributes as discussed
in section three. The rule sub-classes (RegRulesTable and IrregRulesTable) inherit a set of
attributes from a common general class. Additional attributes and methods are added to
every sub-class in order to permit the treatment of all tokens. It has some specific features

such as:
1. Flexible Engine API:

The Code Base Engine API provides comprehensive database functionality under all
popular development environments and operating systems. You get a complete set of high
and low-level capabilities. High-level functions let you accomplish a lot in a single

function call while low-level functions let you do precisely what you want.
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Furthermore, the Engine API is easy to learn. This is because of its modular well

organized design, intuitive function names, and full documentation.

It includes a comprehensive User's and Reference Guides with lots of examples.

2. High Performance:

Our high performance database engine allows query of millions of records in a single
second to perform bulk appends edits and deletes at speeds that are impossible with other
products. This even exposes 'low-level’ APl to give every opportunity to tweak
applications for maximum speed. Code Base includes full support for multi-threaded
standalone and client/server applications. Code Base will work fast by reviewing some of
our speed demo benchmark results; experiences by fast downloading of my speed demo.

Also, reference to Precision Query Technology is available.

3. Portability:

The application needs to run on more than one platform. There are versions of Code Base
available for every major operating system including Windows XP, 2000, NT, Me, 98, 95,
CE, 0S/2, DOS, Macintosh, Linux, and a variety of UNIX platforms including Solaris,
SunOS, HP-UX, AlX, SCO and others. 64-bit operating system support is also available.
The Code Base Engine API is virtually same between all supported programming

languages, allowing ease of development in more than one language.

4. Client/Server:

Access databases across networks or across the Internet allow the advantage of

performance, stability and remote administration of client/server.
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5. Web Ready:

Code Base can be used to make databases available on website or corporate intranet using

a number of different methods.

6. Precision Query Technology:

With Precision Queries, we get a unique combination of speed, high level functionality and
control. The speed partly comes from sophisticated Bit Optimization, indexing,
compression, and bulk data transfer algorithms; in addition, a clever programmer can
improve the speed even more by controlling precisely how the indexes are used. Other
examples of how Precision Control can be used to improve speed and to get exact desired

results they may include:

Searching to a specific position in the query and continue from that position. Very

little work is done by the computer to move to the starting position.

e Navigate forward and backward.

e Sort and filter with or without indexes.

e Move through the master table and look up other tables in the query under program
control.

e Quick counting the number of records in the result set

¢ Indexes can be utilized based on partial index keys.

7. Vast Table Support:

The maximum table size is 134 million Gigabytes under both 32-bit and 64-bit operating
systems. This is large enough for any application today or in the near future. In addition,

compression support can be used to save disk space and improve performance.
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The maximum size of index files, which contain sort information, is 4096 gigabytes. We
estimate that a table containing 128 indexes, each built on a 60 character field, and could
support approximately 2 billion records. Furthermore, a single memo fields that having

variable length string or binary data can be as large as 4 Gigabytes.

8. Supports for International Languages:

Code Base broadens the reach of applications by including support for international
languages such as, French, German, Modern Spanish, Portuguese, ltalian, Swedish,
Norwegian, Finnish and Japanese. We can easily add support for more collating sequences,

so if support is required for a new collating sequence with Code Base, it is supportable.

4.1.4. Design of the System

We used the VB.Net to make the design easy for a usable system by any user. We used the
agent to convert the text diacritics to voice that allows user hear the proper sentence and

see in correct spelling.

Our system will provide guideline documents and processes on best use of the system:

e« Words and icons:

1. terminology (objects and action, abbreviation and capitalization)
2. character set ,fonts , font size, and styles (bold italic , underline)

3. icons graphics ,buttons ,background

46



e Screen —layout issues:

1. Menu selection for the user, form fill in to input the text, dialog box for help
2. Wording of prompts, feedback and error messages

3. justification, white space and margins

4. data entries and display formats foe items and lists

5. use and contents of header and footers

6. input and output devices

7. keyboard, display, cursor control

8. audible sounds, voice feedback talk in Arabic Response time for a verity of

tasks

e Action Sequences:

1. Direct —manipulations clicking, dragging, dropping, gestures
2. command syntax, semantics and sequences
3. programmed function keys

4. error handling and recovery procedure

e Training:

1. tutorials and help documents to the user for training to use the system

2. training and reference materials

47



The main menu of the system:

L

Type Coordinates - - ‘e

fle edt Add took help about

Sl i

WS i

aalS a3l

oSl aucy

plsll 91

ARll 03wy

2O J&is figure 4.5

We choose the button of " <) J<&% "and it leads to this screen in my system.

When any sentence is input, system proposed corrects the grammar and convert it to voice.
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B AgentX 2.5 - Merlin o B e ei _ |

file edit Add tocls help about

— Text-To-Speech

= _

fasaal sl soce0 ut

| ETEPTINTPEU S

ITextB::}(S

Figure 4.6: Diacritics menus

One can input any word desired into my flexible system by using this menu

my insword - ||

Flease enter new word and its type

| Teeact B 1

feem =
=

Figure 4.7: The input menu
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The agent that convert the text to voice

e e e == p—

aHaba Y0a L LMDaRs

& AQENLX 2.5 - Metlin
fle edt ‘dd took hep about

‘H' ~Tet-To-Speech
('} iatiBa, 1Dz L LHDARS: 4

anandl Ll L

sl 1 U L

Speak

U

HE AVDLLMDRS

thisthe agentfo

converttextto

voice

Figure 4.8: Text to voice menu
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4.1.5. System Testing

To test our system models by issues, we cite the following:

How can we store a huge data in the system scalability?

System will need to store and be capable of dealing with huge volume in its
database, because Arabic contains a vast quantity of words and spellings.
Development of any rules in implementation is possible because DB independent
on the code of the system.

It is possible to measure how fast it returns any input text, as well as to test if it
works in any environment by measuring its performance between different software
and hardware.

Testing how users can use system models (usability) is in for all levels of users.

All Models are made easily understandable.

Testing how our systems can solve Arabic problems.
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Figure (4.9) explains the methodology of work:

System testing

System Design

Figure 4.9: Methodology of work

4.2 System Features and Functions

Here, we provide some key features of the system:

The database is independent on the code.

The system is very fast to retrieve back the text.

The retrieved text is Diacritized for all grammars forms and spelling them.

We can enter any words to the system.

You can enter any form of sentence in the system

The system is returning a spoken text by using the agents.
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e The system is adaptive. Detects non-entered word or sentences as well as allows

insertion of new word or new sentence.

e The system returns all the derivative forms of a word,

e The system selects the word and returns all possible suggestion and chooses exact

inflection.

System functions:
e Checks word by word or a whole text.
e Connects Arabic word for the stem to match all its derivatives and searches for
word with its suffix and prefix.

o It makes a classification for the input word to consider possible verbs, nouns or

letters.
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Chapter 5

Results Analysis and Applications

This chapter gives you all the possible results that we will get from this smart system and
analyses the result after we complete the methods to build the system. First we want to
give an example and analyze it to show how we can get a result from the process when
sentences pass through to get the text diacritics for conversion to voice, with right syntactic

and correct semantic in the proper Arabic grammar.

Ahmaed studied the lesson o el g
S V @)
Result:- Lol Nl L

Figure (5.1) shows how the system analyzes this sentence and how you get the result text
diacritics text with voice. This sentence passes through a process in my system, discussed
in chapter five.
The steps how the system work:

e Entering the text that you want to diacritics it in the text box

e The engine separates the text into words.

e Searching in database to find the words. in the table (words table) in making

sequential search .

e If the words find in the database you will keep the word type from tables

e Matching the words in table (jomleh table).

e The engine retrieved the text diacritics.

e The engine converts the text to voice.
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Past verb= (2, nounl= el ., noun2=gs
Disambiguation

Search in database to find the words and analysis them M

uya.ngmbadd ’ 835}:‘_}913:&&\ ¢ Gigaia dy Jgrdaz ()

Iy

Match the words

Find the result= 211 =121 means:-past verb, noun, noun=Fatha, Dammah, Fatha

Add Features

Convert to Z g p -
M Gl daa) Gu)a

Figure: 5.1 Analysis examples
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5.1 Results and Analysis

After we finish building my system, it will provide diacritics sentences. We want to share
all the possible forms of the sentences that can one can diacritics them by using this
system. First enter the text, diacritic it by the system which then divides each sentence into
words searched from the database that will correlate and match them. Finally, it returns
the sentence Diacritized and converts the sentence to voice. There will be a huge volume
of data in the database of the system, as explained in the previously and we aim to achieve
the best possible result to match the original input.

Result 1: (11)

 Noun sentences which consists of starter "ixix " and complement " = ™

Example:

Mohammed is a student

(Starter) (Complement) s daaa
Result: s daaks
(noun) —ta (noun) s
Starter Comnplement
A
11
Noun +Noun
A
r
22
Dammah+Dammah
\_
A
Ll ek
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Samples of this form started can be found in our system which complements input or

where one can add words in this form " . ; fxi",

Result 2: (21)

e The clauses sentences that consist of past verb "a3¥ oale Jad" and subject " Jelé

Example:

The student slept PR

Subject  verb

Result AR

(noun) L (past verb) sU

Subject Past verb

21

Verb past +noun

12

Fatha +Dammah

AL AL
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You can also find many samples of form subject and past verb in our system or you can

add any words for this form "Jeli oabe Jad",

Result 3 :(31)

e The clauses sentences that consist of past verb" a3¥ g juas J28" and subject **Jeld "

Example:
The student sleeps Al aliy
Result gl Al
(noun) L (present) ol
) verb
Subiect
31

Verb present +noun

22

Dammah +Dammah

AL

You can find many samples of form subject and present verb in our system or you can add

any words for this form "deliy o 3¥ & jlas Jad",
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Result 4: (211)

e The clauses sentences that consist of past verb "aia o3k Jad "and subject "' Jelé and

object'ay Jgada' .
Example:
The boy ate the apple FIEA ORI
S V o)
Result A A O
(object) &alall (subject) s (past verb) JS
Noun Noun Past verb

N
211
Verb past +subject +object
J
N
121
Fatha+Dammah+Fatha
J
- _ -2 R _r
aalal ALY Js
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You can find many samples of form subject and past verb and object in our system or you

can add any words for this form "4; Jszisy deliy aaia (ale Jad".

Result 5: (311)
e The clauses sentences that consist of present verb "sia g s Jad "and subject

"Jeld" and object'ay Jsria’ .

Example:
The boy eats the apple dala o) Jst
S V 0]
Result Al Al sl
(object) Aslall (subject) sl (present verb) Jsb
Noun Noun Present verb
\l .
311
Present verb +subject +object
J
N
221
Dammah+Dammah+Fatha
J

28

FREA AR IEE
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You can find many samples of form subject and present verb and object in our system or

you can add any words for this form "a; Jsaéa s Jeldy mia g jlas Jad”,

Result 6: (2141)

 The clauses sentences that consist of past verb "aJ¥ (ala Ja2 "and subject " Jelé and

preposition " ja < " "and noun " g ad.

Example:
lyad went to school daall Al cad
S V N
Result AL ) Ay Al
(noun) 4w 2l (preposition) ! (subject) il (past verb) «ad
Noun Preposition Noun Past verb

2141

Verb past +subject +preposition+ noun

1234

Fatha+Dammah+Sokon+Kasrah

A5 L) A0 G
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You can find many samples of form subject and past verb and preposition and noun in our

system or you can add any words for this form * ;s e aul s s a5 deliy pale o,

Result 7: (3141)
e The clauses sentences that consist of present verb "aJ¥ g juas J=8 "and subject "' Jeld

""and preposition " _a <i_a" and noun " ;g e aud”.

Example:
The boy goes to school dyaall Al cady
S V N

Result AHnd ) A LAl

N
(noun) 4wl (preposition) ! (subject) sl (present verb) «al

Noun nrenosition ) Notun Present verh

3141

Verb present +subject +preposition+ noun

2234

Dammah+Dammah+Sokon+Kasrah

Al A Lak
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You can find many samples of form subject and present verb and letter and noun in our

system or you can add any words for this form " 5 s aud 5 sa can g Jeliy g jlas Jad”.

Result 8: (511)

e The clauses sentences that consist of kana word-family " L sa) 3 s " and kana

noun "¢ awd''and khabar kana'cls A" .

Example:
The weather was beautiful BIVENPEN S
N \Y N
Result Saen ‘all 1S
(khabar kana) Jwa (Kana noun) sl (past verb) o\s
Noun Noun Past verb

511

Kana groups +kana noun +khabar kana

121

Fatha+Dammah+Fatha

Man 52l IS
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You can find many samples of form kana word-family and kana noun and khabar kana in

our system or you can add any words for this form "l ja 5 cleau) Leil 530 5 8"

Result 9: (611)

e The clauses sentences that consists of Ena word family " g3 3l g ¢) " and Ena noun

") ad' and khabar Ena’c) a" .

Example:
The weather was beautiful BIVENPEN NS
N \Y/ N
Result Jian 2l
(khabar Ena) Jxe> (Ena noun) sl (Letter) o)
Noun Noun Letter

_

Ena groups +Ena noun +khabar Ena

5

112

Fatha+ Fatha + Dammah

drex ol )
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You can find many samples of form Ena word-family and Ena noun and khabar Ena in our

system or you can add any words for this form "l ;i s cleand (Ll sal 5 "

Result 10 :( 71)

e The clauses sentences that consist of imperatives verb " i J22 " and object " Jsada "

4
Example:
Open the door Iy ]
Result LY )

(noun) <Ll (imperative ) )
) verb
Obiject
71

Imperative Verb +noun

31

Sokon +Fatha

il 5
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You can find many samples of form Object and imperative verb in our system or you can

add any words for this form "4 Jseias sl Jad".

Result 11: (2111)

e The clauses sentences that consist of past verb "suiall alall Joil "and subject

..

"Jeld" and adjective "4ia" and object"4; Jsada".

Example:
The clever boy studied the lesson oo SA QI
A S V N
Result Gl LS Ll s
(object) el (Adjective) S (subject) lall (past verb) ws?
Noun Noun Noun Past verb
| | l | !
N
2111
Verb past +noun + noun+ noun
J
N
1221
Fatha+Dammah+Dammah+Fatha
J

Gl {3 Ll (0
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You can find many samples of form adjective subject and past verb and object in our

system or you can add any words for this form "4, J sie s s Jeliy ale "

Result 12: (3111)

e The clauses sentences that consist of present verb ' xia g jLaa Jad "and subject

.

"Jeld"and adjective "4 and object "4y Jsada",

Example:
The clever boy studies the lesson o) (S QI
A S V N
Result Gl LS il
(object) ws (Adjective) S (subject) il (present) ooon
verb
Noun Noun Noun

3111

Present verb +noun + noun+ noun

2221

Dammah+Dammah+Dammah+Fath

Gl {3 Ll
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You can find many samples of form adjective subject and present verb and object in our

system or you can add any words for this form "4 J saéa s day Jeliy g jlae Jad"

5.2 Applications

This new system concerns Arabic grammar and we used it to get a correct Arabic text with
correct grammar to prevent our language from distortion. This tool is developed so that

one can employ in many domains mentioned below.
5.2.1. Wireless SMS

We can use the system in the mobile system to get a right spelling text in Arabic with

diacritics texts.

SYSTEMS ARCHITECTURE

! _.—-r‘=?__';__,. Imemet

SME

@ Router

DMZ

It Dialogici
Aljazesra Application
Recognition Engine

; %
- Arabic TTS

Synidication Server|

SMS Server
Parssr — i
M o

Figure 5.15: System architecture application

Etharnat
e
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5.2.2. Functional Business

FUNCTIONAL BUSINESS CONCEPT

SMS Confirmation

Subscriplion Charges
on Liilization or
Recurring Mamhhy

"
g -

Call te Request &
Listen to News

Figure 5.16: *Functional business concept application

5.2.3. Arabic Braille Environment

In the early days of computers, visually impaired users had little or no access to the
information in the computer screen. Since then, software developers of screen readers
have been able to cope with the text-based environment of early operating systems.
However, most modern operating system environments are now GUI. Hence, the
information on the screen is no longer accessible to users who rely on screen readers or

Braille displays.

' Figure 5.16: Daimi, Kevin. (2001). Identifying Syntactic Ambiguities in Single-Parse Arabic
Sentence. Computers and the Humanities.
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5.2.4. Education System

The system can be used as an educational system in school and university to learn Arabic
grammar and rules with right spelling and help all the students to study Arabic, as well as

help non Arabic speakers to learn it correctly.

70



Chapter Six

Conclusion and Future Work

6.1 Conclusion

In this work we have developed an intelligent morphological Arabic analyzer that can give
the correct semantic of Arabic text with correct grammar. The main aim of this work was
to realize a smart engine that can provide morphological analysis of Arabic text by
recognizing different morphological characteristics of each word in the input text and
allow us to extract the syntactic characteristics of these words. The system uses a
morphological database that includes schemes of all possible words, particular words, and
all possible forms of Arabic grammar. The system itself is adaptive since it allows the user
to add new words and new grammatical forms of sentences to the system. The system

currently recognizes 12 different forms of sentences in Arabic:

1. Simple present and subject Jeliy a3V & jliae Jad

2. Simple past and subject delis a3 (ale Jad

3. Simple present, subject, object 4 Jsria (Jeld (gania g jlias Jai

4. Simple past, subject, object 4 dsnie cJeld (gania ale Jed

5. Ena word-family, Ena noun, Ena W pd e (L) &l 5 )
complement

6. Kana word-family, Kana noun, Kana L s dgan) (gl sl 5 OIS
complement

7. Starter, complement JEGIEM

8. Simple present, subject, preposition, noun | Jsose aul < oa oA (Jeld g i Jad
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Simple past, subject, preposition, noun

J})_A.Aeu‘\cﬁdﬁcdsﬁcgbhw

10.

Imperative verb, object

4 Jsria ¢ yal Jab

11.

Simple present, subject, adjective, object

Mdﬂncé&ms&lﬁsf&.’h&)@aw

12.

Simple past, subject, adjective, object

13.

Subject, past verb, object

Mdjmcfdnuauwc&u

14.

Subject, present verb, object

Mdjﬂa@:ﬁh\&)hﬁawc&u

15.

Starter, adjective, present verb,

preposition, noun

);u);ce)y&)wwcmd.ﬁ.m

D5 e

object

16. Characters assertion, present verb, subject, ¢deld canlia g jliae J28 (o Cia
object 4 Jgrda
17. Characters set, present verb, subject, (Jeld cania & jliae Jad ¢ Cuai e

4 Jsnia

The proposed system has many useful applications especially in translation services. In

addition it can be helpful to people with visual disabilities (since the system can read the
Arabic text for the user), and it can be a great learning tool for non-Arabic speakers who

want to learn Arabic.

6.2 Future Work

We hope to complete the research in this important domain by developing the system
further to be able to analyze a full paragraph in Arabic and return it back with full
diacritics and correct grammar of all the words in the paragraph by putting the punctuation
marks between sentences. This is a full scale project that can evolve to become a smart

system for solving known Arabic related problems.
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