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Abstract

Recently, one of the problems arisen due to the amount of information and it’s
availability on the web, is the increased need for effective and powerful tool to
automatically summarize text. For English and European languages an intensive works
have been done with high performance and nowadays they look forward to multi-
document and multi-language summarization. However, Arabic language still suffers
from the little attentions and research done in this filed.

In our research we propose a model to automatically summarize Arabic text
using text extraction. Various steps are involved in the approach: preprocessing text,
extract set of feature from sentences, classify sentence based on scoring method,
ranking sentences and finally generate an extract summary. The main difference
between our proposed system and other Arabic summarization systems are the
consideration of semantics, entity objects such as names and places, and similarity
factors in our proposed system. The proposed system has been applied on news domain
using a dataset obtained from Falesteen newspaper. Manual evaluation techniques are
used to evaluate and test the system. The results obtained by the proposed method
achieve 86.5% similarity between the system and human summarization. A comparative
study between our proposed system and Sakhr Arabic online summarization system has
been conducted. The results show that our proposed system outperforms the Shakr
system.

Keywords: Automatic Text Summarization, Feature Extraction, Manual Evaluation,
Natural Language Processing.
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Chapter 1

Introduction

As the amount of information rapidly grows on the internet, there are a lot of
difficulties to select the relevant information we need and that satisfy our requirements.
Furthermore, publications media varies from specialist journals to newspapers to many
other versions.

1.1 Text Summarization

Summarization of texts or Text Summarization (TS) appears as the best solution
for users to choose and decide if this document will help her/him or not. Summarization
is the process of producing shorter and informative presentation of the most important
information from a source or multiple sources of information according to particular
needs and specifications. Summarization is not applied only on text documents but also
on any multimedia facility. Summarization of text documents became a very important
issue due to the very large text sources already available. Users tend to extract the most
informative and/or indicative information instead of reading the whole original
document(s). [45]

Radev et al.; [40] define a summary as “a text that is produced from one or more
texts, that convey important information in the original text(s), and that is no longer
than half of the original text(s) and usually significantly less than that".

1.2. Summarization Fields

Nowadays the areas of automatic text summarization are extensive. TS can be useful

in many fields such as:

e Medical area: A lot of documents are published for medical research in the last
two-decades, and in many cases a medical specialist is in a deep need to find
relevant information about patient’s conditions timely. So, text summarization
here saving time resources and optimizing availability of medical experts.

e Legal area: legal resources and documents are sparse and expensive in time and
expertise level, and cost, which yields legal experts perform difficult and
responsible work. Thus automatic text summarization needed for expert to be
able to find compressed and restated content of relevant judicial documents,
including laws and their proposals, relevant court decisions or tribunal process
summarizations.[41]

e News area: thousands of political, sport, economic and other types of news are
published every second on the internet. It’s very hard or impossible to browse all
of them or either the half. By text summarization user can find which news
she/he is concern with before reading the whole text.

On the internet, one can find a lot of examples for automatic text summarization
systems as:



e Google! News, Microsoft” news, Columbia® News blaster which return an
abstraction summary for news in world.

Blog summarization tool and aggregation* and opinion survey systems
Sakhr summarization: this can summarize an Arabic text.

Word summarizer: this also included in Microsoft.Word.

Personal Digital Application (PDA) which contains summarizer applications.

For any area, automatic text summarization is a very powerful tool to save time and
resources, and optimizing availability.

1.3. Taxonomy of Text Summarization

There are several, often related views which can be used to characterized text
summarization. The main categories used to classify summarization are listed here:

1. Number of document:

Single document summarization: deals with one document and extract
informative sentences only from it

Multi-document summarization: generates one summary by extracting
the most important sentences from multi documents. [19]

2. Number of languages in the document:

Mono language summarization: generate summary from a document that
contains one language.

Multi-languages summarization: here the document or set of documents
contain at least two different languages.[31]

3. Form of summary

Abstractive summarization: it is the hardest task for computer
researchers to solve this type successfully as it is concerned with
semantic and language complexity. The summary containing sequence of
words not present in the original document.

Extractive summarization: it consists of words, sentences and paragraphs
that are completely appear in the original document. This approach
suffers from inconsistencies, lack of balance and lack of cohesion. Also

*http://news.google.com
*http://msnbc.msn.com
*http://newsblaster.cs.columbia.edu

*For instance, http://www.bloghearld.com



some sentence may be extracted out of the context and anaphoric
references can be broken. [24]

4. Processing level

Surface level approach: in this case the information is represented from
the point of shallow features. These include different types of terms, e.g.
statistically and positionally salient ones, terms from cue phrases or
domain specific and user inputted terms. Usually this approach products
extraction based summary as an output.

Deeper level approach: this approach may involve sentence generation.
The advanced semantic analysis is necessary in order to achieve such
task. The output of this approach may be in form of abstracts and
extracts. [24]

5. Audiences of the summary (content):

Generic summaries: are aimed at a broad community of readers, all
major topics are equally important.

Query-based summaries: are summaries built on the top of previously
submitted user query

User or topic focused summaries: are tailored to the interest of the user
or represent only particular topic. [24]

6. Details of summary:

Indicative summary: they should preserve the most important points in
the document. Their aim is to help the user to decide whether the original
document is worth reading. Their length ranges between 5 to 10% of the
document.

Informative summary: it’s more large than indicative, which return the
important details while reducing information volume. Its length range
between 20 to 30% of the complete text.

Critical or Evaluative summary: this capture the point of view of the
summary author on a given subject (summary of summary). They are
little bit out of scope of nowadays automatic summarizers. [24]

7. Genre of document:

Depend on the type of document (sport, news, technical, ...)
3



Any good summarization system should be characterized by the following
quantitative features [24]:

e Semantic informativeness: it is viewed as the measure of ability to
reconstruct from the summary the original text.

e Coherence: express the way how parts of the summary create together an
integrated sequence.

e Compression ratio: the ration between the number of summary sentences
and the number of original text sentences.

1.4. Arabic Natural Language Processing

Research in Arabic Natural Language Processing (ANLP) has focused on the
manipulation and processing of the structure of the language at morphological, lexical,
and syntactic levels. Unfortunately, semantic processing of the Arabic language has not
yet received enough attention. [21]

There are some aspects that slow down progress in Arabic Natural Language
Processing compared to the accomplishments in English and other European languages
including [13]:

e The complex morphology
e the absence of diacritics in written text
e The fact that Arabic does not use capitalization.

In addition to the above linguistic issues, there is also a shortage of Arabic corpora,
lexicons and machine readable dictionaries. These tools are essential to advance
research in different areas. Despite these difficulties, there has been some success in
tackling the problem of Arabic syntax as in [4] [16]. Few attempts have been made to
develop Automatic Arabic summarization systems as [1] [14]. These attempts are list in
the next section.

1.5. Examples of Existing Summarization Systems

Many systems have been developed in the area of automatic text summarization;
some of these are available online while others are commercial software. However,
most of these systems have no published documentation explaining their design or
method of operation. In this section, we will present the available information about
some of these systems.



1.5.1. None Arabic Automatic Text Summarization Systems

e SweSum: is the first automatic text summarizer for Swedish®. It summarizes
Swedish news text in HTML/text format on the WWW. During the
summarization 5-10 key words - a mini summary is produced. SweSum is also
available for Danish, Norwegian, English, Spanish, French, Italian, Greek, Farsi
(Persian) and German texts. SweSum is based on statistical, linguistic and
heuristic methods. The system calculates the frequency of the key words in the
text, in which sentences they appeared, and the location of these sentences in the
text.

e SUMMARIST: SUMMARIST is a multilingual text summarization system
developed in the Natural Language Group of the Information Sciences Institute
of the University of Southern California. It is an attempt to develop robust
extraction technology as far as it can go and then continue research and
development of techniques to perform abstraction. It produces extract-type
summaries from newspaper, newswire, and other texts. It operates on texts in
English, Spanish, French, German, Indonesian; older versions have also
operated on Japanese. [23]

e LexRank: LexRank is a text summarization system developed at University of
Michigan by Gunes Erkan and Dragomir Radev, it is available online at
http://clair.si.umich.edu/clair/lexrank/

e Automatic Text Summarizer: The Automatic Text Summarizer is an online
English text summarization tool that is available at
http://www.makeuseof.com/dir/automatic-text-summarizer-text-summarization-tool/

e Kify Online Text Summarizer: It uses Text Semantic Indexing and some
mathematics, the Summarizer decides which parts of a document are important
by analyzing the content. It is available online at http://text.kify.com/

e Intellexer Summarizer 3.1: It is a commercial tool. Intellexer Summarizer is an
innovative program for computers that creates a short summary from any
document or a browsed web page. It is available at
http://www.fileguru.com/Intellexer-Summarizer/info

e QuickJist summarizer 1.2: It is capable of highlighting summaries of web
pages directly in browser windows. http://www.filecluster.com/Internet/Browser-
Tools/Download-QuickJist-summarizer.html

e Subject Search Summarizer 2.0: It is a commercial system available at
http://subject-search-summarizer.smartcode.com/info.html

*http://swesum.nada.kth.se/index-eng.html


http://www.makeuseof.com/dir/automatic-text-summarizer-text-summarization-tool/
http://text.kify.com/
http://www.filecluster.com/Internet/Browser-Tools/Download-QuickJist-summarizer.html
http://www.filecluster.com/Internet/Browser-Tools/Download-QuickJist-summarizer.html
http://subject-search-summarizer.smartcode.com/info.html

1.5.2.

Sinope Summarizer: Sinope summarizers used a semantic analysis to transform
the text into a structure for a computer. This structure looks like a network that
contains the concepts from the original text and the relationships between them.
This structure is called a Semantic Structure and all kinds of mathematical
operations can be performed on it that are impossible to perform on the original
text. Sinope Summarizer uses advanced mathematical techniques to analyze the
Semantic Structure to determine which information elements are important and
removes all irrelevant information elements. Sinope is the only system that uses
semantic analysis; however, no documentation was to be found. The tool is
available at http://www.filecluster.com/Internet/Browser-Tools/Download-Sinope-
Summarizer-PE-Trial.html

Copernic Summarizer: It uses statistical and linguistic algorithms. It is an easy
to use tool for text extractive single document summarization. It generates
summary reports with key concepts (up to 100) and key sentences according to
the configured or customized summary length. Also it exports summary reports
to various file formats (HTML, XML, Rich Text Format, Text file and URLS). It
supports  English, French, Spanish  and  German languages.
The tool is available at http://www.copernic.com/en/products/summarizer/

Arabic Text Summarization Systems

Lakhas: An Arabic text summarization system using extraction techniques. It is
the first Arabic summarization system to be formally evaluated and compared
with English competitors in an evaluation competition [14].

AQBTSS: is a query-based single document summarizer system that takes an
Arabic document and a query (in Arabic) and attempts to provide a reasonable
summary for the document around this query. [17]

ACBTSS: It integrates Bayesian and Genetic Programming (GP) classification
methods in an optimized way to extract the summary sentences. The system is
trainable and uses manually labeled corpus. Features for each sentence are
extracted based on Arabic morphological analysis and part of speech tags in
addition to simple position and counting methods. Initial set of features is
examined and reduced to an optimized and discriminative subset of features.
Given human generated summaries, the system is evaluated in terms of recall,
precision and F-measure. [17]

The Summarizer of AramediA: Based on Sakhr's accumulated research in
Natural Language Processing (NLP), and Morphological Analysis over many
years. The Summarizer is used for summarizing Arabic and English documents.
Based on linguistic analysis of the document, it extracts the main ideas to make
it possible for the user to preview these ideas instead of reading the whole
document, thus saving time and effort.

Sakhr Summarizer: The Sakhr Arabic summarizer engine identifies the most
relevant sentences within a text and displays them in the form of a short text

6
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summary. The summarizer makes it easy to scan just the important sentences
within documents, greatly reducing the time needed to read and process items
manually. It provides companies with short text summary for each item using a
prioritized list of key sentences and gives the ability to select a specific level of
summarization. The summarization engine employs the Sakhr Corrector to
automatically correct the input Arabic text from common Arabic mistakes, and
the keywords extractor to identify a prioritized list of keywords to accurately
identify the important sentences. The tool is available at
http://textmining.sakhr.com/

1.6. Summary Evaluation

Evaluating a summary is a difficult task because there is no an ideal summary
for a given document or set of documents. From any papers or researches concerns with
TS we can find that agreement between human summarizers is quite low, both for
evaluating the automatic summary and generating manual summaries. Evaluating
summary quality is considered to be more difficult than evaluating the summary.
Another important problem in summary evaluation is the widespread use of difference
metrics for evaluation. There is no standard human or automatic evaluation metric,
which makes it very hard to compare different systems and establish a baseline. Besides
this, manual evaluation is too expensive: as stated in [29] [22], large scale manual
evaluation of summaries as in the Document Universal Conferences (DUC) would
require over 3000 hours of human efforts. [12]

Summary evaluation methods attempt to determine how adequate and reliable or
how useful a summary is relative to its source. Generally, there are two types of
evaluation methods. The first is intrinsic evaluation in which users judge the quality of
summarization by directly analyzing the summary. Users judge directly, how well the
summary covers main key ideas, or how it compares to an ideal summary written by the
author of the source text or a human abstractor. None of these measures are entirely
satisfactory. The ideal summary, in particular is hard to construct and rarely unique. In
most cases there is no only one correct ideal summary for a given document. The
second type of evaluation methods is extrinsic. Users judge a summary‘s quality
according to how it affects the completion of some other task, such as how well they
can answer certain questions relative to the full source text. Recall-Oriented Understudy
for Gisting Evaluation (ROUGE%)is also used for automatic summary evaluation by
counting the number of overlapping units such as word sequences, and word pairs
between the computer-generated summary to be evaluated and the ideal summaries
created by humans but this system does not support Arabic evaluation. For manual
evaluation, extractive approach for summarization enables us to use recall, precession
and F-measure? to evaluate summaries [44].

1.7. Statement of the problem

The problem of this research is how to develop a model to generate an automatic
Arabic text summarization based on extraction that can be valid for various domains

1(Automatic Evaluation of Summaries Using N-gram Co-Occurrence Statistics)

2 .. . . .
Precision can be seen as a measure of exactness or fidelity, whereas Recall is a measure of completeness, F-measure
balances recall and precision.

7
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with high performance using precision and recall measurements and depending on
quantitative features.

The sub problems we face are:

1.8.

1.8.1.

What is the proper domain that we shall use to show the power of our proposed
model? (Political, technical, sport...)

How to collect Arabic vocabularies? Because most of text data corpus do not
support Arabic Language.

How to pre-process Arabic text?

What are the most relevant features to be extracted?

How to add semantic information to features?

What would be the used methods to score and classify the sentences?
How to obtain the dataset for the experimentations?

What is the proper approach to produce the summary?

How to evaluate the summary?

Objectives

Main objective
The main objective of this research is the development of an automatic Arabic

text summarization model that can be used for various domains to generate a summary
for Arabic document with recognizing novelty and ensuring that the final summary is
both coherent and complete. We shall try to increase the performance of our proposed
model by avoiding the drawbacks of the previous methods as shall be presented in the
next chapter such as semantic ignorance and limited number of extracted features.

1.8.2.

Specific objectives

The specific objectives of this research are:

Using a domain that can be widely used and in important area which can give a
good evaluation environment.

Having an Arabic corpus, either by finding out a ready corpus or building a new
one with the help of Arabic experts.



1.9.

Preprocess the Arabic text using various tools and based on some approaches
that we shall develop. .

Feature extraction using other researchers approaches in addition to certain
methods developed by us. We shall have a focus on semantic features and
Entity Recognition Features.

Using special Arabic to Arabic dictionary to add semantic information to
feature.

Developing a simple scoring method that depends on features weight to score
each sentence.

Collecting datasets can be achieved from various domains. These can be
obtained from various organizations working in various areas. Good dataset can
be collected from news agencies.

A summary will be produced either by ratio or number of sentences.
Implement the proposed model.

Test the capability of the proposed model. We shall use various evaluation
techniques (manual and comparing with automatic system) in order to increase
the ratio of precision and recall measurements.

Significance of the thesis
More support for the Arabic language in the technology area.

Apply Arabic summarization on large domain areas as an example: these
systems can be used by librarians to generate a brief for any documents in
libraries, and also can be used in tutoring and learning System.

Saving efforts and time by helping the user to find which document fits with
her/his interest based on the produced summary.

Increase friendly use of computer to make the computer more Intelligent.

Applying semantic value on feature extraction which increase the power of the
summary



1.10. Scope and Limitations of the work

As presented in the introduction section, there have been two types of
summarization systems: single document summarization and multi-document
Summarization. In this research we focus on:

1.11.

Extraction of automatic summary for single Arabic text document.

The model is going to be tested on some special domains as (news- sport-
economics, technical) despite it is meant to be a general model.

A manual evaluation technique will be followed because there isn't any
automatic evaluation for Arabic summarization.

The proposed approach accepts only file with .txt format and special Unicode of
cp1256.

The produced summary size is decided by the user as he/she can enter the
number of sentence needed in the generated summary or chose the default
criteria from section which explain in section 4.3.

Methodology

Many attempts and achievements have been reached for text summarization in English
language and other European and Asian languages. Arabic summarization still suffers
from little attention. Most of Arabic summarization systems depend on static features
and the syntactic features of the language only.

In our model we shall try to solve an automatic text summarization for Arabic

documents based on both syntactic and semantic features of the Arabic language. Four
main steps are introduced to build:

1. Data acquisition
2. Preprocessing and feature extraction
3. Scoring

4. Ranking and generate summary.
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In the model implementation, we depend mainly on java programming language
and using a free source stemmer to stem each Arabic word in the text. For the system
interface, the user has an option to assign the number of sentences to be included in the
summary and extracted from the text, if this option is not used, the system will generate
a summary according to the summary size criteria presented in section 4.3.

1.12. Thesis Overview

Chapter two is a literature survey of the automatic text summarization and
current approaches. Chapter three defines in detail the system structure and the
proposed approach including the corpus collection and annotation details, features
selection and extraction and the used classification approaches (scoring approach).
Chapter four includes experiments, the used summary evaluation techniques and system
results. Finally chapter five presents the conclusions and future works.
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Chapter 2

Related works

Usually, the flow of information in a given document is not uniform, which
means that some parts are more important than others. The major challenge in
summarization lies in distinguishing the more informative parts of a document from the
less ones. Though there have been instances of research describing the automatic
creation of abstracts, most work presented in the literature relies on verbatim extraction
of sentences to address the problem of single-document summarization.

In this chapter firstly, we look at early work from the 1950s and 60s that kicked
off research on summarization. Second, we concentrate on approaches involving
machine learning techniques published in the 1990s to today. Finally, we briefly
describe some works that concern with automatic Arabic text summarization.

2.1. Single Document Summarization approaches

Father of Information Retrieval (IR), Hans Peter Luhs in 1958 proposed the first
approaches of the Automatic text summarization to generate an abstract for document.
In his method he used the frequency of particular word as a measure of sentence
significant [32]. He derived a significant factor that reflects the number of significant
words occurrence within a sentence, and the linear distance between them due to the
intervention of none significant words. After that, all of these sentences in the document
are ranked and the top ranking sentences are selected to include in abstract summary.

Baxendale also in 1958 [10] proposed a summary that depends on the sentences
position in document. He found that in 85% of paragraphs, the topic sentence come in
the first and only in 7% it was last. Then one can chose any of these sentences to form
the summary.

In 1969 Edmundson [15], developed a protocol for creating manual extracts. He
combined the two features from Luhs in [32] and Baxendale in [10] and added another
two features: (i) the presence of cue words (like important, hard, significant ...) and (ii)
the skeleton of document (title, header, paragraph ...), then each sentence has a factor
reflect the summation of the four features. The sentences with high factor are chosen for
summary. He found in evaluation his protocol that 44% of the auto summaries matched
the manual summaries.

Kupiec et al; in 1995 [26] proposed a classification technique using Naive-
Bayes method which learning from data and the four features proposed in [15] which
are: frequency of particular word in a sentence, sentence position in the document, the
presence of cue words and the skeleton of document (title, header, paragraph,..) with
other two features (sentence length and the presence of uppercase words), then make
each sentence as worthy of extraction or not.

12



Lin and Hovy in 1997 [30], proposed an approach which is based mainly on
sentence position. They say that every text has a predictable discourse structure and the
sentences of generator topic centrality tend to occur in certain specific location. They
used a newswire corpus and produce a collection of text from TIPSTER program® .
They measure the yield of each sentence position against the topic keywords. They rank
the sentence position to produce optimal position policy for topic position.

Barzilay and Elhadad in 1997 [6], present a new algorithm to compute lexical
chains ina text, merging several robust knowledge sources: theWordNet thesaurus, a
part-of-speech tagger, shallowparser for the identification of nominal groups, and
asegmentation algorithm.They do the following: (i) segment the text, (ii) identify the
lexical chain, (iii) using strong lexical chain to identify the sentence worthy of
extraction. They describe the term of cohesion in text as a measure of sticking together
different parts of the text. Their approach is a notable example when semantically
related words are used.

Marcu in 1998 [34]; proposed a unique approach for Automatic Text
Summarization. His main assumption is that the sentences in a document do not form
flat sequences. He used a discourse theory which is Rhetorical Structure Theory (RST)
[33]. In his approach he introduces a text tree to measure distinction between what is
more essential to the writer purpose than ordinary text.

Aone et al; in 1999 [5] also as [26], proposed a method using Naive-Bayes
classifier but with richer features. They used features like Term Frequency (TF)and
Inverse Document Frequency (IDF) to derive signature words.

Lin in 1999 [28] broke away from the assumption that features are independent
of each other and tried to model the problem of sentence extraction using Decision Tree
instead of Naive-Bayes classifier. He used some novel features as query signature, IR
signature, numerical data, proper name, pronoun or adjective, weekday or moth name
and quotations.

Conroy and O’leary in [11] modeled the problem of extracting a sentence from a
document using a Hidden Markov Model (HMM). They use only three features:
(i) position of sentence in document, (ii) number of terms in sentences and (iii)
likeliness of the streams given the document terms. There basic motivation for using
Hidden Markov Model is to account local dependencies

Osborne in 2002, [37] claim that existing approaches for summarization have
always assumed feature independence. He used a Log-Linear model to obviate this
assumption and showed empirically that the system produce better than a Naive-Bayes
classifier. Sex feature are used by this model which are: word pairs, sentence length,

'The DARPA TIPSTER Text program was started in 1991 by the Defense Advanced Research Projects
Agency (DARPA). It supported research to improve informational retrieval and extraction software and
worked to deploy these improved technologies to government users. This technology was of particular
interest to defense and intelligence analysts who must review increasingly large amounts of text.
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sentence position, and naive-discourse features like inside introduction or inside
conclusion

Svore et al in 2007 [48] proposed an algorithm based on Neural Network and
used a set of features stored in database to tackle the summary problem. They produce
news extracts system (NetSum) which extracts the most three significant sentences from
the news article. He used a Rank-Net algorithm [8] to classify and extract sentences.
Training in NetSum is based on modified back-propagation algorithm for two layer
networks. The system performance is considered to be better than all the previous
systems for news article summarization. The performances of NetSum with external
features are statistically significant at 95% confidence. But the main limitation of this
system is the generated summary only contains three sentences not more.

Verma et al., in 2007 [49] focus on dynamic summary generation based on user
input query. When the user prints some words to find a document, these words may not
match the document main idea and retrieving the document abstract will not help the
user. Hence the summary needs to be generated in accordance with the user query. In
their approach, they couple the summary system with two ontology knowledge sources:
WordNet * and UMLS?

This system consists of three steps:

(i) Evaluation and adjustment of the query in regards to the two previous
ontologies.

(if) Calculation of the distance of document’s sentences to the relevant query.
(i) Calculation of the distance among the candidate summary sentences.

The limitations of this system are: (i) it has designed for specific domain (medical) and
(if) lack of syntax analysis, insufficient query analysis and redundancy reduction
problem.

Bawakid and Ovssalah in 2008 [9] proposed a similar approach to Verma et al.,
in [49] based on semantic analysis of document. In this approach, they used a
combination of static features including sentence position and named entity in each
sentence- and dynamic feature includes the semantic similarity between sentence and
user query.

This system consists of three steps:

"WordNet is a large lexical database of English, developed under the direction of George A. Miller. The
database consists of linked words, including nouns, verbs, adjectives and adverbs.
2UMLS is maintained by US National Library of Medicine and includes three knowledge sources: the
Metathesaurus, the Semantic Network and the Specialist lexicon.
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(i) Preprocessing each sentence.
(i) Extracting and analyzing of features.
(ili)  Generating summary.

The proposed system can be used for single and multi document summarization.
However, this approach suffers from redundant information.

Al-Hashemi in 2010 [3] proposed a technique to produce a summary of an
original English text. His model consists of four stages:

(i) Pre-processing stage [stop word removal, Part of speech (POS)]

(i) Extract important key phrases in the text using special algorithm for ranking the
candidate words

(iii)Extract the most ranks sentences
(iv)Filter sentence and assign the document to the related category.

In his work he selects sentence according to many features (sentence position in the
document and the paragraph, key phrases existence, existence of indicated words,
sentences length and sentence similarity to document class). Then a classical
supervised machine learning method is used for document classification. Instance
based learning method [2] is the classification method that the proposed system
implements. The size of training set is 90 documents and tested by 20 documents.
To evaluate the system they used Precision (P) and Recall (R) measurements. The
system achieves 70% for overall Precision.

Suanmali et al.; in 2010 [47] proposed Semantic Role Labeling (SRL) approach
to improve the quality of the English summary created by the General Statistic
Method (GSM). They perform text summarization based on GSM and combine it
with the SRL method. For pre-process stage, there are four main activities
performed: (i) sentence segmentation, (ii) tokenization, (iii) stop word removal, (iv)
word stemming. They extract the important sentences based on both sentence
semantic similarity and GSM. To calculate sentence semantic similarity the used:
WordNet and PropBank® semantic annotation. In feature extraction, they used: (i)
syntactic similarity with title, (ii) sentence length, (iii) term frequency, (iv) sentence
position, (v) occurrence of proper nouns, numerical data and thematic word. Finally;
they combine SRL and GSM to give a score for each sentence using summation

'PropBank is a corpus that is annotated with verbal propositions and their arguments—a "proposition
bank". Although "PropBank™" refers to a specific corpus produced by Martha Palmeret al., the
term propbank is also coming to be used as a common noun referring to any corpus that has been
annotated with propositions and their arguments.see https://verbs.colorado.edu/propbank/
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method. The high score sentences are extracted to form the summary. For
evaluation, they used ROUGE with 100 documents and reach F-measure of 0.52431
which is higher than MS-Word summarizer and Baseline summarizer tools.

2.1.1. Arabic Works

It is to be noted based on the available literature and to the extent of the
researcher’s knowledge, all of the Arabic summarization systems are concerned with
single document summarization.

Lakhas, An Arabic summarization system was proposed by Douzidia and
Lapalme in [14]. In this system Arabic text is summarized directly into Arabic summary
then the summary is translated after that to English text, so it appears as English
summarizer not Arabic one because the final summary is in English not in Arabic.
Group of features are extracted from each sentence as: (frequency computation,
indicative expression, stop word removal) and a score function with weights are
calculated. To generate a summary, the top ranked sentences are extracted and apply to
summary. After that they use some removal word steps to minimize the summary to 10
words only. They use little features in the score function ignoring very useful features as
sentence position, overlapping between sentence and similarity with document title. In
their work they also didn’t use any classifier to increase the decision for each sentence.
The system finally generates English summary so they used ROUGE to evaluate their
summary. They also translated the original document to English document and using
this one into evaluation with the English summary. ROUGE shows that Lakhas results
are ranked about 5™ or 6™ compared to other system.

Abdullah et al.; in [1] report a proposal of a platform for making the summary of
Arabic texts as well as its architecture and its resolution. This platform consists of a
group of existing tools from different resources to help human summarizer in the
realization of Arabic summaries of text. So they only group and organize a set of tools
from the beginning until extracting a summary. They use different modules as: text
tokenizer, morphological analyzer, and parser. For extraction they depend on lakhas
module in [14] to score sentence. The drawback was the same as lakhas because they
use the same version of it without any classifier and didn’t add any new relevant
features. The evaluation of the platform was carried out on various types of texts
length (short text between 30 and 150 words, average texts between 150 and 250 words,
long text between 250 and 500 words) according to the execution time of their platform
using two type of corpus from news paper articles Dar Al-Hayat and Tunisian education
basic year school book. They measure the execution time for each module alone when
applying to the summary. In general we can say that they didn’t evaluate the summary
according to its coherent or completeness or either correctness but only compute the
execution time.

Sobh et al.; in [44] introduce an Arabic extractive text summarization system.
This system integrates Bayesian and Genetic Programming (GP) classification methods
in an optimized way to extract the summary sentences. The system is trainable and use
manually labeled corpus. They extract features for each sentence based on Arabic
morphological analysis and part of speech tags in addition to simple position and
counting methods. After extraction, they use -as we mention before- Bayesian and GP
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in different manners to generate some versions of the summary either by integrating the
two results or by selecting the max score between them. Using GP method didn’t add
any powerful value to the model as the result say. Using Bayesian alone increase the
precision of the summary and saving the time needed for GP computation. The authors
didn’t use some useful features as user defined keywords, named entities or indicator
phrase which will increase the system controllability and results. Also; if they add some
semantic information from lexical resource this will enhance output cohesion. In
Evaluation, three important measures are used, precession, recall and F-measure.
Precession is a measure of how much of information that the system returned is correct
and Recall is a measure of the coverage of the system where F-measure balances recall
and precession. They have 4 type of summarization system according to the
combination between Bayesian and GP which are: (i) Bayesian, (ii) GP,
(iii) Bayesian and GP, (iv) Bayesian or GP. From evolution they found that using
Bayesian or GP achieves they highest F-measure between the four approaches which
reach to 0.599 when they use only five features (sentence length, sentence paragraph
position, sentence similarity, number of infinitives, number of verbs).

Based on the above presented research, most of the works lack to have
comprehensive features related to Arabic languages such as using of special words, and
various meanings for the same word (semantics and synonyms). Also they lack to have
corpus for locations and persons names which can change the sentence weights.

2.2. Multi-Document Summarization:

When a user query about a topic, hundreds of documents are returned to him. If
we deal with each document alone and summarized it, then hundred of summaries are
generated which are also a problem. In today’s community in which time plays
important role, multi-document summarizer play essential role in such situations.

The field of multi-document summarization has been pioneered by NLP group at
Colombia University. Mckeown and Radev in 1995 from this group develop a
summarization system called SUMMONS depend on template-driven message
understanding system [36]. Extractive techniques have been applied, making use of
similarity measure between pairs of sentences. Different approaches deal with these
similarities in different ways: Mckeown et al, in 1999 and Radev et al., in 2000 identify
common themes through clustering and then select one sentence to represent each
cluster [35] [39]; Barzilay et al., in 1999 generate a composite sentence from each
cluster [7].

Some recent work extends multi-document summarization to multi-language
environment which proposed by Evans et al., in 2005 [18].
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In this

Chapter 3

matic Arabic Text Summarization System (AATSS)

chapter we shall present our proposed Automatic Arabic Text
Summarization System (AATSS). The proposed system will be described using
flowcharts, algorithms, figures and tables. Various stages have to be performed to
achieve text summarization. The main required steps are shown in Figure 3.1 (A and B)

and stated below:

1. Data Acquisition
2. Pre-processing and Feature extraction
3. Scoring
4. Ranking and Generating Summar
, Pre-processing and
__» Data Acquisition .
Start d Feature extraction
Ranking and
-— | .
End Generate Summary Scoring
Figure 3.1. (A) The proposed AATSS flow-diagram
&3
Pre-processing and Feature
) Extraction
ata Acquisition entence Segmentaiion
D A - Arabic Text S g ;
Upload Text * Pre-processing
Entity Entry Stemming
Entitv Becognition
Semantic Feature
Ranking and Generate Check key phrases
Summary

Rank sentence (order them in
decreasing order}

Relative Length
Sentence position

Generate summary (ration, special
number of sentence)}

Entity recognition counters
Semantic features value
Key phrase counters

Finally

SR

key phrases counter

| .,

Sentences Weight Scoring
— | Linear summation of all features

!

Figure 3.1. (B) The proposed AATSS architecture
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3.1. Data Acquisition

This step is considered to be the system inputs. The system inputs can be
classified into two types: user text input and support system inputs. In the user text
input, the user is asked to upload an Arabic text file with (.txt) format only and a special
Unicode of cp1256. This file is one to be summarized. In support system inputs, the
user can provide the system with some name entity for persons, places and important
terminology related to the problem domain. In the user text input, there is no limitation
on the size of the text or number of sentences included in the article. On the other hand
user should determine the number of summary sentences he/she needs to include in the
final generated summary.

3.2. Pre-processing and Feature Extraction

In contrary of what is used in the most of text summarization systems by
separating the stages of pre-processing and feature extraction, in our proposed system
we combine the two stages in one. In this system we deal with pre-processing and
feature extraction as interrelated stage. We need to extract some features before
processing the text as extract number of words for each sentence and the absolute
sentence position. Other features need special type of processing as entity recognition
feature which requires converting all (+) to («), also semantic feature needs to stem all
words before extracting them. Figure 3.2 depicts pre-processing and feature extraction
stage and shows how the pre-processing and feature extraction are interrelated.

Figure 3.2 shows the following steps:
1. Firstly we will count the number of words in the document.

2. Apply sentence segmentation to extract relative length feature and sentence
absolute position feature.

3. For each sentence in the document, we will apply sentence pre-processing.
The resultant sentence after this step is called (pre-process sentence), then
we get a (ta’a sentence) by converting (&) to (+).

4. Calculate all entity recognition features and remove their occurrences from
the input sentence to obtain a (post-pre-sentence). This stage produces five
features:

Name counter

Place counter

Special words counter
Months and days counter
Numerical counter

5. For each post-pre-sentence we apply stemming processing and produce a
(stem-sentence) which contains only the stems for each word.
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6. Semantic features are extracted in this step from stem-sentence and we have:
e Term frequency feature.
o Title similarity feature
e Similarity with previous sentence feature

7. Also from stem-sentence we check some key phrase and extract the
following feature:

e Strong key phrase feature
e Middle key phrase feature
o Weak key phrase feature

Now we will describe briefly each step:

3.2.1. Document Word Number (tokenization)
For each text, we calculate the number of words in it using a word tokenizer
based on the following algorithm

1. While (Not End of Text)
1.1. Tokenize a word
1.1.1. Increase num_of word

This is not a system feature but we will use it for another purpose as explained
later in sentence length and sentence relative length as in section 3.2.2.

3.2.2. Sentence Segmentation Features

A sentence is that part of the text which ends with full stop (.) whereas a paragraph
is ended by new line. So a paragraph might consist of group of sentences. Table 3.1
shows some examples of sentences and paragraphs.

Table 3.1. Examples of sentences and paragraphs

T Number of Number of
2 sentence paragraphs

Ay e sl e ol sl dy 2ll paedy ) sean g8 ol Juad Ll &
lalizas g AabliY) (e 5 S il el b Al ju) jalias 43l L
353all yie o8 elinns by 4 ) Lehe s L Gaba e 338 ) ) el 2
56 gl ) syl
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In sentence segmentation the system’s reader reads each sentence and does the

following:

A. Extract Number of Words

This is the same as number of words in document but here we calculate it
according to sentences. There are three cases to determine a word in the sentence as the

following and displays in figure 3.3:

(i) Words in the beginning of sentence: these end with white space as word

Gt aaa
(99

in the sentence « a3 Al ALAE diaa aum 100 puY) Cilya 4l Caiag

5y staall el s sl Y Lie i 1 (Sl s e m sl Y Lo )5
Y o 5 AT s Cugh s Annall g e e n a2 g Laal) |5 gaid < Malaill LIl
(if) Words in the middle of sentence: between two white spaces as “luagill”

or it may be between white space and punctuation like “_»’

previous sentence.

b

in the

(iii) Words in the end of sentence between white space and a full stop (.)

like “JSaay),

Words

l In the begining of sentence | l b s (e el o |
sentence

In the end of
sentence

end with Between two Between white space Between white
whiteSpace white spaces and punctuation spce and full stop

Figure 3.3 Cases of define word in the sentence



B. Sentence Relative Length
This feature is useful to filter out short sentences such as subtitles, author names
and date lines commonly found in news articles [47]. The short sentence tends not to be
included in summaries [3].

It is used to measure the relative length by counting the number of words in a
sentence (as stated in A) and making its length relative to the longest sentence in the
current document. We calculate this feature using equation (3.1) due to [47]:

Number of word in sentence

Sentence Relative length =

Number of words in longest sentence

C. Sentence Type

This feature helps us to distinguish between titles and sentences. Title is
considered to be very important because it affects in computing various features and it
will play a main role in feature extraction as a measure of similarity between title and
all sentences in the document. Title is the first sentence that appears in a document
which is not ended by full stop but breaks with new line to start the article while any
other sentence is ended with full stop (.).

D. Sentence Absolute Position

Position of sentence in the document plays a significant factor in finding the
sentence that is the most relevant to the topic of the document. Usually the first sentence
is the most significant sentence in the document which gives an idea about what the rest
of text say; also the last sentence usually contains a conclusion about the text [43]. This
feature has presented a good result in several projects as in [9] [15] [44]

To emphasize the significant of different sentence positions, each sentence in the
document is given a rank ranging from 1 to max (in our system max is the number of
sentences in the document). More weight is given to sentence at the beginning than the
rest. We compute sentence absolute position feature using equation (3.2):

Numberofsentences —sentence posistion +1

Sentence Absolute Position =

Numberofsentences

As example: if we have a document with 6 sentences, then the sentence absolute
position for the second sentence in this document = (6-2+1)/6 = 5/6.

3.2.3. Pre-processing

In this stage pre-processing includes filtering each sentence and removing none
useful words and characters from it. This stage is summarized as below:

A. Remove Diacritics

In Arabic language there are special notations called diacritics. It used for
Arabic grammar and difference in the meaning according to word position in sentence
and its POS. Table 3.2 shows the diacritics which are removed from the text:
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Table 3.2. Arabic diacritics

8 ° 2z -

A\Y

B. Remove Punctuations

As any language, punctuations are used to organize the text and give the
sentence a powerful meaning. The punctuation in the text summary does not have any
value, so we remove all punctuations which are not full stop. Table 3.3 shows
punctuations that should be removed when appear in the text:

Table 3.3. Punctuations

s tEx o> [N l@# S % N&T) (-t =
~g "

C. Remove Definite Article

In Arabic “J” character is considered as definite article which converts the word
from not definite to definite as word “the” in English. For further processing we need to
remove all definite which are shown in table 3.4 to make all words in the same case:

Table 3.4. Arabic definite article

Jd,Jé s dudis,Jd

D. Check and Convert “Alef” style
Alef is the first letter in Arabic alphabet, it can be written in different styles as (.}
1,7.,)) according to its position in the sentence, diacritics and pronounce as (a3, s
&, JW). For each occurrence of Alef in the text, the system converts it to (V)style to
make the entire Alef letter in the same style which helps in the semantic features.

E. Remove Strange Words

Strange words are not Arabic words but written with Arabic letters. These words
must be removed from the text because they are without any value and do not have
Arabic root. Table 3.5 shows some of these words that appear in Arabic text:

Table 3.5. Examples of strange words

sl (e Ui )Y B hen (e gan a8 o a Guile iy jlae Bl 508 55k Aa s
LSS ey e JUedlpEl aplsy 488 AdS | Jagea Ll 1Sg e e ol 8 (uisaS

E

et
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F. Remove Stop Words

Stop words are those words which rarely contribute to useful information in
terms of document relevance and appear frequently in text but provide less meaning in
identifying the important content of document [47].

Those words include prepositions, conjunctions and other high frequency words.
Table 3.6 shows some of these words:

Table 3.6. Examples of stop words

5(’5 ,LG-"\é ,C)'-’L" ,‘..51 zd]hs 7‘Aﬁ 7".)15‘5 ";L ’hi ’L}“'-’\é ’44 9055-"’ "}Q 9‘;.;A ’L.}A "; ,L's ";\ "..;'-" ,M ,A’-J 70‘
ad}; aﬁ‘: ’\.q 999\ 9¢3\5} 9‘-_"“&éx ’Y :OA ,U“; 9L°‘ 995'3 9& 9"j ’w:t] ’\JN :;L‘"“A :OL USX 7(5‘; ,U;‘ 7L€_-d‘:
5;y~;9? JV’J ,e}'-'d‘ JOY ’(’QJ ’015 7-9;-.‘ 7".)3 7\3; 7".)'-"-" ’ﬁ 9Ojﬁ "M‘ ’b& 9?3 ’-Lsé "..; ,‘.JA ,d ’L.)Sj ,4—'\5} ,&A ’OJJ
R e T LI WOy PR R R P R I
Lnj\q\smu.\;da\a\‘_;\ "eyw@dmeu\djﬂuls L&u.\SLASA.\Sc‘_Ac
4.1\ \.@_J\ YJJ LS‘ u\d 4\1 d_,\ ‘_JA ‘;BJ\ d\ﬁy ,LA:\MY ’dad ’u:ﬁ ,UIS ,UJ ,U’“.-.‘! ,Jb.a ,u\..a ’ds.m.a
i oy ol PN Vg oSa Al PG Tt IR ERICT S RIC IR P I SIS Bt
1350538 T ST D D) e o e e Sl ke 56 e ,e‘ sl o W J

g’d’g’},b,u’d,d,d,u’t,t,, b ,")a,")a,w7w

Table 3.7 shows a sentence from original text and what happen after each pre-
processing stage:

Table 3.7. Examples of pre-processing

Original Sentence Blel (oLl o) o) sl Gty 5L (el Gillad & salansldl) yiing
4.13}@.\" )M&JLA—LJPGUL}G;ALA]\ )@J\ é.\)AY\ u.u);_ajﬁ\
é&: L—}LMJLAA]\ e alad d.als.ul el 4.1&.\\ FONOAS U»JS“ du_, s"‘d;ﬂ\
&8s Gl

1. Remove Diacritics | alel (Lol o) ol Gty salaiii (paalin Gldad () grindanldl) ying
562" 530 Baob Ay A 4l el el (S Y (s e S
e o jleal) pa atdad JalSi e il daale Gl Jan g ¢4 50l

&85 Gl
2. Remove oLl (il ) 81580 sty salaits (el lad ¢ grbsdaaaddl) siay
Punctuation A gall 43563 ga 3o ok Aday 3 4Ly (bl geld) (S ja¥) Gy <)
ol el laal) pe adad JalSid Ll 4 daaly (uall) Jza
oK,
3. Remove Definite plal oladl a1 35 Gy sl Cppaliiy el ) gaiadanls iy
Article a5 Al 93 003 500 sn3 Ga b Aoy 3 Ay oale el (Sa ) (e S

s pagl el jles g aldad JalSy L) Gl daale

4. Check and Convert plal (il sl 6 ) 35 ) 5aLE (paliiy llad ( piidanld e,
Alef dra 5 A 50 403 540 a3 (o Ay )3 A3y puale e (S el s
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&5 U)o Al s e alha oS5 Ll 4 daale [
5. Remove Strange | e plel il il #1009 iy salit Cadlgpy Glad () gaidacld ey
Words L ) daale (udl oo g 4 50 403 540 9ad (B ke g 3 Adly ale
6. Remove Stop | Aaisa oale el alal ol jul sl aebiy Qlad () spidansld iy
Words o)) il jlas aitlad JalSS Al Agpale (e Jaa Al A 500 B0k
Falb)

The final output sentence from this stage in our system is called (pre-process-
sentence).

G. Check and Convert (&) style

This step is related to previous pre-processing but we need its output separated
alone for some extracted features as entity recognition features. For each (+) “ta’a
marbota” character appears in text we convert it to (+) “ha’a style” without dots. This
feature helps us to deal with word ‘4w x”and “4w 2 as the same word. The output
sentence here is called (Ta’a sentence). Table 3.8 shows an example of this step applied
to the pre-process-sentence obtained from the previous steps.

Table 3.8. Examples of Convert (&)

Pre-process-sentence ale DA (S el alal (i) sl saliits Gaaliiy callad () spidasld ey
e JalSs dgay) dasale (i Jan & 93 dga 94 3ok Al A

B o)) Sl jlas

Ta’a-sentence abe gl (S el alal (Ll sl sl (el Gl () sinaild iy
Gl jlas agllad JalSh ) dsale (add Jaa 4l 93 40 500 3ok aday )2

&5 p=))

3.2.4. Entity Recognition (ER)
The motivation for this feature is that the occurrence of proper nouns, referring
to people, places and other categories, are clues that a sentence is relevant for the
summary as used in [14].

For each (ta’a sentence) we check if there is any entity name occurs in it, if it
occurs, we increase a special parameter called —entity counter by 1 and remove this
entity name from a (pre-process-sentence). The value of this counter reflects the number
of entities in the sentences. If the name counter = 5 then there is five person names in
this sentence and if the place counter = 2 then we have only 2 places mentioned in this
sentence. Figure 3.4 display the flow chart for this process.
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44 Read next word from Ta’a sentences

Checkif
it entity
word

No Yes

Increase entity counter and remove
word from pre-process sentence

Figure 3.4 Entity Recognition flow chart

Table 3.9 shows the entity type we used in the system with an example for each

one.
Table 3.9. Entity Recognition categories
Category mane Examples Parameter name
Name entity 3gane — A deae — 4 Jielan Name recognition counter
(ol A e - ale
Place entity 358 — Al ) — cplald o jald Place recognition counter
Months entity and — G — s — J) g8S — iy Months/days recognition
days L s counter
Special entity — saaiae aal (ulae — 4paBlul 4a5lia 4S a | Special recognition counter
Anoe Js0aada
Numerical entity 20/12/2011 - 123 -10.5 Numeric recognition counter

Table 3.10 shows an example of ER on “ta’a sentence” and the final output
which is called (post-pre-sentence).

Table 3.10. Entity Recognition example

Original Sentence S e g ) b (Al sl G la Al el 6 S0 ilall) ati
ol 1 a5 alaie paxididee ) AL i jad ) s e paelal)
(B 585 Ay gl 51 0 e 5 (il Sl (M 55 ) slaall (5 ) () Al
4 gty A3 pu¥) JAAY) Gl s Caald 2l raniays " 9% 80 J)
MomoYIM Ll g

Pre-sentence Ol pueld e g ) 5 Ll ol S jla s (680 il aaiiay
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Glada sy slae 5 8 Al s jaa alaie jexidilec LE0 Cua jas
Aol ol 3l Ay il iy B0 G55 s g0 2 L
o)) A L 4 sy

Ta’a sentence Odd uald e g ) g Led gaad G la o (6 83 iilad iy
UMc)}M&ﬁéu\uﬂekuﬁnmwwﬁm)ﬂ
Aabidl el SO Cldl s CaalB Caniay B0 (8 ety g g e (bl
o) Ak L s 4 sy

Post-pre-sentence Caa jad aald Alnde ) 5 Led gaad Cjla s (5 S5 il iy
Ly g s G ped Cladia B ) slae (5 8 () L s aliie jpedidglec
o) i g g A sudty JOlia) ) e CialB Capay (3588

3.2.5. Stemming
Word stemming is the process of reducing inflected or derived words to their
stem, base or root form. The purpose of this step is to obtain the stem or root of each
word, which emphasize its semantic.

Different approaches for Arabic stemming can be identified, manually
constructed dictionaries, algorithmatic light stemmer that remove prefix and suffixes,
morphological analyzers that try to find the roots and form of words. Stemmer can be
weak, fail to conflate related forms that should be grouped together, or strong, where
unrelated forms are conflated [44][47]. In this study we perform stemming using
khoja’s™ stemmer [25]. For example a stemming algorithm for Arabic should stem the
WOrds (Cruod A jde Al )3 | yld | yde e pd (o p0) tO its word stem (ce0).

Using the stem word increases the semantic similarity between sentences and
increases the value of Term Frequency through the document. This will consider all
different styles of the word which have the same stem as one term and not different
words. This step increases the weight of the semantic feature in the sentence.

Before we apply stemming on the text we should remove all non- letters such as
numbers and dates from text. Table 3.11 shows a sentence as an example before
stemming and after it. We called the output sentence from stemmer (stem-sentence).

Table 3.11. Stemming example

Original Sentence Dbanll 28y de Jile peae () 2all das (g maddl o A1 555 J8
(ibanddl) Gl B Lgdl) aa g 63 58 g Uad e ) )

Post-pre-sentence Gl S0l i g Ll sl Jlias ad 5 da jile (5 e da LA JB8

*http://zeus.cs.pacificu.edu/shereen/research.htm
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Stem-sentence (basld il Jous 038 (gl jod s b 03l (s g A A

3.2.6. Semantic Feature Extraction

All the previous Arabic summarization systems extract features from syntactic
level of words [1][14][17][44]. In this proposed system we deal with each word in the
sentence and with its semantic meaning. To deal with semantic meaning —Arabic
synonyms- we use “Al-Taleb Arabic to Arabic dictionary”®, which give us 100 words
with its alternate meaning in Arabic also. Semantic features used in this section and in
the next one are one of our main contributions for features extraction in this system.
Table 3.12 shows examples from this dictionary.

It is worth noting that we use Arabic synonyms as the only semantic feature.
This is true for several approaches such as Arabic WorldNet?.

Table 3.12. Examples from Al-Taleb Arabic to Arabic dictionary

Word First meaning Second meaning
z=J Y L
el Je Gl
Any )2 daa e
Aaial) FOAT Jall)
s )5 Ulax
£ Cra SIS

Semantic feature extraction stage consists of:

A. Term Frequency

In the context of IR, some very important measures are Term Frequency (TF)
and Term Frequency x Inverse Document Frequency (TF-IDF) [42]. In text
summarization we can employ the same idea, in this case we have a single document d,
and we have to select a set of relevant sentences to be included in the extractive
summary out of all sentences in d. Hence, the notion of a collection of document in IR
can be replaced by the notion of a single document in text summarization. This new
measure will be called Term Frequency x Inverse Sentence Frequency (TF-ISF) [27].

! http://www.alrougy.com/edic.html
? http://www.globalwordnet.org/AWN/
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We use equation (3.3) due to [27] to calculate semantic TF-ISF:

TR ISFi= TFx log= .......... eq (3.3)

Where TF; is the term frequency of word i in the document, N is the total
number of sentences and n; is the number of sentences in which word i occurs. The
formula (3.3) can be formed in formula (3.4) which used by [27].

T Wi(S)

TEX ISF = Max (ZK_, Wi (SiV))

Where k is the number of words in sentence (S), W is the term frequency weight
for each word i, N is the total number of sentences.

Table 3.13 shows an example of this feature:
Table 3.13. TFx ISF example

Text 8¢ e Gl e N Al j1 e JHAY)

Ol 184 A A e 2ay ol L uY IR dasSa oy
3 slaa bl ) (5 85 Cilaby Bac g g yan Baby Al e ) (Ma:” (JSu
Aibandil) Lo Jadl el 0 Lpsmal (rana B oy 556 gL a2 2al

DA sl gyl Mg oal g Admaal s SIY) @i sall sy
b AlaBY) gl V) cling il dae ) IO desSa dds DA
& sl Ll claly)

il ) (ALl Gl ) ) SRLl gt sysal 40 juall i

R Y g sagall o e sl cpaliiy ) ¥ o)l Gty Ji
(TN Ui d}lag 823 ‘cu:iiy('p.ﬁ" TR S, B3 )& A}hé& \Mi ¥l
Mg 5 58 o of Y ()

Sentence (23 words) DA ela i puall Mg g pal gan ddmaal g SSIY) a8 el
b AlaBY) gl V) sy L) de gl JOEaY) deSa duds JDA
& Usll dilaall clal

Semantic TFx ISF (by computing | 1x log2 + 1x logZ + 1 x log2 + 1 x log= + 1 x log > + 1 X
TF for each word in sentence then 1 1 1 1 1

apply eq. 3.4 log%+ 2x log%+ 3 X log§+ 1x Zogg +1x log§+ 2 X

log%+ 1 ><log§+ 1 xlog§+2 xlog%+ 1 xlog%+ 3%
log43+ 4 xlog43+ 3 xlog43+3 xlog43 = 10.2065

TEXx ISF = 10.2065 / 16.0227 = 0.637 where 16.0227 is the max TF

B. Semantic similarity with title
The title of the document used to characterize the document is without doubt of
paramount importance to quantify the relevance of each sentence/phrase with respect to
overall meaning conveyed by the document. Therefore, the evaluated semantic
similarity of each sentence and title is explicitly taken into account [9].
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This feature is obtained by using the title of the document as “a query” against
all sentences of the document, and then the semantic similarity between the document
title and each sentence (S) is computed by equation (3.5) due to [47]:

Number of title word in S

Title similarity =

Number of words in title

Table 3.14 show how we calculate semantic similarity between title and a sentence
Table 3.14. Semantic title similarity calculation

Title (6 words ) Uil Aaal g o pad riaad () gl 1 uSaliSy

Sentence (15 words ) s (i) O oo QL Sl g 1 ge Lo e Al 5 IS
L Y1 (3 ) (8 B S Al

Number of similarity word 5

Title similarity 5/6=0.83

C. Semantic similarity between sentences
This feature is calculated as previous one but it measures the semantic similarity
between each sentence and the previous one so we called it pre-similarity. We used
equation (3.6):

Number of previous sentence word in S

Pre similarity =

Number of words in previous sentence

Table 3.15 show how we calculate semantic similarity between two sentences.
Table 3.15. Semantic similarity between two sentence

First sentence (15 words ) (il puf) O oo QD " GSULS o1 a8 5a gy s AR g 0SS
¥ Gyl (B8 S jal

Second Sentence (23 words ) | ¢ uSal s JEaY) G OIS, A Gan ) oo ARG i
OIS 4il 2009 ple dled (S V) uori Sl (e 2w Al A
Sle il Al 5 Ja gl ‘jﬂ\gﬁé\.&.\l\ m\wggﬁj{eiﬂe?@

Number of similarity word 8

Semantic similarity 8/15=0.533

3.2.7. Check key phrase

By key phrase we mean a list of key words that give a candidate sentences more
important than other sentences. A group of three types of keywords are extracted from
200 Arabic news articles by a help of an Arabic experts'. Hence, we have a list for

!Arabic expert from faculty of arts in Islamic university of Gaza (IUG)
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strong key words, weak words and keywords between strong and weak. Table 3.16
gives a set of examples for each category.

Table 3.16. Key phrase examples

Strong Word Middle Word Weak Word
x| kal s
e ] 5
BB =) sl
o) Jad Jals

For each key phrase, we obtain its stem and then for each (stem-sentence) we
check if it has any word which belongs to one of the three categories. If there is strong
word then increase the strong word counter by 1, if there is a middle word then the
middle word counter increased by 0.5 and for weak word we increase the weak word
counter by 0.25.

3.3. Scoring

The score for each sentence (score (S)) is generated based on the linear
combination of the weighted features. Equation (3.7) is used for scoring each sentence.

Score (S) = sentence relative length + sentence absolute position +
name recognition counter + place recognition counter +
special recognition counter + months/days recognition counter +
numeric recognition counter + (TF X ISF) + title similarity + pre —
similarity + strong word counter + middle word counter +
weak word counter .......... eq (3.7)

Sentence relative length and sentence absolute position are features from
sentence segmentation phase in pre-processing and feature extraction step. Name, place,
special, months/days and numeric recognition counters, all are features outputted from
ER phase. (TF x ISF), title similarity and pre-similarity are semantic features output.
Finally; strong, middle and weak word counters extracted from check key phrase step.

Table 3.17 shows example of scoring sentence from text:

Table 3.17. Sentence scoring example

Text ALl ) Ao UIAY Al glae

o il il Al 8 (el comal Aadim Al ju Rihs i
3 Waaa) 55 JDA (LAl (o LgEa D S Sl 5 cdny pgiy 38 b ya
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(gligll sl

Gl Bl gla Asal Bl )8 Ol Ay puad) My e Adisaa Cas
83625 Ll 3l e (g Lkl Lgiie Mo Jand ) A4Lo0 juY) Aidad) (1
e G e pu (e 33 Aadad) gl Of Al e A 5 1Y)
ol e (A sa Ul (e (il amy g sl

Sentence (40 words ) @Y gl Asal Jall ol 8 8 A paadl My e Adiaiaa o
836205 Ll 3l e (g Lkl Lgiie o Jand ) A4Lo0 juY) Aidad) (1
e G lglie pu (e 3 Aadad) gl Of Al e A 5 1Y)
oAl Gae Gsataall (e el amy el

Sentence relative length 1
Sentence absolute position 0.5
Name recognition counter 1
Place recognition counter 0
Month/days recognition counter 0
Numeric recognition counter 0
Special recognition counter 0
TFEX ISF 1
Title semantic similarity 1
Pre-sentence similarity 04
Strong word counter 2
Middle word counter 1
Weak word counter 0.25
Total Scoring 8.15

3.4. Ranking and Summary Generation

All document sentences are then ranked in descending order according to their
score. A set of highest score sentences are extracted as document summary based on the
desired number of summary sentences given by the user as input to the system.

Finally the summary sentences are arranged in the original order to insure the
readability of generated summary. Table 3.18 shows a summary generation example if
user need only 5 sentence in the generated summary

Table 3.18. Summary generation example for 5 sentences

Original Text

38 5l da S aniad Jmdia g ibie (o o6 ; j0lias
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orhe 3 sane Agialaldl] Alalul) Gt ) (g lainl S 4lS4) «2011-6-13  0uiY) cdaihandd jolias Cuad
AL (380 5l Aa S Ay Ly CODMAN) ansad Jaie A (ulen 38l ) (S st )

s 8 Jdia s (elie (g G B A ol kel dala @llin ()65 28 43) Al oL | AN jaliadll clld
BN e 5 el 8 sdie ) jiall dalliadll

Cay o da 58 Gty eCand) el J sl ilae Al Led o laia) JDA 84S ad 43S jal) dsalll s 5
lie Jadfiay wlie S5 . B2k (ulas AS o diiad ) A yaY) (381 i) da g8 Ay (b 230 JlacY)
p)sed Ay )l Caala Al a5 ALl 8 Aalladll Bl & 55 e Lagin 4 53 (00 J5Y) 58 Lelaial

Lo sl gl 3 ) Jom sill mnse 8 £ 3D a2 3 a8l L Lelain) (GiS jall (e (a5 Sy o ) jiall (g
cealall el el ) 8 B a5 DA LS e By a3 ) Al il )

ol asdll i A el s a3 AS jall () 784S el 43S el aalll gume (e Jlea JU
" Ll Ay el ddall ) jlaall Gila a5 336 (e Jlaas]) 4y ) sSi diaga" 5

AL A g8l Ly i Dl (i 1Al ) sl 70k ol 28 i (sl J8 il s
"oled ) pds A Y

IR st (381 61l da g8 JS5 G azalall el Caatia 5 alE0 A Lagd ¢ lain) e (a5 i caile

Score Sentence
14.004 O g ldial e Al «2011-6-13 oY) cApidald jaliae Caad

AL (380 5 e S A€ 53 (ol VA anead Jaie A& (ulas

11.310 ola] a8l dala cllia () 6<5 38 43 AlalY) oY) A jaliadll Cild
8 el 5l iy i Bala (38153 A s 2S5 e (6 )
B lae 5 jalall 8 sdic ) jig)l Aalliadl g laia)

12.011 Jsl osbae Ay L g laiad DA i 48 jad 4, 35S jall daalll cnd )
A g8 Al ) Gl D Jlae Y1 iy o da S Gy camaall gual
Bady (ulas A4S ja diuad ) A1 YY) (381 5l

7.310 aisicie Lagins g i e V) b lelaial laie Jaday oibe OIS
o) 5ol dry )l Caals dayda ey 5 jalEN 8 dalliadl) G3lis)
6.992 s LD a5 palall 8 lelaial S all e ol g diay O ) jial) (e

e Y a3 Al Al e LSl A S ol Gl ) Jua 5l rsa
bl el el 1) 8 SN a8 5 OMA Ll

7.184 o) 2 AS Al ) 8 A8 al A S el Dalll gme Guanae Jlea J8
@38 oo Juanll ad ) () sSin diega" 5 doall acall Cda a6l ) )
"oyl A jall dacall ) sl cala Gl

6.342 05 AT ) da sl 29em lem 38 1 b (ool J6 Jiaad 3
"l | s i W ALl da Sall L ) (b 2D
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7.475 aldl el Caiatia s Al 8 Lagd g laia) (e ulas 5 28 cuile
el Al PR i B8 5 e S JS5

Summary

ol 2 pune il LI s (o i) S A1) (2011-6-13 CoBY1 bl jolias sk
AL 38 5 e S 2 55 0 DA il i A i BS ] il A 5

Jia G dniies sl Gn a8 U5 2l diad dala b () 5S5 38 43) Al oLV AS o) paladl il

g Laial UDA ol )5l Gas ) comia sl (38 il Ao gSa A0S 5 e (i€ all  Jealall GDAY ) e
S a5l 8 sdie ) jiall dallad)

) i da 5y eCall el J ol (lie Al Laial JMA =38 48 jal 44 58 pal) daalll caa
el A S (i ) ¢Caall ual ) Gl 0 e g lais s TP . %)
By (elen AS a4l ) o3 5eY) (381 5l A S Al 5 (b 2 s Jlac Y

Gl 2 5 AE 8 Asllaall (3l a5 e Lagin de 55 (a J5Y) 5 Lelaial laie Jadia s ulie (S

IS A (38 5l 5 g8 QS () bl el Caatia 3 jalall L Lagd g lain) (e (e 5 8 cile |

In this chapter we talk about the proposed model used to automatic summarize
an Arabic text.

Four stages are implemented in the model which are:

1. Data acquisition: This consists of user input data like an Arabic text and system
input data like entity name input.

2. Pre-processing and feature extraction: as inter-related stages and depend mainly
in semantic feature extraction like term frequency and title similarity with some
syntactic feature as relative length and sentence position.

3. Scoring: by using linear summation for all features and generate a final score
weights for each sentence.

4. Ranking and generate summary: rank sentences in decreasing order according to
their weights and finally generate summary based on CR or number of sentence
entered by user.
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Chapter 4

Experimental Results and Evaluation

In this chapter we shall present our experiments on AATSS. Firstly we will state
the programming language and tools used to develop the proposed system. A
description for the used data set to test the system and evaluate its performance is
explained next. Later, Summaries generated by our proposed system, human begin, and
Sakhr system will be presented and results will be evaluated by doing a comparison
among the three approaches. At the end of this chapter, we shall discuss our results.

4.1. Implementation

To implement the AATSS, we used java programming language because most
of pre-processing tools are found in java language beside special tools.

Table 4.1 displays part of the code with some explanation; we shall introduce
other code examples in Appendix A.

Table 4.1 Stem word Code

/I stem the word
public String stemWord ( String word )
{
/I check if the word consists of two letters
[/l and find it's root
if (word.length () ==2)
word = isTwoLetters ( word );

/I if the word consists of three letters

if( word.length () == 3 && !rootFound )
/Il check if it's a root
word = isThreeLetters (word );

/I if the word consists of four letters
if( word.length () ==4)
/I check if it's a root
isFourLetters ( word );

/I if the root hasn't yet been found
if( 'rootFound )
{
/Il check if the word is a pattern
word = checkPatterns ( word );

}

/I if the root still hasn't been found
if ('rootFound)
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{

/I check for a definite article, and remove it
word = checkDefiniteArticle ( word );

}

/I if the root still hasn't been found
if ('rootFound && !stopwordFound )

/I check for the prefix waw
word = checkPrefixWaw ( word );

}

/I if the root STILL hasnt' been found
if ('rootFound && !stopwordFound )

/I check for suffixes
word = checkForSuffixes ( word );

}

/I if the root STILL hasn't been found
if ('rootFound && !stopwordFound )

/I check for prefixes
word = checkForPrefixes ( word );

}
return word;
}
This function is responsible for checking all possibilities of the
Explanation word and then finally returns its stem if the original word has
one, else it returns the same original word without any stem.

4.1.1. System Interface

Our system interface is very simple which consists of two parts. The first part
contains the following:

e File browser button: to allow user to choose the Arabic.txt file which
need to be summarized

e Textarea : view the chosen file before summary

o Data panel: In this part, the user can enter the system variables as:
names, places, special words which are used in ER stage. Also the user
can enter what so called user variable which is the number of the needed
sentences to be in the generated summary. If this number is not specified,
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the generated number of sentences will be according to the criteria stated
in section 4.3.

In the second part of the system we have a text area which views the
generated summary. Figure 4.1 shows the system interface while Appendix
A explains how to use it.

| £ [Applicationditle n

el e @l e odb YT 4 o il dotias " Loladl JLasyime
peila ;31 gl il (g Bid de Ll LS 1y Laladl ST i}\)} Jasy £
sl Ll )1 dodas gy pdos o aladyidl GLb 1igud sl ol obw U

i 2011/1/31 g oldbdl Jpid wepe T ol 1 i 1 ishe 8y1 3l dioyb

5 = paill Jox e H)L.u\_o Je Ub;.nj_l\ &J\_e Ot | L0 Lgdude 300 JIs (o jw Ju\j
5 = sl s ss2 olb ST Loyl g 8T el 315000 ol el g sl buaadl LSy

0455 o ol ] Lpindal pio oo, g LOOYT el ple Lgiopds gy Loy
eyl Dy Lelyudd bl

s o 5 3 kbl padl Jus g tiowd YLl oY Lol )Y dodes aoylie ol tJLy
UnLﬂ'Lg dgl Cv_ns)Lm.a_H 2 da Ul Sl Medgdl G Lgd u_d)_u.a_l\ dde

s i gkl Lo A1 Sl uj\u_o‘_u_ou_u
ProEEn s u_o‘rl_c oy slya] Ladso psu g Lgdwl yoy abidhll J\J‘u_uua_:\ @93\3
) s Hosedl L]l e (e grleddly sy L aden

o clad i) 8 V0 VU8 (ol 2 il Bl (g 36 el (A1 g Aslal) JZYN 5139 S5
e 201111731 s ) J gl 0 34 AT G ) juka o330 5 50 4l gl 21 il ) el g pa
5380 O jomal (o gl Pautad) ) g e S hus gl i (matigall ALES Lt 5 500 DA (la pu 2
(513) paslall Joz a2 ‘L-"'Jm AL O s ald uJ| Wi LS ,ﬁlﬁ\‘r' E'-‘UJ:‘ u-b i 0 3N b iy 4-'-'J' 04 JSS! i
Ao ) Al

sl SuY) b (ol 900 48 Ly V50 g fNI Lgalga o 5 )50l 4l 01 p3il gl g
a3 gl Wby 1 ARIAY (Sull A (a g JSo Gl

Figure 4.1 System interface

4.1.2. Tools and Programs:

Special tools and programs are used to complete the implementation of AATSS
and documentation of the thesis:

e Shreen Khoja Stemmer [25]: this is a free Arabic stemmer. We use it to
stem each Arabic word in the document, also it removes all strange
words and non- letters from the text.

e Microsoft Access 2007: we used it to access the al-Taleb dictionary
words.
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e Microsoft SQL server Management Studio: we stored all the data we
need to generate summary in SQL tables.

e Microsoft Excel 2007: is used to calculate the test result and compute the
final P, R, F measures.

e Net Beans 6.5: this is the program which helps us to build interface and
finish the system implementation using java language.

e Java Development Kit (JDK) 1.6: A software development package from
Sun Microsystems that implements the basic set of tools needed to write,
test and debug Java applications.

e Microsoft Word 2007: the main program used to write the
documentation of the system.

4.2. Data Set

For our AATSS we collect a political news articles from “Falsteen newspaper”.
A randomly 200 news documents are selected between January 2011 and June 2011.

By a help of Arabic expert’ , we extracted a list of three group keywords which
represent the strong, middle and weak keywords, these keywords groups have been
illustrated in chapter 3. These keyword classifications are domain independent. In other
hand, two human references helped us to extract entity names from these 200
documents which contain names of persons, places, events, special political
terminologies and others. These entities are domain dependent. Still these entities can
be ignored in general, but very useful if used for scaling the sentence weight.

All data extracted from the documents are stored into SQL server data base to
use them later in summary generation. We select only 55 political documents to test and
evaluate the system.

4.3. AATSS examples

In this section we will introduce some examples of summary which we
generated from the system. For number of sentence included in the summary, we have a
default Compression Rate (CR) - the rate between numbers of sentences in the summary
to the number of the sentences in document- for each range of sentences in the
document as follow:

o If the document sentences < 5 then no summary will be generated.

Yfrom Faculty of arts,IUG
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e |f the document sentence between 5 and 20 sentences, then we use CR =
60%

e Otherwise for all document contain more than 20 sentence then apply CR
= 50%.

Table 4.2 shows an example for a text consisting of 2 sentences. This text will
not be summarized according to our model.

Table 4.2. Examples of summaries generated by AATSS (no summary)

Original text

Tl o) A R A Jne
(am agi s o yad Al Aal il dadli ol 8 (e g pedls cmal | Atz 4100 ) Aihs Ciaas
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sl Ol Of am Al S 4o SISV 3 e 5 slill 3l sa (g Lkl Ldia o Jaad Al
oAl e (88 sUaAl (e ptie b amy g el ead s dlglie s (a3l )

Number of sentence = 2 = number of sentence in summary = 2

Summary
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Table 4.3 Have a text with 10 sentences, so according to our proposed summary
size criteria. The generated summary will have only 6 sentences.

Table 4.3. Examples of summaries generated by AATSS(summary
60%)

Original text
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Number of sentence = 10 = number of sentence in summary = 6

Summary
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In table 4.4 we have a text with 22 sentences and the generated summary
consists of 11 sentences which is equal to 50%.

Table 4.4. Examples of summaries generated by AATSS (50%)

Original text
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Number of sentence = 22 - number of sentence in summary =11

Summary

AL yuy) JoaY) cildals o o S mals, @45\1‘ dasall 8 il ghadall aud iy S
o) b il ol i e Al g (37) Caall 5 caigo @l (750) (s @yobia
S35 Al (700) 1967 alall dia Lgd (4 sy g Alindll

Ao o 30 Al po) Alad Conimn s sl amy G5 Gmsmmm_u.}mwﬁw@euj
aJU\L.:MuL\LM\;LuuSLa\uMJJJDY\nJ\Jj@udeL:GmBY\M\m}@_\l
‘;;45\}1\ M\L’A 1967 @&wumymucw\duUMY\ u\b.t.mc"umsl\

M&gd@\@l\@lﬁ!_g‘\.})u\leA(:J.QLAJJ\‘_ADercé.’JL’.AM&_}LIquﬂLU

e A0 5el) ela¥) L) ey Lo Y Cliag GUainl) aolda Ladey 22§12l 5 (o i
Jln 5 cllia ane ol 4dles Al giose 4ald) S35 " jealVl (A Jlan Jie uailly Aapaall Jlaal)
IS el daisdl (e 228 Y Al 5 (s il

aelea® iy Awdiall Aaal) 5 i) dmasal) 3o GSLEEY) of ¢ il gladiall and s 5 ST
st A lrall ol 3aT a5 ¢ Al ) A sSall Al ) 5 ld il s e Lag Y
).l mal) el 3l 5aa ) gl Gl Dy il ASll a5l el A

;ﬂ\ 85 wu‘)uau‘;ubz&ujc 2000 (,Lcms..“hjul\ 75 wu‘)ls.il.a;l.u(uﬂ\ O
Badle lyg o JB g3 g ode o Dol 32l Ty el s of ) T jude S 3an
55 Ol ) Sl s Ol sbs 21 el (o (G Ol gy s 5 g pall el
=ty aadl Jala

M\duﬁ\jcmﬂ\uﬂ\@u&uﬂ‘ﬂ\wu‘)}: )La}\:*\_@\m\u\ ¢l S el
gﬁ c.\.u]\ u\m\j ut.k.u.u‘}“ J.\.A;.u dLLu L\ALAJ ‘L@J;J w\y\}“ L_ﬂ.m‘)w\ aAL}‘)l ‘).-4;\}”
"l andl e U] il Cangs @llh g dy 2l Al

i il Al 3 55 Lglodoon e 5 o DY) bl of ) L
a5 1 ) g 15 ol ) e pal) A ) Liae o gl Caan s )
IS5 b sllaall (5 ginsall 85 5 V5 iy ISl (i g 5 (ol 2aanall 8 (S5 )

"I e

DA e (adY) dmisall aim Gl Lo IS e A giunally G all el shadiall and ) agll 5
&M\}&uﬁ)ﬂ“;cdm;\z“)M\emj‘w\wﬁ\mwﬁdﬂuﬂdﬁwa@ﬁ}&
de pahuel 21 A i) aaidl 31 ) e dilgaall (b i) Al el e il

"KLY 5 canndl) (o gay A jall Jsall i€ il Gan ) slal) IS ) 5 <1969

Gl LR85 (i 5 s il albaall s L | jaall e daadiall gl & laiasdl) o il S5 ]

44




d s hsme s 40 50 A8E (i i 5 Aiaall 3 A0Sl A1 jranll Ll e 5 130a
S i yeel) A 5al) 4l ot el e 5 yihe s A 58 Laa L8 e 5L s
" aliaY Jad)

Ll allaall JS a5 JalS IS8y (il 53 3 55 Al ) S clals o ) L
IR e g2 56all @l prstiall adat] L Gaall 5 o liiall (i B SIS (40 <Ll
sealloal Alsbaall Gl g e 1 uail el 1 5y Siall cilalatY)

(a8 dasall aa @llas Al Cleltie V) aea a5 Alelis B Y dalay (eaill of ST
alus e gzl Ledea 5 ¢ padl g LAl 5 i jall Jsal) Analan 5 DLl e al) el il
Seie Al 5 agily ol

4.4. System Evaluation

System evaluation is a hard task as mentioned in section 1.6 because it is very
difficult to find an ideal text summary for a given document or a set of documents.

Classification approach for generating automatic summaries makes it easier for
evaluating extractive summaries. Three important measures are commonly used,
precision, recall and F-measure [20] [46]. Precision is a measure of how much of the
returned information by the system is correct.

Precision = Number of system correct summary sentences / Number of system summary
sentences ...eq. (4.1)

Recall is a measure of the coverage of the system.

Recall = Number of system correct summary sentences / Number of human summary
sentences ...eq. (4.2)

Usually Recall and Precision are antagonistic to one another. A system strives
for coverage will get lower precision and a system strives for precision will get lower
recall. F-measure balances recall and precision using a parameter . The F-measure is
defined in equation (4.3) as follows:

_ (B*+ PR
~ B2P+R

When B is one, Precision P and Recall R are given equal weight. When f is
greater than one, Precision is favored, when f is less than one, recall is favored. In the
following experiments 3 equals one.

4.4.1. AATSS and Human Evaluation

To evaluate our AATSS we used two human references to summarize 55
political news documents. For each reference and document we compute the three
measurements P, R and F. Table 4.5 to Table 4.7 show some examples of this
evaluation. In each of the Tables, a document has been summarized by AATSS system,
Human reference-1 and human reference-2, then P, R and F measures are computed.
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For each document the average of F measure has been computed. The average of all
averages of F measure for all the chosen documents is considered the system
performance. The more average of F measure (for all the documents) is approaching to
1; the better is the system’s performance.

Table 4.5 show an evaluation for Arabic text by comparing AATSS with two
human summaries and for each human we compute P,R and f- measures. In final we
compute the average f-measure between the two summaries.

Table 4.5. Summary evaluation 1(the underlined sentences in the summary of
AATSS are existing in human summary)
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Table 4.6 show an evaluation for Arabic text by comparing AATSS with two
human summaries and for each human we compute P,R and f- measures. In final we
compute the average f-measure between the two summaries.

Table 4.6. Summary evaluation 2 (the underlined sentences in the summary of
AATSS are existing in human summary)
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Table 4.7 show an evaluation for Arabic text by comparing AATSS with two
human summaries and for each human we compute P,R and f- measures. In final we
compute the average f-measure between the two summaries.

Table 4.7. Summary evaluation 3 (the underlined sentences in the summary of
AATSS are existing in human summary)
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4.4.2. Sakhr Summarizer and Human Evaluation

In chapter 1, we talk about Sakhr as an Arabic summarization tool which
identifies the most relevant sentences within a text and displays them in the form of a
short text summary.

In order to compare between AATSS and Sakhr online summarizer' we should
firstly compare each other with human summary to obtain average F-measure. Table 4.8
to table 4.10 shows some texts but summarized with Sakhr on line summarizer rather
than AATSS.

Table 4.8 show an evaluation for Arabic text by comparing Sakhr with two
human summaries and for each human we compute P,R and f- measures. In final we
compute the average f-measure between the two summaries.

Table 4.8. Sakhr evaluation 1 (the underlined sentences in the Sakhr summary are
existing in human summary)

Original text
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Table 4.9 show an evaluation for Arabic text by comparing Sakhr with two
human summaries and for each human we compute P,R and f- measures. In final we
compute the average f-measure between the two summaries.

Table 4.9. Sakhr evaluation 2 (the underlined sentences in the Sakhr summary are
existing in human summary)

Original text
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Table 4.10 show an evaluation for Arabic text by comparing Sakhr with two
human summaries and for each human we compute P,R and f- measures. In final we
compute the average f-measure between the two summaries.

Table 4.10. Sakhr evaluation 3 (the underlined sentences in the Sakhr summary
are existing in human summary) this text summarized by AATSS in table 3.6

Original text
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4.4.3. Comparison between AATSS and Sakhr online summarizer

A comparison between 55 political document summaries is done using both
AATSS and Sakhr. For each human we compute the f-measure for each 55 document he
summaries as we done in table 4.5 to table 410. Then we compute the average f-
measure for this human by dividing the total f-measure by 55. Finally we compute the
average f-measure between two humans.

Table 4.11 shows the F-measures for the two systems and two human
references.

Table 4.11. F-measure results

Human reference 1 | Human reference 2 | Average F-measure

AATSS 87.4% 84.7% 86.5%

Sakhr 76.57% 74.09% 75.33%

Figure 4.2 to Figure 4.4 represent the difference between P, R and F-measures
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Figure 4.2. P- measure differences
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Figure 4.4. F-measure differences

We compare AATSS with Sakhr free online summarizer which is not the best
version of Sakhr summarizer. In this free summary there is not a special entity
recognition system and it does not support semantic Arabic synonyms. According to
default criteria Sakhr free summarizer does well for the short text not long one.
Comparing AATSS with the commercial version of Sakhr will have another f-measures
value and another comparison value.

4.4.4. Discussion
From the previous experiments and comparisons we can find that:

1. AATSS is outperforming Sakhr summarizer based on F- measure, this
is due to :

a. Entity Recognition in AATSS is more specialized than Sakhr
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2. Sakhr

Check for strong, middle and weak keywords in the sentences
adding a big value for AATSS.

In AATSS we deal with semantic TF and semantic similarity for
title and sentences.

deals good with short documents which contain less than 6

sentences whereas in long documents that might exceed 15 sentences,
Sakhr‘s performance become worse. This could be because Sakhr does
not extract more than 5 sentences from the original text which might
decrease the value of the summary.

3. AATSS is very similar to human summarization as it achieves similarity
of 86.5% (F-measure).

4. AATSS have some drawbacks as :

a.

There is no automatic Arabic entity recognition system for Arabic
so user should enter them manually to obtain good summary.

As in all Arabic summarization systems, AATSS lacks to Arabic
pronoun resolution system which increase the semantic cohesion
between sentences. As example, this sentence may be extracted to
summary ‘bl 5l 4 & e LaiaY) JASl oUai sliie Y1 Lile Cang 4l Cilal 5
sbulill adinall 8 while we don’t really know who is the person
mentioned by word “<ilal”.
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Chapter 5

Conclusion and Future Works

5.1 Conclusion

In this thesis, an automatic system for Arabic extractive text summarization has
been introduced. The proposed method is called AATSS and is based mainly on
sentence weighting and scoring. The system summarizes the text in three sizes based on
the original text, if the text size is less than 5 sentences, no summary will be generated,
if the size of the text is 5 or more sentences and less than 20 sentences, a 60% of the
original text will be generated as a summary, otherwise, 50% of the text will be
generated as a summary.

Four stages are introduced in AATSS which are sometimes interrelated with
each other, these stages are: data acquisition, pre-processing and feature extraction,
scoring sentence and finally generates summary.

Our AATSS deals with extracted semantic information which increase the
capability by giving weights to sentences that have words with the same meaning. On
the other hand this process will increase the cohesion between sentences in the extracted
summary. Also, an entity recognition module is applied on the documents to identify the
most importance sentences.

To evaluate AATSS we used two experiments. The first experiment is a
comparison between our system and two human beings. A manual technique which
computes precision, recall and F measures between the system and two human
summarizers has been conducted. The overall F measure was 86.5% similarity between
them. In the second experiment, we compare AATSS with online Sakhr summarizer.
We found that AATSS is more powerful than Sakhr as the last only achieve 75.3%
similarity with humans.

Finally, our system is optimized, easy to use, general to any domain area and
able to produce summaries comparable to human generated summaries. We expect the
system to be used for a wide range of applications.

5.2 Future work
We should apply a number of suggested techniques to enhance the system:

[1] Selecting more features like adding semantic information from
comprehensive lexical resource such as WordNet, but for Arabic
language, may enhance output cohesion and help in feature selection.

[2] One problem with extracted sentences, they may contain anaphora
links to the rest of the text. This has been investigated by [38]. Several
heuristics have been proposed to solve this problem such as including
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[3]

[4]

[5]

[6]

the sentence just before the extracted one. Anaphora solving seems to
be interesting point of research.

Integration between scoring method and classification algorithms like
Bayesian classifiers [44] has the advantage of being fast and simple
and the results were good enough. We may try using a multi-classifier
system (MCS); this may increase system complexity and may enhance
the results.

Adopting alternative techniques for evaluation will help better
understanding the nature of the summarization problem. For example:
testing the system performance for accomplishing another task such as
question answering or document classification. A major research area
is developing an automatic evaluation for Arabic summaries.

Developing an automatic Arabic entity recognition system. English
language work in this context can be useful to develop a similar system
for Arabic language.

Developing an Arabic pronoun resolution system which increases the
semantic cohesion. This process can be done using other developed
systems in other languages.
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Appendix A
AATSS Interface and Code

A.1l. AATSS Interface

The system interface from Figure A.1 to Figure A.5 is shown in this appendix
with some explanations, Figure A.1 show the whole system interface with original text
and its summary:
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Figure A.1 System interface

Figure A.2 shows the pre-processing part which consists of two buttons. The
first button (e <l JUA)) used to choose a “.txt” file from the local disk where the
second (4alall) used to pre-process the chosen file. Two labels are activated in pre-
process part after the (“all.l)) button finished its functions. The first displays the
number of sentences in the original document and the second label displays the number
of the sentences in the summary.
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Figure A.2 Pre-process part

Figure A.3 shows the variables panel. All variables here is optional for user, but
it’s more recommended to enter the first three variables — which used to enter name
entity, place entity and special keywords- to obtain a good summary. The final
parameter is used to determine the number of sentences in the summary; if the user
ignores it then the system will use the default numbers of sentences mentioned in
section 4.3.
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Figure A.3 Variables panel



Figure A.4 displays the text area for the original text and Figure A.5 displays the
summary text area.
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Figure A.4 Original text area
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Figure A.5 Summary text area

A.2. AATSS Code
Table A.1to A.5 display parts of code using to implement the model

Table A.1 Calculate Term Frequency

private void TRF(){
StringBuffer word = new StringBuffer();
String onelines="",
Statement stmt = null;
Statement stmtup = null;
ResultSet rs = null;
ResultSet rs2 = null;
String SQI ="";
String SQlup ="";
int sent_id=0;
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try

stmt = SummarizationApp.con.createStatement();
stmtup = SummarizationApp.con.createStatement();
SQI = "SELECT sent_ id,STEM_SENT FROM FEATURES WHERE
NEWS_ID = "+SummarizationView.Doc_ID;
rs = stmt.executeQuery(SQI);
SQlup = "SELECT max(sent_id) FROM features where news_id =
"+SummarizationView.Doc_ID;
rs2 = stmtup.executeQuery(SQIlup);
rs2.next();
int max = rs2.getint(1);
while(rs.next())
{
sent_id++;
onelines = rs.getString(2);

for(int i=0;i<onelines.length();i++)
if(!Character.isWhitespace(onelines.charAt(i)))

word.append ( onelines.charAt (i) );

}

else
if (word.length () !=0)
{

SQlup = "SELECT word,freq,num_sent,last_ id FROM TermF
where word = "'+word.toString()+""";

rs2 = stmtup.executeQuery(SQlup);

double tf=0;

if(rs2.next())

int freq = rs2.getiInt(2);
int num_sent = rs2.getInt(3);
int last_id = rs2.getint(4);
if(freq ==3)
System.out.print(word.toString());
if(sent_id == last_id)
{
tf = ++freq *(Math.loglp(max/num_sent));
SQlup= "UPDATE TermF SET freq = "+(freq)+", tf =
"+tf+" where word = "'+word.toString()+""";
}

else

{
tf = ++freq *(Math.loglp(max/++num_sent));
SQlup=_ "UPDATE TermF SET freq = "+(freq)+",

Ad




num_sent = "+(num_sent)+", last_id
"+sent_id+", tf = "+tf+" where word
"'+word.toString()+"";

}

else

tf =Math.loglp(max/1);

tf= 1 *(tf);

SQIlup = "insert into termf (word,freq,num_sent,last_id,tf)
values("'+word.toString()+",1,1,"+sent_id+","+tf
)

}

stmtup.executeUpdate(SQlup);
word.setLength (0);

}
¥
}
¥
}
catch(SQLEXxception ex)
{
System.out.printin("SQI Exception : "+ex.getMessage());
}
}
This function is responsible for computing how many times each
word in the document are appeared also with its semantic
Explanation vocabularies. Each word Frequency counter is saved into SQL

table to use this value in the sentence term frequency as in table
A2

Table A.2 Sentence Term Frequency code

private void SemTRF(){
StringBuffer word = new StringBuffer();
String onelines="";
Statement stmt = null;
Statement stmtup = null;
Statement stmtvoc = null;
ResultSet rs = null;
ResultSet rs2 = null;
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String SQI ="",;

String SQlup ="";

int sent_id=0;

double total =0;

double max = 0;

Vector sent = new Vector();

try
{

stmt = SummarizationApp.con.createStatement();

stmtup = SummarizationApp.con.createStatement();

stmtvoc = SummarizationApp.con.createStatement();

SQI = "SELECT sent_id,STEM_SENT FROM FEATURES WHERE
NEWS_ID = "+SummarizationView.Doc_ID;

rs = stmt.executeQuery(SQI);

while(rs.next())

sent_id++;
onelines = rs.getString(2);

for(int i=0;i<onelines.length();i++)
{
if('Character.isWhitespace(onelines.charAt(i)))

{

word.append ( onelines.charAt (i) );

}

else

if (word.length () !=0)

{
sent.addElement(word.toString());

int founded =0;

String SQLvoc = "SELECT F_VOC,S VOC,TH_VOC FROM
VOCABULARY WHERE F VOC = "+word.toString ( )+" OR S VOC =
"'+word.toString ( )+ OR TH_VOC = "'+word.toString ( )+"";

ResultSet rsvoc = stmtvoc.executeQuery(SQLvoc);

while(rsvoc.next())

if((rsvoc.getString(1).equals(word.toString())))
{
founded =0;
for(int cc =0;cc<sent.size();cc++)

if(sent.elementAt(cc).toString().equals(rsvoc.getString(1)))
founded ++;
if (founded == 0)
sent.addElement ( rsvoc.getString(1) );
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founded =0;

¥
if(('rsvoc.getString(2).equals(word.toString())))

founded =0;
for(int cc =0;cc<sent.size();cc++)

if(sent.elementAt(cc).toString().equals(rsvoc.getString(2)))
founded ++;
if (founded == 0)
sent.addElement ( rsvoc.getString(2) );

founded =0;
}

if((rsvoc.getString(3).equals(word.toString())) &&('rsvoc.getString(3).equal
s("™)))
{

founded =0;
for(int cc =0;cc<sent.size();cc++)

if(sent.elementAt(cc).toString().equals(rsvoc.getString(3)))
founded ++;
if (founded == 0)
sent.addElement ( rsvoc.getString(3) );

founded =0;

}
}
word.setLength (0);
}

}

for(int cc =0;cc<sent.size();cc++)
{
SQlup = "SELECT TF FROM TermF where word =
"'+sent.elementAt(cc).toString()+""";
rs2 = stmtup.executeQuery(SQIlup);

if(rs2.next())
{
total = total + rs2.getDouble(1);
}
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if(max<total)

{
max = total;
}
SQIlup = "UPDATE FEATURES SET Sem_TRF = "+total+" WHERE
SENT_ID = "+sent_id+" AND NEWS_ID =

"+SummarizationView.Doc_ID;
stmtup.executeUpdate(SQlup);

total =0;

sent.removeAllElements();

¥

SQI = "SELECT Sem_TRF,sent_id FROM FEATURES WHERE

NEWS_ID = "+SummarizationView.Doc_ID;
rs = stmt.executeQuery(SQI);

while(rs.next())

double synt_trf=(rs.getDouble(1)/max);

SQlup = "UPDATE FEATURES SET Sem_TRF = "+synt_trf+" WHERE
SENT_ID = ‘"+rs.getString(2)+* AND NEWS_ ID =
"+SummarizationView.Doc_ID;

stmtup.executeUpdate(SQlup);

// total =0;

}

}
catch(SQLEXxception ex)

{
System.out.printin("SQI Exception : "+ex.getMessage());

¥
¥

This function is responsible for computing sentence Term
frequency by using each word frequency value stored

Explanation
P before in table A.1.

Table A.3 Remove Diacritics Code

Il remove diacritics from the word
public boolean removeDiacritics ( String currentWord, StringBuffer
modifiedWord ) {
boolean diacriticFound = false;
modifiedWord.setLength (0 );
Vector diacritics = ( Vector ) PreProcessFiles.elementAt ( 3 );
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for (inti=0; 1< currentWord.length (); i++)
/I if the character is not a diacritic, append it to modified word
if (! ( diacritics.contains ( currentWord.substring (i, 1+1))))
modifiedWord.append ( currentWord.substring (i, i+1));
else

{

diacriticFound = true;

}

return diacriticFound;

}
_ This function is responsible for removing all diacritics from each
Explanation word in the Arabic text.

Table A.4 Check Strong words Code

private void ChkStrongWords() {

try
{

Statement st = SummarizationApp.con.createStatement();
Statement stmt = SummarizationApp.con.createStatement();
String stem=""",
String SQLs= "SELECT STEM_SENT,SENT_ID FROM FEATURES
WHERE NEWS_ID ="+ Doc_ID;
ResultSet rss = stmt.executeQuery(SQLS);
while (rss.next())
{
stem = rss.getString(1);
Scanner scanner = new Scanner(stem);
String SQL = "SELECT ID,STRONG FROM WORDS where strong
1="0";
ResultSet rs = st.executeQuery(SQL);
String strongfind ="";
int strongfinds =0;
while(rs.next())

strongfind = scanner.findInLine(rs.getString(2));
if(strongfind != null)

{
strongfinds++;
}
¥
SQL = "UPDATE FEATURES SET CHKSTRONG =

"+strongfinds+" WHERE SENT _ID = "+rss.getInt(2)+"
and news_id ="+ Doc _ID;
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st.executeUpdate(SQL);
strongfinds =O0;

¥

catch(SQLEXxception ex)

{
System.out.printin(ex.getMessage());

¥
ki

This function is responsible for checking all occurs of strong key-
phrase which we described in section 3.2.7. after counting all
occurs of strong word in the sentence. An update query is applied
on feature SQL table to store the value of the strong word counter
as a new features.

Explanation

Table A.5 Compute Score Code

public void score()

{

try

{
Statement stmt = SummarizationApp.con.createStatement();
Statement stmtup = SummarizationApp.con.createStatement();
String SQL = ‘"select * from features where news id =

"+SummarizationView.Doc_ID;

String SQLup=""",
ResultSet rs = stmt.executeQuery(SQL);
//ResultSet rsup =null;
while(rs.next())

double score =0;

score =
rs.getDouble(7)+rs.getDouble(8)+rs.getDouble(9)+rs.getDouble(10)+rs.getDouble(11)+
rs.getDouble(12)+rs.getDouble(13);

score = score + rs.getDouble(24)+rs.getDouble(26)+rs.getDouble(22);

score = score + rs.getDouble(14)+rs.getDouble(15)+rs.getDouble(16);

SQLup = "UPDATE FEATURES SET SCORE = "+score+" WHERE
NEWS _ID = "+SummarizationView.Doc_ID+" AND SENT _ID = "+rs.getString(3);

stmtup.executeUpdate(SQLup);//rs.getDouble(25)+rs.getDouble(21)++rs.getDouble(23)
b
¥
catch(SQLException ex)

{
System.out.printin(ex.getMessage());
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Explanation

This function is responsible for linear summation of all
features stored in SQL table to generate a sentence final
weights for each sentence in the Arabic document.
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Appendix B
AATSS Examples

In this appendix, some examples for AATSS with various domains

Table B.1. AATSS summary for economic text (1)

Original text
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300-290) JWaaly e JOaY) Glhls o & g3 200y ¢ Ul ailiad) Jlas) Gl Al i) gl
) gl Ui g e 315 ol e Uil bl g cilae Lusally Alasa callis sl o S e e (Lals
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Number of summary sentences 4

Summary text
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