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ABSTRACT

Information Retrieval is one area of computer science highly associated
with the field of the Internet. It concerned with the operations for indexing,
searching and retrieving information and documents which are required by a user
query. Search engines and E-library systems are examples of Information
Retrieval System (IRS). IRS faces a fundamental challenges in some languages
especially Arabic language because it is considered as a morphological language.
A plurals in the Arabic language is divided into two types Sound Plurals (SP) and
Broken Plurals (BP). IRS can identify the Sound plurals simply because it keeps
the structure of words in its singular and plural form. Whereas IRS fails to
recognize the BP because the structure of word is changed when the singular’s
form of the word is derived from its plural form and vice-verse. In addition, this is
reflected negatively when implementing indexing in Arabic IR. For instance, if a
user typed a query contains plural form, system can retrieve all documents contain
plurals form as the result, while system misses documents which contain singular
form for the same word which should be retrieved. BP identification represent one
of challenges faces Arabic IRS and causes loss of relevant documents; this is
therefore lead to reduce Arabic IRS accuracy as a result. This study aims to
explore how Arabic BP represent challenge faces Arabic IRS, and suggests a
methodology based on the analysis of words to resolve BP identification problem
and retrieval. The proposed method consists of three stages which are: Preprocess,
BP identification, Query expansion. This study covers three patterns of syntax of
Montaha Jemoa (SMJ) which are (Tfaaeel Jeelsi — Faaeel Jieleé — Fyaeel Jdeld).
Method Results were compared with (System baseline) before applying the
proposed method and with (System baseline) after applying the proposed method.
As a research findings, this study has successfully able to identify Broken Plural

words and enhance retrieval and precision.
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Chapter 1
Introduction

1.1 Introduction

With the growth of modern technology and people’s reliance on them in their
daily life, information and internet-users are grow increasingly. Therefore, the search
for specific information became very difficult. Web search is became a preferred
source of information[1]. Simple user of the Internet needs to write a query freely
without being bound by specific structure, those made many researchers turning to
work in the field of Information Retrieval. “Information Retrieval” (IR) aims to find
information (documents) from unstructured source nature (usually text) that satisfies

an information need from within large collections (usually stored on computers)” [1].

Although the Information Retrieval science has existed from several decades,
but recently was associated with the field of Internet and its uses in the Information
Retrieval System such as search engine for example “Google” to retrieve information

and files that is satisfy user query. Figure 1-1 shows Google search engine.

Google

Google Search | Im Feeling Lucky

Advettising Programs ~ Business Solutions ~ +Google  About Google

Privacy - Tems

Figure 1-1: Google search engine

Figure 1.1 showed Google search engine which represent an example of
Information Retrieval System (IRS). Google is probably the most powerful search

engine on the market, or more precisely the most used one[2].
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Information retrieval (IR) has become one of the most important areas there are
a huge number of scientific studies and research have worked in this area, and the
research efforts continuing to improve this domain. Information retrieval using was

increased in the recent times because IR facilitate "semi- structured" search.

1.2Problem Background

Web search engines provide quite good results for Latin characters-based
languages. However, they still show many weaknesses when searching in other
languages such as Arabic, and the Arabic internet users often prefer searching in
these languages rather than in Arabic [2].Searching in Arabic language meets
fundamental problems related to certain reasons one of them Arabic is morphological
language. “Irregular (so-called broken) plural identification in modern standard
Arabic is a problematic issue for Information Retrieval System (IRS) and represent

challenge for language engineering applications”[3].

Although Broken plurals constitute 41% of texts in large Arabic corpora
Boudelaa and Gaskell [4]. There are difficulties to identify Broken Plurals (BP)
because there are no specific rule governed, that made it difficult to detect and
retrieve properly [3]. There are a few studies proposed solutions for this problem.
This research proposes solution for this problem to improve documents retrieval.
Example (1) below illustrates this problem. Suppose that, there are two indexed text
documents, first document D1 and the second document D2, and any document

content sentence as:
DI1: " adle 488 5 cslall al sl
D2: "Qlall Ll pely adbay) Hha e JI dcaly Hl ol calad jall i,

If a user type a query Q: “alw Clll Jasi aS ™ the system will retrieve the second
document D2 only, because it contains the word (&, ’heart”), but the system cannot
retrieve the first document D1 although it contains the word (<« ’hearts”) which
represents a plural of word (), where it must be retrieve as a result too. Broken
plurals have set of patterns and it is difficult to identify them. The words which come
on these patterns may represent plural and it may be singular. Table 1.1 show some
examples of words which match one of these patterns and represent Broken Plurals,

and other words with same pattern but do not represent BP.
3



Table 1-1 : Broken Plurals patterns examples

No. Patterns Broken Plural Not Broken Plural

1 Jlady Jual Jlaal
Generations Puzzled

2 Aldad) odas| Al
Columns Evening

3 Jd) TR & il
Rivers faster

4 3 L] slid | sLadl
The rich people Hide

5 Joad Gth & sl
Hearts Behavior

1.3Problem Statement

Simply, the problem statement of this research is to identify Arabic Broken
Plurals and their singular derivation forms in order to enhance Arabic Information

Retrieval Systems.

1.4Research Objectives

The main objectives of this research are:

- To understand how Arabic Broken Plural (BP) represents challenge for IRS.
- To study some of Broken Plurals patterns for words identification.
- To retrieve back the singular form of BP words.

- To propose a method for increasing Arabic documents retrieval precision.

1.5Research Hypothesis

Information Retrieval System fail to retrieve all documents especially if a query
contain Arabic BP words. The proposed solution need to solve the BP identification

and enhance a precision for document retrieval.



1.6 Research Significant

Contribute improving information retrieval for Arabic language, and the
important goal of researches in this trend are to enhance retrieval for Arabic language

by obtain a good result mainly for a query which contains Broken Plurals words.

1.7Thesis Structures

Chapter one presents Introduction which highlight a brief history of Information
Retrieval and research problem. Chapter two presents Background and Literature
review. Chapter three presents the methodology used in this research, Chapter four
introduces Result and discussion, Chapter five views Conclusion and

Recommendations.






Chapter 2
Literature Review

2.1 Introduction

This Chapter previews basic concepts considered the keys of this research and
related works in the same field. This chapter organized into six sections. Section 2.2
explain the principles of Information Retrieval IR (definition, basic concepts,
Models, Application, IR for Arabic language), while section 2.3 explain the Arabic
Language and Plurals. Section 2.4 explain the Data set corpus which this research
depends on. Section 2.5 explain the Baseline Method 2.6 presents an Evaluation
Measures that used to evaluate the results. Section 2.7 preview Related Works based

on Broken Plural identification.

2.2 Information Retrieval Background

Information Retrieval (IR) is a branch of computer science concerned with
indexing and searching operations for documents and files and web sites to facilitate
and improve the search process. Information Retrieval has become one of the most
important areas where most of the studies and researches have worked in this area
and research efforts are continuing to improve this domain. The use of Information
Retrieval are increased in recent times more than Databases because IR facilitate
"semi structured" search. Although the Information Retrieval science has existed
before many decades, but recently was associated with the field of Internet, and most

important use in search engines to retrieve information and files that satisfy user

query.

2.2.1 Information Retrieval Definition

Information retrieval is finding material (usually documents) of an unstructured
nature (usually text) that satisfies an information need from within large collections

(usually stored on computers) [1].

From the definition the collection usually stored in one or more computers,

because the collection may be so large and also need hardware and software with
7



high properties. This collection may store in large server with high properties. For
example search engines work in the World Wide Web (www). There are a set of
search engines like Google, Yahoo, Orange, AltaVista,...etc., but the Google search
engine is popular search engine in the world and most powerful and most people
prefer to use it rather than other search engine because it provides better services and
good results with high precision and speed and also have large collection. Google
search engine has good hardware and software, Google data centers (in 2007) mainly
contains commodity machines, Data centers are distributed all over the world, one

million servers, three million processors/cores[5].

2.2.2 Information Retrieval Basic concepts

As mentioned previously Information Retrieval consists of two important
processes. The first process is Indexing, and the second process includes the
Searching. Figure 2.1 illustrates the typical Information Retrieval task which IRS
follows[6].

[ Information ] [ Docum_f._'nts Set J

Representation Representation

o~

s
@m ( — | Result set of documents ]

Figure 2-1: A typical information retrieval task
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2.2.2.1 Indexing

The purpose of indexing is to optimize speed and performance to find relevant
documents for a query statement. Without an index, the search engine must scan all
documents in the corpus until finding the target document or file, which may require
considerable time and computing power. For example Inverted Index one of methods
which use for indexing purpose, in Inverted Index an index always maps back from
terms to the parts of a document where they occur. Nevertheless, inverted index, or

sometimes inverted file, has become the standard term in information retrieval [1].

2.2.2.2 Searching

Means how to search about information or documents using IRS and obtain

good result from a query.

2.2.2.3 Pre-Processing

Pre-processing stage is important for Indexing and a Searching processes
because it makes compatibility among the query statement and indexed data. The
importance of this stage it allows the user to write query without restricting and make
compatibility with existing index. Pre-processing contains several operations; in the
next section will give briefly about the most important processes in this stage in the

following paragraphs.

Tokenization: is the process of breaking a stream of text up into words, phrases,

symbols, or other meaningful elements called token.

Lower case: usually is used for English language and related languages (use the

same alphabet), it means changing all capital letters to small letters.

Stop words: very common words which would appear to be of little value helping
select documents matching a user need. This process removes some word for
indexing purpose. Stop words are different from one language to another, for
example preposition in English language like these words (a, of, if,....etc.) denoted
as “stop word” and it will be removed, and also (¢« « o= « e « 5l < Uf) denoted as “stop

word” for Arabic language. Appendix A stated an Arabic Stopwords.

Stemming: The users writes the query in different format, Stemmer can improve the

search effectiveness so an Information Retrieval System (IRS) can match user's
9
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queries with relevant indexed documents. Now an IRS should be able to change all
these forms that have the same meaning to the standard form and thus grouping all
these different formats in to standard format and this should be done on both sides,
on user’s queries and on index terms. There are many stemmer standards for each
language, for example for English language use Portal Stemmer, and for Arabic use
Light stemmer or Khoja stemmer (Root extraction)[7].

2.2.3 Information Retrieval Models (IRM)

The Information Retrieval Models define the internal representation of
documents and queries as well as the score function. There are two types of IRM first
one is called Boolean Model (BM) and the second one is Ranked Retrieval
Model(RRM), BM as will show depends on matching between Query and indexed
document, if there are matching then it will take it as result, the result list is a set of
documents without order [8]. Ranked Retrieval Model lookup for how to calculate
similarity between documents and query and returns ranking more relevant between
them (Query and documents) by calculating scoring. Many IRM have been proposed
and used in Information Retrieval System. In the following sections will describe the

most commonly used ones [8].
- Boolean Model.
- Ranked Retrieval Model.
Vector space model.
Probabilistic model.

Most models above are built upon the notion of term. In IR term refers to a basic
unit used in the representation, it can be a word (e.g., “automatic”), a word stem
(e.g., “automat”), or a phrase (e.g., “computer system”) depending on the indexing

process used[8].

In the next sections will give a brief background about these models (Boolean
Model, Ranked Retrieval Model).

10



2.2.3.1 Boolean Models

The Boolean model is the simplest model which was used in information
retrieval system. This model work by comparing the term in the query and the terms
in the documents if true (matching) then retrieve that document. In BM documents
are represented by a conjunction of terms, such as D=t1"t2"t3 which means that the
terms t1, t2, and t3 are present in the document D. Equivalently, this document can
also be represented by a set of terms: D= {tl1, t2, t3}. Terms are not in the Boolean
expression are assumed to be absent. BM can retrieve documents only if the terms in
Query match terms in the documents. Then the problems of this model are feast or
famine, and ranking, that means if terms in the query is found in all documents in the
collection then this model can retrieve all documents collection without ranking what
is the important document of them, and if the terms in a Query does not match terms
in the collection it will return nothing. The main problem of this model it does not
rank the result [8].

2.2.3.2 Vector Space Model

The Vector Space Model (VSM) Salton and McGill, 1983; Salton et al., 1975
uses a vector to represent a document or a query [8]. The VSM is formed by all terms
the system recognizes in the documents. In the document vector and the query
vector, each element (di or qi, 1 <i <n) represents the weight of the corresponding

term in the document or the query[8]. For instance, see the vectors below:

vector space: <:1 £ #3 e Fn :)
document: {n"l dx dx ... da }
query: {:.?1 g2 g3 - Ga }

The weights of di or gi could be binary, i.e., 1 representing the presence, or 0
representing the absence of term in the document or the query. However, the most
commonly used method is the tf *idf weighting schema [8]. tf means term frequency
within the document (or the query), and idf means inverse document frequency,

which is usually calculated as follows:

idf (ti) = log n‘:r—nj (2.1)

11



Where t; is a term in the vocabulary, n is the number of documents in the whole
document collection, and n (ti) is the number of documents containing ti(also called
document frequency). The general idea behind tf * idf weighting is that, the more a
term appears in a document (or a query) is important (the tf factor); the less term is
common among all the documents in the collection, the more it is specific, thus

important (the idf factor).

Given vector representations, the score of relevance is estimated by a similarity
between the vectors. In the first similarity calculated by Euclidean distance but this
method may give large distance between q and d although they are more similar,
when the length of vector is more differ [5]. As the example in Figure 2.2 bellow
shows that distance between q and d, is larger than q,d; and q,ds although g and d; is

more similar than other.

POOR d>: Rich poor gap grows
1 ¢ dh: Ranks of starving poets swell
q: frich poor]

o _-_-_’—______’___,_—- d'z: Record baseball salaries in 2010

RICH
(o] 1

Figure 2-2: VSM using Euclidean distance and bad result

To calculate similarity there are other equation used it is called cosine

similarity, which use angle instead of distance it defined as follows:

iim(D,Q) =2

Q
Hixigl 2?2

Where! D1 it is the length of the vector. Figure 2.3 illustrates The Vector Space
Model (VSM) by using cosine similarity. Cosine similarity is a monotonically
decreasing function of the angle for the interval (0°, 180°).

12



7(d3)

0 1

Figure 2-3: Vector Space Model (VSM) using cosine similarity

2.2.3.3 Probabilistic Model

Probabilistic methods are one of the oldest formal models in IR. Already in the
1970s they were held out as an opportunity to place IR on a firmer theoretical
footing, and with the resurgence of probabilistic methods in computational linguistics
in the 1990s, that hope has returned, and probabilistic methods are again one of the
currently hottest topics in IR. Traditionally, probabilistic IR has had neat ideas but
the methods have never won on performance. Getting reasonable approximations of
the needed probabilities for a probabilistic IR model is possible, but it requires some

major assumptions [1].

Documents in a collection could be ranked according to their probabilities of
relevance or their similarity degrees with regards to queries. The key issue here is
how to compute a probability of each term in a query and how to assign the final
probability that a document is relevant to the query. Broadly speaking, a probabilistic
retrieval model employs the absence or the presence of a term in a document to
predict a weight for that term. This weight corresponds to the estimated probability
of relevance of that term and the combination of all the query terms weights is there

by used to determine whether the document is relevant or not.

2.2.4 Information Retrieval Application

Information Retrieval System has large number of application, most searching in
Internet use unstructured query, in next section below remind the most used

application.
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2.2.4.1 Search engine

Search engine indexing collects, parses, and stores data to facilitate speed and
accuracy of information retrieval. Index design incorporates interdisciplinary
concepts from linguistics, cognitive psychology, mathematics, informatics, physics,
and computer science. Search engines designed to find web pages on the internet
which need to make indexing for web pages.
2.2.4.2 Digital Library

A special library (also referred to as digital library or digital repository) is

focused collection of digital objects that can include text data.

2.2.4.3 Media Search

It include image retrieval, music retrieval, News retrieval, Speech retrieval,

video retrieval.

2.2.4.4 Desktop Search

Which use for searching about files and document that it saved in computer, it

provide search with the name of file or search with contain file.

2.3 Arabic language and plurals

Arabic language one of the most widespread and commonly use, which used by
millions of users in the Internet daily basis. To spread Arabic culture must be exploit
the Internet and web site and facilitate the search processes for Arabic web sites.
Arabic language faces many challenges especially with Information Retrieval System

applications such as search engine [2].

2.3.1 Arabic Language and Information Retrieval System Challenges

Most Arabic internet users master a second language for example English
because the information on the Web is widely available in this language, the Arabic
internet users often prefer searching by these languages rather than searching by

Arabic language.

Web search engines provide quite good results for Latin characters-based

languages however; they still show many weaknesses when searching in other
14



languages such as Arabic. Arabic information retrieval still faces many difficulties

due to the Arabic linguistic features[2].

Information Retrieval System for Arabic is a popular area of research because
the nature of Arabic as an inflectional, tri-consonantal roots-based and morphological
language. Arabic has much richer morphology than English that make it difficult to
use with Information Retrieval System, also Arabic language presents significant

challenges to many natural language processing applications.

Arabic Broken Plurals identification represent one of these challenges which

faces IRS. These challenges will explore in detail in this chapter.

2.3.2 The Arabic number system

Arabic has two genders: feminine and masculine, and three numbers: singular,
dual, and plural, and three grammatical cases: nominative, genitive, and accusative.
A noun has the nominative case when it is a subject; accusative when it is the object
of a verb, and genitive when it is the object of a preposition[9]. Figure 2-4 shows the
Arabic number system hierarchy[10]. The concept of Plural in Arabic is differ from
English, in English a plural noun can refer to two or more of something, but in

Arabic a plural noun refers to three or more of something and dual refer for two

something.
Term
Singular Dual Plural
Broken Sound

Figure 2-4: Arabic Number System

2.3.3 Arabic Plurals

Plurals in Arabic language divided into two types Sound Plurals and Broken
Plural, in the following paragraph will illustrate briefly the sound plural. As stated
before, study focus more on Broken Plurals[3]. Figure 2.5 illustrate exactly the area

of BP which conceder by this study.
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Arabic Number
Singular Dual Plurals
Sound Broken
L J -
JG JK SMJ
5 letters O letters

Figure 2-5: The area of BP conceder by this study

2.3.3.1 The sound plurals

The sound plurals is a type of plurals in the Arabic language and so-called
correct plurals ( 4l ¢ 5aall ), so named because it keeps the proportion of the
singular structure without changing, where this type divided into two parts which are
Masculine plural(abad) Sl aea) and Feminine plurals(albad) el aea).[4]

The Masculine Plurals: is Sound plural which called for more than two, remained
unscathed changed single, called this plurals of a male or a recipe for same masculine
by adding suffix (cx, os) to singular nouns, for example the word (&b, researcher”)
is a singular it can be pluralized by adding suffix (vs) to form the masculine plural
(0sisly, "researchers™) another example the word (s, “set”) pluralized to (osd%), in
the nominative case the plural suffix by add (c») to form masculine plural (cisb,
"researchers™) also (J«\=,”worker”) pluralized to (c:le) in the genitive and accusative

cases[11].
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The Feminine Plurals: is Sound plural which called for more than two ,by adding
suffix (<) to singular, for example the word (&sb, “researcher”) is a singular it can
be pluralized by adding the suffix (<)) to form the feminine plural ( <Usb |

"researchers™) also the word (<, “student”) pluralized to (<L, ”students”).

Based on above, The Sound plurals keeps the structure of the singular, and get
the plural by adding certain suffix, this feature has made getting to plurals easy
process, as well as access to a single too. This feature made facilitate the search and
retrieve process in IRS with high accuracy by using Arabic Stemmer in pre-
processing stage. For example if there are three documents D1 and D2 and D3, any

document contain some of words as:
D1:7gbaay (A cpaluddl e (555 W7,
D2: “alusdl s,
D3:" glasull 4 csulall agle Jlawe (8 Giiall el glaie ag gpall jo b g ll ey,

assuming these documents indexed using Arabic analyzer which use light
stemming, and then the user type the following query Q1:” alue 5 s olaal aa A) Euaa?,
IR system will retrieve D1and D2, although the word (“slw”,Muslim) in a Query and
(celead) “Muslims™) in D1 are not identical letters, also the system will retrieve D2
although (L)) which find in a Query and (al«<) in D2 are not identical letters, but
the system recognizes that the word (csles)) is a plural of words (sl«) because there
are fixed rules governing the Sound Plural and the light stemming known how to
deal with this type of plural by removing prefix and suffix from word, in our
example the prefix is (J') and suffix is (cx) after stemming the word result is (al),

without suffix or prefix.

If user types query Q2: “hasw sl for this query the system can retrieve D3
although the word (odsW),”researchers”) in document is not identical letters with

word in query (&sb,’researcher”).

2.3.3.1.1 Sound Plurals and Information Retrieval system

Information Retrieval System such as search engines can handle this type of
plurals, that because Sound plurals has a particular rule governed, in addition the
structure of the singular remain unchanged, all this feature made this type of plurals

(Sound plural) easy to identify and facilitated the understanding and it is applicable
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to Information Retrieval Systems, but another type of plurals which called Broken
Plurals have not rule governed, and the structure of the singular will change, and the
Information Retrieval Systems cannot handle this type of plural, this study shows
how to recognize Broken plurals, and discusses in detail in the following paragraphs

about this type of plurals[3].

2.3.3.2 Arabic Broken Plural (BP)

The Broken Plurals (U<l ¢ s+a) is another type of plurals in Arabic language, in
this type of plurals there are no a specific rules governed, each word treated quite
differently based on some patterns as will show in this section, where it is difficult to
identify them. Broken plurals similar to irregular nouns in English (e.g.:
tooth/teeth), but this type of plurals are very common in Arabic, it represents more
than 40% of the plurals in Modern Standard Arabic, while the remaining percentage
60% is assigned to the other types of plurals, sound masculine and feminine
plurals[3, 12].

Although BP does not have fixed rule depend on, but it comes in a set of patterns
where these patterns were divided into three categories, namely: (s & sen ¢ 4B & san

¢ saall ¢t uad), each of this category has a set of patterns.

2.3.3.3 Jemoa Gela (4l ¢ ga3)

Jemoa Gela JG one of Broken Plurals patterns, this category has several patterns

which can be called for plurals from three to ten[13]. This category has four patterns

asin table 2.1.
Table 2-1: Jemoa Gela Patterns(4all ¢ sax hiail)
No. | Pattern Examples/plural singular Plurals
1 | 53¢ Jea 3<=10
2 Jadi L i 3<=10
3 o S g 3<=10
4 | am i o 3<=10
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2.3.3.4 Jemoa katharh (331l & sa3)

This category has several patterns which can be called for plurals more than ten
[13]. This category have several patterns, some of these patterns are shown in the
Table 2.2 below.

Table 2-2: Jemoa katharh patterns(d_is! g saa Jalail)

No. | Pattern J Examples /Plural singular | Plurals
1 |4k e Jala >10
2 Alzd ola) A >10
30 | o S >10
4 Jad £ €103 >10
5 Jad Pua sl >10
6 & Mad| sl &) gia) >10

2.3.3.5 Syntax of Montahaa Jemoa SMJ (g el gia diua)

SMJ is the Broken Plurals which the third letter is Alef (') after this letter three
or two letter which middle letter is vowel. This category has several patterns which
can be used for plurals shaped of more than or equal to three[14]. This category have
several patterns. Some patterns have five characters and other have six characters
shown in the Table 2.3.

This research concerns analyzing this category of patterns(g sesll ¢iia daa) it
investigates how to identify patterns and make analysis to extract rules help to
distinguish is the word represent a plural for singular or not. Then get all singular

forms of word if it represent plurals. Chapter 3 discusses the following patterns
tfaaeel (=), fyaeel(J=L8), faaeel(Jsbd).
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Table 2-3: Syentax of Montahaa Jemoa patterns (£ sea ¢iia dua hilail)

No. | Pattern Examples/plural singular
1 delsh s aay

2 Jilad il Al

3 Jlad a1 pb

4 Jdelia Qla e

5 Jeld &la) el

6 Jeolia Jdlia Jbada

7 Jallad lac Jsiuas

2.3.3.5.1 Broken Plurals challenge for Information Retrieval Systems

The broken plurals identification represent problem especially for Information
Retrieval Applications. It is difficult to deal with Arabic broken plurals and reduce
them to their associated singulars, because that there is no a specific rule governed,
each word treated quite differently where it is difficult to identify them, and no
obvious rules exist, also there are no standard stemming algorithms that can deal

with this type of plural [11].

There are some patterns are analyzed to extract some rules which are used to
identify and determine if a word represents a plural or not, and another patterns that
were difficult to be analyzed. To denote the importance of this study below are some

examples derived to explain some of these challenges.

Challenge 1: Some patterns are difficult to be identified due to their plural structure
have three letters. The root of words in Arabic language is (Fa-al,”J=¥") word and that
make identify is this word represent plural is difficult process for IRS. For instance

the word () is singular, and the word (=) represent plurals.

Lucene is one of IRS, it use Arabic Analyzer to preprocess the input words first.
Then, it stripes and return the origin word without suffix, prefix or special characters

(dsaal) supplemented to the word.
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Challenge 2: Some words that are match a plural form but they are not. For instance
the suitable pattern for word (slsl) is (s3=8l), since this word does not represent a

plural. For more explanation in contact, the word (s..2!) represent a plural [3].

Challenge 3: stemming process deleted some of the original characters for some

words as a suffix, therefore the meaning of the word is missing.

This study is mainly focuses on challenge 2. Next section explore simply the
problem statement this research which is based on challenge 2. When re viewing
some State-of-art works, current Arabic_based IRS failed to recognize the BP. For
instance, when write the term (L&), documents that include (L:_%) are not retrieved.
So, the precision of these search engine are low. Therefore, this study is proposed to
increase such precision. See the example below:

D1: 1 &g grall Ay jad) ASlaall (3o g2 9 allall L] oa P G0 30 iny",
D2: "Olagad) sl il (o iy 9 Gl AN (e Ao gara dlliag AN S 35502 Aalal,

assuming that was indexed these documents using Arabic Analyzer, if the user
write query Q1: “Jdwe¥ Jis, sLie) ” and then press the search button, the system will
retrieve the first document D1 only, because it contains the word (sLie),”’Rich”), but
the system does not retrieve the second document D2 although it contains the word
(s¢,”Rich”) which represents a singular of the word (<L) where it is must be
retrieve this document as result, but do not been retrieved because failure to
recognize that word () represent the singular of word (sk!), which the word

(«kse') is the broken plural.
2.4 Information Retrieval Data Set
The data set is very important component for information Retrieval systems, it

contain large number of documents and files, and our analysis depend on word which

extracted from this data set. This research depend on Watan-2004 corpus.

2.4.1 Watan-2004 corpus Description

Corpus of Arabic newspaper texts which was developed for topic identification.
The corpus contains 20291 articles downloaded from the web. The punctuation was
deleted from the corpus. The topics covered are culture, religion, economy, local

news, international news and sports. The corpus can be downloaded for free from the
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webpage, but it should be used only for research purposes[15]. Appendix B show an
example of watan-2004 documents.

2.5 Baseline Method

In order to obtain the essential information needed for the corpus analysis, and
also for experiments reported in this thesis, the Lucene IR system was used. Lucene
Is an experimental information retrieval system that has being extensively used in
previous editions of the CLEF, NTCIR and TREC joint evaluation experiments [6].
Lucene used for Information Retrieval System purpose which work under java to

provide IR processes such as searching and indexing.

2.6 Evaluation Measure

In pattern recognition and information retrieval with binary classification,
precision (also called positive predictive value) is the fraction of retrieved instances
that are relevant, while recall (also known as sensitivity) is the fraction of relevant
instances that are retrieved. Both precision and recall are therefore based on an

understanding and measure of relevance.

To evaluate is the research achieve their objectives researchers need to evaluate
the result. There are some measure used for evaluation. Precision and Recall and F-
measure is most measure used for this purpose based on related studies. The
performance of an IR system can be measured in different ways, depending on
retrieval task and used relevance judgment. If the binary relevance judgments are

employed for assessing Documents, then precision and recall measures can be used.

In the next section, will give a definitions for this measures.

Precision:

Define as the ratio of the number of retrieved relevant documents over the total
number of documents retrieved[6].

Recall: The recall is defined as the fraction of relevant documents that are retrieved.

The F-score measure:

Is used to balance system performance on both “Precision” and “Recall” measures.
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These measures will use these metrics to evaluate the results obtained after the

implementation in the next chapter “Result and discussion”.

2.7 Related work

As mentioned in Section 1.1 IR has existed from several decades, recently was
associated with the field of Internet and become one of important area of research.
Information Retrieval System (IRS) provide quite good results for Latin characters-
based languages. However, they still show many weaknesses when used to search for
other languages such as Arabic. Searching in Arabic language meets fundamental
problems related to certain reasons one of them Arabic is morphological base

language. Arabic BP represent one of important challenges faces IRS application.

There are only few studies addressing the problem of broken plurals, they differ
from each other[9]. Some of these studies work on deriving broken plurals from their
singulars or roots, while others aimed at extracting singulars from plural forms 3, 16].
To the best of our knowledge, there are two studies proposed approaches to identify
Arabic Broken plurals, and some studies used these approaches for other topics such

as translation as shown in the following paragraph.

Goweder, et al. 2004 and Goweder, et al. 2005 proposed three approaches to
identify Broken Plurals (BP). The first approach is the Simple Broken Plurals
Matching Method. The basic idea is to get a word, use light-stems to produce
morphological information such as stemming prefix and suffix, then returns
TRUE if the word match one BP patterns in the list or FALSE. This method
identifies plurals by match the word with broken plurals patterns by checking some
letters in the word with equivalent letters on same positions in pattern. Although it is
simple method that made it easy to implement but the main problem with the
simple BP matching approach is that the BP patterns are too general to
achieve a good performance, which means there are several words have the same
pattern but they do not represent BP. The results showed that the Simple Broken
Plural Matching approach has low precision (13.73%) - on a test set of about
187,000 words.

To improve the performance of identification the same authors proposed
Restricted Broken Plural matching Method. In this approach, the development of
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Simple Broken Plural method it increase the precision which obtain more specific BP
patterns by restricting the original one. The main idea is to allow only a subset
of the alphabet to be used in the meta characters f (<), (¢), and (J) positions
of the patterns was the restricted matching method, in which the broken plural
patterns are used to detect broken plurals according to sets of rules that govern their
applicability. This method makes some tests to identify a word that represent plural
or not. Those steps are summarized as the following. First check the word with BP
patterns, if it matches one of these patterns, then checks the position of character
based on rule that obtained from analyzed patterns. The results of this approach
showed an increase in the precision reaching about 75%. The third approach for
identifying broken plural was built on the top of the previous. This approach used a
dictionary which lists broken plural stems. This dictionary was constructed
automatically by extracting all instances of broken plural stems that match broken
plural patterns. Next, sets of rules, as in the previous approach, were extracted.
Results showed that a significant improvement in precision, reaching 92%, compared

to other two approaches [3].

Abduelbaset,et al,2008 they used the Simple Broken Plurals Matching approach
to identify Arabic Broken Plurals for translation purpose. The proposed method
consists of four main phases, these are: The Simple Matching phase, and Arabic to
English Translation phase, and English stemming phase, and finally phase is English
to Arabic Translation phase. But this study focus only in this paper on what they
used to identify an Arabic broken plurals. It will explore the first phase. In Simple
Matching phase, they have used a simple matching algorithm as referred in previous
section to recognize all words to see if it is possibly broken plural, as a first phase. In
the simple BP matching approach, they use Arabic light stemmer to light-stem all the
words by removing prefixes and/or suffixes attached to a word and ignores any
infixes encountered. The resulting stem is compared against a set of 41 broken plural
patterns found in traditional grammar books of Arabic. The stem matches a BP
pattern if and only if they have the same number of letters and the same letters in the
same positions, excluding the consonants f (<), Q (g), and | (J) of the basic root fQ
| (d=8, “to do”) found in the pattern. If the stem matches one of the BP patterns in the

list, then it is initially classified as Broken Plural[9].
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Rammal Mahmoud, et al, 2009 they explained that a broken plurals are not
handled by current Arabic stemmers. One technique to address this problem is to use
N-grams character. Although broken plurals are not derived by attaching word
affixes, many of the letters in broken plurals are the same as in the singular forms
(though sometimes in a different order). If words are divided into character N-grams,
some of the N-grams from the singular and plural forms will probably match. This
technique can also handle words that have a stem but cannot be stemmed by a
stemmer for various reasons. The retrieval scores show that stem-based N-grams are
more effective than word-based N-grams for retrieval. The probable reason is that
some of the word-based N-grams are prefixes or suffixes, which can cause false

matches between documents and queries[17].

The use of character n-grams to detect the broken plural is a solution that is
proposed by (Xu, et al., 2002). In this approach, the developers implemented n-
grams created from stems as well as n-grams from words. Results concluded that
stemming by the use of n-grams with the stemmed word is better than n-grams with
the word-base. The reason behind that is some of the word-based n-grams are
prefixes or suffixes. They claimed that there may not be a straight-forward algorithm
to handle the broken plural in Arabic [18]. As stated in appendix C.

2.8 Summary

In this chapter researchers reviewed an Information Retrieval concepts, Models,
Applications. Also gave a brief about Arabic language and challenges which faces
Arabic language for Information Retrieval System. Additionally reviewed an Arabic
number system which is explained the types of plurals in Arabic Sound plurals and
Broken Plurals. Challenges which face Broken Plurals identification are also
discussed. This chapter reviewed the selected Data set, the evaluation measures, and

reviewed the related work to this research.

The next chapter explains the proposed methodology and its stages which are
followed to solve the research problem.
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Chapter 3
Research Methodology

3.1 Introduction

This chapter presents the methodology used in this research, and discusses the
stages taken to carry out this research. It describes the design and implementation of
chosen methods in achieving the goal and objective of this research. This research
aims to identify Broken Plurals (BP) and analyzes BP patterns, which analyzed
patterns based on words which extracted from watan-2004 corpus. One of the
objectives of this study is to identify word which represent broken plural and then get

the singular of that word to enhance retrieval.

Base line system is Lucene packet which work under java to implement
Information Retrieval processes (IRP) such as indexing and preprocessing, and
Searching. The result will calculated by compare the Base line system and proposed

methodology.

There are six section in this chapter where section 3.1 is for the introduction.
Section 3.2 present the stages that methodology followed. Section 3.3 explains
pattern which analyzed. Finally, section 3.5 is about evaluation and reporting of the

result.

3.2 Research Framework
Figure 3.1 shows the general framework of the proposed method. In next

sections, and going to describe each component found in the framework.

3.2.1 Query Statement

Query Statement, usually user typing a query to get an information or documents
he need. Already there are a set of documents were indexed as in Figure 3.1. The

query passes through some stages which will show in detail in the following section.
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Figure 3-1 : Methodology Framework

3.2.2 Preprocessing

Include set of processes such as “Tokenization” which divides the query
statement into set of word, and “Stopword” which concern to remove some words,

Stopwords differ from one language to another. There are set of words should be

28



removed such as “c«”. For instance, if a query is “wuhll dlxe 8 (” the query would
be edited to “culall dlae”,

This process removes all stop word as stated in appendix A. Also capital letters
should converted to small letters, this process called “Lowercase”, for example if a
query is “Sudan University” it will be changed to “sudan university”. Other
processing steps which is called “Stemming“used to remove prefix and suffix and

return original form. This preprocessing steps used for both User query and Indexing.

3.2.3 Broken Plural Identification

To identify whether the word represent Broken Plural should follow three
steps. Step 1: Pattern Identification, Step 2: word Recognition, Step 3: Singular

form[3]. Figure 3.2 shows these steps (Black-Box Framework)

Pattern Identification

v

Word Recognition

A4
Singular form

Figure 3-2: Black-Box Framework

Broken plural identification is difficult process because the word may come on
one of BP patterns and it may represent a plural or a singular as referred early in
Chapter 1 (see Table 1.1).

The difficulty in identifying the BP is depends on the phonetic patterns, which
is difficult to be measured. The word structure was differ from the singular form and
plural form by add or remove some characters. For example: the word () which
mean rich is singular form, the plural form of this word is (sL¢') which mean (rich
people), from above noted that, the singular form changed to plural form by adding

three character to the singular.

This methodology proposed a solution to identify some of these patterns. As

referred in previous chapter (see Table 2.3), a BP have a set of patterns, some of
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these patterns have five characters and other patterns have six characters. This study
focus on some patterns which have six character it called by Arabic (g seall ¢l fua)
and extract some rules for to identification. After identifying them, then should check
is the word represent plural or not. If the word represent plural, then get the singular
form and then make a query expansion to add a singular form to the query. For
example if the user typed a query " 3,15¥) & which mean rich people in the world
the query must change to " s_laY! L. & & ", So, the query is expanded to three words
rather than two. This research can enhance information retrieval when query include

broken plural words.

3.2.3.1 Step one: Pattern Identification:

As referred in the previous chapter (see Section 2.3.3.2) the plurals in Arabic
divided into two types Sound Plurals and Broken Plurals. Research focuses on BP
patterns exactly focus on Syntax Montaha Jemoa (SMJ) ¢ seall ¢iie dua With SiX
letters. There are a set of patterns with six letters. To identify pattern of each word

must do some check for letters of the word.

There are some letters distinct the word belong to SMJ (g ses) g3 @ra) patterns
and some letters determined the specific pattern because there are some pattern
which have six letters.

3.2.3.1.1 Identify the word on SMJ patterns

There are three following letters must checked to determine whether the word
belong to SMJ with six letters or not. The first check is to specify the number of
letters of the word, it must be consist of six characters. The second check done for
third letter of the word, it must equivalent to (alef,""). The third check the character
in position number five and it must equivalent to (yaa,"s"). If these three checked are
true, then the word on the BP and it represent one of the SMJ with six letters.

Table 3.1 illustrate SMJ pattern identification.

Table 3-1: SMJ pattern identification

6 8 4 3 2 1 Position
gl
i \ Letter
".-S _iﬁl
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Table 3.1 showed that, to identify is the word belong to SMJ patterns, then must
do 3 checks (word contains 6 letters, the character in position 3 equivalent to (1), the

character in position 5 equivalent to (cs)).

From the above noted that, all six patterns must be achieved in these checks, and

if one check is false that means the word does not belong to these patterns.

¢ Identify the specific pattern of word

After the process of defining the word belong to SMJ patterns with six letters,
then must identify the actual pattern for word, because there are a several patterns
have six letters as in Chapter 2 (see Table 2.3). The process to identify the specific
pattern need to check additional letters but this check differ from one pattern to
another. Researchers will explain in detail about these checking and how to identify
specific pattern in next section in this chapter.

Finally, the output of Pattern Identification step is the extraction all of words

from query which come on the SMJ patterns.

3.2.3.2 Step two: Word Recognition

This step helps us to identify each word came in one of BP patterns represent
plural or not, because not any word come on BP patterns represent plural or not. As
stated before any word came on BP pattern represents plural as it may be singular.
Researchers used watan-2004 corpus to categorize all input words either they
represent plural or singular. This categorization depends on specific patterns. After
analysis of those words, researchers deduce some rules that help us to identify the BP
words, and these rules will be added to IRS to identify all words represent plurals.

The output of this step is to identify which word in the query represent plural to

take it as input to the next step.

3.2.3.3 Step three Singular forms

After pattern identification as in step one, and word identification as in step two,
then should get the singular form of word which appear in the query and represent
plural. The output of this step is getting all singular of words represent BP. The

importance of this step is shown in the next stage which called “Query Expansion”.
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3.2.4 Query Expansion

Query expansion is the process of adding search terms to a user’s query terms.
Study aims get the singular form of each word represent BP appeared in the query.
This to increase document retrieval by adding the singular form to the existed query.
The reason for this addition is that indexing algorithms differentiate between singular
form and plural form for Broken Plurals words. As showed the problem in Section
1.1. For example, if user typed a query:”s_ls¥ L. ,&” then the query must be edited to
“solY) o8 )& by adding the singular form of word (reports,” &), if system
don’t make expansion for a query, it will lose all documents containing the word

(report,” &) as a result.

3.2.5 Matching

In this stage must do match between query expansion and exist indexed

documents to retrieve all documents that satisfy user query.

In the next section will show patterns that can be used to prove the proposed
methodology. Also in the next section will explore how applied those stages on SMJ
patterns (Jdeld « Jelad « Jelii) which belong to Broken Plurals patterns.

3.3 Pattern Analysis

As referred in Section 2.3.3.2 Broken Plural have a sets of patterns divided into
three categories, our research focuses on SMJ patterns. This Section give an analysis
of three patterns of SMJ, and make analysis by applying the methodology stages for

each patterns.

3.3.1 Pattern Tfaaeel(J:s\)

As explored the (Tfaaeel,Je\s ) pattern is one of SMJ patterns with have six
letters which belong to BP patterns, researcher apply the proposed method steps on
this pattern.
3.3.1.1 Pattern Tfaaeel(J=\) identification

To identify the word on this pattern, first must check the number of character if
it equal 6 then check the character in position 3 if it equivalent to (alef,”") then
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check the character on position 5 if it equivalent to (yaa,"s ") then the word on SMJ
with six-party BP patterns. Then we need to know know is the word on
Tfaaeel(J=\%5) pattern by check the character on position 1 is it equivalent to (taa,"<")
then the word in pattern Tfaaeel(J==\w). Table 3.2 illustrate how we identify Tfaaeel
pattern.

Table 3-2: Tfaaeel(JsW) pattern identification

O Letter
o jal

Figure 3.3 showed that, to identify is the word belong to (Tfaeel,J=\&) pattern,
then must do 4 checks (word contains 6 letters, the character in position 1 equivalent
to (w), the character in position 3 equivalent to (!), the character in position 5

equivalent to (cs)). All words Extracted on Tfaaeel(Jd<=\&) pattern shows in Table 3.3

Table 3-3: Words extracted on Tfaaeel(J=\W) pattern

L | Qe | amabai | W5 b
il | L) gl | qual b | adls
Ll | Gl gldl | ua bl | pandl 5| Llas
Gl | | el | el 5| aelad
Lol | gl | iyl | oS5 | oy glad
Al | aghlE | el | 805 | Ll
Colgd | Q& | aded | S| Jdlad
T & s Lalds Y ™ T ™
Codl gl | ol | ocwala | Lglad |l

Gl | L | el | eI | Ll

A | Jmaldl | bl | J A

3.3.1.2 Word Recognition

This step deduce some rules that help to identify is the word represent plural or

not.
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As in Table 3.3 the total number of words retrieved are 54 words, and noted that
there are 39 words represent plurals and 15 words don't. All these words extracted

from watan-2004 corpus.

Based on analysis of these words, found that each word in position six
equivalent to (alef,"") does not represent plurals, and each word in position six
equivalent (kaf,"<") does not represent plurals. Otherwise the word represent BP.

Some of these word represent BP although they not in (Tfaeel,J«=\& ) pattern

such as (&)s « <l 58« 230), put also the study included their singular form.

3.3.1.3 Singular forms

Word which come on this pattern have four singular forms. The first form is
(tfeel,"J=s"). Most words which are extracted came in this form, its singular are
inform (da).

For example, the word (reports,”_._&") its (report,”_»&"). Figure 3.2 illustrate an

example of this singular form.

6 5 4 3 2 1

L e

! I 4
' o

Figure 3-3: Tfeel (Jai) singular form example
The second singular form is (tfeaal,"J=<"). Noted that, one word came in this

form such as word (Statues,"Jsw") which it’s singular is (Statue,"J%"). Figure 3.3

illustrate an example of this singular form.
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.5
- =
2]

L. %

Figure 3-4: Tfaal (Jwii) singular form example

The third form is (tfelh,"4l=&"), then note that some words came on this formula

such as word (orders,"~=3") its singular is (order, " ial=").

The fourth singular form is (faalool,"dsk=4"). Noted that one word came in this

form such as word (coffins,"<w ") which singular form is (coffin/ark," < st").

3.3.2 Pattern fyaeel(Js\8)
3.3.2.1 Pattern fyaeel(J=\2) identification

To identify the word on this pattern, first must check is the word in six-party BP
patterns by checking the character on position three if it equivalent to (alef,"") then
check the character on position five if it equivalent to (yaa,"s ") then the word on
six-party BP patterns, after this checking, system must know is the word on
fyaeel(J=l2) pattern, by check the character on position two is it equivalent to
(yaa,"s") is it true then the word on pattern fyaeel(J:=12). Table 3.4 illustrate Fyaeel

patten identification.

Table 3-4: Fyaeel(J=##) patten identification

6 5 4 3 2 1 Position
&2 gl
: \ i Letter
".-5 \'..s _iﬁl

Figure 3.6 showed that, to identify is the word belong to Fyaeel (J=\$)
pattern, then must do 4 checks (word contains 6 letters, the character in position 2

equivalent to (), the character in position 3 equivalent to ('), the character in
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position 5 equivalent to (s)). Words extracted on fyaeel (J=\$) pattern shows in
Table 3.5

Table 3-5: Words extracted based on fyaaeel (J=t#) pattern

ldld | gy | paly

Culbd | bk, | sl

Lakd | Lab, | Lba
bl | Ll | Labs
oy | ke | b

3.3.2.2 Word Recognition

To identify is the word represent plural or not, system must analyze set of words
which obtained from previous step. As in Table 3.5, the total number of words are
retrieved 21 words. Noted that, there are only two word represent plurals which is
(Ul (axil) and 19 words don't. Based on analysis of those words found that, each

word in position six equivalent to (meem",", or Raa"_",) represent plurals, otherwise

the word does not represent plurals.

3.3.2.3 Singular form

Words that came on this patterns have one singular form (fyool,"Js"). Noted
that, there are one word represent plurals came on this pattern it is (Gills,"~3La"™)
which singular form of this word is (Gill,"»s&a"). Figure 3.4 illustrate an example of

this singular form.

Y B4
{ " "
+
- .
'P,_,:: Ll *: e

Figure 3-5: Fyool (Js=2) singular form example

36



3.3.3 Pattern faaeel(Jsad)

3.3.3.1 Pattern faaeel(J:=3) identification

To identify the word on this pattern first must check is the word in six-party BP
patterns by checking the character on position three if it equivalent to (alef,"") then
check the character on position five if it equivalent to (yaa,"¢ ") then the word on
six-party BP patterns, after this checking system must know is the word on
faaeel(J=\=8) pattern, must check the character on position two is it equal the
character in position number four, is it true then the word on pattern faaeel(J:ctxd).
Table 3.6 illustrate Faaeel patten identification.

Table 3-6: Faaeel (J=\s2) patten identification

6 5 4 3 2 1 Position
ﬁyd!
; \ Letter
slel)|e il

Table 3.6 showed that, to identify is the word belong to Faaeel(d='=8) pattern,
then must do 3 checks (word contains 6 letters, the character in position 2 equivalent

to the character in position 4, the character in position 5 equivalent to (y)).

Words extracted all on faaeel (Jd=\=2) pattern and shows in Table 3.7

Table 3-7: Words extracted on faaeel(J=\28) pattern

T EWIRCY ET TR
Byl | Gis | Ghla
Wl | Lk | s
e | bl

3.3.3.2 Word Recognition

To identify is the word represent plural or not, must analysis set of words which
obtained from previous step. As in Table 3.3 above the total number of words are
retrieved 11 words, and noted that, there are 7 words represent plurals and 4 words
don't. All these words extracted base on watan-2004 corpus. Based on analysis of

those words, and then found that the character in position six for each word
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equivalent to (alef" ' "or kaaf "<") don’t represent plurals, otherwise the word is
represent BP.

3.3.3.3 Singular forms

Words come on this patterns have three singular forms the first form is (fa-
aal,"J=i"). Also noted that, there are some words which extracted came in this form
such as (Bats,"cxééa™) which its singular is (Bat,"_ia"™). Also the singular of the
word (Windows,"<luli™) is (window, "< ™). The second form is (fayaal,"J=2"). Also
noted that, there are two words came in this form such as word (Dinars," ,:s") which
its singular is (Dinar," J"). The third singular form is (foaalh,"4\«¢") .Noted that, one
word came in this form such as word (Bubbles,"~8&") which its singular is
(Bubble,"4="). Figure 3.5 illustrate that, to acquire this singular form, must remove
some letters from the plural and add a new character to the singular.

6 5 43 2 1

Cﬁ?illii

| D> &

4 e g

Figure 3-6: Foalh (4a2) singular form example

To explore the proposed method work, Figure 3.7 shows the input and output of each
stage of proposed method using actual query.

Previous sections conducted a study of some SMJ patterns (Tfaeel, Faaeel,
Fyaeel, Faaleen) and apply the proposed methodology (Pattern Identification, Word

Recognition, Singular Forms).

In the next section will give an information about the evaluation measures and
their equation, which will use to evaluate the results before and after applying
methodology.
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v
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Figure 3-7: Proposed method stages for actual query.
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3.4 Evaluation Measures

To evaluate the research findings, need to evaluate the result. There are some
measure used for evaluation. Precision, Recall, F-measure is most measure used for

this purpose as explored in literature review.

The performance of an IR system can be measured in different ways, depending
on retrieval task and used relevance judgment. If the binary relevance judgments are
employed for assessing Documents, then precision and recall measures can be used.
In the next section, will show how they are computed.

Precision:

Define as the ratio of the number of retrieved relevant documents over the total

number of documents retrieved.[6]
Equation (3.1) below illustrates how Precision is calculated.
number of retrieved relevant documents

Precision = 31
eeiston number of retrieved documents G0

Recall: The recall is defined as the fraction of relevant documents that are retrieved.
Equation (3.2) below illustrates how recall is calculated.

number of retrieved relevant documents
Recall = . . (3.2)
number af relevalt documents in the collection

The F-score measure:
Is used to balance system performance on both “Precision” and ‘“Recall”

measures. Equation (3.3) below illustrates how F-score measure is calculated.

_ 2 ¥ Precision ¥ Recall
"~ Precision + Recall

(3.3)

Researchers will use these metrics to evaluate the results obtained after the

implementation in the next chapter “Result and discussion”.

40



3.5 Summary

This chapter reviewed the stages of proposed method that used to solve the
research problem (Pre-processing, Broken Plurals Identification, Query Expansion).
This chapter gave a study for some BP patterns, which reviewed how to identify
pattern of word and check is that word represent BP or not and also how acquire the

singular of word.

The next point chapter “Results and discussion” which will show compare result

between Base Line System (Lucene) before and after Appling our proposed method.
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Chapter 4
Results and Discussion

4.1 Introduction

As mentioned in the second chapter, there are some previous studies that used to
identify the Broken Plurals (BP). Proposed methodology as explained in the third
chapter identify other BP patterns(SMJ patterns), which depends on the Restricted
Broken Plural matching Method which proposed by Goweder, et al. 2004 [44].

Researchers applied this methodology to three patterns of Syntax Montahaa
Jemoa (gl ¢t gxa) Which belong to BP patterns. Researcher selected a sample
documents from watan-2004 corpus (100 documents). Some of these documents
contain the words which represent a plural and other documents contain a singular
for the same word. Some queries are formulated and determined the documents
relevant for each query, and then calculated the results using measures Precision and

Recall and F-measure.

Researchers calculated the results before applying the methodology Based Line
System (Lucene), and also calculated the results after applying of the methodology
(after identification of the Arabic BP). Results calculated only for two patterns ( Jelé

Jeelxé <) because there are enough documents in the watan-2004 corpus.

Next section shows the result based on sample data set which selected from
watan-2004 corpus. Some queries were formulated which contains words belong to
SMJ patterns and then calculated the compare between results before and after
applying our proposed method.

4.2 The Result Calculated For Patterns

The next section shows the results calculated for two patterns by write some
queries and retrieved documents based on these query before and after applying

proposed method.
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4.2.1 The Result for Faaeel (J=d) pattern

Sample collection contain 30 documents, some documents containing the word
(windows,"<wi™)  which represent BP on (Faaeel,”d=l=8) pattern, and other
documents contain the word (window,"<i"), which represent the singular of word

“clylbi”. Some query was formulated to calculate the results.

Query (1):"casnall oSt eyl xil o

This query contains BP word (<), This query formulated because there are
some documents related of this query which contains information about the income
of place which show films, and then results calculated for Baseline System and after

applying the proposed method. Tables 4.1, 4.2 shows the results that were acquired.
Table 4-1: Query (1) Baseline result for (Faaeel,"Js=\sé") pattern

No. Relevant | Retrieved | Retrieved | Precision Recall F-
Documents in the Relevant measure
Collection
All 11 18 1 0.0555 0.0909 0.0689
Top 15 15 1 0.0666 0.0909 0.0768
Top 10 10 1 0.1 0.0909 0.0952
Top 5 5 1 0.2 0.0909 0.1249

Table 4.1 showed that, the number of documents retrieved are (18). The
relevant documents in the collection equal (11) and the documents retrieved from
BaseLine system equal (1) document while there are (10) relevant documents system
fail to include it as result. Figure 4.1 illustrate comparison of results between
documents retrieved for Baseline system and after applied proposed method for
Query (1). Then the precision and recall and F-measure become low. While the
precision for all documents retrieved equal to (0.0555), and also, the value of Recall
equal to (0.0909), and F-measure equal to (0.0689). Based on Table 4.1, the value
which calculated for these measures explore the weakness of the Base Line system
when compared with result acquired by proposed method. Figure 4.2 lllustrate
comparison of results between measures for Baseline system and after applied

proposed method for Query (1).
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Table 4-2: Query (1) Proposed method result for (Faaeel,""Jss2"") pattern

No Relevant Retrieved
) in the Retrieved Precision Recall F-measure
Documents - Relevant
Collection
All 37 11 0.2972 1 0.4582
Top 15 1 15 6 0.4 0.5454 0.4615
Top 10 10 2 0.2 0.1818 0.1904
Top5 5 1 0.2 0.0909 0.1249

From Table 4.2 noted that, the total documents retrieved are (37). The relevant
documents in the collection equal (11) and the relevant documents retrieved after applied the
proposed method equal (11). Then the measures was increased, and the recall measure equal
(1) which mean all relevant documents in the collection was retrieved, and enhanced the
precision become (0.2972), and also noted that, the F-measure was increase and equal
(0.4582). Figure 4.2 lllustrate comparison of results between measures for Baseline system
and after applied proposed method for Query (1).

Result for Baseline System- Query (1) Result for Proposed Method- Query (1)
20 40
18 2
16 “
14
1 =
10 20
8 15
| : I I I I
: I I
5
2
0 I | 0 I | . —
Top15 Top10 Tops Top 15 Top 10 Top5

mRelevant inthe Collection ~ mRetrieved  m Retrieved Relevant mRelevant inthe Collection ~ mRetrieved  m Retrieved Relevant

Figure 4-1: Query (1) comparison for retrieved documents.

Result for Baseline System - Query (1) Result for Proposed Method- Query (1)
0.25 12
0.2 1
08
0.15
0.6
01
04
- I I I I ) I
: ) HEE Han
Top 15 Top 10 Top5 Top 15 Top 10 Top5
mPrecision mRecall mF-measure B Precsion MRecall mF-measure

Figure 4-2: Query (1) comparison for measures (Precision,Recall and F-measure).
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4.2.2 The Result for Tfaeel (J=\) pattern

Two query was formulated on this pattern the Query (2) contains the word
(licenses," =1 5") and second query contains the word (handling,"_+'x"). Sample
collection contain 30 documents, 15 documents containing the word
(licenses," = ") which represent BP based on (TFaeel,”J=\&) pattern and belong
to SMJ patterns, and 15 documents contain the word (license,”"u=: "), which

represent the singular of word “uanl 37,

Tl

Query 2 " ) cilsud cilagie padl 5

This query contain BP word (u=:15) and a query wrote because there are some
documents related to this query which contains information about the communication
company indentures. Results calculated for Base Line system. As in Tables 4.3
which shows the results that was acquired.

Table 4-3: Query (2) Baseline result for (Tfaaeel,""Js\&"") pattern

Relevant .
Evaluate in the Retrieved Retrieved Precision Recall F-
Documents . Relevant measure
Collection
All 32 5 0.1562 0.625 0.2499
Top 15 g 15 3 0.2 0.375 0.2608
Top 10 10 3 0.3 0.375 0.3333
Top 5 5 1 0.2 0.125 0.1538

Table 4.3 showed that, retrieved documents by BaseLine System equal (32), and
the relevant documents in the collection equal (8) and the documents retrieved from
BaseLine system equal (5) documents. Then there are (3) relevant documents was
lost. And also Table 4.3 show the measure precision for all document retrieved equal
(0.1562) and recall equal (0.625) and F-measure equal (0.2499). Figure 4.3 illustrate
comparison of results between documents retrieved for Baseline system and
proposed method for Query (2).

Table 4-4: Query (2) Proposed method result for (Tfaaeel," JsW") pattern

Relevant .
Evaluate in the Retrieved Retrieved Precision Recall F-
Documents . Relevant measure
Collection
All 41 8 0.1951 1 0.3264
Top 15 8 15 6 0.4 0.75 0.5217
Top 10 10 5 0.5 0.625 0.5555
Top5 5 2 0.4 0.25 0.3076
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Table 4.4 showed that, the number of documents retrieved are (41). The relevant
documents in the collection equal (8) and the relevant documents retrieved after
applied the proposed method equal (8). Then the measures was increased, and the
recall measure equal (1), then all relevant documents in the collection was retrieved,
and enhanced the precision become (0.1951), and also noted that, the F-measure was
increase and equal (0.3264). Figure 4.3 illustrate comparison of results between

measures for Baseline system and after applied the proposed method for Query (2).

Result for Baseline System - Query (2) Result for Proposed Method- Query (2)

35 45

30 40
35

25
30

20 25

15 20
15

10
10

: I i 0 I i Hn.
Top 15 Top 10 Tops Top 15 Top 10 Top5
M Relevant inthe Collection ~ mRetrieved M Retrieved Relevant BRelevantinthe Collection ~ mRetrieved W Retrieved Relevant

Figure 4-3: Query (2) comparison for retrieved documents.

Result for Baseline System - Query (2) Result for Proposed Method- Query (2)
07 12
06 i
05 o5
04
06
03
04
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Top 15 Top 10 Top5 Top15 Top10 Top5
mPredision mRecall WF-measure HPrecision mRecall mF-measure

Figure 4-4: Query (2) comparison for measures (Precision,Recall and F-measure).
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Other query was formulated and calculated the result which obtaind for baseline

system and after apply the proposed method.

Query (3): 4 bl Uil g ) e g Liagh o Biliall 4o Uty

Table 4-5: Query (3) Baseline result for (Tfaaeel," JsW'") pattern

Relevant .
Evaluate in the Retrieved Retrieved Precision | Recall F-
Documents . Relevant measure
Collection
All 21 7 0.3333 0.6363 0.4373
Top 15 1 15 6 0.4 0.5454 0.4615
Top 10 10 5 0.5 0.4545 0.4761
Top5 5 4 0.8 0.3636 0.4999

Table 4.5 showed that, retrieved documents by Baseline System equal (21), and
the relevant documents in the collection equal (11) and the documents retrieved by
Baseline system equal (7) documents. Then there are (4) relevant documents was
lost. And also Table 4.3 show the precision for all document retrieved equal (0.3333)
and recall equal (0.6363) and F-measure equal (0.4373). Figure 4.3 illustrate
comparison of results between documents retrieved for Baseline system and

proposed method for Query (3).

Table 4-6: Query (3) Proposed method result for (Tfaaeel," JsW") pattern

Relevant .
Evaluate in the Retrieved Retrieved Precision Recall F-
Documents . Relevant measure
Collection
All 24 9 0.375 0.8181 0.5142
Top 15 1 15 9 0.6 0.8181 0.6922
Top 10 10 8 0.8 0.7272 0.7618
Top 5 5 5 1 0.4545 0.6249

Tables 4.6 showed improved the result measures after applied the proposed
method. Documents retrieved are (24), and the relevant documents in the collection
equal (11) and the relevant documents retrieved after applied the proposed method
equal (9). Then the measures was increased, and the recall measure equal (0.8181),
and enhanced the precision which become (0.375), and also noted that, the F-
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measure was increase and equal (0.5142). Figure 4.6 illustrate comparison of results
between measures for Baseline system and after applied the proposed method for
Query (3). The precision for top five document equal (1) that means all top five
documents are relevant, this good result.

Result for Baseline System - Query (3) Result for Proposed Method- Query (3)
5 £
5

10
I m I I II I
0 I 111 I I I |

Top1s Top10 Top5 Top15 Top10 Top5

(%]

BRelovantinthe Collection W Retrieved W Retrieved Relevant BRelevant inthe Collection W Refrieved  m Retrieved Relevant

Figure 4-5: Query (3) comparison for retrieved documents.

Result for Baseline System - Query (3) Result for Proposed Method- Query (3)
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mPrecision mRecall mF-measure WPredsion mRecall mF-measure

Figure 4-6: Query (3) comparison for measures (Precision,Recall and F-measure).

Based on those obtained result, researcher can judged our proposed methodology
could enhance retrieval by improve the precision and recall and F-measure for
Syntax Montaha Jemoaa (SMJ) which belong to Broken Plurals.
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4.3 Summary

This chapter gave more details about sample collection that were used to acquire

results. Which extracted from watan-2004 corpus.

As explained calculation results of some SMJ patterns based on some of the
queries that had prepared. To evaluation the results were compare between the results
obtained before(Baseline system) and after applying the proposed method. The

matrix that used to evaluate and compare results are (Precision, Recall, F-measure).

Based on those obtained result, researcher can judged our proposed methodology
could enhance retrieval by improve the precision and recall and F-measure for

Syntax Montaha Jemoaa (SMJ) which belong to Broken Plurals patterns.
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Chapter 5
Conclusion and Recommendations

5.1 Conclusion

Identify Arabic Broken Plurals BP represents one of the important challenges for IRS.
Our proposed methodology depends on Restricted Broken Plural matching Method to
identify Arabic Broken Plurals which proposed by Goweder, et al2002 as mentioned in
related work in Section 2.6. The study focuses on three BP patterns which are ( «Jelsd Jels
and Je=lé ). To identify BP followed three steps. Step one is Pattern ldentification; the
output of this step is the extraction all words from a query which come on the BP patterns,
and step two is Word Recognition; the output of this step is to identify which word in the
query represent plural based on some rule. The output of this step is an input to the next step.
Step three is Singular Form; the output of this step is getting all singular of words from a

query which represent BP.

After applying these steps proposed method make a query expansion which added the
singular form to the existed query to retrieve all document contain singular of BP word.
Researchers calculated the results before and after applying the methodology using sample
documents and compared with Baseline system (Lucene). Based on the result researchers can
consider that, our proposed method is successful to identify Broken Plural words and
enhance retrieval by referring back to this research hypothesis, found that the study could
improve information retrieval for Arabic language especially for query which contain

Broken Plurals words.

5.2 Recommendations

- This study was covered only three patterns of Broken Plurals Syntax Montaha

Jemoaa (SMJ), we recommend to study remaining patterns.

- The study gave a solution to identify Arabic Broken Plurals and acquire a singular
form but there are cost for searching process because there are some singular forms

of words which come on same pattern.

- Preprocess may remove some letters from word as suffix, but it original letters, then

it made difficult to identify because the word become vague.

- Some BP patterns have three letters, this property made it is difficult to identify,

because the root of words in Arabic has 3 letters (J=2).
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APPENDIX A

List of Arabic Stop words

LY T8 ot s i < O =
ilS P 4 = & A < el ‘
4 238 A Jia 132 any Js ) i

sl s <l 8 ) e A Js
s Sl o Y| Sl = o Bl o
P R K e R i3 4 v S
Doy | asls ¢ Jilae o8 2l e 5 Ladic
) o e <llia Ja ob » 6 e
=Y e e Ju Je BN & = e
OsS R OS5 oS Y 558 Y Lele
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APPENDIX B

Example of watan-2004 corpus document

3 DA Slay) &l A e ) A Jalial dpial) Glaldl oS sl Aadaie Coaargleat Jlea (0 elaiia
Lpallad) 4y Y a8 gl paim Alaasall Aaall T allae (o Sy Lo MY Alale g day pos Gl ja) 385 o) La el
i A A i Gad) e Jaliall Aalall Aiggl 5 Aaladl 5 2860 5 )55 o) dallae jslas cilliy, hally saseal)
Cum el o3 S gl Aadiial alill allad) o) S 5e e Abgrse e A il daglll a0d 1 pias
A slay 1518 380 8 el 3 sad ey A 3 8 aly gan) (B S g3 S el aisall o S
Al Slgally Adaal) cllalidl ae o sladlly Aaluadl g QN 350 55 il | allad) &l Gl Al e Lilegd an)
alay LS A )l Aaall J e 3503 4al8) ciled il g ) allae o Blaall Adee Cilel ya) JA5Y Gauill 2830))
Couall e G Gaaite PS5 da gl ALY A Y allaall e ase il e 1S5 (g laal) @ g e it
Jby b Coal sai slaiely dtad) AasSall s o 3s i ) Abde @Bl agilal )3 (8 sensl 38l
S e 2 Aie S Gy agien o )t ISV sl 5 il Al pga il Jae b 51 55038
o SN oY g gy o Lays Ak Lol W) ) e 5 palie iy gl a5 ddalial) ol sLasl
daalan Aalaal) ap ) Anae ey Ak ol 8 gl Clua of il Adaald Lﬂ;i sl AL ety Al Il Sl
Aadlaall daad IS 5 Aud ) Abaal) sda AdlE, & 5 e Blal) 55 pia o Sl ey 1316 55l saaall
oulall s el aY) M5 de e N ssall oS lial leay SBaYIs Hsaaill e M) 2 dae e
Ledsse 2305 Led o olerall wldall o i Al il jlaall s Jlae) S gy yhaddl 5530 e Al ) AY
pl i e Lliall il sl Ao 5 8 DoY) iy s el o oSl STy Ay s (g uaall
OV Lo LA )l 20y Aae paseadll any e s Gl sladl JS 8 HE agly )y ga5 s banlly AUl

oball el allall Gl i) AlE L5 it
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APPENDIX C

Example of identify Arabic BP using Uni-gram, Bi-gram and Dice
coefficient similarity

No. word Uni-gram similarity Bi-gram similarity
L) £ (- i) £l B 3 i)
1 1) gl 0.5 PN vV 0.2
2 sdaa) poldacial 0.5 g)-Uaai e g 0.2
3 ey gl-giecife) | 0.66 slligiicaf) |02
4 Ll poloc ) 0.5 pl-l i i ) 0.2
5 sl e gmmCoe) 0.66 $)-lm i) 0.4
6 s A 0.66 $-b - -§) 0.4
7 shidi $l-g-Crg-) 0.66 $ -l - -E) 0.4
8 sl Al St 0.66 sl A3 0.2
9 slBal P Iy SV 0.66 )-8 5-da-yal 0.2
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APPENDIX D

Code we added to Lucene search code to apply the methodology

String word="";

String new_word,;

String new_word1,;

String new_word2;

String new_word3;

char a="",;

char h="";

char w='y';

char y='s";

String name=line;

String[]splited = name.split(" ");

for(int i=0;i<splited.length;i++){

if(splited[i].length()==6)

{
if((splited[i].charAt(0)=="=")&&(splited[i].charAt(2)=="")&&(splited[i].charAt(4)=="s")){
if((splited[i].charAt(5)!="")||(splited[i].charAt(5)!="<")||(splited[i].charAt(5)!="=")){
System.out.printin("kkk™);
new_word=splited[i].charAt(0)+""+splited[i].charAt(1)+""+splited[i].charAt(3)+""+splited
[i].charAt(4)+""+splited[i].charAt(5);
new_wordl=splited[i].charAt(0)+""+splited[i].charAt(1)+""+splited[i].charAt(3)+""+splite
d[i].charAt(5)+""+h;
new_word2=splited[i].charAt(0)+""+splited[i].charAt(1)+""+splited[i].charAt(3)+""+a+""+
splited[i].charAt(5);
new_word3=splited[i].charAt(0)+""+splited[i].charAt(1)+""+splited[i].charAt(3)+""+y+""+
splited[i].charAt(5)+""+h;

word=name+" "+new_word+" "+new_word1+" "+new_word2+" "+new_word3;

3s

/********************************************************************/

if((splited[i].charAt(1)==splited[i].charAt(3))&&(splited[i].charAt(2)=="1" &&(splited[i].ch
arAt(4)=="¢){

if((splited[i].charAt(5)!="4")||(splited[i].charAt(5)!="~")){
new_word=splited[i].charAt(0)+""+splited[i].charAt(1)+""+splited[i].charAt(2)+""+splited
[i].charAt(5);
new_word1=splited[i].charAt(0)+""+y+""+splited[i].charAt(3)+""+a+splited[i].charAt(5);
new_word2=splited[i].charAt(0)+""+splited[i].charAt(1)+""+splited[i].charAt(2)+""+splite
d[i].charAt(5)+""+h;

word=name+" "+new_word+" "+new_word1+" "+new_word2;

h333;
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