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Abstract

Given the enormous amount of unstructured texts available on the Web, there
has been an emerging need to increase discoverability of and accessibility to these
texts. One of the proposed solutions is to annotate texts with information extracted
from background knowledge. Wikipedia, the free encyclopedia, has been recently
exploited as a background knowledge to dynamically annotate text with
complementary information. Given any piece of text the main challenge is how to
determine the most relevant information from Wikipedia with the least effort and time.
While Wikipedia-based annotation has mainly targeted the English and Latin versions
of Wikipedia, little effort has been devoted to annotate Arabic text using the Arabic
version of Wikipedia. This work proposes an approach for dynamic linking of Arabic
short texts to Wikipedia articles. It reports on the several challenges associated with
the design and implementation of the linking approach including the processing and
setting up of the Wikipedia's enormous content, the mapping of texts to Wikipedia
articles, the problem of article disambiguation, and time efficiency. The proposed
approach focuses on short texts because they are generally more difficult to process
and annotate than long texts. The proposed approach was assessed over a dataset of
100 short texts gathered from online Arabic articles and then work on it offline.
Hyperlinks generated by the approach were compared with the hyperlinks generated
by two human raters. The dynamic linking approach achieved 71.79% accuracy,
74.70% average precision, and 82.63 % average recall. A thorough analysis and
discussion of the evaluation results are also presented to address the limitations and
strengths as well as the recommendations for future improvements. The source code,
dataset, and complete experimental results are made available online on:

https://github.com/FatoomMFayad/Dynamic-Linking

Keywords: Wikipedia, Arabic, Short texts, Dynamic Linking, Annotation,
Anchoring.
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Chapter 1

Introduction

1.1 Introduction

This research considers the problem of interlinking unstructured Arabic text to
knowledge resources such as Arabic Wikipedia. Linking, or sometimes referred as
annotation or anchoring is the process of linking terms in documents to their
corresponding resources from external knowledge bases (Ramudu & Murty, 2012).
For example, terms in Web documents can be converted to hyperlinks leading to their
corresponding Wikipedia articles, so that readers can access complementary
information related to the text being read. Linking terms to external knowledge
resources provide several benefits such as increased discoverability and accessibility,
and hence the utility of information. Furthermore, it can be useful to add semantics to
documents and hence allow machines to process documents in an intelligent manner
(Sriharee, 2014)

Considering the numerous side of the Web, the manual linking of documents on the
Web can be very tedious and time consuming. For each document, authors or web
developers should find out relevant resources, e.g. other Web articles that contain
proper definitions or explanations for the key terms. These difficulties have motivated
several researchers to explore approaches for dynamic hyperlinking of text. These
approaches have primarily focused on mining the Web for proper information to link
with terms in the text (Adnan, Warren, & Orr, 2013; Navigli & Ponzetto, 2012)

With the advent of massive Web-based knowledge bases and encyclopedias such as
Wikipedia, DBpedia and Linked Open Data, it has been possible to obtain
comprehensive details on almost every topics. These knowledge bases have been used
by several research efforts to facilitate dynamic linking of document (Barrena,
Donostia, Soroa, & Agirre, 2015; Geil3, Spitz, & Gertz, 2015; Mirizzi, Ragone, Di
Noia, & Di Sciascio, 2010; Moro, Raganato, & Navigli, 2014). Given any piece of text
the main challenge is how to determine the most relevant explanatory information from

knowledge bases with the least effort and time. EXisting research investigating
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dynamic linking has explored the use of different knowledge bases such as DBpedia
(Mirizzi et al., 2010), Wikipedia (lkikat, Gurhan, & Diri, 2015), WordNet (Passant,
2010) and ontologies (Sriharee, 2014). Several techniques have been also used to map
words in documents to their matching resources/articles/concepts from knowledge
bases. However, the majority of these efforts have focused on English or Latin-based
languages. Little efforts; however, have been done to explore the dynamic annotation
of Arabic text to external knowledge resource. The limited efforts in this field can be
attributed to: First, the limited number of knowledge bases that are publically-available
in Arabic. Although the Arabic version of Wikipedia and DBpedia have become
available and are rapidly growing, the sizes of these knowledge bases are still largely
small when compared to versions of other languages such as English or French. In
addition, the number of domain ontologies that are expressed in Arabic is very limited
as compared to the ontologies expressed in English. Second, the lack of accurate and
efficient Natural Language Processing (NLP) tools for Arabic, as compared to the
tools available for English, has notably slowed down research in Arabic NLP in
general (Farghaly & Shaalan, 2009).To our knowledge, Arabic Wikipedia is the largest
Arabic knowledge source that covers most of the technical and non-technical topics,
events that have happened, and topics related to most of the domain areas. Despite its
small size as compared to other Wikipedia versions, Arabic Wikipedia is still the best
choice for annotating Arabic text. This is due to its high coverage of many domains. It
also supports easy extraction of lexical information due to its relatively high structured

content.

This research aims to build a dynamic linking approach for short Arabic texts by
exploiting Arabic Wikipedia as background knowledge. Given any short Arabic text
the proposed approach searches Wikipedia for the articles that best describe the key
terms within the text. It also tries to handle the various challenges associated with the
linking process including the processing of the Wikipedia's massive content, the
mapping to Wikipedia articles, the ambiguity of terms and the time efficiency. It
focuses on short texts because they are generally more difficult to process and annotate
than long texts. This is because short texts often do not provide adequate information
that enables the application of statistical or machine learning techniques which have

been extensively used for the annotation of long texts. For example, it is difficult to
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apply frequency-based techniques such as TF-IDF to identify keywords in short text.
Therefore, the proposed approach will employ alternative techniques to extract
keywords from short text and map them to Wikipedia articles. Furthermore, by
considering short texts, the proposed approach aims to apply the linking approach on
social media content which mainly consists of short tweets and posts. The proposed
approach can be also applied on long text by; for example, using a sliding window of

predefined length over the long text.

The source code of the proposed approach and the installation instructions are
available online on (https://github.com/FatoomMFayad/Dynamic-Linking) and are
free to use for research and academic purposes. To our knowledge, this is the first
effort that aims to offer dynamic linking of Arabic text to Wikipedia articles. While
the English version of Wikipedia has been widely utilized in several research areas
related to information retrieval, there has been little efforts to utilize the Arabic version
of Wikipedia for similar research on Arabic text. The proposed approach is expected
to act as a baseline for the research tackling Wikipedia-based annotation of Arabic

text.

It was assessed over a dataset of 100 short texts gathered from online Arabic articles
like Aljazeera Channel, TRTalarabiya, RTarabic, and Sky News Arabia. Hyperlinks
generated by the approach was compared with the hyperlinks generated by human
subjects. Our linking approach achieved (71.79%) accuracy, (74.70%) average
precision, and (82.63 %) average recall; while the error rate was (28.21 %).

1.2 Statement of the problem

The main problem addressed in this research is how to exploit Arabic Wikipedia
to offer dynamic annotation or linking of short Arabic text. While many approaches
have been proposed to annotate English text to knowledge bases such as Wikipedia,
DBpedia and ontologies, no effort, to our knowledge, has explored the use of Arabic

version of Wikipedia for dynamic linking of Arabic text.
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1.3 Objectives

In this section, we present both main and specific objectives of the research

work.
1.3.1 Main objective

The main goal of this research is to design and implement a dynamic linking

approach to annotate Arabic short-texts with pertinent Wikipedia articles.

1.3.2 Specific objectives

1. Explore ways to process and access the large content of Arabic Wikipedia
in an efficient and accurate manner.

2. Study the existing approaches used for linking text to external knowledge
bases, and build on them to use the Arabic version of Wikipedia.

3. Provide an approach to map Arabic terms in text to the most relevant
articles from Wikipedia.

4. Address the unique characteristics of short text, such as the inability to

apply statistical or machine learning techniques.
1.4 Importance of Research

1. Connect the non-structured short Arabic texts to the content of Wikipedia
articles, so that this data can be reused and shared across community

boundaries, applications, and enterprises as a Linked Data.

2. Offer an extended information for the normal user of social media and search

engines by linking the short texts with related Wikipedia articles.
1.5 Scope and limitations

1. This work utilizes only the Arabic Wikipedia.

2. To provide efficient access to Wikipedia content, we used Wikipedia XML
dump that is stored in a local relational database.
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3. Our approach considered linking of Arabic short texts.

4. Our approach considered only the standard Arabic language, non-standard

Arabic language is out of scope for this research.

5. The evaluation of the linking approach was done using a specific dataset
gathered from Arabic news pages on twitter such as Aljazeera, Alarabiya, and
Sky News Arabia. It was not possible to conduct a comparative study due to

the lack of similar linking approaches of Arabic text.

1.6 Research Contributions

The work in this thesis has the following research contributions:

1- This is the first work, to our knowledge, that explores the annotation of Arabic
text with links to Wikipedia content. Arabic Wikipedia has been exploited only
recently by the Arab computer researchers and few efforts from the literature
have tried to interface to the Arabic version of Wikipedia for different
purposes, such as determining relations between topics (Kanan et al., 2015),
named entity recognition (Althobaiti, Kruschwitz, & Poesio, 2014) and
ontology generation (Al-Rajebah & Al-Khalifa, 2014).

2- The work builds on the techniques used in counterpart efforts that tackled the
English and Latin versions of Wikipedia and tried to adapt them to the Arabic
version of Wikipedia.

3- It proposes an in-depth evaluation of our linking approach and explored the
potential shortcomings and strengths. This detailed evaluation can inform Arab
research community with the various design options, challenges and
recommendations when designing similar approaches. The evaluation also
provides insight into several issues not addressed in existing efforts such as

issues related to article disambiguation and filtering.

4- Present a novel approach that we can consider it as a guideline for the future

efforts in utilizing Arabic Wikipedia structure in real life applications.

5- Generate a standard dataset of Arabic short-texts.
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6- Source code for the developed approach is available online for researchers.

1.7 Structure of Thesis

The thesis consists of five chapters. The chapters are organized in general as
follows:

Chapter 1: Introduction: This chapter considers interlinking unstructed Arabic text
to knowledge sources such as Arabic Wikipedia. It also discusses the difficulties of
using Arabic Wikipedia due to the complex problems related to the speciality of Arabic

language.

Chapter 2: Literature Survey: This chapter focuses on the background and the
concepts of Wikipedia. As well as the related work, that used Wikipedia as a
knowledge source.

Chapter 3: Methodology: This chapter presents the developed linking approach by
describing the steps of linking process. And explains a real scenario of using the

approach and the results of each phase.

Chapter 4: Results and Discussion: this chapter explains the gathered data set of
Arabic short texts, explains the used evaluation metrics, and discusses the results

focusing on the sources of errors.

Chapter 5: Conclusions: Discusses the conclusions and presents possible future

works.
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Chapter 2

Literature Review

2.1 State of the art

The world-wide-web has become the largest ever free-access information
repository with billions of web pages (Abdeen & Tolba, 2010). Moreover the
challenging thing is that the Internet does not stay static and it always develops
dynamically and rapidly(Badie, Azimzadeh, Zahedi, & Samuri, 2014). Today’s
numerous data repository needs novel approaches to mine such data efficiently and
effectively, recently many efforts attempted to go beyond this paradigm to improve
the mining and indexing of textual data (Ferragina & Scaiella, 2010). Researchers have
concentrated on how to provide a better accuracy and quicker retrieval based on
keyword and textual semantics(Chan, Baciu, & Mak, 2009).Many systems today
espouse Wikipedia pages (or derivatives of them) as topics and do the annotation
process by hyperlinking the selected sequences of terms with Wikipedia pages that are
related to their meaning(Ferragina & Scaiella, 2010).Wikipedia is one of the largest
knowledge source. It covers most of the technical and non-technical topics, events that
have happened, topics related to most of the domain areas(Ramudu & Murty,
2012).Many researches targeted Wikipedia as a knowledge source in many
applications especially in NLP, information retrieval (IR), semantic annotation

systems, and so on. There are many reasons for using Wikipedia:

1. It is publicly available to access and update in many languages, including
Arabic.

2. Easy extraction of lexical information from Wikipedia due to its relatively high

structured content.
3. High coverage for many domains, including medicine, News, Sports, etc.

4. The knowledge contributions progress in any domain will be reflected
immediately in Wikipedia knowledge(Ramudu & Murty, 2012; Vivaldi &
Rodriguez, 2014).
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One of the most important reasons for using Wikipedia as knowledge source is its
well-structured hierarchy. This hierarchy consists of main categories that can be
divided to sub-categories, each one of the article titles(concepts)can be classified under
one or more category, redirects are used to group all the equivalent terms for a given
concept(Ramudu & Murty, 2012).Wikipedia contains 271 different languages. For
example, the Arabic Wikipedia ranked 27" with more than 771,000 articles
(Wikimedia, 2015). This produced the motivation to employ Arabic Wikipedia’s
underlying structure in many applications such as annotation of short texts like search
engine results, social media tweets and posts, news, and so on. To this end, it is useful
to overview the most important aspects of the Wikipedia structure(Alotaibi & Lee,
2013).

Wikipedia structure:
1. Articles: can be one of the following:

1. Normal articles: Each article has a unique title and consists of
authentic content; i.e. textual data, tables, images, items and links

which related to the concept (article’s title).

2. Redirected articles: These contain a particular tag to redirect the
inquirer to a normal article. For the redirect article titled (radiad) Litday 5/
Great Britain), there is a redirected tag to (faiall 4sleall, United
Kingdom). This tag is written as #/REDIRECTED [[33aiall 4slaall]].

3. Disambiguation articles: List all article titles that share ambiguities.
2. Links types: There are two types of Wikipedia’s links:

1. Non-piped links: This type of links indicates that the display phrase of

the link and the article’s title are the same. For example, [[Paris]].

2. Piped links: This type of links denotes that the text that appears in the
contextual data is different from the article it refers. For example,
[[USA]] [[United States of America]] where “USA” appears in the
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display text, when “United States of America” refers to the article’s

title.

3. Connectivity: Used links, in the contextual data of any Wikipedia article,
provide connectivity, and thereby the Wikipedia’s structure that will be utilized

in the research.

4. Article Features: Here we specify three features of Wikipedia
articles(Technology, 2014):

1. Outlinks: For a Wikipedia article w, the outlinks of w is the set of

articles Ow that w links to by hyperlinks.

2. Inlinks: For a Wikipedia article w, the inlinks of w is the set of articles

Iw that link to w by hyperlinks.

3. Categories: For a Wikipedia article w, the categories of w is the set of

categories Cw that w belongs to.

Social media is a user formulated data such as Facebook posts, tweets, blogs, and
so on. Social media data has now become widely used and because of its importance
in many information retrieval applications, it has encountered significant attention
which has motivated many researchers to employ such data in scientific
researches(Kaplan & Haenlein, 2010). We employed Arabic Wikipedia with its
growing and structured data to design and implement a dynamic linking service to
annotate Arabic short-texts gathered from social media with pertinent Wikipedia
pages. We will offer the proposed annotation service to the Arab research community

through an online web service that researchers can utilize for research purposes.
2.2 Review of related works

It is usually worth considering the efforts of other researchers and checking if we
can refine and extend the existing knowledge of our particular domain. There are many
researches examine the use of Wikipedia as knowledge source in information retrieval,
natural language processing, and semantic annotation, or combine techniques of

preceding fields in a given domain. Many efforts like (Demartini, Firan, lofciu,

10
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Krestel, & Nejdl, 2008; Gruetze, Kasneci, Zuo, & Naumann, 2014; Zhang, Zhang, Wu,
Huang, & Ma, 2014) targeted the English version of Wikipedia due to its huge and
rich structured content, while fewer works (Al-Rajebah, Al-Khalifa, & Al-Salman,
2011; Shams Eldin & El-Beltagy, 2013) employed the Arabic Wikipedia in scientific

research. As a result, it stills a hot topic in the Arabic domain.
2.2.1 Using Wikipedia in Computer Science

While (Demartini et al., 2008) presented a formal model to determine entities
as well as a complete Entity Ranking (ER) system. It also provided a set of algorithms
based on the proposed system and assessed their retrieval effectiveness using an
existing environment that made an automatic evaluation environment for ER based on
Wikipedia. Another research (Gruetze et al., 2014) addressed the problem of clustering
search results of ambiguous person-name queries by proposing a framework build on
the idea that Wikipedia pages about persons, can be bootstrapped to deal with the
above problem as a classifaction problem where results are mapped to the most
relevant profile. The researchers (Zhang et al., 2014) presented an Interest Prediction
Factor Graph (IPFG) model, which is identified by the editor’s social properities,
hyperlinks between Wikipedia entitiesm categories of an entry and other important
features. The parameters of the model are learned using gradient descent algorithm and
Loopy Sum-Product algorithm.The researchers analyzed the impact of different
number of editor’s properities on the prediction accuracy of the proposed model. The
evaluation results showed that the proposed model outperform a collaborative
recommendation algoithm on accuracy in terms of F1-measure. An earlier effort
(Ramudu & Murty, 2012) proposed a topic based classifiaction of academic
researchers using Wikipedia.The researchers first generated a corpus for academic
researchers because there was no existing standard corpus.Then they created a
complete academic topics dictionary.After that they scanned these topics in
researchers’ publications to create document-topic mapping vector.Then soft
clustering algorithm is used for grouping related researcher’s. From the resulted
clusters brief topics for each cluster were gained and the researchers were linked if
they belong to the same cluster, through the common topics. The evaluation showed

that the developed approach was useful in retieving profile details of resaercher’s
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having expertise in a particular topic. And the research (Vivaldi & Rodriguez, 2014)
proposed an improved method for obtaining terms from potentially any domain using
the Wikipedia graph as a knowledge source. The researches applied their approach in
the medical domain and Arabic language. The evaluation results showed that the
coverage and precision of the obtained terms are satisfactory. The effort in (Cosh,
2013) served the traveling and tourism field by presenting an application of NLP
algorithms that specifies the main features of each destination automatically and then
recommend other destinations that share similar features using Wikipedia articles.
First, a list of stop words are tremmed and many word stemming techniques are
investigaetd to speed up the processing. Second, each destination (or article) is
represented as a set of keywords with corresponding log likelihood values. The
application was assessed by user driven comaprisons to improve the results by

allowing human interaction, so the author was satisfied by the results.
2.2.2 Using Arabic Wikipedia

The researchers (Al-Rajebah et al., 2011) proposed a system that employed
Arabic Wikipedia to build an ontological model that represnts concepts and their
semantic relations for a specific domain. The system architecture consists of XML
Parser to parse Wikipedia XML dump file downloaded from internet to extract for
each article a list of features that are smenaticlly related to.In the proposed system,
those features are extracted from the list of categories an article belongs to and the
infoboxes supplied by Wikipedia. The genrated features and semantic unit are stored
as a graph and then given to ontology generator to convert it to the appropriate OWL
format. The system was evaluated using two measures: human judges and precision

and the results proved its goodness as it yielded suitable results.
2.2.3 Text tagging
2.2.3.1 Text tagging using ontologies

The work in (Sriharee, 2014) was an auto-tagging system. The system recommends

ontological tags for articles, the tagging process contains:
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e Classification of the given article to the most relevant domain using cosine

similarity.

e Moreover, tag selection process: first matched the extracted tag of the article
with the concepts specified in tag ontology of relevant domain. Then the
suggestion of tags based on their significance.

The evaluation of the system used 140 articles in Thai language, and compared the
results with the result of manual tagging. The average recall of the experiment was

0.98 and precision was 0.85, and the classification’s accuracy was 90%.
2.2.3.2 Text tagging using Wikipedia

While (Ikikat et al., 2015) presented an application (Detective — Dedektif) for
deciding the Wikipedia word and phrases which will be related with other Turkish or
English Wikipedia articles, and generating a hyperlinks automatically. The developed
application took a Turkish Wikipedia pages as inputs and processed it in two steps: the
first step finding the roots of words in Turkish, then the words suitable for keyword
extraction are translated to English. In the second step, English Semantic Similarity
was used to define the semantic similarity between translations of the Wikipedia article
title and the selected word or phrase. After obtaining the semantic similaity measure,
the words which are more than a given threshold value were researched on Wikipedia
and links were created inside the text. The evaluation results showed that the success

of the Turkish version is better than English version.

Another effort (Scheau, Rebedea, Chiru, & Trausan-Matu, 2010) provided a method
to extract semantic relations between the names of the Wikipedia’s articles. Then it
employed these relations in defining the rank of Google search engine’s results. The
proposed method divided into two main phases: a preprocessing phase using TF-IDF
in order to obtain semantic similarity between concepts based on the redirect pages
and the internal links. A second phase for processing the search engine’s results taking
into account the semantic relations, which obtained in the previous phase and the user
query. The proposed system’s performance was measured by the satisfaction of the

user uses both systems (Google, and the proposed system) and compare the results.
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The researchers in (Zhigiang, Werimin, & Zhenhua, 2009) provided a web-based
method for measuring the semantic similarity between words. The presented method
employed the Wikipedia snippets to calculate the semantic similarity between words
by utilizing: preprocessing techniques, such as stemmer algorithms and stop words,
Cosine Similarity, and Term-Frequency Inverse Document TF-IDF. The method
assessed by using Rubenstein-Goodenough benchmark dataset. The results showed
that method improves the correlation and accuracy for measuring the semantic

similarity between words.
2.2.3.3 Text tagging using LinkedData

The research effort in (Mirizzi et al., 2010) provided a framework for
annotating and retrieving web content by using semantic tagging with DBpedia. The

framework consists of:
e Atool that can suggest similar tags to the users.

e A hybrid ranker of DBpedia resources relying on RDF graph and results of

search engines like Google, Yahoo, and Bing.

e A relative ranking system that using the similarity relation between

resources.

The main steps of the proposed approach are the following: 1) mapping of keywords
to corresponding DBpedia resources. 2) After this mapping, the researchers can
associate a defined semantics to keywords so that they can enrich the “meaning” of the

keywords by utilizing the DBpedia ontological structure.

The system compared to four different algorithms; 50 users evaluated the five
algorithms. The results showed that the proposed system performed better than the

remaining algorithms.
2.2.3.4 Tagging of Arabic Texts

While (Shams Eldin & El-Beltagy, 2013) used Wikipedia pages names,
redirects, and properties to build a concept dictionary or pool of meaningful tags,
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properties, and re-directs to build a pool of meaningful tags. Complex and efficient
matching techniques were then utilized to find out text segmants in news stories that
match entries in the resulted tag pool. The main idea behind the work is that every
Wikipedia article maps to real life concept or entity. The proposed approach consists
of ywo main phases: 1) Using Wikipedia to build a pool of meaningful tags by first,
extract the content of Wikipedia (inlinks, outlinks, and titles). Second, discard the non-
important Wikipedia entries to spped up the tagging process. 2) Tagging input text:
the goal of this phase is to match fragments of input text to tags in the Wikipedia
constructed dictionary. The main steps of the automatic tagging are: sentence
tokenization, extracting candidate anchors, and finally matching candidate anchors
with the constrcuted dictionary. The system was assessed by comparing the tags that
it genrates to those generated by MSN Arabic news. The results showed that the
proposed method outperform MSN Arabic news. Another similar effort (Zaraket &
Jaber, 2013) presented a morphological tagging for Arabic texts. The researchers
developed a Graphical User Interface tool that allows the user to make a manual and

automatic tagging, can edit the resulted tag, and calculate accuracy of the results.
2.2.3.5 Tagging Short Texts

While (Ferragina & Scaiella, 2012) presented a system that can enhance a
plaintext with related hyperlinks to Wikipedia pages. This system can annotate English
and Italian short texts (such as snippets of search engine results, tweets, news, and so
on) on the fly using bag-of-words paradigm. The linking of annotated topics taking
advantage of relatedness measures defined on the Wikipedia structure. The proposed
approach basically made use of the inlinks and outlinks of the Wikipedia articles to
measure the semantic relatedness. The higher the links between two articles the higher
the semantic relatedness between them.The result is a sophisticated semantic graph of
topics. The system compared to known datasets and the results showed that it could
outperform the known by 8 percent in F-measure test. The research work in
(Derczynski, Ritter, Clark, & Bontcheva, 2013) compared many of English part-of-
speech existing taggers against Twitter data. Then proposed a data-intensive approach
based on noticed difficulties with microblog tagging like word sparsity. The
researchers claimed that their tagger reduces the error rate at token and sentence levels.
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Another research (Nakamura, Shirakawa, Hara, & Nishio, 2014) provided two
methods SimpleMap and ProbMapto that measure the semantic similarity for
multilingual short texts by intergating inter-language links of Wikipedia into extended
naive Bayes (ENB). First the proposed approach united the language space of input
text into a single language space which was in this research English, which expanding
the semantic information for short texts and uniting the language space of the given
multilingual texts. The proposed two methods finally generated a vector of related
English entites to the input text as its semantic representation. This vector can be
utilized to measure the semantic similiarity between multilingual short texts using any

known metric like cosine or tf-idf.
2.2.3.6 Linking Social Media to Wikipedia

The effort in (Ren et al., 2013) presented a forensic text analysis approach that
utilized entity linking to specify social media entities and link them to Wikipedia
articles. The developed approach consists of two phases; in the first phase, the
researchers developed a state-of-the-art semantic search approaches that link entity in
micro-blog posts to related Wikipedia articles, while in the second phase performed a
personalized time-aware tweets summarization. This summarization connecting
entities to Wikipedia articles based on Entity Linking Task, this connection used to
enhance the tweets with the most important sentences of the connected Wikipedia
articles. The two steps of the proposed approach evaluated separately. First, the
semantic linking step assessed by measuring the B" and F1 measures of Text Analysis
Conference Knowledge Base Population evaluation campaign, and the results showed
that the followed clustering technique improves the overall performance of the
approach. Then the personalized tweets summarization step assessed by using a twitter
dataset that contains tweets and social relations. And the results showed that proposed
approach outperforms the other baselines in different number of selected tweets per

period.

Based on the above discussion of previous works, we believe that no efforts have
explored the use of Wikipedia as a knowledge knowledge source to annotate Arabic
short texts to enrich the language specific knowledge and make it available for usage

as Linked Data. While our approach builds on existing efforts that worked on English
16
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Wikipedia, we aim to address the use of Arabic Wikipedia and build the infrastructure
that enables for fast access and search in Arabic Wikipedia. We prefer to use Arabic
Wikipedia rather than using DBpedia because the Arabic version of Wikipedia covers
more concepts and offers a well structured content that enables interlinking existing
web contents. While Arabic DBpedia stills mature and needs more efforts to make it
available for usage as Linked Data instead of relying on English DBpedia only as a
knowledge source(Bahanshal & Al-Khalifa, 2013).
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Chapter 3
Methodology
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Chapter 3
Methodology

3.1 Introduction

This chapter presents the approach for dynamic linking of Arabic short texts by
using Wikipedia. It reports the detailed steps of the linking process which include:
First, the configuration and setting up of Arabic Wikipedia and the indexing of the
content. Second, the preprocessing of the queried short text. Third, mapping the short
text to Wikipedia content. Fourth, ambiguity resolution and filtering. . It also presents
a full usage scenario of the approach.

3.2 Setting up and Configuring Arabic Wikipedia

This section briefly explains the configuration needed for our linking approach.
This configuration includes the preprocessing of Arabic Wikipedia to enable for fast
information access and retrieval. Note that all the configuration settings are performed

only once.

3.2.1 Parsing and information extraction from Arabic Wikipedia XML Dump

This sections briefly explains the configuration we undertook to enable for fast
access and search over Wikipedia content during the linking process. Note that the
configuration steps should be performed only once. To deal with Arabic Wikipedia
and extract information from it, we cannot rely on the online version of Wikipedia as
this will be time consuming. Therefore, we opted to work offline by downloading the
XML dump of Arabic Wikipedia (05 March 2016 version). The information about the
downloaded dump is shown in Table 3.1.

Table 3.1: Information about the Downloaded Dump

XML Dump File Size 1.57 GB
Size after extraction 22 GB
Number of Pages 869453
Number of Categories 164497

Number of Categories-inlinks 506605
Number of Categories-outlinks | 506605

Number of Page-inlinks 55556636
Number of Page-outlinks 55556636
Number of Category-pages 4317315
Number of Page-redirects 9214
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The XML dump file was then parsed so that relevant information were extracted
and stored in a local database. The database contains tables for pages, categories,
category-inlinks, category-outlinks, category-pages, metadata, page-inlinks, page-
outlinks, page-redirects, and page-mapline. Information will be then extracted by
querying the database.JWPL (Java Wikipedia Library) was used to parse and extract
information from the XML dump file. JWPL is an open source Java-based application
programming interface that offers free access to all Wikipedia available information.
In our research we utilize only JWPL Core (API, and DateMachine) (Zesch, Miller,
& Gurevych, 2008).

3.2.2 Indexing of Wikipedia content

The core step of the dynamic linking approach is the mapping process which
should match the Arabic words with relevant articles from Wikipedia. The mapping
process; however, should be performed rapidly without incurring significant time
delay.
To enable for fast access and search over the Wikipedia content, we indexed the
Wikipedia articles titles, articles inlinks, and articles outlinks by using the Apache
Lucene search engine. We used the StandardAnalyzer which supports general token
types but does not support word stemming as an analyzer for indexing the above
contents. The result of the indexing process is file systems stored on the local machine
hard drive. While the Lucene Search API deals with the local database once in
indexing process to produce the file systems, any future search query will use the
indexed files to return the results.
Apache Lucene (Lucene, 2016) is an open source java-based search engine library. It
offers a high-performance cross-platform full-text solution. Content of Wikipedia
articles were stored in the local database, but their indices, generated by Lucene, were
stored in the file systems. Both Wikipedia Articles contents and the file systems indices
put togother in Wiki DB as shown in Figure 3.2.
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Figure3.1 : Setting up Arabic Wikipedia
3.3 Dynamic Linking of Arabic Short Texts

The dynamic linking approach is illustrated in Figure 3.2 explained as the

following:

Short o .
Texts_" Preprocessing |me—— Wikipedia |_, Article -

Mapper Disambiguation
Wi ki DB I.I.I.I.I.I.I.I.I:.
Wiki Terms :
(Output) < Filter | mm—

Figure 3.2 : Dynamic Linking Process

3.3.1 Text Preprocessing

Preprocessing is an important task in information retrieving (IR); the main
purpose of text preprocessing is to obtain the main features or key terms from text. We

applied two preprocessing steps on the input Arabic short text:
e Stop-word removal

Stop words are commonly used words that are frequently appeared in a

corpus. Such words increase the size of the text and removing them doesn’t affect
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the retrieving efficiency(Al-Shalabi, Kanaan, Jaam, Hasnah, & Hilat, 2004). We
applied a stop-word removal algorithm to reduce the size of the corpus and
improve the retrieving efficiency. First, the algorithm read a file containing a list
of Arabic stop-words, numbers, less than two-characters words. After that, it
iterates over the input text and remove all the listed words. For example, the input
text “sSadsll B Aigldn Je sk 3% J” “Real Madrid beats Barcelona in
Classico”. The output text will be  sSadlsl) 4558 5 3 12 Sk after removing

66‘.’1;” “On” and “Ué” “in”
e Text Tokenization, Normalization and N-grams Generation

After removing stop words, the text was tokenized and normalized.
Normalization aims to unify the Arabic letters that appear in different formats (e.g.
replacing “”with “”and “~”with *3”"). This will enable for better matching with the
Wikipedia articles.

To help map phrases in the input text, the text was then split into a set of grams.
Grams are phrases consisting of two or more subsequent words from the input text.
The aim of generating grams is to increase the matching rate with Wikipedia
content by generating all possible combinations of words and map them to
Wikipedia articles. For simplicity, we limit the length of the generated grams to be
equal to or less than three. For example, if the input text is ™ & Jod 2 Jly
SIS B 435l ) the resulting grams will be -Adsbi Ssiy &0 -5 sdy &8 Jly
o2 — Jhy - gSanaDUS &S gL - A3 by 598 — 598 e — 3 e Jhy — sSamadSl) A3 gLy o
RECIWA, | B S P - YR Pt P

3.3.2 Wikipedia Mapper

The Wikipedia mapper (see Figure 3.2) is responsible for mapping n-grams
generated from the preprocessing phase to Wikipedia articles. The aim is to identify
the Wikipedia articles from which the links should made. Candidate n-grams will be
later converted to links to the corresponding Wikipedia articles. For each gram from
the input text, the mapper retrieves all Wikipedia articles whose title contain the gram.

The mapping with Wikipedia content starts from the highest n-grams. The assumption
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here is that longer phrases will represent more specific descriptors than shorter ones.
Then candidate grams that are substrings of other longer n-grams are ignored.

For example, from the phrases resulted from the previous phase, for the detected term
“ s, the word “sSedlsl” js chosen and  sSawdsl 43 gbd pand 4sbd jady gSudlsl)
are neglected because they have no articles related to them. The following table shows
the word “sSs3sd” with all possible articles related to it. Where each article has a

unique id number.

Table 3.2: Term Detection Example

Term Article ID Article Title
192553 Sl
2319588 @wy\ OS]
Sl
2778204 Rl K3l

e Article Disambiguation

When matching phrases to Wikipedia articles, it is likely that a single phrase
matches with multiple Wikipedia articles. Furthermore, several Wikipedia articles may
be retrieved when their titles contain the same phrase. In fact, the Wikipedia Mapper
may match a single phrase to a large number of Wikipedia articles. For example, the
phrase s, JW' "Real Madrid'was matched with 43 Wikipedia article which all
contain the phrase "' Jb' in their titles. Some of these articles are: «uta Jky < gl
BLE 3y e Jly fl cdite Jly o3l salaa by pda Jly (Y e da Jly 3l e Jly (2 e daild
L% JW, In addition, a term from input text may be ambiguous in the sense that it has
multiple meanings. Such an ambiguous term may be mapped to multiple Wikipedia
pages, each of which denotes a different meaning. For example, the word "l k"
matches with at least two Wikipedia articles, one denotes the Lebanese city while the
other denotes the capital of Libya. In dynamic linking of text; however, a phrase should

be linked to a single Wikipedia article. Thus, it is necessary to assure that the detected
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phrases are linked to the most relevant articles among all probable articles related to
this term in Wikipedia.

When mapping terms in text to Wikipedia links, our assumption is that there should
be a collective agreement or relatedness among the detected Wikipedia links. If a term
Is mistakenly mapped to an invalid article, this article is likely to have a low relatedness
with other detected Wikipedia links. Therefore, when a term can be mapped to multiple
articles, this ambiguity can be resolved by determining the article that best relates to
other articles associated with other terms in the input text. This idea was inspired from
existing efforts that measure semantic relatedness between Wikipedia links (Ferragina
& Scaiella, 2012; Milne & Witten, 2008).The relatedness between any Wikipedia

articles can be measured using the following Equation. (Milne & Witten, 2008)

log(max(|Al,|B))-log(|AnB))
log(IW|)-log(min(|Al,|BI))

relatedness(pa,pb) =1 — (3.1)

Where paand po are the two articles of Wikipedia, A and B are the set of all articles

that are linked to paand po respectively, and W is set of all Wikipedia pages.

Note that the relatedness score gets higher if there are more Wikipedia articles that link
to both pa and pb, i.e. |[A N B].

For each ambiguous article, we calculate its relatedness score with each candidate
article detected in the input text by using Equation 3.2. The overall weight of the

ambiguous article is the average of pairwise relatedness scores:

Weight b= Yi=o relatleccfness(p,Ci) (32)

Where p is the Wikipedia article for which we need to calculate the average
relatedness, C is the set of all other candidate articles, Ci is a candidate article, and n

is the total number of articles detected from the input text.

Of all Wikipedia articles mapped to a single term, the article with the highest weight
is chosen to be linked to the term. This process is repeated for each detected term in
the text until selecting the best articles for all terms.

For example, for the input text “phedd alo ad, a3 caddg s we have two terms
“Casd s s and “Cpbdd ale” The term “Cubwdd ale” related to one Wikipedia article

while “aa8 9,52 related to 6 artilces. Table 3.3 shows all the articles related to the two
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terms and the weight for each article. The article “cas85,5” was chosen for the term
“casd g 552” because it has the highest weight upon all other articles related to this term.

Table 3.3: Weight of different ambiguous articles

Input Text Term Article Weight
G505 Al 0.0
Crbaald ol ad ) o by ) 99 SeN sy dilas | 046
Oabaus | oadaus 0.56
S b m4ibas 0.0
a5 o 2l 0.0
JUb a5y dalus | 0.0
Cpbadd ale | udaald lo 0.51

e Terms Filtering

The article disambiguation phase generates a set of articles to link with candidate
terms in the input text, one article per term. These candidate terms; however, have to

be filtered to discard the terms that may not be meaningful to the user.

To detect irrelevant terms, we utilized two features that indicate the importance of the
associated Wikipedia articles. The first feature is the link probability, which means the
probability that the term is used as a link in Wikipedia. The more the term used as a
link in Wikipedia articles, the more importance it gains. For any term a; the link
probability, P (a), is calculated as the following:

Number of occurances of a as an anchor

P(a) =

(3.3)

Total number of occurances of ain Wikipedia

Where P (a) is the link's probability

The other feature we used to determine irrelevant terms is the coherence between the
term and other terms detected in the short text. Our assumption is that a term gains
more importance if it is related to other terms in the short text. In contrast, it will be
considered irrelevant or less important if it is not strongly related to the surrounding
terms.

The coherence between terms can be determined by measuring the relatedness between
their corresponding Wikipedia articles. Therefore, we used the relatedness scores
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calculated from the article disambiguation phase. Finally, the filtering score of a term
a is calculated using the following weighted measure:

F@@=aC(a)+BP(a (3.4)
Where o +p=1.0

Where F (a) is the filtering score that denotes whether the term a is significant or not
and its value ranges from 0 to 1. P (@) indicates the link probability, C(a) indicates the
coherence score which equals the average relatedness between a and all other selected

articles of detected terms in the input text.

The factors a and B decide the contributions of the two scores in the final filtering
score. We performed several experiments to determine the best values for a and g, and
found that @ = 0.7 and B = 0.3 gave the most acceptable results for the underlying
dataset (These experiments will be presented in Chapter 4). However, . and p can have
different values depending on the dataset being usedand it is up to the user to set these
values. After that, if the filtering score F (@) is less than a predefined threshold its
annotation will be neglected. Based on our experiments on the collected dataset,

threshold was set to (0.3) as this value generated the best results.

Note that the relatedness measure in Equation 3.2 was used twice in our annotation
approach: the first use chose a Wikipedia article that best represents a term in the input
text. This is needed to prune disambiguated articles when a single term matches with
multiple Wikipedia articles. The second use of the relatedness measure was filter out
terms in the input text that have been linked to a Wikipedia article but may be irrelevant
to the user. The computation of the relatedness score in the second time is done faster
that the first time as the disambiguate articles are already excluded.

For example, the input text “cliadia 433 52 Aadgall) SLAING Jsdy cual 5 Al g™ have three
detected terms “oual i Allige”  “lasda” and “js&”. Those terms are related to
Wikipedia articles. While the terms “cxl 5 Al 59 and “laada are considered relevant
since they have high scores (0.75) and (0.71) respectively, the term “Js&” considered

irrelevant due to its low score (0.0117).
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3.4 Case Study

In the following case study, we illustrate a full scenario of the dynamic linking
process, showing how the end user query is processed in every step of the approach
until the final output is generated. Figure 3.3 shows a simple user interface that enables
the user to input the Arabic text and then initiate the annotation process by clicking on
the button. Suppose that the user entered the following short text « sy (AN (5 9al)
Ailsall (1 36 & g3l (B Cpbalal (ubage (D A Addua e lriy” in the text field.

= Lo - o IEN|

G || Jasbwwell Go 36 ggawll 00 Laaulai Gadags Wiue Ll Ao e Ll gas Y U S gl

Figure 3.3: Graphical User Interface to enter the short text and show the results
Preprocessing

The input text is first processed by applying stop-word removal, text
normalization and tokenization. Afterwards, N-grams are generated from the text

where n starts from 1 to 3. Figure 3.4 shows the generated N-grams.

Input Text

A8luall (10 36 £ o) A Cpiulai Cpdags (e S Adluda o iy gl AUaiY) (o))
pA
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¥

The resulted set of phrases after applying the stop-word removal and
word tokenization

¥

N-gram Resulted Phrase
o9

Al

P,

B

1-gram ™

Obage

&J,wfﬂ

aalua)

Ay gl

s Myl
2-gram HM MY

) Adua

e A3

Obags (S

£ 5] Cpidis
Al £ gau)
3-gram Sl Aoy (59l
iy gaey (Aasy)
Cndagy (Bl )

£ saud¥) Cphulal Cpbag
Alsal) £ gausd) Cppalas

Figure 3.4: Preprocessing of input text to generate the N-gram phrases.
Terms detection

For each n-gram generated from the previous step, we search for all matching
Wikipedia articles. The matching process is simply done by searching titles of
Wikipedia articles. Note that each n-gram can match with multiple articles. Thus,
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each n-gram as well as all Wikipedia articles that match with it are preserved at

this stage. N-grams that do not match with any Wikipedia content will be

discarded. In our running example, the resulting terms, i.e. n-grams, with all their

related Wikipedia articles are shown in Table 3.4. Note that Wikipedia each article

in Table 3.4 is identified by a unique 1D number.

Table 3.4: Terms Detected for the input text

Phrase Related Articles
Article ID Article Title
2834588 Sliaall sy (5 55l
898506 ) (55l s Aals
22479 ‘,_,,J\La‘ﬁ‘ EBTN
16580 é‘;}“ il &Lkg‘){\ ij‘)ﬂ\
1035203 112010 Adasy) s 53
) .
) 2686822 Ayl sl il s 3ale
386378 AUl Aa el JUasy) (55 5al)
1758362 2006 Uy (552l Aapuad
2400246 1992-1991 AUas¥! () sall
788203 2006 Adary) (s sl Anpad
1681192 Al gy sall il
2686821 Sy s psall i daili ;ale
264811 b i (g5
(S )
88486 O il
408721 (b & s Ales
885668 & s g
£ goud) ‘
2889454 e sy
582350 e g 5l
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Phrase Related Articles
Article ID Article Title
1158471 (L) £ sl 128 cllas
254009 & sl
1896118 (aLd) 33 s8al) & 0] Algs
819301 (Anaa) ¢ sadl) Ll
2834885 () 2 1) £ sa) Ll
2830417 s shulall &}__\“‘y\
1205299 (O ,Y) s sl & 5u)
1134878 (Alle) g o) Ll
2438621 (i e sal) & 5 Al
1707905 (L 511S) (5 sl g o)
143752 ey
1977314 e (5ol Cilglan

Sy 1014117 i (S

39109 JUEN PR

Article Disambiguation

Article disambiguation ensures that each detected term is mapped to the most

relevant article among all articles related to this term in Wikipedia. For each term,

the selection process is done by calculating the relatedness values between every

candidate article associated with that term and the articles associated with all other

terms discovered in the input text. Equations 3.1 and 3.2 were used for this purpose.

The best Wikipedia article for each term is the one with the highest average

relatedness among all other articles related to this term. The following table shows

the average relatedness values for each article. Articles with the highest relatedness

scores are highlighted in a different color.
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Note that some articles have zero relatedness scores.It means that they have no

coherence with the other articles denoted by the terms in the input text.

Table 3.5: Weight of the related articles

Phrase Related Articles

Article Title Weight
Sliadl) Jay) (g5l 0.73
Syl sl il dails 0.0
Quae.\;i‘ s 0.72
Y A eyl (55, 0.55
11-2010 JAax¥) 5520 0.0

jﬁ’;“ eyl sl il s sale 0.68
L Al ey (55l 0.70
2006 o) (552l Anpad 0.0
1992-1991 Jaiyy! (55 0.0
2006 oYl (55l anpuad 0.0
Sl g sall siloa 0.0
‘;\L.\\J\ Lﬁ)}-ﬂ‘ L;\.\A A8 aala 0.68
e i) (5o 0.63

Ol )

Sty i 0.68
st (LS 0.0
YN 0.62

3..3.“3‘2;
sy (52U Cilias) 0.71
ﬁa.u’.\"\] (_.531..'\ 0.73
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Terms Filtering

In this step, irrelevant terms are determined by calculating the filtering score
explained in term filtering section. Table 3.6 shows the link probability, the

coherence score and the overall filtering score for each term from the input text.

Table 3.6: Link probability« coherence score and filtering score of the terms

Article Link Probability | Coherence Score | Filtering Score
Jlaall oY 5,530 | 0.56 0.73 0.69

O il 0.64 0.68 0.66

s (534 0.44 0.73 0.64

g sy 0.013 0.0 0.004

Terms that had filtering scores less than the predefined threshold, i.e. 0.3 in our
experiment, were discarded. For example, the term “g s«¥)"* was discarded as it
had a filtering score the equals to 0.004. This result makes sense as this term does
not give an important meaning to reader. This results also indicates why the
coherence score was weighted higher than the link probability value in the filter.
The following figure, Figure 3.5 shows the final wiki terms that occurred to the
end user. Each output consists of the term and the link to the Wikipedia article

representing it.

] Lauis - o IEH|
o aLusall (10 36 gl 08 (utalai (19390 0Vas il A (Sle Lo g UYL S gl
A oYl 401 2(1) yadl

o)l Yl 8,9l :bansigll Axio Llgis

https:/ /ar.wikipedia.org/wiki/ %D8%A7%D9%84%D8%AF%D9%88%D8%B1%D9%8A_%D8%A7%D9%84%D8%
A5%D9%8A%D8%B7 %D3%A7 %D9%84%D9%8A_%D3%A7 %D9%84%D9%85%D9%35%D3%AA%DEY%A7 %D8%

B2

EEES S SRR LRSS RIS RIS AL RS TR TS

Mo il 1(2) padl

Ol il :LauSugll Axas Ulgis

https:/ /ar.wikipedia.org/wiki/ %D8%A7%D9%86%D8%AA%D8%B1_%D9%85%D9%8A%D9%84%D8%A7%DI9%86
EE Sy S e A
sl 1(3) yall

sl 5ol banSigll axao Ulgic

https:/ /ar.wikipedia.org/wiki/ %D9%86%D8%A7%D3%AF%D9%8A_%D9%84%D8%A7%D8%AA%DE%B3%D9%
8A%D9%88

T ORRR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R AR R R R R R R R R R R AR R KRR R R RN R ERRRRRRERRRRRE R R

Figure 3.5: The final wiki terms displayed to the user.
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3.5 Tools

e Java Wikipedia Library (JWPL)

JWPL (Java Wikipedia Library) was used to parse and extract information from
the XML dump file. JWPL is an open source Java-based application programming
interface that offers free access to all Wikipedia available information. In our research
we utilize only JWPL Core (API, and DateMachine) (Zesch et al., 2008). JWPL is
available on(Github, 2016)

e Lucene Search Engine

Apache Lucene (Lucene, 2016) is an open source java-based search engine
library. It offers a high-performance cross-platform full-text solution. We indexed the
Wikipedia content by using the Apache Lucene search engine to enable for fast access
and search over the Wikipedia content.

e MySQL

MySQL (GPL, 2016)is an open source multi-threaded, multi-user Structed
Query Language (SQL) database server licensed under the GNU General Public
License. MySQL was used to store the content of Wikipedia articles in a local
database. Note that all page details are stored in a relational database as an intermediary
stage after being extracted from the XML dump file. Important page details such as
the title, inlinks and outlinks, which are necessary for the calculations, are indexed by
the Lucene search engine and stored in the hard drive.

3.6 Summary

This chapter presents the methodology we followed to construct the desired
dynamic linking approach. First XML Wikipedia dump was stored on a local database
and the Wikipedia content was indexed to allow for fast access and search over the
Wikipedia. Then the annotation process starts with preprocessing of input text by
applying stop words removal, tokenization, and n-gram generation. The second step

of the annotation is Wikipedia mapper which retireves all Wikipedia articles whose
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title contains the detected terms in the input text. Then assures that the detected terms
are linked to the most appropriate articles by calculating agreement between the
current Wikipedia article and the articles associated with all other terms. The third step
of the annotation process is to filter some of the generated terms that may not be
meaningful to the user. Two features were used to filter such terms: the first feature is
the link probability, which means the probability that the term is used as a link in
Wikipedia. And the second feature is the coherence between the term and other terms
detected in the short text. Our assumption is that a term gains more importance if it is
related to other terms in the short text. In contrast, it considered irrelevant or less
important if it is not strongly related to the surrounding terms.

Finally, an example of using the linking approach was discussed in detail. The
proposed approach enables the end user to enter the input text, and outputs terms with

the best matching Wikipedia articles.
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Chapter 4

Results and Discussion

4.1 Introduction

This chapter presents the approach we conducted to evaluate our approach for
dynamic linking with the following objectives in mind:

1- Assess the reliability of the dynamic linking approach: we aimed to explore
to what extend the proposed approach can accurately link the terms in the
input text to the most relevant articles from Wikipedia. We were also
interested in exploring any potential errors in linking and the reasons of
these errors.

2- Assess the efficiency of the proposed approach: we also aimed to measure
the time efficiency of the linking approach and what steps can potentially

consume time more than others.

Similar approaches from the state of the art have been often evaluated by being
compared with other approaches (Ferragina & Scaiella, 2012; Ren et al., 2013; Shams
Eldin & El-Beltagy, 2013). However, we are not aware of any similar approach that
utilizes the Arabic version of Wikipedia for dynamic linking to compare with.
Therefore, we opted to assess our approach by comparing the output of our approach

with the annotations made manually by human subjects over the same dataset.

4.2 Dataset and Human Subjects-opinion

4.2.1 Development Dataset

The dataset was a set of 100 Arabic short texts of different types including
tweets, Facebook posts, and Telegram channels’ feeds. The short texts were divided
as the following: 70 tweets, 21 Telegram feeds, and 9 Facebook posts. The source of
the gathered data are News, technology, and sports pages and channels: Aljazeera
Channel, TRTalarabiya, RTarabic, Sky News Arabia, Aljazeera Sports (AJASports),
AJASciTec, AlArabiya, and cnnarabic. Table 4.1 shows a snapshot of the dataset
(Refer to appendix A for the complete dataset). The complete dataset can be

downloaded from https://github.com/FatoomMFayad/Dynamic-Linking
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Table 4.1: Snapshot of gathered dataset

No Text Source

1 ClexSll ot ) ) sas Agal 5o (& e | Twitter

2 & ca iy el Glal ) A pall Zadally aglAl) oslaill Gl 2ey | Twitter
Al ) deles

36 D23 e A il dgaall 8 sae sl Caali mlla s sl Luituls | Telegram

72 Ol (e Lile 160 a3 ool (g g allall A debi 4edY 50l 855 | Facebook

73 Alisall el (8 Sl Jos 0 848yl cilals ) £ A1Y JYI &l 8 25 | Facebook

4.2.2 Evaluation Process

For the assessment of reliability, we run our linking approach over the dataset
and recorded the results which consisted of a set of terms, from the input text, and
generated links to Wikipedia articles. Results were then given to two human raters to
assess them. The two raters were University lecturers and had a long experience in
using Arabic Wikipedia. The raters worked independently to undertake two tasks: in
the first task, they were asked to inspect the short texts of the dataset to identify terms
that can be linked to Wikipedia articles. After identifying these terms, the raters were
asked to search Wikipedia for the article that best explains each term.

The results of the rating process was as the following: The first rater linked a total of
225 terms to Wikipedia articles while the second rater linked 215 terms. Both raters
agreed over 213, giving a percentage of agreement which equals the agreed terms
divided by the average of the two raters terms (213/ (225+215)/2) = 96.8%. The
disagreed results included either terms that were linked differently by the two raters (3
terms), or that were linked by one rater but not the other (7 terms). Disagreed results
were then discussed and reappraised to reach a mutually acceptable opinion. The final
consensus result included a total of 213 terms associated with Wikipedia articles. This
final result was used for comparison with output of applying the proposed linking
approach over the same dataset.

Table 4.2 depicts how results were collected from the raters: the first column to the
left denotes the number of the short text in the dataset. The second column is filled
with the term to be linked. The third column is filled with the link to Wikipedia
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article.Refer to Appendix B for the full results collected from the raters. Also it can be
downloaded from (https://github.com/FatoomMFayad/Dynamic-Linking)

Table 4.2: depicts how results were collected from the raters

Text_no | Article Title | URL

6 5_all | https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%8
2%D8%A7%D9%87%D8%B1%D8%A9

7 w % dby | https://ar.wikipedia.org/wiki/%D8%B1%D9%8A%D8%

A7%D9%84 %D9%85%D8%AF%D8%B1%D9%8A%

D8%AF

7 s (53U | https://ar.wikipedia.org/wiki/%D9%86%D8%A7%D8%A
F%D9%8A %D8%AE%D9%8A%D8%AAY%DEY%ATY%

D9%81%D9%8A

7 43 5l% y (5o | https://ar.wikipedia.org/wiki/%D9%86%D8%A7%D8%A
F%D9%8A %D8%A8%D8%B1%D8%B4%D9%84%D

9%88%D9%86%D8%A9

7 3% &alif | https://ar.wikipedia.org/wiki/%D8%A3%D8%AA%D9%84%

D8%AAY%DI%8A%D9%83%D9%88 %D9%85%D8%AF%

D8%B1%D9%8A%D8%AF

8 5 sSendil 8 | https://ar.wikipedia.org/wiki/%D9%81%D8%B1%D8%A7%D
9%86%D8%B4%D9%8A%D8%B3%D9%83%D9%88 %D8

%AAY%DI%88%D8%AA%DI%SA

38 Ly g2l | https://ar.wikipedia.org/wiki/%D9%86%D8%A7%D8%AF%D
9%8A_%D8%B1%D9%88%D9%85%D8%A7

4.3 Evaluation Metrics

Precision and recall are basic measures used in evaluating how relevant are the
retrieved results of an IR system. This evaluation depends on the comparison of real
results and the effective results of the assessed system. Precision and recall are defined
as follows(Ting, 2010):

(True Positive)
(True Positive + False Positive)

Precision= 4.1)

Recall= (True Positive) ( 4. 2)

(True Positive + False Negative)

Based on previous studies (Kulkarni, Singh, Ramakrishnan, & Chakrabarti, 2009),
precision and recall were adapted to our experiment as the following:

e True-positive is the number of terms that were linked to relevant Wiki articles.
e False-positive is the number of terms that were linked to non-relevant Wiki

articles.
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https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%82%D8%A7%D9%87%D8%B1%D8%A9
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%82%D8%A7%D9%87%D8%B1%D8%A9
https://ar.wikipedia.org/wiki/%D8%B1%D9%8A%D8%A7%D9%84_%D9%85%D8%AF%D8%B1%D9%8A%D8%AF
https://ar.wikipedia.org/wiki/%D8%B1%D9%8A%D8%A7%D9%84_%D9%85%D8%AF%D8%B1%D9%8A%D8%AF
https://ar.wikipedia.org/wiki/%D8%B1%D9%8A%D8%A7%D9%84_%D9%85%D8%AF%D8%B1%D9%8A%D8%AF
https://ar.wikipedia.org/wiki/%D9%86%D8%A7%D8%AF%D9%8A_%D8%AE%D9%8A%D8%AA%D8%A7%D9%81%D9%8A
https://ar.wikipedia.org/wiki/%D9%86%D8%A7%D8%AF%D9%8A_%D8%AE%D9%8A%D8%AA%D8%A7%D9%81%D9%8A
https://ar.wikipedia.org/wiki/%D9%86%D8%A7%D8%AF%D9%8A_%D8%AE%D9%8A%D8%AA%D8%A7%D9%81%D9%8A
https://ar.wikipedia.org/wiki/%D9%86%D8%A7%D8%AF%D9%8A_%D8%A8%D8%B1%D8%B4%D9%84%D9%88%D9%86%D8%A9
https://ar.wikipedia.org/wiki/%D9%86%D8%A7%D8%AF%D9%8A_%D8%A8%D8%B1%D8%B4%D9%84%D9%88%D9%86%D8%A9
https://ar.wikipedia.org/wiki/%D9%86%D8%A7%D8%AF%D9%8A_%D8%A8%D8%B1%D8%B4%D9%84%D9%88%D9%86%D8%A9
https://ar.wikipedia.org/wiki/%D8%A3%D8%AA%D9%84%D8%AA%D9%8A%D9%83%D9%88_%D9%85%D8%AF%D8%B1%D9%8A%D8%AF
https://ar.wikipedia.org/wiki/%D8%A3%D8%AA%D9%84%D8%AA%D9%8A%D9%83%D9%88_%D9%85%D8%AF%D8%B1%D9%8A%D8%AF
https://ar.wikipedia.org/wiki/%D8%A3%D8%AA%D9%84%D8%AA%D9%8A%D9%83%D9%88_%D9%85%D8%AF%D8%B1%D9%8A%D8%AF
https://ar.wikipedia.org/wiki/%D9%81%D8%B1%D8%A7%D9%86%D8%B4%D9%8A%D8%B3%D9%83%D9%88_%D8%AA%D9%88%D8%AA%D9%8A
https://ar.wikipedia.org/wiki/%D9%81%D8%B1%D8%A7%D9%86%D8%B4%D9%8A%D8%B3%D9%83%D9%88_%D8%AA%D9%88%D8%AA%D9%8A
https://ar.wikipedia.org/wiki/%D9%81%D8%B1%D8%A7%D9%86%D8%B4%D9%8A%D8%B3%D9%83%D9%88_%D8%AA%D9%88%D8%AA%D9%8A
https://ar.wikipedia.org/wiki/%D9%86%D8%A7%D8%AF%D9%8A_%D8%B1%D9%88%D9%85%D8%A7
https://ar.wikipedia.org/wiki/%D9%86%D8%A7%D8%AF%D9%8A_%D8%B1%D9%88%D9%85%D8%A7

o False-negative is the number of terms that were not linked to any Wiki article
despite the presence of relevant articles in Wikipedia.
e True-negative is the number of terms that should not be linked to any

Wikipedia article.

Given the above definitions, the precision and real in our experiment are calculated as

the following:
. . _ Total number of terms linked to relevant Wikipedia articles
Precision Total number of terms linked to Wikipedia articles (4.3)
Recall= Total number of terms linked to relevant Wikipedia articles (4.4)

Total number of terms that can be linked to Wikipedia articles

We calculated the precision and recall for each short text in the input text. We also
assessed the approach by using the F-measure, the harmonic mean of precision and
recall. This mean is approximately the average of the two when their values are
close(Sasaki, 2007).

2*Precision * Recall
F-measure= ———— (4.5)
Precision+ Recall

We also calculated accuracy and error rate of the approach using the following
equations(Zhu, Zeng, & Wang, 2010):

Accuracy = (True Negative + TruePositive ) (4 6)
Y (True Positive + False Positive + True Negative + False Negative) '
Error Rate= (False Negative +False Positive ) ( 4 7)

(True Positive + False Positive + True Negative + False Negative)

Table 4.3 shows precision, recall and F-measure for a sample of the input texts. Refer
to Appendix C for the full results of all short texts of the dataset and how we calculated

the precision and recall.

Table 4.3: Precision, Recall, and F-measure
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Text Precision | Recall | F-measure
CLaxSll aé ) () sai gl o (3 e 1 1 1

Ol A jall daalall g aladl o sladll Gulaa a2y | 0.4 0.5 0.44

dula ) delea ) Q3 yiiay o al)

58 mdal xS Y1 3 0 5 1 1 1

Slas iy (i M) ms et ) (o 15l | 0,67 1 0.8

e sl

4.4 Results and Discussion

Table 4.4: Evaluation metrics of the system

Number of Resulted Terms | 235
Macro Average Precision 74.70 %

Macro Average Recall 82.63 %
F-measure 75.21%
Accuracy 71.79 %
0]
Error Rate 28.21%

Results are presented in Table 4.4 The proposed approach generated 235 terms. It
achieved (71.79%) accuracy, (74.70%) macro average precision, and (82.63 %)
macro average recall; while the error rate was (28.21%0). To further explain our results,
we inspect the results thoroughly to identify the main sources of errors and differences
between the system output and the base links. For simplicity, we refer to the links
given by human subjects as the base links. Errors can be classified into the following

categories based on the source of errors:

e Errors due to Article disambiguation: A considerable number of mismatches
between the base links and the generated links were attributed to the variability of
the disambiguation process. In some cases, article disambiguation resulted in
articles that were more specific and focused than the articles pointed by the base
links. For example, in the text “adljad) & Gsil gall Jif Ao &8, ) g ™' the word
"Ji" was associated with the article titled as ""Ji suska" rather than the article
titled as "'d4"". In other examples, the word "l S was linked to article oS
"esla SN, the word ""4s 51l was linked to an article with the title: "aa sl Culas®,
and the word "*a)2iwsl" was mapped to an article titled as: "l el da g2 saisa",
In all previous examples, the disambiguation process picked articles that were

more specific rather than choosing more general ones. From the system's point of
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view, some of these results can be explained by the fact that specific articles could
have higher relatedness scores than the general articles. This is because specific
articles often extend the content of more general articles, and thus they are still
coherent with the rest of terms in the input text. This was the most common type
of errors, contributing with 60.6 % of the total number of errors generated.
Surprisingly, the tendency to choose specific articles over general ones, sometimes
resulted in more accurate results compared to base links. For example, the word
"dad™ in the text: “@)oadb Aad Jlg) disgia) padi b 3B 14" was mapped to the
Wikipedia article titled as " 424", This result is more convenient that the
base link to the article titled as "4x=&4"", Similarly, the phrase "¢ gxidacddl) & giadd)
in the text « clga sall laiug AUl jlaa 48 ke ¢ & gaall andia A () gaiaddl) ¢y giadU)
B_palll dgaa g Agall addiii ™ was associated with the article ™ & ¢ sxisauddl) ¢ giadl)
Ls«" instead of the article "¢ sidauddl) ¢ 533" s indicated in the base links. In
another example, the term "4 gall ad3it" in the text:" « adais 4ga) gal Ldlial ) g8 Juu i 1S sal
a4 was associated to the article titled as "@ ) 2 8@l While this
result is different from the standard result which is the article titled as "4 sal aass",
It looks more related to the context of the text. These results are more related to
the context of the text than the base links.

One solution to the problem of selecting specific articles is to discard articles with
titles that are longer than the target terms. For example, the article titled as " s«
alasiwal da ) 52" should be discarded as its title is three-word length while the target
term is a single word. This solution; however, can cause other errors such as
excluding articles with the titles: "auall a4y, sgea"and ""auss ) aaial) iy g
for the words: " »as" and " 4i" respectively. A potentially more convenient,
though computationally expensive approach will be to consider the content of

articles to resolve ambiguity.

Errors due to term filtering: As explained in Section 3.3.2, the link filtering aims
to discard generated links that do not convey important meanings to the reader.
However, two problems with the filtering approach resulted in the pruning of
detected links that should be preserved. The first problem is the low computed

filtering scores, thereby causing some important terms to be discarded. For
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example, the word "¢l 531" in the text ™ adl) S8 1) dula ¥ cladiiad) ol 50 )
s1ac¥) ¢ ST a3l @l was discarded although it was part of the base links.
This result can be explained by the low coherence between the word **¢é s2_i** and
the other terms in the text. Therefore, the word was excluded since its filtering
score fell under the predefined threshold. In contrast, some terms that were
considered irrelevant by our human subjects were detected and associated with
Wikipedia articles by our approach. These terms had filtering scores slightly over
the threshold of 0.3. Considering the following short text as an example ** s JWa
) L (g geal) (i 1) AU il jan ol Laby g @l b i ) Aled Lae Jpluchs 45 ) el g gai™:
the word "*J&s" was linked with a Wikipedia article titled as "*J&s", and the word
"ousi N was linked with another article titled as "< <1 iV, While these
generated links seem consistent with the context of the text, they were dismissed
by the human subjects as they were considered less important. These results
triggers the need to perform more experiments to determine the best values for the
threshold and the weights of the link probability and coherence when calculating
the filtering score. These errors; however, do not underestimate the value added by
the filtering step which made the results much reasonable and less overwhelming
for end users. To give a realistic example on the positive impact of the filtering
step, consider the following text ' & Yslui JASY) cle glagall (ajal hahis Jigh
<aal) a3 ™2 Our linking approach detected only a single term in this text, which is
"J8g8" and linked it to the relevant article. This result matched the links detected
by the human subjects. After disabling the filter, the words ™" ,&\e g ga Jalads (1868
G Je)" were all linked to articles from Wikipedia.

Errors due to lack of semantic reasoning: The proposed linking approach
primarily relies on the syntactic matching with the titles of Wikipedia articles as
well as the link structure to determine relatedness between articles. However, the
lack of semantic inference may result in results that mismatch with the user's
interests. For example, in the text"dwli ) GUlas) & Jadll 45y L ol the word
"Olst" was linked to the article of Le Pen the daughter, i.e. Marine Le Pen, while
it should be linked to the article of Le Pen the father, i.e. Jean Marie Le Pen,
according to the context of the text. In another example™ ol Jaiaal) 48dal) o ey
BSea Aglah) Alaay il Gl bl 3ol ashy Ja ... A& e"¢ the word " s was
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associated with the article of "Jsh J4&" although this result conflicts with the

intended meaning of the word.

4.5 Time Efficiency

We evaluated the execution time of the 100 short texts of the dataset. The

specifications of the machine used in the evaluation process is shown in Table 4.5.

Table 4.5: Evaluation Machine Specification

Processor Type Intel® core i5-5200u
Processor Clock Speed 2.20 Giga Hertz
Installed Memory 8 Giga Byte

Operating System Windows 8.1 Enterprise
System Type 64 bit operating system

Figure 4.1 depicts the execution times for the 100 short texts. Table 4.6 summarizes
the results. The average execution time for the 100 short texts was 40.16 seconds and
the standard deviation was 33.01. The minimum execution time for any text was 5.927
seconds and the maximum execution time was 235.627 seconds. It is obvious from

Figure 4.1 that execution times varied largely (SD = 33.01).

Execution Time(seconds)
20
530 235.627
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Figure 4.1: Execution Time for the 100 short texts

Table4.6: Execution Time

| Average Execution Time ] 40.16 seconds
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Minimum Execution Time | 5.927 seconds
Maximum Execution Time | 235.627 seconds
Standard Deviation 33.01

To further explain these results, we measured the time required to execute each of the
following steps: the mapping, the disambiguation process and the filtering. Table 4.7
shows the time required for each of the steps.

Table 4.7: Average Execution Time of the Detailed Steps

Step Average Execution Time Standard Deviation
Mapping 21.84 seconds 11.25
Disambiguation 23.32 seconds 39.66

Filtering 1.56 seconds 1.6

These results indicate that the disambiguation step consumed the longest time,
followed by the mapping step and filtering step. The time for the mapping step had a
low variance across the 100 texts, meaning that it does not significantly vary across
different texts. However, the long time required for the mapping process was due to
the number of search queries on Wikipedia which was equal to the number of n-grams
generated from the input text.

The disambiguation step consumes the longest time as compared with other steps. In
addition, the time required to disambiguate pages varied largely across the short texts.
For example, one text took only 1.44 seconds to complete the disambiguation phase,
while another step took about 87.08 seconds to complete the same phase. This high
variance can be explained by the number of ambiguous articles obtained from the
mapping step. The larger the number of ambiguous articles, the longer time is needed
to handle them. The long time for the disambiguation phase was due to the fact that
the disambiguation measure is a pairwise measure whereas the relatedness is
calculated between every pair of articles. This means that the complexity of the
disambiguation measure increases factorially as the number of Wikipedia matches
increases.Recall that Equation 3.1 entails calculating the pairwise relatedness between
candidate articles. Considering that some terms was mapped to several tens of
Wikipedia articles, a large number of calculations should be done. For example, the
term “Saudi Arabia” "4l in the short text b Cpiliall Gubibad) 48) pal cild Gl
"dugudl was mapped to 405 articles. For each of these articles, the pairwise
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relatedness with every article linked to other terms should be calculated. In contrast,
some texts required shorter times to resolve disambiguation due to the small number
of ambiguous articles obtained from the mapping step. The analysis of the
disambiguation step explains the high fluctuation and variance in the overall execution
times of the 100 short texts.

The filtering step consumed the shortest time in comparison with the other steps.
Although the filtering step is similar to the disambiguation step in terms of relying on
the relatedness measure to estimate the coherence, this step is much faster than the
disambiguation step because all ambiguous articles are filtered out, and thus are not
considered in the filtering step.

Note that in our experiments we did not use any mechanism for parallelism or
execution over a cluster of computing nodes as done in many of previous efforts.

Experiments were conducted on a standalone machine.

4.6 Evaluating the Parameters of the Filtering Score

As discussed in Section3.3.2, the filtering process uses a measurement that
balances between two features: the link probability and the coherence. In our
experiment, the coherence score was weighted more than the link probability (o= 0.7,
p= 0.3). The values of the parameters a and B were optimized to achieve the best
performance. However, these parameters may need to be adjusted based on the nature
of the dataset being used. In this section we explore how the performance, in terms of
F-measureof the approach, is affected by adjusting the values of a and B. Since the
values of e and p should sum to 1, the linking approach was tested over the same
dataset while setting a to the values from 0 to 1 with a step of 0.2. Four iterations were
carried out with the settings shown in Table 4.7.

Table 4.8: Iterations of a

Iteration a B

1 0.1 0.9

2 0.3 0.7

3 0.7 0.3

+ 0.9 0.1
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Figure 4.2 shows how the performance was changed when changing a (o = 0.5 was

ignored because it returns results that are very close to a = 0.7). The results show that

the best performance was achieved when a was about 0.7. This value indicates that

the coherence was weighted higher than the link probability in our experiment.

1.00

0.80

0.60

0.40

F-measure

0.20

0.00

0.2

Performance

03 04

05 06

0.7 08

0.9

Figure 4.2: Effect of a on Performance

Finally we analysed the effect of varying threshold value on the performance of the

approach. The F-measure score was computed on the same dataset while varying the

threshold value from 0 to 0.8 with a step of 0.2. Table 4.8 and Figure 4.3 show the

impact of different values of threshold on F-measure. Results showed that the best

performance was achieved when the threshold was between 0.2 and 0.4. Then, the

performance started degrading as the threshold increased. Therefore, the value of 0.3

was chosen for our threshold, meaning that all articles with filtering scores below this

value will be discarded.

Table 4.9: Effect of varying threshold values on performance

| Threshold Precision Recall F-measure
0 0.46 0.92 0.60
0.2 0.67 0.97 0.76
0.4 0.79 0.93 0.82
0.6 0.53 0.39 0.41
0.8 0.37 0.15 0.21
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Figure 4.3: Effect of threshold on Performance.

4.7 Summary

This chapter presents the evaluation of the approach. It also discusses the
results and the sources of resulting errors (the system assessed using the relevant

measures of IR).

We claim that there is no previous efforts existing in dynamic linking between short
texts and Wikipedia in Arabic domain. We formulated a dataset of 100 short texts to
assess the approach then the results compared to human subjects’ opinion results. The
results indicated that our system achieve a high relevant measures with 71.79 accuracy,
74.70 precision, and 82.63 recall.
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Chapter 5

Conclusions

In this thesis we developed a dynamic linking approach for unstructured Arabic
short texts by exploiting Arabic Wikipedia as a knowledge source. Given an input
short text the approach searches the Wikipedia content for the articles that best
describes the most significant terms within the text. The linking approach consists of
three subsequent steps: 1) matching the input text with Wikipedia articles. This step
aims to identify the set of all possible Wikipedia articles for each term in the input text.
2) Article disambiguation: Given the potentially-large number of candidate articles
obtained from the matching step. This step assures that each detected term will be
linked to the most relevant article among the candidate articles 3) Article Filtering,
which aims to filter out some of the generated terms that may not be meaningful to the

user.

The dynamic linking approach was evaluated over a dataset of 100 short texts gathered
online from many online Arabic articles. The results of the approach are compared
with the results generated by two human subjects. The system was assessed based on
the evaluation metrics precision, recall, error rate and accuracy. The results indicated
that our system achieved a high relevant measures with 71.79% accuracy, 74.70
precision, and 82.63 recall. The time efficiency of the system was assessed using a
local machine and the average execution time was 39.91 seconds.

The work in this thesis has the following research contributions:

To our knowledge, this is the first work that explored the annotation of Arabic text
with links to Wikipedia content. Arabic Wikipedia has only been exploited recently by
the Arab computer researchers and few efforts from the literature have tried to
interface to the Arabic version of Wikipedia for different purposes such as determining
relations between topics (Kanan et al., 2015), named entity recognition (Althobaiti et
al., 2014)and ontology generation (Al-Rajebah & Al-Khalifa, 2014).

Our work builds on the techniques used in counterparts efforts that tackled the

English and Latin versions of Wikipedia, and tried to adapt them to the Arabic version
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of Wikipedia. While existing efforts on Wikipedia-based annotation have largely
benefited from the advancements and off-the-shelf tools in support of the processing
English Wikipedia, the processing of Arabic Wikipedia for search and annotation in

our approach was carried out from scratch.

We proposed an in-depth evaluation of our linking approach and explored the
potential shortcomings and strengths of each involved process. This detailed
evaluation can inform Arab researchers with the various design options and
recommendations for designing similar approaches. The evaluation has also
highlighted several issues that have not been addressed in existing efforts such as

issues related to article disambiguation and filtering.

The work on this thesis is only a first step towards utilizing Arabic Wikipedia for

dynamic annotation and there are many dimensions to extend it:

First, we will consider the time efficiency of the approach. Possible solutions to speed
up the linking approach include: a) Explore the use of better matching algorithms, and
try to filter generated n-grams before matching them with Wikipedia content. b)
Exploit parallel processing and multi-processor techniques. c) Explore faster
approaches to resolve ambiguity among candidate articles.

Second, we are trying to improve the article disambiguation approach to produce more
accurate and intelligent results. Potential investigations may include: a) Exploit the
content of documents when measuring the relatedness between documents (e.g. info
boxes, sub-titles) besides the Wikipedia link structure. b) Exploit background
knowledge such as WordNet and ontologies to boost the documents' relatedness
measure. C) Exploit natural language processing techniques such as named entity
recognition as this will help identify the potential categories of words to be annotated.

Third, we are trying to deploy our linking service and make it available for public use.
We are currently in the process of building a web service that will enable user to post
a short text as input and retrieve annotations as output. Opening the service for the
large-scale Arab community will provide valuable info about the potential affordances,

shortcoming and future improvements.
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Appendices

Appendix A: Arabic Short Texts Dataset

NO | Text Source
1 ) aé 5 () 5308 Rgal sa 3 e | TWiLEET
2 il ) delan ) Coa e aadl el al) B el Aadall 5 2l el Galaa 2 | TWiLEET
3 5 il e LY 5,580 | TWitter
4 ped Qb Bln i 5 (pin D) g Cppaent ) e ;L | TWVLLEET
5 | den s Asall alati G Clea gall oty pUill s 48 jlas (g & sl aidie (8 () srindanldl wjjj: Twitter
6 LS Ll il a1 3 g gl el 5 a3 3 5l 158 ) sl il YT - 3l JLi8G | Twitter
2011 ple b caas
! Sl 0l e ada i s GBS Gaaw 33 ly ;) | TWitter
8 Logia JSI Calanl 45D de Jalail) (yo 43Say 5 WU 4 in )i 35l (e Lasy 35y i3s3 | TWItter
9 L ld e Blall aady 5 st o s0e sSalil | Twitter
10 Oue ) oS 5 e Wla) S x| TWitter
11 Sl (55 8 ALIS dpudady i) Gyl e oy Al e | TWittET
12 Jl Gl s sal) JaS) B it 13 il el pians e Sl Aal )l J) Aalay il ;g | TWitter
13 seaall S5 0 gartiog el )5 Rusad pang bl o s2sie il | TWittET
14 ol Y] a8l ae il e 3 e e a6 o 5l | TWIEEN
15 a0 s il Qi e 48, 50 I gaa | TWitEY
16 Canil) g e 3 Y 8 JEY) Cle g sall (el Lalads Ji s | Twitter
17 £l (ya ST WSLYL o jual Sy e i A Al Y il ole o | Twitter
18 5 5 o8 Cynla Jily s A gl Gl 31l (i) | TWittEr
19 Ay b ey J8 g el e s Ja | Twitter
20 J oy ¥V il denat pludll OIS (55 e Wl ¢ gas ja (L1 puY) QLS (2 A jlaall e 5 | Twitter
Clua (o) Al
21 Jaiem A sl 5 ey Aiagl L) e liayy W sf 5 i | TWittEY
22 e e (350 Gl S | TWittEr
23 s e o5 il ae (3 Galiy g | Twitter
24 Gl A gall sl dgal sal L) ol 8 Jus i 1S el | TWiLEET
25 JSsel) Jin (b 5 5 (oaa) sl ellace aain oSl | TWittET
26 Giels G dila 8 LD Ly e Jiad il | TWittET
27 Sl ) 4 sl 5 Uy 5 5all delal el adly 23y sl s | Twitter
28 i o Sasli ) e s 26 5y Jiins Luls | Twitter
29 Sadl cilialua (ga S @ sall e ikt cadial | Twitter
30 O pme il A ela ol ey Loy f | TWitEET
31 lenediine cilidlas il yulh | iludl s ey | TWiIttEF
32 Liagl) AsBlial cul  gliiall iy ) sallay oy s ol | TWitEEF
33 M3ay A (i sale (il padis 18 | TWitter
34 sl e 13 5l ) g innd  dgls | Twitter
35 b 2 gl (e LeSa i ) | TWVItEET
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NO | Text Source
36 a8l daal) L sae slal Caali allay i) Ll | telegram
37 | 5050 e i Slad (8 3 50 Jly A s (s Siasiile (g 4asdi s (o) Qa5 Jalyy susl | telegram
Lyl Jual
38 sl Gy ) dia A e e el ga asal) @il e S | Telegram
39 ledasna s sl o 81 al) uall il b e 6 Jiia | Telegram
40 all s dgan it saniall Y Sl elain¥) Jual sill il g aladial e 48383 ,08 ekl of 22 | Twitter
A gal) adats aia
41 s ixall ) ) doa JAll s Al e 385 el gl | telegram
42 Jaliy peaalls Jia ineile 5 3% Jly ke (8 il pall 2 Joladl | telegram
43 o Aaalge Ll a8lal Ul 3l e 23 Jly aosi 4 el | telegram
44 Sl 8 el Y1 Al Jany 555 2 | tElEgram
45 D) st i ey culatin) jaxi ; Sai gl | TWitter
46 | 5050 (el ek 11 ARSN (3 a0 5 5al 35 099 o e G nb Ak 2 3 352 S | telegram
Lyl Jad
ar oS sl pel) 5 RS AL | Sl g aad) 58 | Twitter
48 35 g ) (b Cangd (pbags i) g e (o Lnaa |58 iy st e Jaeaiall | fElEQram
49 31l ) o) sl i B - 58 A i il 0l | TWitter
50 536 Uil Adlae Al ) laly b o5 Iyl ol il | TWitter
51 ledl) L) S b il & 5l J Jal6 33U | Twitter
52 Coag) (g )55 o 055 an | ilad) Gl et 8 Sl ieadiila dgal sl Jaly LU iy < | telegram
53 s 2l 33 B iy 4 s S 2l Ml Ll A 3 | Twitter
54 ol SBY) 815l aaa Jlea e et i el | TWILET
35 DY) Jlia (550 23538 pUB (4o ol e Ja sias s il glae Y JsSET il gise udae | TWitEET
56 Tadae saill 48 530 358 7 (o) oSlla ;g guaslas s | TWitEET
57 Y53l a5l el | TWittEF
58 ) Sy gallal) 2SOl Gl Gl ol el | TWiLEET
59 2 - 35 mmill Ga Gpall 03 dae 5 lud 2ay 1Y) (o5l il sl ey ey | TWitter
60 3aaa Ak g 5an g A oS S ey o sl i | TWITEET
61 o sieal JEBY) (e (8 s din i Al zlendl 406 (e allay lass uile SalY) 2 sai 53 8% | telegram
Zsae Ok
62 S Gt i o ke Il | TWitter
63 leldiadl ae g0 o st 8 3 qalay 250l e Ji8 a5 | Twitter
64 i) alal iy i 5 sallis 8250 8 el ol | Twitter
65 Saiga 5 Sl CEMe e JS e i 5e | TWILEES
66 Cla 53 AEN 5 3had i diagd | TWittEr
67 el Blabaas dillay 4l sl | Twitter
68 ol ad LSl 5 Laliml By jai () sale o (ga S S5 e e Galle aial gLl G s | Twitter
Gl A auy) HUas
69 il oo salial il ¢ g Ja | Twitter
70 Sy lay) jhaa J Ul cilatie ;a0 | Twitter
71 Gl 8 Aaslaall daanl () sny (5B al) () senaaall | TWiLEET
72 Gl e lle 160 2 craai (L allall iAol o8y ol s | Facebook
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NO | Text Source
73 Ainal) Guiil) 8 5€all Jas o843 s clals ) Sy JMaY) <l 88 a3 | Facebook
74 Gl (558 S el Alilie (o B judad JSi <y b A5, Alilae | FaCebook
75 el I8 4 50l Jifse 2n o (S Lo D0 0l & s g )l sty U 485 5 5l | Facebook
Jaall
76 o) umdll Abiall AlaBl (5l glay jaall L) | Twitter
" By elladl (aea (& s Fan g e plant canns | TWittET
78 ¢ LA 2yme ol adly il g U 4 550 el 085 e 5550l (meall | FacEboOK
79 AS pedll aum AL 38 jee J2s icls | S | telegram
80 | DL csusmdl sl Alai il s olai Laly s) ol G5l aled Lee Jeluity &S el ey 53 sy Jie | Facebook
LSl & o al Ly sl () U5 dandi 3y 2
81 Jiall L/ e 6 (b (o gns At b (ol (S o1 5)) it il i+ ke S0 | TWiEES
82 Bloal) G daad )y Cagt) sy N 14 | telegram
83 J sl b s e Lialiad 5 sl cilsall | FACEbOOK
84 sl Al 5 2D s i LS i ) ) Slaall Limd ) Jail g - ol jiasel 3 il e Akl 45 | FaCEDOOK
85 | gl b aliad Coags Laghilal amy LaY) (5 sall iy e sae (b s i pLadlaidii ge b sy 52 | telegram
32
86 3640 gall b Alial Cangs Siaes o sius ddime e Jalaill da i o8 3l e iy 23Y i | telegram
87 U o Ll 5 5)m 3 23y Jlyy Conm g ) D s Doy e e o2 Jur s ksl 4l , | telegram
88 Al g 36 § 51 (B cpogd Calaal M S ¢ sl b e iy 35815 (5 by (5,540 | telegram
89 2a s ple b L smad) Jlo 5 S o san la60 | TWitter
90 i Al 553l a5 e Jadlay 50 | Facebook
91 o smmna 358 4y ) sqanll st 5 J ey (31 yal) 8 O il g laial 20 | TWVItEET
92 Ol Ao by laat ey e | TWittEr
93 Jsiihan) 3 Jleal) 2o o ¥l | Twitter
94 iy s 0 sSs o @l slall i aa | TWitter
95 ceadl) e i3 sy eae Lalgl | TWittEr
96 5 S it Aleny 3 S Gl 5l gy b L AR 5y i U Jinall 28130 oyl | Twitter
97 2, Jlil 536 £ sen) A Cpbagd alaad day b adde iy s s Jinadile e suiy 0 5ialedi s | telegram
Al S el
98 Al e b Jadlly 4 Ly oo | Twitter
99 A0 gl b ) i) 481 el cils i | telegram
10 ‘ telegram
0 Alsall (e 36 & g (A Gpdidal Gdags (Bae ) Aduia e lay s (sl 553l
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Appendix B: Human Subjects’ Opinion

Text_no

Article Title

URL

https://ar.wikipedia.org/w/index.php?title=%D9%85%D9%8A%D8%B3%
D9%8A&redirect=no

Gsaaa s dby

https://ar.wikipedia.org/wiki/%D8%B1%D9%8A%D8%A7%D9%84 %D8
%B3%D8%A8%D9%88%D8%B1%D8%AA%D9%8A%D9%86%D8%B
A _%D8%AE%D9%8A%D8%AE%D9%88%D9%86

Al gl Galae

https://ar.wikipedia.org/w/index.php?title=%D9%85%D8%AC%D9%84%
D8%B3_%D8%A7%D9%84%D8%AA%D8%B9%D8%A7%D9%88%D9
%86_%D8%A7%D9%84%D8%AE%D9%84%D9%8A%D8%AC%D9%38
Aé&redirect=no

wonll gl

https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%A8%D8%B1%D9
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%B1_%D8%B3%D9%8A%D8%AA%D9%8A&redirect=no
97 Ji https://ar.wikipedia.org/w/index.php?title=%D8%A2%D8%B1%D8%B3%
D9%86%D8%A7%D9%84&redirect=no
98 https://ar.wikipedia.org/wiki/%D8%AC%D8%A7%D9%86_%D9%85%D8
s ok U | %0A7%D8%B1%D9%8A_%D9%84%D9%88%D8%A8%D8%A7%D9%8
6
99 s . | Dttps:/lar.wikipedia.org/wiki/%D8%B3%D9%86%D8%A7%D8%A8_%D3
' %B4%D8%A7%D8%AA
99 https://ar.wikipedia.org/w/index.php?title=%D8%A7%D9%84%D9%85%D
] ] ] 9%85%D9%84%D9%83%D8%A9_%D8%A7%D9%84%D8%B9%D8%B
200 grall Ay 2l ASLadll

1%D8%A8%D9%8A%D8%A9_%D8%AT7%D9%84%D8%B3%D8%B9%
D9%88%D8%AF%D9%8A%D8%A9&redirect=no
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Text_no | Article Title URL

100 N sl https://ar.wikipedia.org/wiki/%D9%86%D8%A7%D8%AF%D9%8A_%D9
T 04849 DBUAT%D%AA%DEY%B3%DI%EA%DI%SS
100 https://ar.wikipedia.org/w/index.php?title=%D8%A7%D9%84%D8%AF%

D9%88%D8%B1%D9%8A_%D8%A7%D9%84%D8%A5%D9%8A%D38
%B7%D8%A7%D9%84%D9%8A_%D8%A7%D9%84%D9%85%D9%85
%D8%AA%D8%AT7%D8%B2&redirect=no

Sbeall JUasy) (g sal)

100 S s | Nttps://ar.wikipedia.org/w/index. php?title=%D8%A7%D9%86%D8%AA%
o D8%B1 %D9%85%D9%8A%D9%84%D8%A7%D9%86&redirect=no
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Appendix B 1: System Results

Text no

Article Title

URL

1

G

https://ar.wikipedia.org/w/index.php?title=%D9%85%D9%8A%D8%
B3%D9%8A&redirect=no

O &) ga

https://ar.wikipedia.org/w/index.php?title=%D8%B3%D8%A8%D9%
88%D8%B1%D8%AA%D9%8A%D9%86%D8%BA_%D8%AE%D9
%8A%D8%AEY%D9%88%D9%86&redirect=no

) G slaill Galaa

https://ar.wikipedia.org/w/index.php?title=%D9%85%D8%AC%D9%
84%D8%B3_%D8%A7%D9%84%D8%AA%D8%B9%D8%A7%D9
%88%D9%86_%D8%A7%D9%84%D8%AE%D9%84%D9%8A%D
8%AC%DI%8A&redirect=no

A s il

https://ar.wikipedia.org/wiki/%D9%83%D8%AA%D8%A7%D8%A6
%D8%A8_%D8%AD%D8%B2%D8%A8_%D8%A7%D9%84%D9
%84%D9%87

ey gl delen

https://ar.wikipedia.org/wiki/%D8%AC%D9%85%D8%A7%D8%B9
%D8%A9_%D8%A7%D9%84%D8NACYHDI%87%D8%NA7%D8%
AF_%D8%A7%D9%84%D8%A5%D8%B3%D9%84%D8%A7%D9
%85%D9%8A

Ly el dnalal

https://ar.wikipedia.org/w/index.php?title=%D8%A7%D9%84%D8%
AC%D8%AT7%D9%85%D8%B9%D8%A9_%D8%A7%D9%84%D8
%B9%D8%B1%D8%A8%D9%8A%D8%A9&redirect=no

Aula ) dadaie

https://ar.wikipedia.org/w/index.php?title=%D9%85%D9%86%D8%
B8%D9%85%D8%A9_%D8%A5%D8%B1%D9%87%D8%A7%D8
%A8%D9%8A%D8%A9&redirect=no

S Sl b

https://ar.wikipedia.org/wiki/%D9%81%D8%B1%D8%A7%D9%86%
D8%B4%D9%8A%D8%B3%D9%83%D9%88_%D8%AA%DI%88
%D8%AA%DI%8A

RSN

https://ar.wikipedia.org/w/index.php?title=%D8%A7%D9%84%D8%
AC%D8%B2%D9%8A%D8%B1%D8%A9 %D8%A7%D9%84%D8
%A5%D9%85%D8%A7%D8%B1%D8%A7%D8%AA%DI%8A&re
direct=no

L gl

https://ar.wikipedia.org/w/index.php?title=%D8%A3%D9%88%D8%
A8%D8%A7%D9%85%D8%AT7&redirect=no

o3

https://ar.wikipedia.org/w/index.php?title=%D8%A7%D9%84%D9%
84%D8%A7%D8%AC%D8%A6%D9%8A%D9%86&redirect=no

https://ar.wikipedia.org/wiki/%D9%86%D8%AF%D9%8A%D9%86_
%D8%AA%D8%AD%D8%B3%D9%8A%D9%86_%D8%A8%D9%
83

& Ospiahandall o i)
A g

https://ar.wikipedia.org/w/index.php?title=%D8%A7%D9%84%D9%
84%D8%A7%D8%AC%D8%A6%D9%88%D9%86_%D8%A7%D9
%84%D9%81%D9%84%D8%B3%D8%B7%D9%8A%D9%86%D9
%8A%D9%88%D9%86_%D9%81%D9%8A_%D8%B3%D9%88%D
8%B1%D9%8A%D8%A9&redirect=no
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Text no | Article Title URL
https://ar.wikipedia.org/wiki/%D8%AD%D8%B5%D8%A7%D8%B1
_%D8%A7%D9%84%D9%84%D8%A7%D8%B0%D9%82%D9%8

5 AU aa A%D8%A9
https://ar.wikipedia.org/wiki/%D8%AA%D9%86%D8%B8%D9%8A
%D9%85_%D8%A7%D9%84%D8%AF%D9%88%D9%84%D8%A9

Al Al sall alass _%D8%A7%D9%84%D8%A5%D8%B3%D9%84%D8%A7%D9%8

5 (U= 5%D9%8A%D8%A9 (%D8%AF¥%D8%A7%D8%B9%D8%B4)
https://ar.wikipedia.org/wiki/%D8%AC%D8%A8%D9%87%D8%A9

5 8 paill dgan _%D8%A7%D9%84%D9%86%D8%B5%D8%B1%D8%A9
https://ar.wikipedia.org/wiki/%D9%85%D8%B9%D8%B1%D9%83%

< sa ll aria 4S y2a D8%A9_%D9%85%D8%AE¥%D9%8A%D9%85 %D8%A7%D9%84

5 (2015) %D9%8A%D8%B1%D9%85%D9%88%D9%83 (2015)
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%82%D8%A7

6 5Ll %D9%87%D8%B1%D8%A9
https://ar.wikipedia.org/wiki/%D9%86%D8%A7%D8%AF%D9%8A _

7 Sl (gal %D8%AE%D9%8A%D8%AAY%D8%AT7%D9%81%D9%8A
https://ar.wikipedia.org/wiki/%D8%AA%D8%A7%D8%B1%D9%8A
%D8%AE_%D8%B1%D9%8A%D8%A7%D9%84_%D9%85%D8%

7 e dby )l AF%D8%B1%D9%8A%D8%AF
https://ar.wikipedia.org/wiki/%D8%A5%D8%B3%D8%A8%D8%A7
%D9%86%D9%8A%D9%88%D9%84_%D8%A8%D8%B1%D8%B

7 4L J sailan) 4%D9%84%D9%88%D9%86%D8%A9
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%84%D9%8A

7 ealll %D8%BAY%D8%A7
https://ar.wikipedia.org/wiki/%D9%86%D8%A7%D8%AF%D9%8A _

9 ALy ol %D8%A8%D8%B1%D8%B4%D9%84%D9%88%D9%86%D8%A9
https://ar.wikipedia.org/wiki/%D9%85%D8%A7%D9%86%D8%B4%
D8%B3%D8%AA%D8%B1_%D9%8A%D9%88%D9%86%D8%A7

10 Al yiwdile %D9%8A%D8%AA%D8%AF
https://ar.wikipedia.org/wiki/%D9%86%D8%A7%D8%AF%D9%8A _

11 Akl 2 (g3l %D8%BA%D8%B1%D9%86%D8%A7%D8%B7%D8%A9
https://ar.wikipedia.org/wiki/%D9%83%D8%B1%D9%8A%D8%B3
%D8%AA%DI%8A%D8%A7%D9%86%D9%88_%D8%B1%D9%8

12 s, silin S 8%D9%86%D8%A7%D9%84%D8%AF%D9%88
https://ar.wikipedia.org/wiki/%D8%B2%D9%8A%D9%86 %D8%A7
%D9%84%D8%AF%D9%8A%D9%86_%D8%B2%D9%8A%D8%A

12 O ol g F%D8%A7%D9%86
https://ar.wikipedia.org/wiki/%D8%AA%D9%81%D8%AC%D9%8A
%D8%B1%D8%A7%D8%AA_%D8%A7%D9%84%D8%B1%D9%8

13 bl Gl jads A%D8%A7%D8%B6

13 dsed https://ar.wikipedia.org/wiki/%D8%AE%D9%85%D8%B3%D8%A9
https://ar.wikipedia.org/wiki/%D8%AA%D9%88%D9%8A%D8%AA

13 A %D8%B1
https://ar.wikipedia.org/wiki/%D8%A3%D9%86%D8%AF%D8%B1

14 9l %D9%88%D9%8A%D8%AF
https://ar.wikipedia.org/w/index.php?title=%D8%A7%D9%84%D8%

15 2l yadl AC%D8%B1%D8%A7%D8%A6%D9%85&redirect=no
https://ar.wikipedia.org/wiki/%D8%AB%D9%82%D8%A7%D9%81

15 A in S el A %D8%A9 %D8%A3%D9%85%D8%B1%D9%8A%D9%83%D9%8
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Text no

Article Title

URL

A%D8%A9_%D8%AC%D9%86%D9%88%D8%A8%D9%8A%DS
%A9

15

https://ar.wikipedia.org/w/index.php?title=%D8%A2%D9%8A%D9%
81%D9%88%D9%86&redirect=no

15

https://ar.wikipedia.org/wiki/%D9%85%D8%B7%D9%88%D8%B1%
D9%88 %D8%A2%D8%A8%D9%84

16

https://ar.wikipedia.org/w/index.php?title=%D9%82%D9%88%D9%8
29%D9%84&redirect=no

17

datiaall chlalaiall 4033
dyla s

https://ar.wikipedia.org/w/index.php?title=%D9%82%D8%A7%D8%
A6%D9%85%D8%A9_%D8%AT7%D9%84%D9%85%D9%86%D8%
B8%D9%85%D8%A7%D8%AA_%D8%A7%D9%84%D9%85%D8
%B5%D9%86%D9%81%D8%A9_%D9%83%D8%A5%D8%B1%D
9%87%D8%A7%D8%A8%D9%8A%D8%A9&redirect=no

18

BRI

https://ar.wikipedia.org/w/index.php?title=%D8%A7%D9%84%D8%
AC%D9%8A%D8%B4 %D8%A7%D9%84%D8%B9%D8%B1%D8
%A7%D9%82%D9%8A&redirect=no

18

i Sl

https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%81%D9%84%
D9%88%D8%AC%D8%A9

18

5 530 Jgs

https://ar.wikipedia.org/wiki/%D8%B3%D9%87%D9%84_%D9%86
%D9%8A%D9%86%D9%88%D9%89

19

de el jUas

https://ar.wikipedia.org/w/index.php?title=%D9%86%D8%B8%D8%
A7%D8%B1%D8%A7%D8%AA_%D8%BA%D9%88%D8%BAY%D
9%84&redirect=no

19

Jig

https://ar.wikipedia.org/w/index.php?title=%D9%82%D9%88%D9%8
2%D9%84&redirect=no

20

il

https://ar.wikipedia.org/wiki/%D8%AD%D8%B3%D8%A7%D8%AS8

20

:LA.AJLI.AM

https://ar.wikipedia.org/w/index.php?title=%D8%A7%D9%84%D9%
85%D8%B9%D8%A7%D8%B1%D8%B6%D8%A9&redirect=no

20

https://ar.wikipedia.org/w/index.php?title=%D9%86%D8%AA%D9%
86%D9%8A%D8%A7%D9%87%D9%88&redirect=no

20

ALl sl

https://ar.wikipedia.org/w/index.php?title=%D9%83%D8%AA%D8%
A7%D8%A6%D8%A8_%D8%A7%D9%84%D9%82%D8%B3%D8
%A7%D9%85&redirect=no

20

https://ar.wikipedia.org/wiki/%D9%85%D8%AD%D9%85%D8%AF _
%D8%A7%D9%84%D8%B6%D9%8A%D9%81

20

https://ar.wikipedia.org/w/index.php?title=%D8%B2%D8%B9%D9%
8A%D9%85&redirect=no

20

el Ll sy ol

https://ar.wikipedia.org/w/index.php?title=%D8%A7%D9%84%D8%
AC%D8%AF%D8%A7%D8%B1_%D8%A7%D9%84%D8%A5%D8
%B3%D8%B1%D8%A7%D8%A6%D9%8A%D9%84%D9%8A_%D
8%A7%D9%84%D8%B9%D8%A7%D8%B2%D9%84&redirect=no

21

Loy

https://ar.wikipedia.org/w/index.php?title=%D8%A3%D9%88%D8%
A8%D8%A7%D9%85%D8%A7&redirect=no

22

G

https://ar.wikipedia.org/w/index.php?title=%D9%85%D9%8A%D8%
B3%D9%8A&redirect=no

23

i A algi

https://ar.wikipedia.org/w/index.php?title=%D8%AA%D9%88%D8%
AA%D9%86%D9%87%D8%A7%D9%85_%D9%87%D9%88%D8%
AA%D8%B3%D8%A8%D9%8A%D8%B1&redirect=no

23

https://ar.wikipedia.org/wiki/%D9%84%D9%8A%D8%B3%D8%AA
%D8%B1_%D8%B3%D9%8A%D8%AA%DI%8A
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Text no | Article Title URL
https://ar.wikipedia.org/wiki/%D8%B3%D8%AA%D9%88%D9%83
%D8%A3%D9%88%D9%86_%D8%AA%D8%B1%D9%8A%D9%8

23 Sy 5 o o ins 6%D8%AA
https://ar.wikipedia.org/w/index.php?title=%D8%AA%D9%86%D8%
B8%D9%8A%D9%85_%D8%A7%D9%84%D8%AF%D9%88%D9

24 Al alats %84%D8%A9&redirect=no
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%82%D8%A7
%D8%B9%D8%AF%D8%A9_%D9%81%D9%8A_%D8%A7%D9%

24 Gl A saclall 84%D8%B9%D8%B1%D8%A7%D9%82
https://ar.wikipedia.org/wiki/%D9%82%D8%A7%D8%A6%D9%85
%D8%A9_%D9%85%D8%B3%D8%A7%D8%B7%D8%A8_%D8%

sl Clalise 4038 A7%D9%84%D9%85%D8%B3%D8%AC%D8%AF_%D8%A7%D9

25 =8Y) %84%D8%A3%D9%82%D8%B5%D9%89
https://ar.wikipedia.org/w/index.php?title=%D8%A7%D9%84%D9%

25 S 5l 8A%D9%88%D9%86%D8%B3%D9%83%D9%88&redirect=no
https://ar.wikipedia.org/wiki/%D8%A3%D9%85%D9%86%D8%A7
%D8%A1_%D8%AC%D8%A8%D9%84 %D8%A7%D9%84%D9%

25 JSaedl Jas ol 87%D9%8A%D9%83%D9%84
https://ar.wikipedia.org/wiki/%D8%A5%D8%B3%D8%A8%D8%A7

26 L) %D9%86%D9%8A%D8%A7
https://ar.wikipedia.org/wiki/%D9%85%D9%82%D8%AA%D8%AF

27 Dall i %D9%89_%D8%A7%D9%84%D8%B5%D8%AF%D8%B1
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%A7%D8%AB

27 ey %D9%86%D9%8A%D9%86

28 Ll https://ar.wikipedia.org/wiki/%D9%86%D8%A7%D8%B3%D8%A7
https://ar.wikipedia.org/w/index.php?title=%D8%AA%D9%84%D8%
B3%D9%83%D9%88%D8%A8_%D9%87%D8%A7%D8%A8%D9
%84 _%D8%A7%D9%84%D9%81%D8%B6%D8%A7%D8%A6%D

28 Sadll Ll Sl 9%8A&redirect=no
https://ar.wikipedia.org/wiki/%D9%85%D9%86%D8%B5%D8%A9

28 @) duaia %D8%A5%D8%B7%D9%84%D8%A7%D9%82
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%8A%D9%85

29 Gl %D9%86
https://ar.wikipedia.org/wiki/%D8%A8%D8%A7%D8%B1%D8%A7
%D9%83_%D8%A3%D9%88%D8%A8%D8%A7%D9%85%D8%A

30 Lyl L 7
https://ar.wikipedia.org/wiki/%D8%B9%D9%84%D9%8A_%D8%AE

30 s e %D8%A7%D9%85%D9%86%D8%A6%D9%8A
https://ar.wikipedia.org/wiki/%D9%81%D8%A7%D9%8A%D8%AS8

31 ol %D8%B1
https://ar.wikipedia.org/w/index.php?title=%D9%88%D8%A7%D8%

31 Sl AA%D8%B3%D8%A7%D8%A8&redirect=no
https://ar.wikipedia.org/w/index.php?title=%D8%A7%D9%84%D8%

32 Osfisad) AD%D9%88%D8%AB%D9%8A%D9%88%D9%86&redirect=no
https://ar.wikipedia.org/wiki/%D8%A8%D8%BA%D8%AF%D8%A7

33 alazs %D8%AF
https://ar.wikipedia.org/w/index.php?title=%D8%A3%D9%88%D8%

34 § Sl AF%D9%8A%D9%86%D9%8A%D8%B2%D9%8A&redirect=no
https://ar.wikipedia.org/w/index.php?title=%D8%A7%D9%84%D8%

34 oY) A5%D9%86%D8%AA%D8%B1&redirect=no
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URL

35

il ] 8 pulal

https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%AA%D8%B9
%D9%84%D9%8A%D9%85 %D9%81%D9%8A_%D8%A5%D8%
B3%D8%B1%D8%A7%D8%A6%D9%8A%D9%84

35

https://ar.wikipedia.org/w/index.php?title=%D8%A7%D9%84%D8%
B4%D9%8A%D8%AE_%D8%B1%D8%A7%D8%A6%D8%AF %
D8%B5%D9%84%D8%A7%D8%AD&redirect=no

36

https://ar.wikipedia.org/wiki/%D9%85%D8%AD%D9%85%D8%AF_
%D8%B9%D9%84%D9%8A_%D8%A7%D9%84%D8%AD%D9%8
8%D8%AB%D9%8A

36

(2015) =348 y2a

https://ar.wikipedia.org/w/index.php?title=%D9%85%D8%B9%D8%
B1%D9%83%D8%A9_%D8%AA%D8%B9%D8%B2_(2015)&redire
ct=no

37

Lsosh ddad g0
08-2007

https://ar.wikipedia.org/wiki/%D8%AF%D9%88%D8%B1%D9%8A _
%D8%A3%D8%A8%D8%B7%D8%A7%D9%84 %D8%A3%D9%8
8%D8%B1%D9%88%D8%A8%D8%A7_2007%E2%80%9308

37

https://ar.wikipedia.org/wiki/%D9%85%D8%A7%D9%86%D8%B4%
D8%B3%D8%AA%D8%B1_%D8%B3%D9%8A%D8%AA%D9%8
A

37

by @2l clilas)
e

https://ar.wikipedia.org/wiki/%D8%A5%D8%AD%D8%B5%D

8%A7%D8%A6%D9%8A%D8%AT7%DE%AA_%D8%B1%D9
%8A%D8%A7%D9%84_%D9%85%D8%AF%D8%B1%D9%8
A%D8%AF

38

(2012) @l 38 j2a

https://ar.wikipedia.org/w/index.php?title=%D9%85%D8%B9%D8%
B1%D9%83%D8%A9_%D8%A5%D8%AF%D9%84%D8%A8_(201
2)&redirect=no

38

Ag 3l dn 3 e
Q011 yans)

https://ar.wikipedia.org/w/index.php?title=%D9%85%D8%AC%D8%
B2%D8%B1%D8%A9_%D8%AC%D8%A8%D9%84 %D8%A7%D
9%84%D8%B2%D8%A7%D9%88%D9%8A%D8%A9_(%D8%AFY%
D9%8A%D8%B3%D9%85%D8%A8%D8%B1_2011)&redirect=no

39

Ja i) Gl

https://ar.wikipedia.org/wiki/%D8%A3%D8%AD%D8%AF%D8%AT
%D8%AB_%D8%A7%D9%84%D9%81%D9%84%D9%88%D8%A
C%D8%A9

39

SBall i gl aipal)

https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%85%D8%A4
%D8%AA%D9%85%D8%B1_%D8%A7%D9%84%D9%88%D8%B
79%D9%86%D9%8A_%D8%A7%D9%84%D8%B9%D8%B1%D8%
A7%D9%82%D9%8A

40

EECERENGEN

https://ar.wikipedia.org/wiki/%D8%AD%D9%88%D8%B3%D8%A8
%D8%A9_%D9%81%D8%A7%D8%A6%D9%82%D8%A9

40

e lain) Joal sl Jila s

https://ar.wikipedia.org/w/index.php?title=%D9%88%D8%B3%D8%
A7%D8%A6%D9%84_%D8%A7%D9%84%D8%AA%D9%88%D8
%AT7%D8%B5%D9%84_%D8%A7%D9%84%D8%A7%D8%AC%D
8%AA%D9%85%D8%A7%D8%B9%D9%8A&redirect=no

40

A gl pulas

https://ar.wikipedia.org/w/index.php?title=%D8%AA%D9%86%D8%
B8%D9%8A%D9%85_%D8%A7%D9%84%D8%AF%D9%88%D9
%84%D8%A9&redirect=no

40

Lse o) S 3anall Y

https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%88%D9%84%
D8%A7%D9%8A%D8%A7%D8%AA_%D8%A7%D9%84%D9%85
%D8%AA%D8%AD%D8%AF%D8%A9_%D8%A7%D9%84%D9%
83%D9%88%D9%84%D9%88%D9%85%D8%A8%D9%8A%D8%A
9
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40

(et 5S) dsiba s dgun

https://ar.wikipedia.org/wiki/%D8%AC%D8%A8%D9%87%D8%A9
_%D9%88%D8%B7%D9%86%D9%8A%D8%A9_(%D9%83%D9%
88%D9%84%D9%88%D9%85%D8%A8%D9%8A%D8%A7)

41

st ) )

https://ar.wikipedia.org/wiki/%D8%A5%D8%A8%D8%B1%D8%A7
%D9%87%D9%8A%D9%85 %D8%A7%D9%84%D8%AC%D8%B
9%D9%81%D8%B1%D9%8A

41

Alai

https://ar.wikipedia.org/wiki/%D8%A7%D8%B3%D8%AA%D9%82
%D8%A7%D9%84%D8%A9

41

S A A 55

https://ar.wikipedia.org/wiki/%D9%88%D8%B2%D9%8A%D8
%B1_%D8%A7%D9%84%D8%AE%D8%A7%D8%B1%D8%
AC%D9%8A%D8%A9_%D8%A7%D9%84%D8%A3%D9%8
5%D8%B1%D9%8A%D9%83%D9%8A

41

el Gl

https://ar.wikipedia.org/w/index.php?title=%D8%A7%D9%84%D8%
A8%D8%B1%D9%84%D9%85%D8%A7%D9%86_%D8%A7%D9
%84%D8%B9%D8%B1%D8%A7%D9%82%D9%8A&redirect=no

42

Laaal 5l 2

https://ar.wikipedia.org/wiki/%D8%B3%D9%8A%D8%AF_%D8%A
39%D9%88%D9%84%D9%8A%D9%85%D8%A8%D9%8A%D8%A
7

42

A Y) G gl

https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%85%D9%88%
D9%82%D9%81_%D8%A7%D9%84%D8%A3%D8%AE%DI%8A
%D8%B1

42

3 Jly U

https://ar.wikipedia.org/w/index.php?title=%D9%86%D8%A7%D8%
AF%D9%8A_%D8%B1%D9%8A%D8%A7%D9%84_%D9%85%D
8%AF%D8%B1%D9%8A%D8%AF&redirect=no

42

i yasiile

https://ar.wikipedia.org/wiki/%D9%85%D8%A7%D9%86%D8%B4%
D8%B3%D8%AA%D8%B1_%D8%B3%D9%8A%D8%AA%DI%8
A

43

e Jsl

https://ar.wikipedia.org/wiki/%D8%A3%D9%88%D9%84 %D9%85
%D9%88%D9%81%D9%8A

43

B )% dly

https://ar.wikipedia.org/wiki/%D8%B1%D9%8A%D8%A7%D9%84
%D9%85%D8%AF%D8%B1%D9%8A%D8%AF

44

https://ar.wikipedia.org/wiki/%D8%B4%D8%AA%D8%A7%D8%A
A_%D8%B3%D9%88%D8%B1%D9%8A

44

Y

https://ar.wikipedia.org/wiki/%D9%84%D8%A7%D8%ACY%D8%A6

44

sl e

https://ar.wikipedia.org/wiki/%D8%B9%D8%B1%D8%A8 %D8%A
79%D9%84%D9%8A%D9%88%D9%86%D8%A7%D9%86

45

e 4Slas

https://ar.wikipedia.org/wiki/%D9%85%D9%85%D9%84%D9%83%
D8%A9_%D8%AA%D8%AF%D9%85%D8%B1

45

Sl

https://ar.wikipedia.org/w/index.php?title=%D8%A7%D9%84%D9%
8A%D9%88%D9%86%D9%8A%D8%B3%D9%83%D9%88&redire
ct=no

46

Lsosh ddad 50
13-2012

https://ar.wikipedia.org/wiki/%D8%AF%D9%88%D8%B1%D9%8A _
%D8%A3%D8%A8%D8%B7%D8%A7%D9%84 %D8%A3%D9%8
8%D8%B1%D9%88%D8%A8%D8%A7_2012-13

46

3 yde Sl

https://ar.wikipedia.org/wiki/%D8%A3%D8%AA%D9%84%D8%AA
%D9%8A%D9%83%D9%88_%D9%85%D8%AF%D8%B1%D9%8
A%D8%AF

46

Gz Ol

https://ar.wikipedia.org/wiki/%D8%A8%D8%A7%D9%8A%D8%B1
%D9%86_%D9%85%D9%8A%D9%88%D9%86%D8%AE
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47

Al g S5

https://ar.wikipedia.org/wiki/%D8%B0%D9%83%D8%B1%D9%89
%D8%A7%D9%84%D9%86%D9%83%D8%A8%D8%A9

47

o S 5]

https://ar.wikipedia.org/w/index.php?title=%D8%A7%D9%84%D9%%
87%D9%88%D9%84%D9%88%D9%83%D9%88%D8%B3%D8%A
A&redirect=no

48

s ) 58 (50l

https://ar.wikipedia.org/w/index.php?title=%D9%86%D8%A7%D8%
AF%D9%8A_%D9%81%D9%8A%D9%88%D8%B1%D9%86%D8
%AA%DI%8A%DI%86%D8%AT&redirect=no

48

e 58 5

https://ar.wikipedia.org/wiki/%D9%8A%D9%88%D9%81%D9%86%
D8%AA%D9%88%D8%B3

49

C_)-' % .”.

https://ar.wikipedia.org/wiki/%D8%B3%D9%81%D9%8A%D9%86%
D8%A9_%D9%86%D9%88%D8%AD

49

Lﬁaﬂ}m a._:.zi

https://ar.wikipedia.org/w/index.php?title=%D8%A3%D8%AF%D8%
A8_%D9%87%D9%88%D9%84%D9%86%D8%AF%D9%8A&redir
ect=no

49

J)l ) &l

https://ar.wikipedia.org/wiki/%D8%AA%D8%A7%D8%B1%D9%8A
%D8%AE_%D8%A7%D9%84%D8%A8%D8%B1%D8%A7%D8%
B2%D9%8A%D9%84

49

https://ar.wikipedia.org/w/index.php?title=%D9%86%D8%AC%D8%
A7%D8%B1&redirect=no

49

https://ar.wikipedia.org/w/index.php?title=%D8%AC%D8%AF%D9
%8A%D8%AF%D8%A9&redirect=no

49

(b)) L)

https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%85%D8%AD
%D9%8A%D8%B7_%D8%A7%D9%84%D8%A3%D8%B7%D9%8
4%D8%B3%D9%8A

50

3¢ Jlad ddailao

https://ar.wikipedia.org/w/index.php?title=%D9%85%D8%AD%D8%
A7%D9%81%D8%B8%D8%A9_%D8%B4%D9%85%D8%A7%D9
%84 %D8%BA%D8%B2%D8%A9&redirect=no

50

Al ) ks giane

https://ar.wikipedia.org/w/index.php?title=%D9%85%D8%B3%D8%
AA%D9%88%D8%B7%D9%86%D8%A7%D8%AA_%D8%A5%D8
%B3%D8%B1%D8%A7%D8%A6%D9%8A%D9%84%D9%8A%D8
%A9&redirect=no

51

b F 5 ba

https://ar.wikipedia.org/w/index.php?title=%D8%B5%D8%A7%D8%
B1%D9%88%D8%AE_%D8%A8%D8%A7%D9%84%D8%B3%D8
%AA%DI%8A&redirect=no

51

Al Ly S 4o
(2013)

https://ar.wikipedia.org/wiki/%D8%A3%D8%B2%D9%85%D8%A9
%D9%83%D9%88%D8%B1%D9%8A%D8%A7_%D8%A7%D9%8
49%D8%B4%D9%85%D8%A7%D9%84%D9%8A%D8%A9 (2013)

51

&5 oba (3O

https://ar.wikipedia.org/wiki/%D8%A5%D8%B7%D9%84%D8%A7
%D9%82_%D8%B5%D8%A7%D8%B1%D9%88%D8%AE

52

oYL Jly S

https://ar.wikipedia.org/wiki/%D9%83%D8%B1%D9%8A%D8%B3
%D8%AA%D8%A7%DI%84 %D8%A8%D8%A7%DI%84%D8%
A7%D8%B3

52

jilas) S

https://ar.wikipedia.org/w/index.php?title=%D9%83%D8%A3%D8%
B3_%D8%A5%D9%86%D8%AC%D9%84%D8%AA%D8%B1%D8
%A7&redirect=no

52

Jﬁﬂuﬁ T .LA

https://ar.wikipedia.org/wiki/%D9%85%D8%A7%D9%86%D8%B4%
D8%B3%D8%AA%D8%B1_%D9%8A%D9%88%D9%86%D8%A7
%D9%8A%D8%AA%D8%AF

53

Caiaigd ) 50 5f (g

https://ar.wikipedia.org/wiki/%D8%B3%D9%88%D9%86%D9%8A
%D8%A3%D9%88%D9%86%D9%84%D8%A7%D9%8A%D9%86 _
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%D8%A5%D9%86%D8%AA%D8%B1%D8%AA%DI%8A%D9%S8
6%D9%85%D9%86%D8%AA

53

s

https://ar.wikipedia.org/w/index.php?title=%D8%A3%D8%B1%D8%
A8%D8%A7%D8%AD&redirect=no

53

https://ar.wikipedia.org/wiki/%D9%82%D8%A7%D8%A6%D9%85
%D8%A9_%D8%A3%D9%84%D8%B9%D8%A7%D8%A8_%D8%
A8%D9%84%D8%A7%D9%8A %D8%B3%D8%AA%DI%8A%DS8
%B4%D9%86

53

s

https://ar.wikipedia.org/w/index.php?title=%D9%86%D8%AC%D8%
A7%D8%AD&redirect=no

54

5 pmsalas

https://ar.wikipedia.org/wiki/%D8%B3%D8%A7%D9%85%D8%B3
%D9%88%D9%86%D8%AC

55

e G a sl
panspd) 3¢ ¢ Uad
(2008

https://ar.wikipedia.org/w/index.php?title=%D8%A7%D9%84%D9%
87%D8%AC%D9%88%D9%85_%D8%A7%D9%84%D8%A5%D8
%B3%D8%B1%D8%A7%D8%A6%D9%8A%D9%84%D9%8A_%D
8%B9%D9%84%D9%89 %D9%82%D8%B7%D8%A7%D8%B9_%
D8%BA%D8%B2%D8%A9_(%D8%AF%D9%8A%D8%B3%D9%8
5%D8%A8%D8%B1_2008)&redirect=no

55

Gl jall 535 alaa
gt

https://ar.wikipedia.org/wiki/%D9%85%D8%AC%D9%84%D8%B3
%D8%AA%DI%82%D8%AF%D9%8A%D8%B1_%D8%A7%D9%
84%D8%A8%D8%B1%D9%85%D8%AC%D9%8A%D8%A7%D8%
AA_%D8%A7%D9%84%D8%AA%D8%B1%D9%81%D9%8A%D9
%87%D9%8A%D8%A9

55

el il slaa
Ls,5Y)

https://ar.wikipedia.org/wiki/%D9%85%D8%B9%D9%84%D9%88%
D9%85%D8%A7%D8%AA_%D8%A7%D9%84%D8%A3%D9%84
%D8%B9%D8%A7%D8%A8_%D8%A7%D9%84%D8%A3%D9%8
8%D8%B1%D9%88%D8%A8%D9%8A%D8%A9

56

(=Sl i gl

https://ar.wikipedia.org/wiki/%D8%B3%D8%A7%D9%85%D8%B3
%D9%88%D9%86%D8%AC_%D8%AC%D8%AT7%D9I%84%D8%A
7%D9%83%D8%B3%D9%8A

56

Jshall Gl Sl

https://ar.wikipedia.org/wiki/%D8%AC%D8%A7%D9%84%D9%83
%D8%B3%D9%8A_%D8%A5%D8%B3_%D8%A7%D9%84%D9%
85%D8%B7%D9%88%D8%B1

57

Sy LY sall

https://ar.wikipedia.org/w/index.php?title=%D8%A7%D9%84%D8%
AF%D9%88%D9%84%D8%A7%D8%B1_%D8%A7%D9%84%D8
%A3%D9%85%D8%B1%D9%8A%D9%83%D9%8A&redirect=no

57

3 _alall e

https://ar.wikipedia.org/w/index.php?title=%D9%85%D8%AF%D9%
8A%D9%86%D8%A9_%D8%A7%D9%84%D9%82%D8%A7%D9
%87%D8%B1%D8%A9&redirect=no

58

https://ar.wikipedia.org/wiki/%D8%AC%D9%85%D8%A7%D8%B9
%D8%A9_%D8%A3%D8%A8%D9%88_%D8%B3%D9%8A%D8%
A7%D9%81

59

3_yaall L.,SJU

https://ar.wikipedia.org/wiki/%D9%86%D8%A7%D8%AF%D9%8A _
%D8%A7%D9%84%D9%81%D8%AC%D9%8A%D8%B1%D8%A9

59

Sokey! Y

https://ar.wikipedia.org/w/index.php?title=%D8%A7%D9%84%D8%
A3%D9%87%D9%84%D9%8A_%D8%A7%D9%84%D8%A5%D9
%85%D8%A7%D8%B1%D8%A7%D8%AA%DI%8A&redirect=no

59

oY)

https://ar.wikipedia.org/w/index.php?title=%D8%A7%D9%84%D8%
B9%D9%8A%D9%86_%D8%A7%D9%84%D8%A5%D9%85%D8
%A7%D8%B1%D8%A7%D8%AA%DI%8A&redirect=no
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60

NEPLENPL EEENO|

https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%85%D8%B3%
D9%8A%D8%AD%D9%8A%D8%A9_%D9%81%D9%8A_%D8%A
C%D9%86%D9%88%D8%A8_%D8%A7%D9%84%D8%B3%D9%
88%D8%AF%D8%A7%D9%86

61

Slesp il

https://ar.wikipedia.org/wiki/%D9%85%D8%A7%D8%AA%D8%B3
_%D9%87%D9%88%D9%85%D9%84%D8%B2

61

St sl ulS

https://ar.wikipedia.org/wiki/%D9%83%D8%A3%D8%B3_%D8%A7
%D9%84%D8%B3%D9%88%D8%A8%D8%B1_%D8%A7%D9%8
4%D8%A3%D9%84%D9%85%D8%A7%D9%86%D9%8A

61

Eiste O gl

https://ar.wikipedia.org/w/index.php?title=%D9%86%D8%A7%D8%
AF%D9%8A_%D8%A8%D8%A7%D9%8A%D8%B1%D9%86_%D
9%85%D9%8A%D9%88%D9%86%D9%8A%D8%AE&redirect=no

62

Jsdd

https://ar.wikipedia.org/wiki/%D9%84%D9%8A%D9%81%D8%B1%
D8%A8%D9%88%D9%84

62

(18) 6 S Jby

https://ar.wikipedia.org/w/index.php?title=%D8%A8%D8%B 7% D9%
84_%D9%83%D8%A8%D9%8A%D8%B1 6_(%D9%81%D9%8A%
D9%84%D9%85)&redirect=no

63

Jig

https://ar.wikipedia.org/w/index.php?title=%D9%82%D9%88%D9%8
29%D9%84&redirect=no

63

5l iyl jida

https://ar.wikipedia.org/wiki/%D9%85%D8%AE%D8%AA%D8%B1
%D8%B9_%D8%AA%D8%B7%D8%A8%D9%8A%D9%82%D8%

A7%D8%AA_%D8%A3%D9%86%D8%AF%D8%B1%D9%88%D9
%8A%D8%AF

64

s, silin S

https://ar.wikipedia.org/w/index.php?title=%D9%83%D8%B1%D8%
B3%D8%AA%D9%8A%D8%A7%D9%86%D9%88_%D8%B1%D9
%88%D9%86%D8%A7%D9%84%D8%AF%D9%88&redirect=no

64

Sl ol o)

https://ar.wikipedia.org/wiki/%D8%B2%D9%8A%D9%86 %D8%A7
%D9%84%D8%AF%D9%8A%D9%86_%D8%B2%D9%8A%D8%A
F%D8%A7%D9%86

65

JS e Sl

https://ar.wikipedia.org/wiki/%D8%A3%D9%86%D8%BA%D9%8A
%D9%84%D8%A7_%D9%85%D9%8A%D8%B1%D9%83%D9%84

65

Jleds cala) il
(hillay)

https://ar.wikipedia.org/w/index.php?title=%D8%A7%D9%84%D9%
86%D8%A7%D8%AA%DI%88 (%D8%AD%DI%84%D9%81_%D
8%B4%D9%85%D8%A7%D9%84 %D8%A7%D9%84%D8%A3%
D8%B7%D9%84%D9%86%D8%B7%D9%8A)&redirect=no

66

(Aailae) (3800

https://ar.wikipedia.org/w/index.php?title=%D8%AF%D9%85%D8%
B4%D9%82_(%D9%85%D8%AD%D8%A7%D9%81%D8%B8%D8
%A9)&redirect=no

66

Qs g g

https://ar.wikipedia.org/wiki/%D8%A3%D9%8A%D9%88%D8%A8
%D9%8A%D9%88_%D8%AD%D9%84%D8%A8

66

(2011) 4833 jlas

https://ar.wikipedia.org/w/index.php?title=%D8%AD%D8%B5%D8%
A7%D8%B1_%D8%A7%D9%84%D9%84%D8%A7%D8%B0%D9
%82%D9%8A%D8%A9_(2011)&redirect=no

67

Aaabial) 3lalas

https://ar.wikipedia.org/wiki/%D9%85%D8%B9%D8%A7%D8%AF
%D8%A7%D8%A9_%D8%A7%D9%84%D8%B3%D8%A7%D9%8
5%D9%8A%D8%A9

67

Ay 5 &) shal Y

https://ar.wikipedia.org/w/index.php?title=%D8%A7%D9%84%D8%
A5%D9%85%D8%A8%D8%B1%D8%A7%D8%B7%D9%88%D8%
B1%D9%8A%D8%A9_%D8%A8%D8%B1%D9%8A%D8%B7%D8
%A7%D9%86%D9%8A%D8%A9&redirect=no
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68

glila

https://ar.wikipedia.org/w/index.php?title=%D9%87%D8%A7%D8%
B4%D8%AA%D8%A7%D8%BA&redirect=no

68

T:J:I

https://ar.wikipedia.org/w/index.php?title=%D8%AA%D8%BA% D8
%B1%D9%8A%D8%AF%D8%A9&redirect=no

68

s

https://ar.wikipedia.org/wiki/%D8%AA%D9%88%D9%8A%D8%AA
%D8%B1

68

(OV-2012) il 48 e

https://ar.wikipedia.org/wiki/%D9%85%D8%B9%D8%B1%D9%83%
D8%A9_%D8%AD%D9%84%D8%A8_(2012%E2%80%93%D8%A
7%D9%84%D8%A2%D9%86)

69

oam da 5l
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Appendix C: Precision, and Recall Calculations

To illustrate how we compute the precision and recall for any input text, we give the
following example: assume that the end user is searching for the short text

“Hundreds demonstrate in solidarity with Aleppo in Istanbul” ¢ 8 cala g liabizad ¢ 5 Uity cilal)
Jd }.}.'\.L:u\”.

The following table shows the expected relevant articles for the input text:

Table C.1: Relevant articles for input text

Relevant articles for text: “Jgshaul  qula aa Uialiad ¢y 5 aUal cilial)”

J suiland https://ar.wikipedia.org/w/index.php?title=%D8%A7%D8%B3%D8%B7%
i D9%86%D8%A8%D9%88%D9%84&redirect=no
cla https://ar.wikipedia.org/wiki/%D8%AD%D9%84%D8%A8

While the system returns the article “Jsiaul” based on the relevant articles and the

returned articles we calculated the precision and recall for each input text as following:

Total number of terms linked to relevant Wikipedia articles 1/

+0) = .o
(1+0) = 1Precision Total number of terms linked to Wikipedia articles

Total number of terms linked to relevant Wikipedia articles
Recall= , ——————=1/(1 + 1)
Total number of terms that can be linked to Wikipedia articles

=0.5

The following table shows precision, recall and F-measure for each input text of the

dataset.
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https://ar.wikipedia.org/w/index.php?title=%D8%A7%D8%B3%D8%B7%D9%86%D8%A8%D9%88%D9%84&redirect=no
https://ar.wikipedia.org/w/index.php?title=%D8%A7%D8%B3%D8%B7%D9%86%D8%A8%D9%88%D9%84&redirect=no
https://ar.wikipedia.org/wiki/%D8%AD%D9%84%D8%A8

Text No | Precision Calculations | Precision | Recall Calculations | Recall | F-measure
1 | 2/(2+0) 1 | 2/(2+0) 1 1
2 | 2/(2+3) 0.4 | 2/(2+2) 0.5 0.44
3 | 2/(2+0) 1 | 2/(2+0) 1 1
4| 2/(2+1) 0.67 | 2/(2+0) 1 0.8
5 | 4/(4+1) 0.8 | 4/(4+0) 1 0.89
6 | 1/(1+0) 1 | 1/(1+0) 1 1
7 | 3/(3+1) 0.75 | 3/(3+1) 0.75 0.75
8 | 0/(0+1) 0 | 0/(0+1) 0 0
9 | 1/(1+0) 1| 1/(1+1) 0.5 0.67
10 | 1/(1+0) 1 | 1/(1+0) 1 1
11 | 1/(1+0) 1| 1/(1+2) 0.33 0.5
12 | 2/(2+0) 1 | 2/(2+0) 1 1
13 | 1/(1+2) 0.333333 | 1/(1+1) 0.5 0.4
14 | 1/(1+0) 1 | 1/(1+0) 1 1
15 | 2/(2+2) 0.5 | 2/(2+0) 1 0.67
16 | 1/(1+0) 1 | 1/(1+0) 1 1
17 | 0/(0+0) 0 | 0/(0+2) 0 0
18 | 3/(3+0) 1 | 3/(3+0) 1 1
19 | 2/(2+0) 1 | 2/(2+0) 1 1
20 | 3/(3+4) 0.43 | 3/(3+0) 1 0.6
21 | 1/(1+0) 1| 1/(1+2) 0.33 0.5
22 | 1/(1+0) 1 | 1/(1+0) 1 1
23 | 3/(3+0) 1 | 3/(3+0) 1 1
24 | 2/(2+0) 1| 2/(2+1) 0.67 0.8
25 | 3/(3+0) 1 | 3/(3+0) 1 1
26 | 1/(1+0) 1| 1/(1+1) 0.5 0.67
27 | 1/(1+1) 0.5 | 2/(2+0) 1 0.67
28 | 2/(2+1) 0.67 | 2/(2+0) 1 0.8
29 | 1/(1+0) 1 | 1/(1+0) 1 1
30 | 2/(2+0) 1 | 2/(2+0) 1 1
31 | 2/(2+0) 1 | 2/(2+0) 1 1
32 | 1/(1+0) 1 | 1/(1+0) 1 1
33 | 1/(1+0) 1 | 1/(1+0) 1 1
34 | 2/(2+0) 1 | 2/(2+0) 1 1
35 | 1/(1+1) 0.5 | 1/(1+0) 1 0.67
36 | 2/(2+0) 1 | 2/(2+0) 1 1
37 | 2/(2+1) 0.67 | 2/(2+0) 1 0.8
38 | 0/(0+2) 0 | 0/(0+0) 0 0
39 | 2/(2+0) 1 | 2/(2+0) 1 1
40 | 2/(2+3) 0.4 | 2/(2+0) 1 0.57
41 | 3/(3+1) 0.75 | 3/(3+0) 1 0.86
42 | 2/(2+2) 0.5 | 2/(2+0) 1 0.67
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43 | 1/(1+1) 0.5 | 1/(1+1) 0.5 0.5
44 | 1/(1+2) 0.33 | 1/(1+1) 0.5 0.4
45 | 2/(2+0) 1 | 2/(2+0) 1 1
46 | 2/(2+1) 0.67 | 3/(3+0) 1 0.8
47 | 2/(2+0) 1 | 2/(2+0) 1 1
48 | 2/(2+0) 1 | 2/(2+0) 1 1
49 | 3/(3+3) 0.5 | 3/(3+0) 1 0.67
50 | 1/(1+1) 0.5 | 1/(1+0) 1 0.67
51 | 2/(2+1) 0.67 | 2/(2+0) 1 0.8
52 | 3/(3+0) 1| 3/(3+1) 0.75 0.86
53 | 2/(2+2) 0.5 | 2/(2+0) 1 0.67
54 | 1/(1+0) 1 | 1/(1+0) 1 1
55 | 0/(0+3) 0 | 0/(0+0) 0 0
56 | 1/(1+1) 0.5 | 1/(1+0) 1 0.67
57 | 2/(2+0) 1 | 2/(2+0) 1 1
58 | 1/(1+0) 1 | 1/(1+0) 1 1
59 | 3/(3+0) 1 | 3/(3+0) 1 1
60 | 1/(1+0) 1 | 1/(1+0) 1 1
61 | 2/(2+1) 0.67 | 2/(2+0) 1 0.8
62 | 1/(1+1) 0.5 | 1/(1+0) 1 0.67
63 | 2/(2+0) 1 | 2/(2+0) 1 1
64 | 2/(2+0) 1 | 2/(2+0) 1 1
65 | 2/(2+0) 1| 2/(2+1) 0.666667 0.8
66 | 3/(3+0) 1 | 3/(3+0) 1 1
67 | 1/(1+1) 0.5 | 1/(1+0) 1 0.67
68 | 4/(4+0) 1| 4/(4+1) 0.8 0.89
69 | 2/(2+0) 1 | 2/(2+0) 1 1
70 | 0/(0+0) 0 | 0/(0+1) 0 0
71 | 2/(2+1) 0.67 | 2/(2+0) 1 0.8
72 | 1/(1+1) 0.5 | 1/(1+0) 1 0.67
73 | 2/(2+0) 1| 2/(2+1) 0.666667 0.8
74 | 1/(1+2) 0.333333 | 1/(1+0) 1 0.5
75 | 3/(3+1) 0.75 | 3/(3+0) 1 0.86
76 | 2/(2+0) 1| 2/(2+1) 0.666667 0.8
77 | 0/(0+0) 0 | 0/(0+0) 0 0
78 | 3/(3+1) 0.75 | 3/(3+0) 1 0.86
79 | 1/(1+1) 0.5 | 1/(1+1) 0.5 0.5
80 | 3/(3+3) 0.5 | 3/(3+0) 1 0.67
81 | 2/(2+2) 0.5 | 2/(2+1) 0.67 0.57
82 | 1/(1+0) 1| 1/(1+1) 0.5 0.67
83 | 0/(0+0) 0 | 0/(0+2) 0 0
84 | 1/(1+2) 0.33 | 1/(1+1) 0.5 0.4
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85 | 2/(2+0) 1| 2/(2+1) 0.67 0.8
86 | 2/(2+0) 1 | 2/(2+0) 1 1
87 | 4/(4+0) 1 | 4/(4+0) 1 1
88 | 2/(2+0) 1| 2/(2+1) 0.67 0.8
89 | 1/(1+1) 0.5 | 1/(1+0) 1 0.67
90 | 1/(1+0) 1| 1/(1+1) 0.5 0.67
91 | 1/(1+0) 1| 1/(1+1) 0.5 0.67
92 | 2/(2+0) 1 | 2/(2+0) 1 1
93 | 2/(2+0) 1 | 2/(2+0) 1 1
94 | 1/(1+1) 0.5 | 1/(1+0) 1 0.67
95 | 1/(1+1) 0.5 | 1/(1+1) 0.5 0.5
96 | 2/(2+1) 0.67 | 2/(2+0) 1 08
97 | 2/(2+0) 1 | 2/(2+0) 1 1
98 | 0/(0+1) 0 | 0/(0+0) 0 0
99 | 2/(2+0) 1 | 2/(2+0) 1 1
100 | 3/(3+0) 1 | 3/(3+0) 1 1
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