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AN INTELLIGENT USE OF STEMMER AND MORPHOLOGY
ANALYSIS IN ARABIC INFORMATION RETRIEVAL

ABSTRACT

In the past several years, the Arabic information retrieval has garnered significant
attention due to increasing the Arabic text on the web. A considerable number of
researchers share similar opinions on the benefits of morphology and stemming in
Arabic information retrieval systems, especially for internet search engines; a problem
exacerbated by the enormous amounts of datasets on the internet. The Arabic language
is ranked as the seventh top language on the web. It is the highest growth of the ten top
online languages. Therefore, the number of Arabic documents increases rapidly. Also,
the Arabic language has a serious challenge due to the complexity of its alphabet
morphological. In NLP tasks it becomes hard to select an effective index term of
information retrieval systems. Thus, indexing terms is a complex and difficult process,
especially when it concerns the indexing of Arabic documents. Year after year, many
methods are being published to overcome the Arabic stem problem for successful
retrieval of documents. Therefore, this research present a novel method to extracting an
Arabic stem called Arabic Morphology Information Retrieval (AMIR. The main goal
and advantage of our method are to generate/extract stem by applying a set of rules and
matches the relationship between some Arabic letters to find the root/stem of the
respective words to use as indexing terms for the text searching in Arabic retrieval
systems. Furthermore, we highlight the use of these rules and their benefits for different
Arabic information retrieval systems. Consequently. AMIR can be considered to operate
around minimum morphological complexity. Finally, AMIR has been tested using the
EveTAR (2016) dataset on Arabic tweets and the obtained results show that the AMIR
results outperform the state-of-the-art results. Therefore, our approach has been able to
improve the performance of Arabic stem and increases retrieval as well as being active
against any type of stem and we believe that it’s difficult to develop a new Arabic system

retrieval method without uses a good morphology analysis support it.

Keywords: Natural language processing, Arabic information retrieval systems, Arabic
morphology, light stemming algorithm, Arabic language, text analysis, Arabic

stemming algorithms, Arabic speech search, rule-based stemming, indexing.



ARAPCA BILGI ERISIMINDE KOK VE BiCiM ANALIZININ
AKILLI BiR KULLANIMI

oz
Son yillarda, internet iizerindeki Arapc¢a metinlerin ¢ogalmasiyla, Arapca bilgi erigimi
onemli derecede ilgi gormektedir. Cok sayida arastirmaci Arapca bilgi erisim
sistemlerinde, 6zellikle de internetteki ¢ok biiylik miktarda veri y1gimi olugsmasiyla
daha da karmasik bir probleme doniisen internet arama motorlarinda, bigimbilim ve
koke indirgemenin yararlarina dair benzer goriisleri paylasmaktadirlar. Arapca dili,
internetteki diller arasinda yedinci siradadir ve ilk on ¢evrimici dil arasinda en hizl
yiikselisi gostermektedir. Arapga belgelerin sayisi da hizla artmaktadir. Arapca dilinin,
alfabe biciminin kompleks olmasi nedeniyle de ayri1 bir zorlugu vardir. NLP
caligmalarinda, bilgi erisim sistemleri i¢in etkin bir dizin terimi bulmak oldukca
zordur. Dolayisiyla terimlerin dizinlenmesi, Ozellikle mesele Arapga belgelerin
dizinlenmesi oldugunda daha da karmasik ve zor bir siire¢ haline gelmektedir. Bu
arastirma, Arapga koke indirgeme iizerine "Arapg¢a Bicimbilim Bilgi Erigimi (AMIR)"
adl1 yeni bir yontem sunmaktadir. Yontemimizin temel amaci ve avantaji, Arapga bilgi
erisiminde metin aramada, dizinleme terimleri olarak kullanmak amaciyla, bir dizi
kural uygulayarak ve bazi Arapga harfler arasindaki iligskiyi eslestirerek kok
olusturmak/bulmaktir. Ayrica, bu kurallarin kullanimia ve farkli Arapca bilgi erisim
sistemleri i¢in faydalarma da dikkat cekiyoruz. AMIR’in minimum bigimsel
karmasiklik diizeylerinde etkili olarak calistigi belirtilebilir. Sonug olarak, AMIR,
Arapga tweetler lizerinde, EveTAR (2016) veriseti kullanilarak test edilmistir ve elde
edilen sonuglar, AMIR'in ayni fonksiyonu géren literatiirdeki en giincel araglardan
daha iy1 performans sergiledigini gostermistir. Dolayisiyla bizim yaklasimimiz, her
tiirden koke karsi duyarli olma kapasitesine sahip oldugu gibi, Arapca kok indirgeme
ve bilgi erisiminde performansi daha da iyi bir noktaya tasiyabilecektir ve biz
inaniyoruz ki iyi bir destekleyici bi¢cimsel analiz kullanilmadan, yeni bir Arapca bilgi

erisim sistemi gelistirmek zor olacaktir.

Anahtar Kelimeler: Dogal dil Isleme, Arapga bilgi erisim sistemleri, Arapga
bi¢imbilim, hafif kok indirgeme, Arapca dili, metin analizi, Arap¢a kok bulma

algoritmalari, Arapga konusma aramasi, kural tabanli koke indirgeme, dizinleme.
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Xii

TERMINOLOGY

Natural Language Processing NLP uses the rules of native languages to examine the

content and meaning of text.

Morphology is a branch of linguistic studies that deals with the internal structure of

words.

Morpheme is the smallest meaning-bearing unit in language.

Inflection is the alteration of a word to express different grammatical categories.
Derivation is the process of forming a new word on the basis of an existing word.
Stem is the part of the word that is common to all of its inflected variants.

e Prefixes coming before the stem.
e Suffixes coming after the stem.

e Infixes inserted into the stem.
Lexical meaning of a base or root word without considering any prefix or suffix.
Dual: Arabic morphological designating two subjects.
Feminine: Arabic morphological designating female subject.
Masculine: Arabic morphological designating male subject.
Root non affix lexical content morpheme, which cannot be analyzed into smaller parts.

Corpus is a structured collection of text covering a large number of words from

different domains of a given language.

Stop-words are words that have little semantic meaning that are removed from the

index and the query.

Precision the number of correct documents retrieved as the result of q query or search
divided by the number of documents retrieved.

Ranking referring to the position of a document on the search results for a particular
query.

Recall the number of documents retrieved containing correct content as the result of a

corpus divided by the possible number of documents in the corpus containing correct



Xiii

Part Of Speech POS: which is a feature of the word that indicating whether it is a

verb, a noun, or a particle.

Lemmatizer: This algorithm collects all inflected forms of a word to break them down

to their root dictionary form or lemma.

Linguistics is the scientific study of language. It involves analysing language form,

language meaning, and language in context.

Information Retrieval (IR) is the task of ranking a list of documents or search results

in response to a query.
Keywords are search terms that that define what your content is about.

Indexing term is used to convert queries into representation or data structure to

improve the efficiency of retrieval.
Lemma is a word that stands at the head of a definition in a dictionary.

Inverted index is a database index storing a mapping from content, such as words to

its locations in a document or a set of documents.

Rule-based is a system that applies human-made rules to store, sort, and manipulate

knowledge to interpret information in a useful way.

Word is a unit of language, consisting of one or more spoken sounds or their written

representation.



CHAPTER 1

INTRODUCTION

Chapter Overview

Every day, the internet offers a huge volume of data to the users of the internet needs,
and many users on the internet need to retrieve documents by using only a few words,
or a query to fetch all information or documents that relevant to their search query.
However, the quality of the search depends on the query's words; if query words were
not precise enough, it may influence the search ability to retrieve the correct
documents. Therefore, to ensure a satisfying level of precision for Arabic information
retrieval systems it requires decomposed words in the query into meaningful
components before submitted to the retrieval system. Stemming defines as transferring
the modified words to their origin instead of their current status. So, this process
depends on the stemmer and morphology. Thus, the advantage of using stemmer and
morphology in information retrieval systems is to conflate query terms into indexing
terms. Therefore, the indexing terms are one of the most challenging morphologies in
natural language processing, especially in the Arabic language. It can retrieve
successfully user information needs and increasing precision. Consequently, in this
theses, good progress has been made in retrieving Arabic information based on
morphology analysis which is an efficient way to improve retrieval systems. Arabic
stemmer processing still needs more research to offer any contribution that a larger

framework such as information retrieval.

This chapter provide a comprehensive introduction to research and the research
objectives which will be set as follows: In section 1.1 the introduction, section 1.2 then
provides a brief explanation of the research objectives, and then section 1.3 goes to
features of the proposed approach, finally, in section 1.4 provide a brief overview of

the related work.



1.1 Introduction

Akey objective of search engines is to leverage online massive information available
from the internet or social media to return query results as per the user’s
specifications. This return satisfies the user’s needs. The Arabic language has
different semantic and phonetic structures when compared to other languages [1].
This difference has also posed a significant issue as to how Arabic users benefit from

search engine optimization.

Recently, the Arabic language has attracted significant interest from researchers to
optimize users’ searches. The main challenge is that there are few webpages authored
in the Arabic language [2]. The other daunting challenge of the Arabic information
retrieval systems has been the inability to solve problems such as the ambiguity of
words as most roots are composed of three letters, orthographic variations,
sophisticated and very rich in morphology. Indeed, the construction of Arabic words
is based on abstract forms known as roots. A root, in phonetics, is the most basic
word that serves as a base to generate other derivatives obtained by blending suffixes
or affixes on the root to produce verbs, adjectives and nouns [3, 4]. It is worth noting
that the Arabic language is very inflectional as it has trilateral roots used to derive
over 85% of its words. Typically, Arabic language verbs and nouns are derived from
a set of 10,000 roots [5].

Many researchers have investigated the impact of stem and morphology on the
information retrieval process over many years [6, 7, 8]. However, the Arabic
language is rich in morphology which is considered the most important factor to
improve retrieval effectiveness. The stem is a technique used for reducing the
grammatical form of a word based on inflection and derivation. The work suggested
a crucial step, especially for Arabic information retrieval because the same word may
have many different forms. Also, the Arabic language has a significant number of
stemming techniques. Al-Stem which was later on modified by the University of
Massachusetts. The Al-Stem Stemmer was further modified by David Graff whereby
(s, 0 Js Jé Jb cu @l G & G G ay o oS Q8 1 s 5, J) can be removed
from the word’s prefixes and suffixes [9]. The study [10], classified as a light

stemmer. This stemmer was developed to improve retrieve query searches. The



author factored the length of the words to be used for removing affixes and suffices.
Additionally, he normalized some specific Arabic characters [11]. Also, the
stemmer's words were blind, however; a robust and efficient Arabic Stemmer
Algorithm can decrease data storage and computational time [12].

Basically, the essential component of a word is its stem; for instance, Arabic stems
are different as compared to other languages like English. Arabic nouns can take
the form of being plural, singular, dual, gender; feminine or masculine, and verbs
can be present, past, future, and command verb. In contrast, stemming refers to a
computational technique used to reduce words to their respective stems or roots.
One disadvantage of existing Arabic stemmers is that they exhibit and are prone to
immense stemming error-rates [13].

The stem should not be mistaken for the word lemma. Stem not mandatory for the
stem to be characterized by actual words. However, the stem can allude to the
morphological variant’s least common denominator. The lemmatizer is the process
of using morphological and vocabulary to analyze words to execute things properly
(De Roeck & Al-Fares, 2000). Also, lemmatizer is aimed at only removing
inflectional endings (Alpkocak, 2012). Treatment of complex operations is known
as segmentation of the word-formations into morphemes. Both lemmatizer and
stemmer are essential when developing an efficient and good performing of the
Arabic information retrieval system. The main reason behind this is that the
stemmer can leverage on ad-hoc prefix and suffix stripping rules together with
exception lists (Goldsmith, 2000). However, the lemmatizer must carry out a
complete and detailed morphological analysis, which inherently based on a
dictionary and grammatical rules. One of the most effective approaches in finding
Arabic stems is by correctly performing morphological analysis, under a similar
stem if the stemmer deducts many words in its bid to stem results, then
semantically or morphologically unrelated words complement each other in a

similar stem.

The Arabic language is characterized by complex and rich morphologies, which
critically study and analyze the internal structures of words dealing with two

morphemes: affixes and stems. Consequently, it is a requirement that



comprehensive and elaborate morphological analyzer ought to be used for the
Arabic retrieval system to be effective (El-Beltagy & Rafea, 2009). One of the
most important problems in a search system is to find a similar article for a newly
submitted query. So, there are different techniques are proposed before in the
literature that tried to solve this problem to enable the user to quickly obtain an
answer to his request.

As were mentioned early, Arabic poses many challenges for retrieval performance
and most of these challenges due to orthography and morphology. Therefore,
several early works suggested to improving the retrieval performance for Arabic
texts depends on stemmer, morphology, and lemmatizer. However, most of these
works are extracted root or stem without distinguishing whether the removed
stemmer is core letters of the root or not. Thus, the simplest way to develop Arabic
information retrieval is to analyze Arabic morphology. Hence, Arabic morphology
is considered an essential stage in natural language processing applications such as
the search engine. That is because Arabic morphology can produce different word
formation, including affixation behavior, roots, and pattern. Therefore. In this
thesis, we attempt to perform a better retrieval system for Arabic text according to
Arabic morphology structure (whether the word is noun, verb, adverb, and
objectives), i.e., it analyzes to extract the best word formula uses as indexing term

that can answer user’s needs.

In this thesis, our goal is to evaluate the performance of a new method proposed
uses to enhance the performance of Arabic information retrieval. A good analysis
of Arabic morphology and stemmer has been made to improve search ability to
retrieve the correct documents. So, one of the main advantages of this work is to
produce a high-performance level stemmer and morphology by removal via
implementing morphological analysis. As well as over the last few years, so many
researches have been carried out for Arabic information retrieval problems, but
still many problems such as plurals in infix and conjunction words unsolved, which
can always be challenging and confusing, especially for Arabic language retrieval,
in this work, we presented AMIR rules trying to touch upon the major components

of Arabic lexicon its: roots, patterns, and affixes including prefixes, and suffixes



in addition to infixes that based on morphology analysis, to improve the retrieval

systems of the Arabic documents. So, the complexity of the Arabic morphology

means that many inflectional and derivational operations that need more effective

works if we compared with other language rules.

Thesis contribution may be briefly described as follows:

The comprehensive processing of Arabic texts to improve root extraction.
Existing schemes extract the roots by removing affixes from a word without
distinguishing whether the removed letters are core letters of the root or not,
like study [14, 15]. This is because, in the Arabic language it is not easy to
determine the conjunctions of pronouns, gender, plural, prepositions, stop-
words, etc. that are connected directly to the word. This means that the existing
schemes cannot authenticate whether the removed letters are the roots or not.
This is the gap that the proposed thesis aims to address by proposing a method
to validate whether the removed letters are core letters of the root. Therefore,
in this thesis, we will attempt to extract the Arabic root/stem based on a
validation of the letters before removing affixes by building an AMIR
dictionary that generates over 1,400 words from each root. Therefore, the
method proposes a root extraction based on morphology features by matching
the word with all possible affixes and patterns attached to it. To the best of our
knowledge, a single root can generate 1000 words using previous studies.
Thus, our method increases the efficacy of extracting a word effectively while
minimizing the ambiguity since it depends on validation before removing
affixes where each input term is compared against with all the words in the
dictionary until a match is found; if no root is found, the original word is
returned unchanged. For example, the word ¢S~ )l (and for our schools)
shows the concatenation of morphemes to form the word. To distinguish
between these morphemes, we say that .« (lesson) is the root morpheme;
prefix » (M) is a derivational morpheme where it refers to the noun; prefix J (1)
is an inflectional morpheme that refers to prepositions; prefix 5 (w) is an
inflectional morpheme that refers to stop-word; infix ! (a) is an inflectional

morpheme that refers to the plural form, and suffix ¢S (kun) is an inflectional



morpheme indicating the gender. Lastly, the proposed method is capable to
improve the extraction root in the Arabic language, and this is a major

improvement in previous methods.

The second contribution relates to improved precision in Arabic information
retrieval using an infix stemmer. In English, affixes can generally be divided
into two groups: (prefixes and suffixes). While, in the Arabic language, affixes
can be divided into three groups: (prefixes, infixes, and suffixes). Therefore,
existing schemes are unable to extract the stem or root of words having an infix.
In Arabic morphology there exist many words that have infixes and removing
an affix depends on the morphological structure of the language. Also,
extracting the root of a word in its plural form can always be challenging and
confusing, especially when a word in plural form is in the infixes. Therefore,
the proposed method aims to produce a high-performance tool to extract Arabic
root/stems by adding infixes to prefixes and suffixes. For example, the word
i« (offices) by removing infix ! (a), will result in the word S« (office); thus,
the word is changed from plural form to get its singular one by applying AMIR
rule No 3. Using the word —=\S (author) and by removing infix ! (a) will result
in the word =S (wrote). The result is a change in the meaning of the word.
According to AMIR rules No 5, this case is not permitted. Using the work [16]
stemming can give better precision in information retrieval. Therefore, we
believe that our proposed method will improve the precision in Arabic
information retrieval through the use of infix extraction unlike other languages
such as English. As mentioned earlier, the English language uses suffixes and
prefixes to determine the plurality of a word. Consequently, an infix is a very
important factor that can improve Arabic retrieval systems. Therefore, we
proposed is capable to solve problems of the plural form while still allowing
the extraction of stem/root of Arabic words thus resulting in increased.



1.2 Research objectives

The main goal and advantage of this work are to improve the stemming issue in Arabic
information retrieval systems by drawn the relationship between the root and the
patterns in the Arabic language and how they are used to produce new words using as
indexing term for the text searching in Arabic retrieval systems. Therefore, in this
work, we have described Arabic stemmer and morphology analysis, which considered
the most important factors uses to develop the fields of Arabic information systems,
as detailed in chapter 3 and chapter 4, which talks about the AMIR system, in this
chapter has drawn the relationship between the roots and the patterns to generate
Arabic stem by inserting the root's radicals into their respective slots on the pattern
template. This can be done by applying a set of Arabic morphological rules that use to
match the relationship between some Arabic letters to produce a new word using as
indexing term. Then, we highlight the use of these rules and their benefits for different
Arabic information retrieval systems. Therefore, one of the advantages of the AMIR
system is a validation of the letters before removing affixes by applying a set of rules

regarding the relationship among Arabic letters to find the root or stem of the word.
The Objectives being addressed in this thesis can be defined as follows:

e To investigate the effectiveness of the morphological analysis on Arabic
information retrieval performance.

e To analyze the morphology, which made different formulations to the word
based on determining the correct word according to morphology analysis.

e Design a new approach to the analysis of Arabic morphological to build
different possible word forms that used as a keyword in application search
systems to support Arabic information retrieval.

e Handle infix stemmer, where the Arabic stemmer can be divided into three
main types: prefixes, infixes, and suffixes. This can helps to solve problems of
the plural that attached in infix.

e Compare the retrieval performance of this thesis approach with Arabic

morphology algorithms that are available in the literature.



1.3 Features of the Proposed approach

In this thesis, our method aims to build a new approach of the Arabic language uses to
solve problems that Arabic information retrieval face by study deeper for the most
important factors that use in related work that have an impact on Arabic information
retrieval systems such as stemmer, light stemmer, morphology, and lemmatizer! with
minimum sufficient resources for information retrieval purposes. Our proposed
method transforms inflected word form to its lemma (This means that produce
different word forms with the same meaning). For nouns, plural, verbs, adverb, and
adjectives; and for an adverb, it is the perfective is the singular indefinite (masculine

if possible) form.

To implement our system, the following features are considered:

e The proposed method gives the benefits of power to Arabic stem and gives an
increase in precision by using an infix stemmer.

e Enhance Arabic root extraction algorithms by Constructor rule-based
dictionary (AMIR) that generate over 1,400 words from each root, this
dictionary is used to enhance the performance of the retrieval systems in the
Arabic based on morphological transformations related to query word affixes.

e The proposed method is capable to improve the extraction root in the Arabic
language base on several specific linguistic rules to generate/extract Arabic
root.

e Relying on only a stemmer may lead to a much ambiguous word. Therefore,
the proposed method removed affixes from a word based on morphology
features. For example, the proposed method uses Arabic morphology to extract
patterns to identify the current word.

e The proposed method increases the efficacy of extracting a word effectively
while minimizing the ambiguity since it depends on validation before removing

affixes.

! Lemmatizer usually refers to doing things properly with the use of vocabulary and morphological
analysis of words,



e Since Arabic morphology is more complicated than English, the proposed
method able to remove the plural attached in infix to get singular (infix
stemmer is not used in the English language).

e Proposed method constructing Arabic POS tagger that's using to find the stems
of Arabic words.

e In the proposed method, morphology rules are adopted to reduce the Arabic
word into its abstract lemma form. This means that our method captures all
semantic features of the word to extract candidate word uses as an indexing
term in information retrieval systems.

e The proposed method identify affixes including prefix, infix, and suffix to find
out the corresponding word suitable for Arabic information retrieval at the

lemma level.

1.4 Related work

In recent decades, many works have been done to developed Arabic information
retrieval systems such as [17, 18, 19]. But still, some weaknesses and problems facing
retrieval systems to the most sufficient and reliable information. Arabic retrieval systems
rely immensely on morphological and stemming operates but only very few of the
studies have used lemmatizer. In this section, focuses more on what has been achieved

on stemming and morphology in previous works.

Khoja’s stemmer previously showed the first attempt to find the Arabic root by the
removal of prefixes and suffixes. According to the studies [20, 21]. The Khoja stemmer
produced an effective root-extracting stemmer. The Khoja stemmer subjective to the

follows steps:

- Remove diacritics.

- Remove conjunction (punctuation, numbers, stopwords)

- Remove definite J (the) and Remove conjunction s (and).

- Remove suffixes and Remove prefixes.

- Check results against a list of patterns. If a match found, then extract the

characters in the pattern representing the root.
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- Extracted root against a list of known “valid” roots.

- Replace letters ! (a), letters s (ya) by letters s (y) and letters of Hamza & (y)
and 3 by |

- Checked roots to see if they should contain a double character, if yes, then we

added the character to the root.

However, the Khoja stemmer still weaknesses the root like the word <bilw (the
Matches) which Khoja produce the root '» (a word did not have meaning). The
researcher (porter, 1980) developed the Porter tailored for the English language. This
stemmer leverages on two-step rewriting rules. This is achieved by removing
approximately 60 different suffixes (Al-Fedaghi & Al-Anzi, 1989). Up to now, the Porter
stemmer has been documented to have an exemplary performance, especially in its
precision and recall of evaluations. However, this stemmer has the drawback of being
very aggressive in its creation of stems and ends up over stemmer, and it was later used

by several researchers such as [22].

(Larkey, Ballesteros, & Connell, 2007) Show better retrieval efficiency, among
described in light stemming; it merely removes prefixes and suffixes depends on a listed
in a predefined. However, it does not guarantee the production of better results when
evaluating experiments, as proposed by (Aitao & Fredric, 2002) and (Ahmed, Emam,
Essam, Nabil, and Hassan. 2019) it is common to use word segmentation for highly

agglutinative languages like Arabic, or highly compounding.

In existence are numerous root extraction techniques for Arabic known as heavy
stemming or stemming based root words, works by removing all prefix, infix, and suffix

to improved Arabic information retrieval performance, shown by (Al-Shalabi, 1996).

(Arfath, Mohamed, Diab; Ahmed, Eskander, 2013) are one of the best and most
techniques for Arabic and Arabic dialect processing tool designed for morphological
analysis in a context that combines different aspects used systems for Arabic
processing, they apply language, support vector machine (SVM) and models in the

predictions of word tags based on feature modelling component.

(Kareem, Abdelali, 2016) proposed Farasa which is a new method using to extract
Arabic word segmentations. This proposed method is more efficient in terms of the

query time used to produces word segmentations; however, this technique cannot
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handle any infixes segmentations. However, in this thesis, our system leverages some
FARASA components but has its own rules that allow handling problems of infixes,

also to improve generates prefixes and suffixes.

(BAKEEL, A, 2019) which proposed a new model for identifying the verb root
produced in a tool “RootIT” by root extraction without disambiguation out of
traditional methods. Numerous Arabic morphology systems have been devoted toward
morphed requirements of words; Thus, these proposed method removes the prefixes
and suffixes without using any linguistic rules. Therefore, in this thesis, our system
has developed a root extraction technique that gives support to natural language
processing to include morphology features by matching the word with all possible
affixes and patterns attached to it; for example, the word ¢ s«lsll (the Muslims), where
we can see the concatenation of morphemes to form a word. To distinguish between
these morphemes, we say that sl (lesson) is the root morpheme; prefix » (m) is a
derivational morpheme where it refers to the noun; prefix J! (the) is an inflectional
morpheme that refers to definition; suffix s (wn) is an inflectional morpheme

indicating the plural.

According to (Al-Saqga, S., A. Awajan, and S. Ghoul. 2019) the most commonly used
stemmers in the Arabic language are light stemmer and (Khoja, 1999). In the work
(Mustafa, Mustafa, Aldeen, E. Ahmed, 2019) the authors of these papers proposed
different stemming techniques based on light stemming by utilizing extra suffixes in
the total number of prefixes and suffixes to be removed; thus, these studies were unable
to extract stem/root of words that contain Infixes. In Arabic morphology, many words
that have infixes in it and removing an affix depends on the morphological structure
of the language. The truncation of infix from Arabic words is very important for an

effective Arabic stemmer.

According to work (Kreaa, Ahmad, and Kabalan. 2014), several researchers have been
developed the lights stemming over the past decade, particularly light-10, for example
(Jaffar, Mohd, and Kanaan, 2003). This is because the lights stemming is the most
commonly used stemmers in the Arabic language. Stemmers can generally be divided
into two groups: first, light stemmers which provided by (Larkey, L.S., L. Ballesteros,
and M.E, 2007). The second stem proposed in (Khoja, S., 2001). On the other hand,



12

there are several comparisons have been made between the Khoja stemmer and Light
stemmer in different research fields such as topic classification [23], the similarity
between words [24], and information retrieval. In these related works, the performance

of the Light stemmer outperforms the Khoja stemmer.

Recently, many studies focused on extraction lemma from a word which is a new topic
for the Arabic language, for example, the work [25] proposed a hybrid method for the
extraction of lemmas. Similarly, the study [26] presented a system based on linguistic
rules, where the system begins by searching for the stem of the word. It uses the pattern
to identify the POS tag, then, exploits this information to extract the lemma from the

word.

Finally. Lexical recognition tests are established for English (Lemh’ofer and
Broersma. 2012), and other languages such as French (Brysbaert, 2013), and Spanish
(Izura, Cuetos, and Brysbaert, 2014), but there is still very little work on the Arabic
language. The study by (Ricks. 2015) neglects lexical diacritics, a very important
feature of the Arabic this is because of many challenges for automatic processing
(Farghaly and Shaalan, 2009).

1.5 Thesis Outline

The main goal of this thesis is to demonstrate that based-rule stem based on
morphological features can be used to successfully process retrieval systems. A
suitable method called AMIR has been proposed and then developed using several
morphological rules to compare its performance with the state-of-the-art stemming

methods. Most of the original work appears in Chapters 3, 4, and 6.

- In CHAPTER 2, we go into the details of Arabic information retrieval and
Arabic language, which considered more complex than the other language such
as English.

- In CHAPTER 3, we discussed different aspects included Arabic stemmer and
morphology and also focuses mainly on how existing methods are extracting
stem or root from a word, and how AMIR, LUCENE, and the FARASA are
extracted stem from the word by decreasing the complexity of morphology to
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find the optimum model of the stem and the morphology for the Arabic
language.

In CHATER 4, we introduced with detail the AMIR dictionary and AMIR rules
that can be implemented by discusses the effects of using different rules (rule-
based stem), thus this chapter described different operations that are concerned
with word formations to find the optimum stemming method. Also, three
options of feature extraction (prefix, infix, and suffix) are proposed to reduce
the complexity of morphological features to be used instead of light stemming
in the Arabic retrieval systems.

In CHAPTER 5, we have presented a brief survey of the most popular
information retrieval models which we will adopt in this work.

In CHAPTER 6, this chapter mainly focuses on the system evaluation system
and the results of the experiments which we have been analyzed in this chapter.
Finally, in CHAPTER 7, we give some concluding remarks of the research
with a summary of achieved results, and also some notes around the future

work.
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CHAPTER 2

Information Retrieval and Arabic

Language

Chapter Overview

Over the last decade, Arabic information retrieval has garnered significant attention due
to increasing the Arabic text on the web. A considerable number of researchers share
similar opinions on the benefits of morphology and stemming in Arabic information
retrieval systems, especially for internet search engines; a problem exacerbated by the
enormous amounts of data on the internet. Therefore, in this chapter, we will emphasize
more on important aspects of information retrieval systems like broken plurals,
derivation, affixation, morphology, and language. The Arabic language is a Semitic
language as reported in [27], such as Aramaic and Hebrew, over 330 million people use
it as their first language. Arabic has spoken in a large area including the Middle East,
North Africa, most of the Arabian Peninsula, and other parts as reported in [28].
Therefore, a linguistic word composed are different between Arabic and English, hence
Arabic morphology is very different from English; for example, Arabic offers more
inflection word than English which are comes with the gender, numbers, person, noun,
and adverb. While in English, inflection word can come with numbers within the
sentence: (Office a Offices) and person within the sentence: (e.g., I play a he plays). In
Arabic, there is no distinction is made between upper and lower case, and the rules for
punctuation are much looser than in English. In addition to that, one big difference
between the Arabic and English languages is that Arabic doesn’t use abbreviations or
capitalization, Arabic letters are only written in cursive, and Numbers are written from
left-to-right. This chapter mainly describes information retrieval and the Arabic
language and will be organized as follows: section 1.1 Arabic information retrieval,
section 1.2 then provides a brief explanation of the Arabic language including Arabic
nouns and verbs, and then section 1.3 goes to Arabic orthography, lastly in section 1.4

provide a brief overview of the Arabic grammar.
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2.1 Arabic Information Retrieval

An information retrieval system is an information system using to store items of
information that need to be processed or searched retrieved as reported in [29].
Information retrieval has started in the 1950s as reported in [30], using computers to
search collections of documents with search engines web browsers, like Mozilla
Firefox, Internet Explorer, Bing, Yahoo!, etc. These applications bring together a
network of self-declared “experts” to answer requests posted by users. Several studies
have been done to develop the best and easy way to retrieve data from different data
sources [31, 32]. This task becomes one of the most important challenges in computer
science after the World Wide Web became popular. In 1995, it was just less than 1%
of the world population who access the internet but now there are more than 3 billion
people, which accounts for around half of the world’s population, have an internet
connection. The number of web sites in 1995 it was around 6 million pages and now
of web sites over thanl trillion of web sites. The advances in smartphone technology
and mobile internet connection speeds also boosted the number of internet users.
Search engines are the most effective tools to search/locate information answers to a
variety of queries on diverse subjects on the web. They try to process and index a huge
volume of constantly changing mostly textual data. The inverted index is the internal
data structure that stores information about indexing terms and in which documents
these terms appear. The information retrieval searching process starts with sending the
user request/query to the search engine. In a nutshell, query terms and indexing terms
are matched and a ranking function is used to score each document. The search engine

displays the documents by decreasing scores hopefully relevant to the user’s query.

Earlier information retrieval systems mostly work on English documents and web
pages. However, they have rapidly grown and developed for many languages. Arabic
is one of the most important languages for web search engines because more than 389
million people speaking the language in 25 different countries and most of them live
in North Africa, Middle East, and West Asia. The Arabic information retrieval systems
face several problems such as orthographic variations, very rich and complex

morphology, ambiguous words because most of the root words consist of only three
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letters, and inflectional and derivational morphology produce various word
formations, where most Arabic morphology extracted from the Holy Quran [33].

Concerning information retrieval is fundamentally linguistic. This means that
information retrieval based on the concept of linguistic. In Arabic, the meaningful
word is divided into three categories namely noun, verb, letter, where, Arabic nouns
can accept the definition J! (the) which are always attached to it at the begins whereas
verbs don't accept the definition J' (the). Verbs often denoted to an event where it
happens in the past, current or future. While the letter is every word that doesn't have
meaning like the word & (in) see more examples in the [34]. Furthermore, Arabic has
a very complex morphology because plural forms are formed by adding meddle or
ends to the word [35]. While English language plural forms are formed by adding
suffix only to the word. However, existing schemes for Arabic are unable to extract
the stem or root of words having an infix. Thus, in this thesis, one of the most
challenges is to extract the stem or root of a word in its plural form, especially when a

plural form is in the infix.
2.2 Arabic language

Arabic is a Semitic language family, where Arabic is the most widely used in the
Semitic language. The history of Semitic language is described in [36]. The basic
Arabic alphabet contains 28 alphabets (29 if hamza is counted as a separate letter as
reported in [37]) with three short vowels, namely Alef (1) Waw ()< and Ya' (). Words
are written style in horizontal lines from right to left. The shape of each letter depends
on its position. For example, the letter .~ (s) has a different shape depends on its

position in the word as shown in Table 2.1, and all letters as reported in [38].

Table 2.1 Example of Arabic letters shape.

Arabic Letter Begins Middles Ends

o (S) - —— g

Also, Arabic numerals are written from left to right, and most root contains three

letters, though some roots contain more than three letters. And also, the prepositions
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and stop-words may be writing separately or linked directly with the same letters, like
<« «& «J « s which means (inside, in, as, for, and). Notes that grammatical in Arabic
often deal with the ends of the word [39] more detail can be seen in the [40]. Whereas
morphology focus on how the word is constructed [41]. Therefore, Arabic morphology

can use to produce different word forms for nouns and verbs, as described as follows:
2.2.1Arabic Nouns

In Arabic, nouns can be divided into two main types, first one is rigid which is not
taken from the other (words that are not derived) such as the word "u3" (Sun), and
the second type is derivative which is taken from the other (derived words) such as the
word "us_x" (Teacher) where the root is “w«~" (study), which we will adopt in this
thesis. Also, nouns are prefixed with the definite article (al-) as reported in [42], for
example, [43, 44]. Furthermore, nouns can be singular, dual, or plural; and also some
letters writing at begins and ends can indicate whether a noun is feminine or masculine;

for instance: the word % (he write) which indicates to masculine.
2.2.2 Arabic Verbs

In Arabic, most verbs contain three letters, though there are also a few verbs that may
contain more than three letters. More detail about the Arabic verbs as described as

following:
2.2.2.1 Command verb

Command verb is produced with a system of the prefix by adding letter ) (A) at begins
of the root (note that, command verb is not used in other languages like English). Table
2.2 shows different word forms for command verb. However, in Arabic, it’s easy to
transfer root to command verb, these can be done by adding prefix ! (A) at begins of
the root. For example, the word —23 (you must go) which composed a letters ! (a) at
begins of the word, which means that letters | (a) indicates to command verb, thus our
system will extract the same word —a2) (you must go) without removing prefixes ! (a).
This means that our system does not remove prefix ! (a) that refers to the command

verb.
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Table 2.2 Example of commend verb in Arabic.

Command verb conjugations for the word ¢ <
il ;5530 (you must drink, which indicates to dual) &l 180 (You must drink)
S8 1 G358 (you must drink, which indicates to femining) il 5% (you must drink)
&5 11535315 (and you must drink, which indicates to plural) &8 11555 (you must drink)

2.2.2.2 Past verb

In Arabic, the past verb can be generated by adding diacritical marks? to the root, for
example, <X (he wrote). This means that diacritical marks are used to differentiate
words either a verb or a noun. So, the past verb always produced by the remove all
affixes that attached to the word. Thus, the past verb could be referring to gender
(feminine/masculine) by the suffix during adding the suffixes like “<” (ta). These refer
to feminine; for instance: the word <= (she studied). The past verb also could be also
referring to plural by adding the suffix “Is”; for instance: the word !5 (They wrote).
Table 2.3 shows different word-forms of the past verb. Hence, our strategy for the past

verb is removing all affixes from the word.

Table 2.3 Example of past verb in Arabic.

.Past Tense conjugations for the word &< (Drink)
2 15,5 (They drank) s &5y (she drank)
Ch : Giys (They drank, which indicates to feminine) 3 : &5 (he drank)
L : G, (both of they drank, which indicates to OAS 1 LS (we drank)
feminine)

2.2.2.3 Present verb

In Arabic, the present verb is very easy, it can produce by adding the: ¢ (y)< < (t)< or
0 (n) at the beginning of the verb as described in [45]. The letter s (y) indicates to the

masculine, the letter < (t) is indicated feminine, and the letter & (n) which indicates to

2 See section 2.4 which present Arabic diacritical marks.
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plural form to both feminine or masculine. However, there is the relation between letter
< (t) and the vowel s (ya) to generate new words, This means that if the word contains
letter < (t) and the vowel ¢ (ya) in the same word; this will generate a noun, for
example, the word o« % (teaching), so in this case, the letter < (t) can be used
individually to produce present verb or related with others to generate noun, in this
thesis we use this rule when we extract stem from the word as seen in the AMIR rules

chapter 4. Table 2.4 shows examples for the present verb.

Table 2.4 Example of present verb in Arabic.

Present Tense conjugations for the word << (Drink)

a1 15,5 (They drank) (b 1 <L (she drank)
Oh @ (ia (They drank, which indicates to feminine) 3 : &5 (he drank)

L ;& 3 (both of they drank, which indicates to femining) | (A5 : G (we drank)

2.2.2.4 Future verb

The future verb is produced with a system of the prefix that makes up the future verb
by adding the letters: L "sa” [46]. Table 2.5 shows different word forms for the future
verb. In fact, in the Arabic language, it’s easy to transfer word to the future verb by
adding the prefixes W "sa." at begins of the word. Note that conjunctions in Arabic

such as prepositions may be linked directly with the future verb.

Table 2.5 Example of future verb in Arabic.

Future Tense conjugations for the word & <& (Drink)

2 : (5% (they will drink, which indicates to plural) Ul Gosl (1 will drink)
3 &y (he will drink) & 1 L& (she will drink)

&80+ 5555 (they will drink, which indicates to plural) | o5 : &5 (we will drink)

2.3 Arabic Orthography

The development effective way to retrieval systems for the Arabic language is
relatively urgent. Since the Arabic language was introduced information retrieval, a

number of problems arisen; for instance orthography variations. Therefore, many of
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these problems have been solved but still, there are some remains unsolved. In this
section, we present a quick review of Arabic orthography variations.

Arabic can be written with or without the diacritics such as & (he wrote) and <€ (to
write), but the computer considers these two words as same. Orthography with
diacritics is a less ambiguous word, and more phonetic, but diacritics are used only in
specialized contexts, such as children's reading books, dictionaries, and the Qur'an. In
addition, letters change forms according to their position. Both orthography and
morphology increase the amount of lexical variation which means that a word can be

found in a huge number of different forms [47].

In Arabic, one of the most important problems to find a similar article in huge
documents that depend completely on the diacritics of the word. The Modern Standard
Arabic Language MSAL is characterized by the absence of diacritics. For example,
two sentences 1) "5 &l 2ai " “Mohamed clever student, 2) "48a; 33a4 (" which
means “Mohamed demanded his right, these two sentences contain the same word
"I&" in different diacritics. Therefore give us different meaning that means there is
Ambiguity in the word if the word without diacritics. For these reasons, we try to find
or develop a new method to disambiguate such differences due to diacritics and

enhance the performance of finding a similar document.

We can use Arabic WorldNet to find semantic similarity of the article in search but it
requires disambiguating word senses in sentences. Word sense disambiguation (WSD)
tries to find the correct sense of a word in a sentence. We can search for a library if
possible to apply WSD on Arabic text, or try to implement a WSD method for Arabic.
In English WorldNet, the first and the most popular sense of a word is correct generally
for around 60% of the time. If such information is available, we can always select the
most popular sense of each Arabic word. We need disambiguation for identifying the
word senses. For example, the following two sentences contain the same word "G«
and same diacritics but the meaning for this word is different” _ 3¥! Fad e alall Gu )Y,
He studied science at Al-Azhar Sheikh" and “_u=3l) 5 z&) G 3, Threshing wheat and
barley". In the first sentence, the meaning of the word is "studied" but in the second

sentence its meaning is "threshing".
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2.4 Arabic Grammar

Arabic grammar is similar to other Semitic languages. Therefore, an Affix is a

morpheme added to a root to change its function/meaning.

Affixes can generally be divided into three groups:

e Prefixes - add morphemes at the beginnings of the root.
e Infixes - insert morphemes at the middles of the word, it’s not used in other
languages like English.

e Suffixes - add morphemes at the ends of the root.
In Arabic, there are three types of roots as follows:

e Tri-literal roots.
e Quad-literal roots.

e Penta-literal roots.

As were mention early, Arabic language consists of 28 letters, only 3 are vowels [48]

as shown following:

o | (Alif).
o 5 (Waw).
o ¢ (Ya).

Indeed, the basic form of the word is a root, thus any further analysis or changes on
the root will impact results, this is because in some cases it loses the meaning of the
word. In addition, the Arabic language is written from right to left and it consists of 28
characters as mentioned earlier. These characters can have diacritical marks on them

as reported on [49] such as follows:

o Fathah

e Shaddah
e Damma
e Kasra

These decide how a word should be pronounced. If these diacritical marks are

improperly used, this may cause errors in the pronunciation and hence change
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meanings of words. Moreover, in Arabic pronoun linked always at the ends of the word
[50]. It indicates to two kinds of gender:

e Masculine

e Feminine

In addition, the numbers in Arabic always come with pattern Jelé “FAal” to indicate

the order. For example, & (the third). Arabic has three main cardinalities cases:

e Singular
e Dual
e Plural

As far as the noun case is concerned, the dual noun cases are formed by adding
two suffixes ¢! (-an) in the nominative cases and ¢\ (-tan) in the genitive cases
[51]. For example in the nominative case like 25 - &) 5 (boy - two boys) and in the

genitive case like ¢\ - 4w (year - two years).
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CHAPTER 3

Stemmer and Morphology

Chapter Overview

The Arabic language has a serious challenge due to the complexity of morphology.
However, the best way to develop information retrieval in Arabic is to analyze Arabic
morphology and stemmer. In the NLP tasks, it becomes hard to select an effective
candidate word in retrieval systems. This is because it needs a good morphology to
support it. Many methods are published to overcome this problem and successfully
retrieved documents. But still, there is some weakness that should be solved like plural
in infix, which a complex and difficult process, especially when it concerns the
indexing of Arabic documents. In linguistic, morphology operations are concerned
with word formation that most linguists agree that morphology is the study of the
internal structure of words that deal with two morphemes: stemmer and affixes. So, it
becomes more difficult to develop an efficient stemming algorithm due it is required
that a good morphological analysis that should be used for effectiveness Arabic text
retrieval to fetch all documents relevant to user needs. Arabic morphology could be
divided into two main types: derivational morphology and inflectional morphology.
Consequently, there is a strong relationship between inflectional and derivational
morphology that inflectional morphology often comes after the derivational process.
Furthermore, the best way to extract stem in the Arabic word is to conduct
morphological analysis correctly. If the stem removes too much from the word, then
the result becomes weak and does not perform very effectively. The stem is a pre-
processing task that uses to reduce different grammatical word forms such as verb,
noun, adjective, adverb, etc. Hence, in this work, we present AMIR that dealing with
morphology to produce stem among all possible formations in the derived word. This
means that AMIR is used to produce the stem or root from the word, this stem could
be used as indexing term in Arabic retrieval systems, so that it is able to solve problems
that Arabic information retrieval facing like plural in infix, conjunctions in Arabic such

as preposition. This chapter is organized as the follows: section 3.1 presents Arabic
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stem, then in section 3.2 and section 3.3, we will describe two types of popular stem’s
techniques uses for English and Arabic, we will present Arabic morphology in section
3.4, then root-pattern morphology is exposed in section 3.5, lemmatizer, stemmer and
morphology analysis is exposed in section 3.6, in the rest of this chapter, we briefly

comparison between lemmatizer, stem, and morphology analysis in section 3.7.
3.1 Arabic Stemmer

Basically, the stem is a technique for reducing the grammatical form of the word based
on inflectional and derivational morphology. It a crucial step especially for Arabic
information retrieval because the same word may have many different forms. However,
a word's stem is its most basic form (the basic component of the language is a word.).
Stemming has a strong impact not only on the precision and recall of searching.
Therefore, the essential component of a word is its stem and Arabic stems are different
as compared to other languages. For example: In English, affixes stemmer can generally
be divided into two categories: prefixes and suffixes stemmer. While, in the Arabic
language, the affixes stemmer can be divided into three categories: prefixes, infixes, and
suffixes stem. In addition, Arabic nouns can take the form of being singular, dual, and
plural; gender; feminine/masculine; verbs such as; present, past, future, and command
which not used in other languages like English. And also, one of the other differences
between Arabic and English stem is the plural form, where Arabic plural form can be
indicated by ends or meddles of the word, whereas plural form in English could be
indicated only by the ends of the word. Thus, the plural form is one of the most
challenges in this thesis, especially when a word in plural form is in the infix.
Consequently, the stem is a process that uses to reduce words to their respective stems
or roots. One disadvantage of existing methods of Arabic stem is don’t dealing with infix

stem, and also, the stem does not conflate irregular forms like (men, man).

As shown in Figure 3.1, Arabic stem is classified into two categories: (i) a statistical
stemmer which employing statistical information from a large corpus of a given
language and (i1) a Rule-based stemmer which employing dictionary targeting to remove
inflected affixes from a word based on morphology rules, which we will adopt in this

work.
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Stemming

' '

Rule-Based Statistical

Figure 3.1 Types of Arabic Stemmer.

3.2 Porter Stem

Globally, the most widely used for English stem is Porter Stem, which is proposed in
[52]. It proposed to remove inflectional endings only, such as -es, -ies, or —s, for example;
(schools, school) and (studies, study). Up to now, the Porter stem performs well,
especially in precision or recall evaluations. Therefore, in this work, we used lemmatizer
to remove or replace inflectional morphology at the beginnings and the endings based
on the morphology rules. These rules removed or replaced affixes based on the
relationship among Arabic letters to find the stem or root of the respective words used
as indexing terms in Arabic retrieval systems. For example, lemmatizer like (Porter
Stem) tries to solve the problems of the plural in suffix. Therefore, proposed method try
to replacing the suffixes such as (g ¢ agi- ¢« (Si- ¢ S5 ¢ - ¢« - that indicates to plural

by replacing it with the suffix 3-

For example, the following suffixes highlighted in red which indicates plural should be
replaced with another suffix to become singular, like in English (studies study).

O ¢ agiiSa ¢ (SIS ¢ oSS ¢ (S ¢ DLiSe > A
Thus, this could be much improvement to solve problems that Arabic information
retrieval face. Table 3.1 shows examples of how the Arabic word construct and what
morpheme should be removed to extract the stem or root of a word. Then, this word

should be capable and suitable to use as an indexing term to get better retrieval. So, more

examples can be seen in the next Table for the root wrote (he wrote).
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Table 3.1 Example of AMIR stemmer.

Actual Number Affixes composed AMIR Word Translate
Word Stemme
Prefix  Infix  Suffix

i) Singular J - - i The office
ilSa Plural - | - i The offices
A Plural - - oS iSa Your offices
sl Singular J | - s The author
Ll Plural J - <l ASa The Libraries
s Singular - | s s Both of your book
58 Plural - - Is RS They wrote

3.3 Light Stemming

Light Stemming? is an algorithm uses to extract Arabic stem by removing a set of
prefixes and suffixes from a word. Consequently, this algorithm was first proposed by
Larkey (2007), and become one of the widely used in Arabic information retrieval
system in previous works. Therefore, This work addressing stem by remove prefixes
and suffixes if it’s found in the listed of the light 10 as shown in Table 3.2. There are
two disadvantages of light stemming: first light stemming is remove prefixes and
suffixes without dealing with infix stem, and the second is extracting stemmer by
removing prefixes and suffixes from a word without distinguishing whether the

removed letters are actually core letters of the root or not.

Table 3.2 Removing prefixes and suffixes by light stemming 10.

Remove prefixes Remove Suffixes

L|ght10 el edE JS Juedls ¢ & B Ay ey o0 e el ol el

3 As far as have been developed the light stemming in Arabic, it has still removal prefixes and suffixes
without distinguishing whether the removed letters are actually core letters of the root or not.
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Due this algorithm has a good impact on Arabic text, so many works have been made
to develop this algorithm to improve Arabic stem, thus the following is some proposed

methods that have been made to develop light stemming as follows:

Larkey, 2007 developed several light stemmers algorithms for Arabic, and they have
compared light stemming with several stemmers based on morphological analysis.
They also evaluate their effectiveness for information retrieval using standard TREC
data. The test they performed shows that light stemming allows remarkably well for

information retrieval without providing correct morphology analyses.

Mustafa, 2019 which is the most modern stemming algorithm for developing Arabic
stemming based on light stemming. This work proposed two different stemming
techniques by utilizing extra suffixes in the total number of prefixes and suffixes to be
removed as shown in Table 3.3 which extended-Light stemmer is greater than their
peers in light 10. They found that the proposed stemmers yield 5.13% and 13.1%
improvement over light stemming 10 in retrieval performance with 0.369 average

precision and 0.397, respectively.

Table 3.3 Light stemming example for removing prefixes and suffixes developed by Mustafa.

Prefixes Stemmer Suffixes Stemmer

Ja 6JJ sdtg} I Js ‘dh ‘d\} «J [l (ad L laa ‘L;j c\} ‘s 33 c;i....l EENTSRISE) &l o a

Jaffar, 2019 this work has developed an algorithm based on the light stemming to
restore Arabic data by adding extra prefixes and suffixes to the list of light 10 as shown
in Table 3.4.

Table 3.4: Light stemming example for removing prefixes and suffixes developed by Jaffar.

Prefixes Stemmer Suffixes Stemmer

9 JedbJs cd\.ﬁ ‘d‘j J ¢ B <o c.:A.I" 3" c@ c‘._'r'i . @d A Qs &l ‘O\ la

In this study, the main goal is to improve Arabic information retrieval through produce

the best stem of the word that can be used in retrieval systems such as search engines.
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Hence, we developed the light stemming by adding extra prefixes, suffixes, and
infixes, which not used in other light stemming proposed as shown in Table 3.5.

Table 3.5 Light stemming example for removing prefixes and suffixes developed by AMIR?.

Prefixes Stemmer Infixes Stemmer Suffixes Stemmer
Jsa ‘J\SJ Ja ‘J\} J! g eCud (s (Sl ¢! A4 ‘L”;a O e g ey <l el
o oy ¢S g oS ey g el o g o Jld (g AEPTELY] “s la (e (b ‘?S ‘@l
‘Pﬂé‘PJJ‘(’MJ‘PX&‘(’JISJ‘?SJ‘PE‘(AJ‘PJ‘&' cuﬁcuﬁs\cg‘:\gc@‘w
Jé‘J}cdcg‘dc}‘g}cu‘\JcAhﬁc?lh}‘eﬂj coﬁ‘éﬁgﬁgjcwc?@:cw
8]

Furthermore, in this work, we trying to increase the efficacy of extracting a word
effectively while minimizing the ambiguity since it depends on validation before
removing affixes, thus for each input term, AMIR starts by check if the length of the
term is greater than three-letters, if yes, AMIR starts by check if the length of the term
Is greater than three-letters, if yes, AMIR will search the query term in AMIR
dictionary, if the term is found, then AMIR will apply set of rules to extract stem or
root from the word if it accepted on AMIR rules, otherwise, the original term is

returned unchanged. This process will describe in detail in chapters 4 and 6.
3.4 Arabic Morphology

In this section, we will introduce the morphological structure of the Arabic word,
which is an important tool in the field of information retrieval. Therefore. Morphology
analysis is an important feature in indexing and search systems because if affixes
removed too much from the word, the result can be building unrelated word or it may
lose the meaning. However, a morphology analyzer can be helpful to avoid the
complicated processing of the indexing term. Since Arabic is morphologically more
complicated than English, Figure 3.2 shown Arabic word structure, which explains
how morphemes put together to construct Arabic words (each content of word called

morpheme). So, words are the basic units of analysis [53]. There are two important

4 See Figures 4.1, 4.3, which presents how AMIR add all possible prefixes and suffixes to generate
word.
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notions of the word: open class, which means it’s possible to produce a new word to
this class; for example noun, verb, adverb, Etc. The close class, which not possible to
add new words; for example, prepositions, stop-word. On the other hand, the open
class can be divided into groups: free class, which means it can stand alone, such as
o= “sun”, and bound class, which means, it cannot stand alone like the derived word.
Therefore, the bound class is a morphological morpheme, which can be divided into
two groups: inflectional morpheme and derivational morpheme. In Arabic, inflectional
morpheme usually does not change the word meaning, it indicates to number, gender,
and verb tense; for instance: =L - ! (playing - play), while derivational morpheme
usually changes the word meaning, where derivational morphology used to generate
words as described in the [54]; for example the word <\S (Author). The root is < (he

wrote), through inserting the infix ! (a) word will change the word type from verb to

noun
Word
Open Class Close Class
Free Bound
Derivation Inflection
“Write , Writer” “Write , Writing”

Figure 3.2 Arabic word structure.

As were a mention early, Arabic morphology is the most important branch of Arabic
language dealing with how the word is constructed. It is only applied with nouns,
verbs, adjectives, adverbs because they can be conjugations into different forms (e.x.,
of conjugations is prepositions). However, Arabic verbs can generally be divided into
two groups: rigid and morphological, where rigid means in Arabic "x%" and it can
come only in one formula, for example, the word ! (not), and morphological, which
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means "< »<=is " in Arabic, and it can come in different formulas, for example, the
word J 52 (he said). Note that the nouns are also divided into rigid and morphological
as described in [55, 56]. On the other hand, Arabic verbs can generally one of the
following forms: past, present, imperative (command verb), and future; such as «z_?
z A o 8 <= »a (be happy, he is happy, he was happy, we will be happy). While nouns
conjugating can be subjected as number (singular, dual, and plural), such as <« ¢ < g
& (rivers, two rivers, a river), gender (masculine, feminine). Whereas Arabic
prepositions and stop-words can be separately or linked directly with the word. This
means that prepositions and stop-words can link with the Arabic word. Therefore, in
this thesis, we attempt to build a word that can give a positive effect on indexing terms
among all possible word formations from the derived word. This will be done by
applying a set of morphological rules used to generate the stem or root from the word.
Hence, the proposed method trying to improve the effectiveness of results retrieval by
using Arabic morphology features that allows a query term to focus more on the

meaning of a term as shown in Table 3.6.

Table 3.6 Indexing term with and without AMIR.

Semantic by plalls pila s o sl O saball
Fasting As fasting Fasting Fasting Fasting The Fasters
Without AMIR
Indexing plaas plalls pila ala o saall O saiball
term . . . . .
Fasting As fasting Fasting Fasting Fasting The fasters
With AMIR
Indexing plaa pla ala aga a5 ala
term . . . . . .
Fasting He fasting | He fasting Fasting Fasting Fasting

3.5 Root-Pattern Morphology

Consider Figure 3.3, which illustrate the example of Arabic words generation

process, the following terms are defined as:
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e Surface Word: in short an inflected stem, where stem with or without
prefixes, infix, and suffixes attached in it.
e Stem: a word generated by all possible inflected forms. This operation is

usually performed after the derivational.

Note that: The following steps are followed in the construct of stem:

e The first step is the extract of all patterns.

e The second step is the extract of all noun prefixes.
e The third step is the extract of all noun suffixes.

e The fourth step is the remove conjunctions

e The fifth step is the extract of root.

e The sixth step is the sum of the five previous steps to construct the stem.

Suface Word——= A lmus | imwn “The Muslims"

Suffix Stem Prefix
: - : +
Inflection o a J o s Ji
wn mus | i m The

Pattern —— m ¥V C C V C

Derivation Root = slm
PoV=u,i

Sem —— m u s | i m

Figure 3.3 Example of Arabic word generation process

In this example, there are two operations performed to generate Arabic word: first is
derivational, which always results produced with a new meaning of the word by adding
the patterns radicals into their respective root’s as shown Table in 4.7, the second

inflectional morphology, which is used merely to marker the gender, number that gives
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it its surface form without altering its meaning. Note that, there are many different
patterns and more stems that can be generated using the same root and these different

patterns we will attempt to remove by using the AMIR system.

As shown in Table 4.7 there are different types of Arabic stem can be generated with
the same root such as S «xiS. (office, he write). Since Arabic has rich in
morphology, there are three cases indicating to number, single, dual, and plural. For
example, the word, “~5<” “Makatabham” which means in English their office. The
root is “iS” Kataeb (he wrote), and the pattern is “MaCaCaCkam” or “Makatab™

(office), the suffix “ham” denotes to a masculine plural.

Through suffixes are used to mark persons; such as the suffix “w” (y) for the singular;
the suffix “o” for the masculine dual; the suffix “ol” for the feminine dual; the suffixes
“aS «aa <" for the masculine plural; and the suffixes “< «¢S «oa” for the feminine

plurals as shown in the previous table.

Table 3.7 Example of root-pattern Arabic morphology

Arabic Word Class Pattern English translate
ol aA CaCyC Peace
ales M:ala muCCiC Muslim
puie aly CaCyC flawless, sound
Ayl Al<islA <muCCiC Islam
Salls Ali CACiIC Safe
s Tasalai taCaCiaC he received
aludl Al<si <CiCC Peace

3.6 Lemmatizer, Stemmer and Morphology Analysis

Stem and morphology are a very rich area of research in the field of information
retrieval. Therefore, existing schemes use to dealing with morphology analysis and

stemming to improve search efficiency but only a few offered with Lemmatizer.

5 See rule number 3 on page 50, which is applied to extract infix stems.
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Therefore, NLP applications such as the search engine. Lemmatizer, stemmer, and
morphology are considered as the essential stage to determine word formations. The
goal of both stemmer and Lemmatizer are used to reduce inflectional forms and
sometimes derivational forms of a word into a common base form. While morphology
Is used to reduce both inflectional forms and derivational forms of a word into a
common base form. Indeed, Lemmatizer usually refers to doing things properly with
the use of vocabulary and morphological analysis of the words, normally aiming to
remove inflectional endings, for instance: the word 's3S (they wrote) by removing
inflectional ending 's (WA) then they produce the word —iS (write). On the other hand,

the treat of word-forms usually known as “segmentation”.

Both stemming and lemmatization used to develop a performing of Arabic information
retrieval. The reason for this is that the stem can use suffix and prefix stripping off
from a word without morphological analysis support it while the Lemmatizer must do
a complete morphological analysis (based on actual grammatical rules and a
dictionary). In addition to that, the best way to find an Arabic stem is to conduct
morphological analysis correctly, if the stemmer removes too much from the stemmers
the result is that, produced unrelated words under the same stemmer. Thus, Arabic has
rich and complex morphology that study the internal structure of words that deal with
the two morphemes such as stems and affixes. Therefore it is required that a good

morphological analyzer should be used for the effectiveness of Arabic retrieval.

The Arabic information retrieval systems mostly work on stemmer and morphology
analysis rather than Lemmatizer which is a relatively new topic for Arabic language
processing, hence only a few studies focused directly on Lemmatizer to extract
stemmer from Arabic texts. The goal of both stemmer and Lemmatizer is to produce
stemmer from different word formations. Therefore, Lemmatizer consists of assigning
to the surface of each word in a text its corresponding lemma. Therefore, Lemmatizer
is a process based on the extension of the syntagmatic unit, which is an important
component in any natural language like Arabic. In this work, we will be using the
Lemmatizer technique in our approach by applying a set of proposed rules of the
Arabic language for each word requested by users to extract the exact word, and then
selecting the analysis by matches the best current word that uses in operation searches.

For examples:
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Expl: The output of the Lemmatizer of suffixes by using the AMIR:
AN e LS cagin D G,
AN (A iSa LS (LS > B4
Exp2: The output of the Lemmatizer of prefixes by using the AMIR:
Crnll 5 el cclld ¢ Cunll 5

Al il Sl 5 AiSalls S A
3.7 Comparison between Stemmer and Lemmatizer

Information retrieval systems normally divided words into three groups namely: root,
stem, or lemma. So, many schemes in the information retrieval field considered the
root which leads to high recall but low precision. This is because of the complexity of
the language. However, searching for the words by root, yields getting the other words
that may not relevant to the user's request. Other schemes show the importance of
using stem for improving retrieval precision and recall based on inflected words. While
lemmatizer used in information retrieval to enhance the performance, especially in
Arabic. In Arabic, lemmatizer often captures similar words. This is because
lemmatizer can be broken in different plural forms to their singular form. So,
lemmatizer use lemmas, not surface forms” in the Arabic lexical, in this thesis, we need
to perform lemmatizer. This step is very necessary as Arabic is a morphology-rich
language as reported in [57]. On the other hand, both stemming and lemmatizer
generate the root form of the inflected words that stem might not be an actual word
whereas, the lemma is an actual language word. So the stemmer and lemmatizer could
be related but the lemmatizer used to produce lemma. Therefore, the best way to
improve Arabic retrieval performance to get a power search is by using the lemmatizer.
This is because lemmatizer is more accurate and it takes the context of the word in

mind. Table3.8 shown some examples of the Arabic words to extract lemma and stem.

6 See rule number 7, on page 51, which is applied to deal with lemmatizer by using replacements.
7 The surface form of a word is the form of a word as it appears in the text. while the

lexical form of a surface form is the lemma.
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Therefore, in this work, we have applied both stemmer and lemmatizer where stemmer

applied in the AMIR rules R1 and lemmatizer applied in the AMIR rules No 7, see

AMIR rules section

4.2.

Table 3.8 Example of the Arabic stemmer and lemma

Term Stemmer Lemma Root
Sl e BTSN e o
otulda ida Llda unis
“leos g3 g3 g3
Ou“\‘).\ ‘_)A“)J :i“\‘).) B 55
eyl el sl Cal
&l i i 3yl s
Sl s Bk g
e ) BB o) el
Gl g pie i g e S
O Ale s s i
Crallal) alle e e
A S S <
<l dlall & e &l e &l e
Yl Jia PLE Jg
Ity PN lalaa Julza Jae
el gloJ A=l S8}
SEDE Jyaa Iyl Jy=a

3.8 Comparison between Arabic stem algorithms

In this section, we compared AMIR stem with two counterpart systems: LUCENE and

FARASA. Since the Arabic language is a very inflectional language, there are two

cases that denoted to plural in the Arabic language, which at the infixes and suffixes.

This means that many inflectional forms that ought to be performed to mark numbers

at the infixes and suffixes. A plural at the meddling of a word with infixes “s, 1 (a,

y). An example of this case, the word 2l “Masajed"” (Mosques), which contains the

infix ) (a) which indicates to plural. Thus, the AMIR system is able to remove plural
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in infix to produce its singular form. This can be done by applying AMIR rule No 3,
as shown in the next chapter. So, AMIR system extracting the word 2> (Mosque)
instead of 2alus (Mosques) by removing infix ! (a), which denotes the plural. While the
system of FARASA and the LUCENE extract the same word 2als (Mosques) as it is.
The reason for that is the system of FARASA and the LUCENE do not handle plural
in infix. Therefore, in this case, they failing to produce their singular form. On the
other hand, when the plural is in the suffix; in this case, the plural is denoted by the

following:
ligh clagh ¢UiSH (LSS ¢S5 c# (O c?@_'l S op ‘?S ‘R Ol el 7,

Consequently, the word <\is “MkatabaT™ (libraries). To distinguish between these
morphemes, we say that “Kataeb™ «S (he wrote) is the root; the prefix » (m) is a
derivational morphology where it refers to the noun; the suffix <! (at) is an inflectional
morphology where it refers to feminine plural. So, there are two patterns marker in this
word, the first is the prefix “»" (M), which denotes the noun as were mentioned early
and the second is the suffix <! (at) which refers to plural. However, to change the plural
form to singular, the following process is followed; the suffix “<" (at) should replace
by the suffix “3" (at) to generate another common word 4« “MkatabT" (library). See
AMIR rules in Section 4.3. This process is called replacement “JI~Y¥" in the Arabic
language, to the best of our knowledge, the replacement was not used in previous

works.

This technique is an important factor that can improve Arabic retrieval systems.
Therefore, this work is trying to solve problems of the plural form especially that
attached in the infix thus resulting in an increase in precision. So, we compared AMIR
against FARASA and LUCENE for the same example: the word <liSs (libraries),
where AMIR extractor the word 455« (library) by replacing the suffix < (at) by suffix
5 (taa). While FARASA and LUCENE both extractor the word <« (office) by
removed suffix < (at); thus, they produce a word that has a different meaning.
Therefore, the main advantage of this work is to provide highly accurate results in
linguistic knowledge by use morphology features. The fact that this new scheme can

dissect a plural word and then get its singular form. Table 3.8 shows the comparison
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of how LUCENE, FARASA, and AMIR dealing with inflectional and derivational
morphology to extract stem or root from the word. In the rest of this chapter, we
described LUCENE, FARASA, and AMIR in more detail, where LUCENE and

FARASA trying to find the root or stem from the word based on remove possible

affixes that attached to word whereas AMIR is rule-based stemmer.

Table 3.9 AMIR and LUCENE dealing with inflection and derivation to extract stemmer

LUCENE

LUCENE uses the light
stemming technique to
exact inflectional

FARASA

FARASA uses the linear
kernels technique to
exact inflection

AMIR

AMIR uses the rules-
based dictionary to
exact inflectional

removed the
inflectional suffixes
without dealing with

replacement.

removed the inflectional
suffixes without dealing

with replacement.

Inflectiggal morphology including morpheme including morphology including
prefixes and suffixes prefixes and suffixes prefixes and suffixes
without dealing with without dealing with in addition to infix.
infixes. infixes.

LUCENE requires less | FARASA requires less AMIR removes
knowledge than AMIR | knowledge than AMIR morphemes that are
such as LUCENE such as FARASA inflectional in suffixes

Derivational

by replacing suffixes
with other suffixes to

produce the best stem.

3.8.1 LUCENE Stemmer algorithm

LUCENE is a free open source in the field of information retrieval, it was writing in
1997 by Doug Calting. It was originally written completely in Java, which has been
ported and can be used with many programming languages like Python, C++, Delphi,
Perl, and PHP, Java, and C #. Also, LUCENE is the most important tool for research
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because it has more software libraries, and developed by Apache Foundation®. So
LUCENE is a full-text search library of documents, which makes it easy to add search
functionality to an application. In recent years, LUCENE has become an important
tool in the information retrieval library and the most common search framework as
reported in [58]. Therefore, LUCENE became popular and the best search available
on the internet that used for preparing text for indexing. Also, LUCENE uses as a
search engine for searching and browsing for documents. This is because LUCENE is
a simple, powerful, and high-performance search engine. Figure 3.4 shows the main
steps done by LUCENE performs to index the documents. During indexing, the text is
extracted from the original content, then a document is created that contains fields
holding the contents. After creating the fields holding the contents, the contents of the
Fields are passed through the Analyzer to tokens, then after tokens, the contents are
passed through the Indexer to generate an inverted index, then, the index is written to
an existing index file, Finally, this index file is stored in a user-specified directory. In
this work, we used LUCENE to index the EveTAR 2016 corpus to create a search
index, also we used both LM and the BM25 by use with LUCENE ranking functions
to compute the textual similarity feature.

D1
— ANAYZEN  — NAEXET ey, INCEEX
D2 File
Documents

Figure 3.4 steps in the LUCENE

8 The Apache Software Foundation (ASF) is an American non-profit corporation to support Apache
software projects, including the Apache HTTP Server. The ASF was formed from the Apache Group
and incorporated on March 25, 1999.
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3.8.2 FARASA Stemmer algorithm

FARASA is a fast and accurate Arabic segmented (Arabic translate means insight).
It’s a segmentation®scheme which is one of the most important tools in Arabic,
FARASA was writing by [59]. It has been made available for use on

http://gatsdemo.cloudapp.net/farasa/. FARASA uses features and lexicons include

stems, affixes, and lemmatizer to their segmentation which is based on the vector space
model to rank possible a word that using linear kernels by breaking words to their
constituent clinics. The following some Arabic words that segmentation by using
FARASA:

Example 1: Wida o dudi o 5 o caal) (e g agilda o Gl 6 53 o Jgad) 01

FARASA: & &l 55 o comatd) et g pbtcrtada o Gulitd) 55 ol Jgartd) On
EE T TN

Example 1: AuiS ) ce dadl Uy gl o<t At Blal) Cud
FARASA: A ¢ St U g8 (8 B4t 3+l ol
oS

Recently, FARASA is accurate text processing for Arabic text such as segmentation,
POS tagging, and lemmatizer. It offers faster performance than [60]. The FARASA
system relies on probabilistic models of stems, prefixes, and suffixes, instead of using
context information to produce high tokenization and performance which have been

used in this work to compare the retrieval performance of the proposed method.
3.8.3 AMIR Stemmer algorithm

This subsection discusses the AMIR algorithm to find the stem or root of the word that
use as an indexing term in the field of Arabic information retrieval systems. AMIR

algorithm works as follows:

% See http://qatsdemo.cloudapp.net/farasa/demo.html


http://qatsdemo.cloudapp.net/farasa/
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3.8.3.1 Tokenization & Normalization.

Arabic tokenization has been implemented in several solutions to resolve ambiguous
words. For instance, characters can be written in different ways, such as character (+)
Hamza can be composed in different ways (1 <! <f). This causes more ambiguous as to
whether the Hamza is present. Therefore, at most one token is assigned to each letter

at any one time as follows:

e Replacing initial | < 1<) by !
e Replacing final s < s by .

e Replacing final - by .
3.8.3.2 Keyword Extraction

We represent AMIR steps to extract Keywords as follows:

1. Convert the user request text into words and put them into a list.

2. Check the lists whether prepositions or stop-word are found. If found, remove
any matched from the list.

3. Search AMIR Dictionary to find given terms in the list; if a match found, then
extract root/stem if accepted on AMIR rules.

4. Else, if a match not found, do nothing.

Stepl: Convert the user request text into words to create a word list by selecting the
words that contain more than three letters.

Step 2: Check the created lists, if prepositions or stop-word found, if they found, then

remove prepositions or stop-word from the list.

Step 3: Search in the AMIR dictionary, if any match found in the given list, then
extract root/stem based on AMIR rules. For example; if we give the word ‘=l s” (And
for a teacher) to AMIR dictionary which is consist of three prefixes » (m), J (for), and
s (and). So based on AMIR rule 1, we will remove prefix J (for) which refers to
preposition, and prefix s (and) which refers to stop-word. So, we will get us,x

(teacher), which used as indexing term.
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Step 4: If a match not found in the AMIR dictionary, then not do anything.

More explanation around how AMIR works as follows: AMIR starts by receiving a
request from user’s query; then check if the length of the three-letter word or more,
and then seeks the query words in AMIR dictionary, if the word is found, thus then
extract root or stem if accepted on AMIR rules. An example of this process: The word
requested is 4= (school); when this word gives to other Arabic retrieval systems, it
will return the stem _«_x (Teacher) by removing the suffix 3 (taa), in this case, the
word meaning has changed. through the use, AMIR rules No 2 as shown in the next
chapter, which says that if the word composed prefixes » (M) and suffixes 3 (taa) joined
together in the same word; thus, this case will a produce noun (always refer to places).,
Hence, AMIR system suggested to keep the word formations as they are. So, AMIR
system will extract the word 42 (school). This result is increases precision, which

we aim to have.
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CHAPTER 4

AMIR Rule-Based Stemmer for Arabic

Chapter Overview

There are only a few methods proposed for Arabic that using to extract stem from a
word according to Rule-Based stemmer that leverages Arabic stemmer in segmenting
the word into valid morphological features, which can uses as indexing terms in web
searching to gives internet users access to millions of articles, news, and services.
However, Arabic morphology has challenges that fall into two categories; the
ambiguity problem, which can be always faced by good analysis for Arabic
morphology, and the second is conjunction words such as stop-words and prepositions.
Note that stop-words and prepositions can be linked directly with the word in the
Arabic language, which adds another challenge to the stemmer operation. Therefore,
in this chapter, we will present the state-of-the-art Arabic stem algorithm, which uses
a rule-based dictionary to generator words based on morphology features by matching
the word with all possible affixes and patterns attached to it. So, the proposed method
uses morphology features to building an AMIR dictionary that generates over 1,400
words from each root. Furthermore, the method proposes increases the efficacy of
extracting a word effectively while minimizing the ambiguity since it depends on
validation before removing affixes where each input term is compared against with all
the words in the dictionary until a match is found; if no root is found, the original word
is returned unchanged. So, we attempt to produce rules capable of producing the root

better than other existing methods like Khoja.

On the other hand, in this thesis, we explain through the morphology features of the
Arabic language why the Arabic morphology is much more complicated than the other
language like English. Hence, this thesis poses the big challenge faced by researchers
to extract the stem or root of the word to produce a high-performance technique uses
to extract Arabic root/stems by adding infixes to prefixes and suffixes. Note that, in

Arabic morphology there exist many words that have infix, and removing an infix
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depends on the morphological structure of the language. So, there are no rules
proposed to extract the stem or root of words having an infix. Therefore, the proposed
method aims to produce a high-performance tool to extract Arabic root/stems by

adding infixes to prefixes and suffixes.

Consequently, this thesis investigated in detail the impact of stem and morphology on
Arabic retrieval systems, and how to bridge the gap in Natural Language Processing
(NLP) task. So, we described in more detail, how morphological units are grouped to
produce new words based on the derivational and inflectional process. Thus, we used
morphology features to generation words to building a rule-based stemmer dictionary
for Arabic that can help to extract the stem or root of the word to uses as indexing term
in Arabic information retrieval. Therefore, we can get the intelligent use of stem and

morphology in the Arabic domain that we aim to have.

This chapter will be organized as follows: Section 4.1 provides the AMIR dictionary,
which is a rule-based dictionary constructed from several Arabic morphology features.
The AMIR rules are exposed in section 4.2, and section 4.3 presents conjunctions in
Arabic, and we will focus on two types of conjunctions; namely stop-word and

prepositions.
4.1 AMIR Dictionary

The process of information retrieval consists of finding all relevant documents, which
are ordered by relevant for the user query. Thus, the highest-ranked document is
considered to be the most likely relevant document. Also, the aims of natural language
processing like information retrieval to transform the potentially ambiguous words of
queries into unambiguous words. Furthermore, indexing terms is a complex and
difficult process, especially when it concerns the indexing of Arabic documents. Year
by year, many methods are published to overcome this problem and successfully
retrieved documents. Therefore, in this thesis, we present the AMIR dictionary, which
constructed from several Arabic morphology rules to get the intelligent use of
morphological analysis of the Arabic information retrieval system. Therefore, the
utility of the AMIR dictionary is to use morphological features and specify all inflected

forms for each stem templates by a combination of the affix with the root.



44

In general, inflectional morphology often does not change the basic meaning of a
word, while derivational morpheme is often changing the basic meaning of a word.

Table 4.1 shows an example of derivational and inflectional morphology.

The Arabic language has two main phases to generate or produce the stem which is

inflectional and derivational morpheme as described on the next page.

Table 4.1 Derivational and inflectional morpheme example

Word Example
Derivational Write “eis” Writer "us”
Inflectional Write “iS” He wrote “ci8”

He is writing “wisy”

4.1.1 Derivational Morpheme

The derivational morpheme is a process of generating a word with a new meaning
(called in some other works by derivational morphology). This process is done by
adding patterns into root based on the set of morphological rules (see AMIR rules in
the next section). Note that, in Arabic, patterns are known as " as described in 105 !
[61, 62]. However, in Arabic, several patterns can be adding to each root to generate
or produce an Arabic word. These patterns can be inserted to root within the prefix,
infix, and suffix, whereas in other languages can be inserting at the prefix and suffix
only. Therefore, in this thesis, we will be adding all possible patterns that attached to
the root to generator all derivational word formations. Thus, these patterns must not
remove when stem extract from a word. This is because, as mentioned earlier,
derivational morpheme often generate a word with a new meaning; Thus the word type
probably will change from noun to adverb, adjective, or noun to another noun like the
word “45Se” (library), if where remove the prefix <2 (m), it became “4<” (<utiba),

thus, the word change their meaning.

Table 4.2 as showing on the next page, which presents different derivational

morpheme operations that ought to be performed to mark nouns to adverbs and

10 Note that the Arabic language uses derivational to generate both verbs and nouns
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adjectives. Therefore, the derivational morpheme can be inserting to root within
begins, middles, and ends. Noted that derivational morpheme is adding to root directly.
This means that derivational morpheme operation always comes before inflectional
morpheme, also inflectional morpheme could be adding to root directly without any

derivational morpheme attached.

Table 4.2 Arabic language derivational process

Arabic Pattern Derivational Root English
Word translate
s KaCaCyC Aa s Author
PUNOY MuCCiC M:ala alu Muslim
SYBIAY MaCACaC Ma‘/Ara o2 Schools
daalall AI<CACCta Al<tAm:Taa N The university
S CACiIC Alimwn G2 Lessons
<Ball Al<CaCaCTaa  Al<raalat d~) The flights
4 e TaCaCraC ManazalYeT Jy Things for
house

4.1.2 Inflectional Morpheme

The inflectional morphemetlis a process of generating a word with different forms
within the same meaning. This process is done usually after the derivational
morpheme. However, in Arabic, different inflectional morpheme can be adding to
roots or patterns to produce Arabic words within the same meaning. So,
inflectional morpheme operations are the process that indicates inflectional
morphology which generally refers to gender, numbers, preposition, stop-word, verb
tense, nouns (singular, dual, plural). Therefore, inflectional morpheme often not affect
the basic meaning of the word. So, we can remove inflection from the word when we
extracting the stem. There are three main types of the inflectional morpheme in Arabic

language namely prefixes, infixes, and suffixes, which are described as following:

1 Inflectional affixes are always suffixes in English, whereas in Arabic, inflectional affixes can be
prefixes, infixes, and suffixes.
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4.1.2.1 Prefixes

Prefixes are the part of the word that adding to the beginning of a root, which very
important in the word structure. Three types of the prefix can be concatenated to the
Arabic patterns or root namely: definitions, interrogation, and conjunction. Figure 4.1
shows all possible prefixes that can be adding to the root. It’s clear from figure 4.1
there are one to four prefix can be adding to each root. Figure 4.1 presents one of the
most challenging inflectional morphemes in natural language processing, which we

will consider when we generator a word.

The conjunctions in Arabic often placed at the beginning of the word like prepositions,
which is not easy to distinguish if it was linked directly with the word. Thus, by using
AMIR it's easy to remove when we extract stem from the word. For example: In the
Arabic language, there are so many original root’s letters begins with letter s (and), or
d (for), etc. for instance, if we remove s (and) from the word "»<3 5" (they inherit), we
will get ~<3, (the word does not have meaning). So, we can remove these prefixes if it
did not find in root’s contents. Thus, AMIR removes only necessary affixes that not
changing the meaning of the word based on removing inflectional prefixes that
accepted in the AMIR rules.

The Arabic language is considered a highly inflectional language. So, the fundamental
is different between Arabic and English language; for example, morphological features
for English are usually marked by suffixes for nouns, whereas in Arabic are usually
marked by both prefixes and suffixes for nouns. And also, the Arabic language offers
more inflectional operations than English. This means that many inflectional
morphemes that ought to be performed to mark number, gender, verbs, and person.
For example, the word sl “Almuslimwn” (the Muslim) shows the concatenation
of morphemes to form the word. To distinguish between these morphemes, we say that
ales (slim) is the root morpheme; the definiteness marker J) is an inflectional
morpheme; prefix » (mu) is a derivational morpheme, which denotes to the noun; and

the suffix ¢ (wn), which is an inflectional morpheme.
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Figure 4.1 Arabic Prefixes Categories

The perfective form is used suffixes to marker persons, whereas the imperfective form
used suffixes to mark the persons, and used prefixes to mark the number and gender.

Table 4.3. Shows an example of perfective and imperfective verbs in Arabic.
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Table 4.3: Perfective and imperfective verbs in Arabic Example.

Type Word Person Number  Gender Stem Translate
| S 1 Singular M atabtu I wrote
S 2nd Singular F atabti you wrote
Perfective oS 3 Plural F atabna They wrote
|55, 1t Singular M yaktubtu he writes
| 585 1 Singular F taktubtu he writes
) i 1 Plural M naktubw we write
Imperfective o 2nd Dual F taktubA you write
O 5583 3rd Plural M taktubyna  they write
RS 3rd Plural M yaktubw they write

4.1.2.2 Infixes

In Arabic, affixes are divided into three groups: prefix, infix, and suffix. While infix
does not exist in many other languages like English. The English language has no
infixes. Infix is an affix that is inserted within a root. Although infix does exist in
Arabic, it has not yet been used in most of the Arabic studies in the literature. However,
he infix can be placed in the root after the first or second letters of the original root,
where sequence 4.1 is applied when the infixes inserted after the first letter of the root,

and sequence 4.2 is applied when the infixes inserted after the second letter of the root.
prefix,+....+prefix, + TL+infix; + T2+ T3 + suffix,+.... + suf fix,
4.2)

Where N is the number of prefixes, which adding to begins of the root; T1 is the first

letter of the original root; is inserting after the T1, which adds to the meddling of the
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root; T2 is the second letter of the original root; T3 is the third letter of the original
root; and m is the number of suffixes, which adding to ends of the root. An example

of this case: the word «=% "|Aeb" (player).
prefix,;+.... +prefix, + TL+ T2 +infix, + T3 + suf fix,+.... + suffix,,
(4.2)

Where infix, is inserted after T2, An exemple of this case: the word s (lessons).
It is to be noted the infix that is inserted after the first letter of the root often denoted
to derivational morphology, where it indicates to the adverb or noun. Whereas the infix
that inserted after the second letter of the root often referred to inflectional
morphology, where it indicates to number (plurals).

Arabic vowels always placed in the infix, where vowel ! (a) is placed after the first
letter of root, which it indicates to the adverb or noun in this case; it also indicates to
the plural if the word begins with the letter » (m) like the word &L=« (Factories) by
removing infix | (a), will result in the word =« (Factory); thus the word is changed
from plural form to get its singular one. The vowel ! (a) if it a placed after the second
letter of root, is indicated to the noun. While vowels ¢ (ya) and s (w) often placed after
the second letter of root, which it indicates to the adverb or the plural. Therefore, in
this work, we used the infix to solve problems of plural form attached in the infix. As
were mentioned early, stemming affixes can give better precision in information
retrieval. Therefore, we believe that by using the proposed method we will be capable
to solve problems of the plural in infix in addition to plural in suffix. Figure 4.2: shows

an example of Arabic vowels inserting to infix.

Root

L

T3 T2 T

Figure 4.2 Arabic infixes Categories
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4.1.2.3 Suffixes

A suffix is an affix that adding to the back of the root. The Arabic language uses suffixes
just like in English. Three types of suffix can be concatenated to the Arabic root namely:
gender, possessive, and number (plural in the suffix). In Arabic, the problem of the plural
is difficult to deal, because no obvious rules exist, also no proposed methods stemming
that can process them. Therefore, we discussed Arabic plural form, through an
application of their patterns on stems (singular, dual, plural, masculine and feminine) by
altering to their correct singular forms. In the AMIR rules as present in the next section,
if the word ends with the suffix!?< (ta), it means that the suffix < (ta) is the plural form.
For instance; if we remove the suffix < (ta) from the word '<\is" (Libraries), we will
get S (office), then change the word meaning. So, AMIR proposed altering to their
plural to singular by replacing the suffix 3 (taa) instead of the suffix < (ta). Thus, if we
replace the suffix & (taa) instead of the suffix < (ta) from the word "—\liSs' (Libraries),
we will get 458« (Library) which singular form. Also, we will apply the same with other
suffixes such as »S5 (takam), ~¢5 (taham) which refer to masculine plural; ¢S5 (takan), oed
(tahan) which refer to feminine plural; g (tahama) which refer to masculine dual; Les
(tahana) which refer to feminine dual. Thus, we replace these suffixes (<), oS5, agd, OS5,

Lgd | Lgd | ) from a word by the suffix 3 (taa). Examples of these cases:

.................. Plural .................. Singular
ol )y il ya -> Al
ok, @l e 2> i
olllee | @Yl -> PRI
OB | Gl > 4 duy
Olialaa | Cilalas o RN
Qlba o | Gl 2>

12 Note that when replacing the suffix < by the suffix 3, the word must contain the vowel ! at the meddle,
otherwise, we should remove instead of replacing.
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Figure 4.3 shows all possible suffixes that can be adding to the root. It’s clear from figure
4.3 that there are one to four suffixes that can be adding to each root. And also shows
clearly, how suffixes put together to construct word (each word may contain more than
one suffix). In Arabic, a derivational morpheme is often not placed at ends of the word,
while inflectional morpheme is often placed at ends of the word. Therefore, Existing
Arabic stems produce some error-rates due to stem may remove the original letter of the
word, which definitely will lose the meaning of the word. Therefore, AMIR addresses
this problem by generating different Arabic stem during this affixes that presented in

Figure 4.1 and Figure 4.3.

The construction of Arabic words is based on abstract forms known as roots. A root, in
Arabic morphology, is the most basic word that serves as a base to generate other
derivatives or inflective obtained by blending prefixes, infixes, and suffixes on the root
to produce adverbs, verbs, nouns, and adjectives. Figure 4.4 shows the AMIR process to

generate or extract a word.
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Figure 4.3: Arabic Suffixes Categories.

To describe the next Figure 4.4, we say that there are two phases’ uses to generate or
extract stem: the first phase is to add patterns. This process is done by adding patterns to
the root. These patterns are highlighted in green, yellow, red, and blue in Figure 4.1,
Figure 4.2, and figure 4.3. Note that patterns that highlighted in yellow in figure 4.1 can
be conjunctions with patterns in figures 4.2 and figures 4.3. This means that patterns

highlighted in each color may conjunctions to other patterns to the generator word. For
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example prefix, » (m), which highlighted in yellow in Figure 4.1 may be linked with
infix | (a) highlighted in yellow in Figure 4.2, or the suffix "" (taa), which highlighted

in yellow in Figure 4.3.

Derivation morpheme Inflection morpheme
l,', ‘I.ll
J ‘|| ' \'

m Add Affixes

Extract Patters Extract Affixes

Figure 4.4 AMIR process to generate/extract stem or root from the word?*?

This means that AMIR can generate or extract stems by applying a set of rules regarding

the relationship among Arabic letters to find the root or stem of the respective words.

Figure 4.1, 4.2, and 4.3 shows the list of affixes that add to root, to generator words.
Therefore, we will use sequence 4.1 and sequence 4.2 to adding or inserting the

following affixes:

v" 64 Morphemes list are added to begin of the root to generator a word, which

shows in Table 4.4.

v There are three morphemes are add to meddles of the root, which is: ! (alif), s
(waaw), and ¢ (yaa).

v" 30 Morphemes lists are added to the ends of the root to generator words,
which shows in Table 4.5.

13 AMIR is capable to generate 1400 word from each root by adding all possible affixes that presented
in figures 4.1, 4.2, and 4.3.



Table 4.4 shows a list of prefixes that can be added to the root to generate words.

Table 4.4 Arabic stemmer prefixes list

54

S & &l ) G 5T P |
4 - Sy - &3 ¢ oY oA
Ju J Ji Js J 3 > i
J Caal 9 = Cu g Cu ] s
pd £ @ Jss Js Ju Ja Js
Al pllé els = old e s ol #
oD O d =y < =y - plls
Jsa Jud Jhs Jo & ol < Ol

Table 4.5 shows a list of suffixes that can be added to the beginning of the root to

generate Arabic words. Note that plural and numbers often placed at the ends of the

Arabic word.
Table 4.5 Arabic stemmer suffixes list.
° 3 Us I &l
L i & o 3
B S o ob
“ \ oS D: LSS
Qo O & < i
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Affixes can associate with each other to generator more words as follows:

Prefixes with Infixes @
Prefixes with Suffixes (b)
Infixes with Suffixes (c)
Prefixes with Infixes, and Suffixes (d)

Note that, not all combinations of affixes can be joined together, there are some
combinations of affixes that are not permitted. In case (a), 7 prefixes that cannot
join with infixes. In case (b) there are no exceptions, all prefixes can join with all
suffixes. In case (c) 24 exceptions that are not permitted. In case (d) affixes can be
linked together if not found in the exceptions above. This exception motivates the
following definitions.

Definition 1. The morphological structure of derivational word is:

Derivational = (adverb + root) | (particle + adverb + root) |
(particle + noun + root + possessive pronouns) |
(root + noun) | (particle + root + noun) |

(particle + subjective +root)

Definition 2. The morphological structure of inflectional word is:
Inflectional = (particle + root) |
(particle + root + possessive _pronouns) |

(root + possessive pronouns)

Derivational structures of Arabic consist of prefixes and infixes in derived words.
While inflectional structures consist of affixes including prefixes, infixes, and

suffixes.

14 Note that affixes in Figures 4.1, 4.2, 4.3, can be linked together to generate more words
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AMIR is Rule-Based stemming, which uses morphological rules to produce a high-
performance technique to generate Arabic stems by implementing a morphological
analysis using specific linguistic, which remove only affix that not change the
meaning of the word, whereas essential affix that may change the meaning of the
word should not be removed if any are exist. Therefore, the AMIR method is
capable to improve the extraction root in the Arabic language, and this is a major

improvement in previous methods.

4.2 AMIR Rules

AMIR rules are bottom-up and rule-based dictionary based on the Arabic
Morphology analysis. However, AMIR rules can be classified into two categories:
the first thing it attempts to do is finding substrings of words which are mostly stems
or in other cases morphemes that get derived from stems. The next process is to join
each core with word elements, therefore generate words according to the governing
rules. Finally, the Rules check to ensure that each core exhibiting at least a correct
generation is passed as a correct, and consequently, the individual stem is also the
correct stem of the given word. AMIR rules are composed of three phases, which
include: Rule matching, Substring tagging, and Anti rule matching, as shown in

figure 4.5 below:

Input word

SubstringTagging

Cores Listl

RuleMatching

Cores Listl

AntiRuleMatching

v

Stems

Figure 4.5 AMIR rules steps
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Substring tagging, in this phase, morphological information that characterizes possible
substrings of respective words is extracted. Based on the results, we can accurately
know which word substrings are morphemes and substrings, which are not
morphemes. This phase is also instrumental in ensuring that we know the clusters of

each morpheme. The clusters are used in the rule matching phase.

Rule matching, in this phase, each core that has been extracted from the substring
tagging phase, we can know the rules used in extracting. Finally, the last phase is
instrumental in extracting anti rules from the anti-rules-based repository for every core
in the given list. What then follows is that it is ensured that every core with any anti
matching rules with the word’s morphemes gets removed from the given core list. This
last anti matching rule phase ensures that every core’s stem in the core’s list is indeed

the correct word’s stem.

As were mentioned early, AMIR Rules are constructed from different Arabic
grammatical rule-based according to morphological analysis. Therefore, these rules
depend on modifying the word into an appropriate stem. So, selecting rule depends on
special letters adding/inserting to the root. Table 4.6 shows an intelligent use of
morphological analysis and stem in Arabic Information Retrieval System using AMIR
rules R, where T1 is the first letter of the original root, T2 is the second letter of the
original root, and T3 is the third letter of the original root.

Table 4.6 An intelligent use of morphological analysis and stem in Arabic information retrieval

systems using AMIR Rules

Rule Syntax Description

In Arabic, some prefixes indicate nouns, such as, If we
adding prefix » (m) to the root, then will change word type
to the noun (which refers to a person). For instance, if we
——> Noun adding prefix » (M) to the root "« (study), we will get
‘weXe’ (Teacher). Thus, these prefix » (M) must not remove
in derived words whereas we remove other extra affixes if
any found.

R1 Prefix » (m) + Root

As indicated above in rule (R1). prefix (m) denoted to noun,
but there are some conjunctions in Arabic like prefix with
suffix can be joined together to indicates to the noun; such
R2 Suffix s (taa) as: if we adding prefix » (M) and suffix & (Taa) to the root,
this we will produce noun (This noun often indicates to a
— Noun place in the most cases).

Prefix » (m) + Root +
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Table 4.6 (continued) An intelligent use of morphological analysis and stem in Arabic information

retrieval systems using AMIR Rules

Rule Syntax Description
In Arabic, plurals can be identified by the middle or ends of the word.
However, it’s easy to remove plural in the suffix because removing
plural in the suffix will not change the meaning of the word. While
Prefix » (m) + T1 | removing plural in the infix in some cases to change the meaning of
+ Infix | (3) + T2 | the word. Therefore, this rule says that the infix | (a) denoted to noun
R3 +T3 if the word does not contain prefix » (m), thus, these prefix | (a)
should not remove from the word. Whereas if the word contains
— Noun prefix (m), in that case, the infix | (a) refers to a plural noun. For
example, if we remove infix | (a) from the word "™ (Offices), we
will get S« (office). Thus, we reduce them to their singular form.
As indicated above in the rule (R3), plurals can be identified by the
middle of the word by adding infix that indicates plural after the
second letter of the root. Therefore, this rule tells us that if we insert
T1+ T2+ Infix s | Infix s (w) after the second letter of the root. This will produce a
(w) + T3 plural form of the noun. For example, if we remove infix 5 (W) from
R4 the word "3 (lessons), we will get =2 (lesson). Thus, we reduce
— Noun them to their singular form by remove infix s (W). So, if a word
contains the infix 5 (W) in derived word, this means that it should be
removed from a word.
This rule says If we insert infix | (a) after the first letter of the root.
. This will produce a noun. For example, if we remove infix ! (a) from
T1+1Infix | (a) + the word "is” (author), we will get << (he wrote). However, word
R5 T2 +T3 type and meaning have changed. So, the infix ! (a) is indicates the
—> Noun noun. Thus, infix ! (a) should not be removed from the word because
it will change the word meaning.
In this rule, derivational produce a noun based on the relation
. between letters. So, if we adding prefix < (ta) and infix ¢ (ya) after
Prefix = (taa) _+ the second letter of the root, this will produce a noun. For example,
R6 T1+T2+ Infix if we adding prefix < (ta) and insert infix ¢ (ya) to the root ",
() +T3 (study), this will produce the word “w«35" (Teaching), Therefore, we
—> Noun should not remove prefix < (ta) and infix s (ya) if they found in the
same word.
This rule of derivation is called replacement Jlx¥). So, this operation
. is often done at the ends of the word. Thus, the advantage of the
T1+T2+ Inf|>_< ! replacement is that it can be addressed the problem of the plural form
fa) tT3+ SL_jff'X in suffix. Hence, If a word contains the infix ) (a) and ends by suffix
* (taa) | S_Uff'X. il [P (at) OR suffix ¢\ (tan), which indicates to plural. In this case, the
R7 | (a0) | suffix suffix < (at) and suffix ol (tan), it should replace by suffix  (taa).
(tan) For example, the word <lu 2 (studies), and the word ol (two
—> Plural studies), which indicates to plural by replacing the suffix <! (at) and
suffix o/ (tan) with suffix s (taa), So, we will get the word 4/ ..
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Table 4.6 (continued) An intelligent use of morphological analysis and stem in Arabic information

retrieval systems using AMIR Rules

Rule Syntax Description

T1+ T2+ Infix! | Asindicated in the above rule (R7), replacement operation can lead

RS (@) + T3 + suffix | to the right formula of the stem. So, in this rule, we will replace suffix

4 (ya) 4, (yat) or suffix 4 (yah) by suffix ¢ (ya). For example, if we remove
suffix s (taa) from the word "4wl 2" (things for study), we will get
— Plural |
ey
Noun. i

According to the rules in table 4.6, we can easily extract stem or root from the word, for
example, AMIR system removes any prefixes that placed before the prefix » (m) that
means it's not necessary to check whether the word contains the prefixes 5, &, J, ..
because it always indicates to definitions, prepositions, and stopwords that not change
the word meaning. While the light stemmer system extract stem or root from the word
by a checklist of prefixes if the word begins with to remove. So, the advantage of the
AMIR system is that Arabic word can contain more there prefixes in the same word,
thus by applied AMIR rule which suggest removing any prefixes that comes before the

prefix » (m) whereas the light stemmer often removes only one prefixes from the word.
4.3 Conjunctions in Arabic

Conjunctions®®in Arabic is called "kl <s 5 2", which uses to link between words in
a sentence such as prepositions. In Arabic, the prepositions can be writing separately
or linked directly with the same word. While in English words prepositions must

writing separately. The following table 4.7 shows a list of all conjunctions in Arabic.

Table 4.7 List of conjunctions in Arabic.

p i 3
Y K &
N o B

15 A conjunction in Arabic is making a word follow another one by using a preposition.or stopword or
definitions.
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On the other hand, in the Arabic language, the most common conjunction uses are
prefixed < (so, then), and prefixed s (and), which can be writing separately or linked
directly with the word, and also prefixed — and prefixed s gives the most general way

to join between words in a sentence.

The following two examples demonstrate how the conjunctions use to join between

words in a sentence:

Example 1: s« daal els Ahmed and Muhammad came

The prefix s (and) is used to combine two words with each other.

. Example 2: gz dasa 2gial Muhammad works hard, so he succeeded
The prefix < (s0) is used to combine two words with each other.

Example 3: (Ja-d\ e eu\ Ul ;;LA The student takes knowledge from the
teacher
The prefix J (for) is used to combine two words with each other.

Figure 4.6 on the next page, we have shown an example of the most oft-used

conjunctions in the holyQuran'®, which highlighted in yellow from 5:91-95.

16 Note that conjunctions in the holyQuran are a particle that connects two words together. The most
common conjunctions in the Quran is the prefixed particle wa, this means in English as "and" as
highlighted in yellow in figure 4.6.
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Figure 4.6 Conjunctions in the holy Quran'’

As later subsections will explain, there are two types of conjunctions in the Arabic

language, which are the prepositions and the stop-words that may be linked directly

7 There are different conjunctions in the holy Quran whose syntactic diversity requires that a lot of
attention be paid to Arabic syntax.
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with the word. This is why most of the existing schemes cannot authenticate whether
the removed letters are the roots or not. This is because it’s hard to extract stem from
the word that may contain four prefixes in the same word such as the word 4. ,<!\é (so
the school). Therefore, AMIR addressed this problem by generator all conjunctions
words in Arabic to add these conjunctions to the AMIR dictionary. Therefore, the
AMIR technique attempts to extract the Arabic root/stem based on a validation of the
letters before removing affixes. The next two subsections present the most

conjunctions in Arabic, which as follows:
4.3.1 Stop-word

Stop-words are words that have little semantic meaning that is removed from the index
and the query because they have a very high frequency that can affect the retrieval
effectiveness. Arabic language allows writing stop-words such as “s” (and) separately
or linked with the word. Wherever the root letters are called “z==<=" as reported in [63]
which means the root letters do not contain any hamzah or vowel, For instance; the
stop-word s which means “and” in the English language. It may be writing separately

like the word “=iS 5” (and he wrote), or it may be linked directly to the word like
“‘,—‘:‘S}”,

As were mentioned early, it is not easy to extract the stop-words “s” (and) if linked
directly with the word. This is because there are so many Arabic roots are begin with
letters s (and). So this is the challenge that we trying to addressing in this work since
a stop-word is may be linked directly with the word. Hence, in this thesis, the AMIR
system removes stop-words based on a validation of the letters before removing affixes

by utilizing the AMIR dictionary.

In Arabic, many root’s contents begins with letter s (and), or J (for), etc. for instance,
if we remove s (and) from the word “»<3 5" (inherited from someone), we will get S5
(the word does not have meaning because the word has to remove an essential letter
from the root). So, AMIR removes unnecessary affixes only that not changing the
meaning of the word. Also, the verbs of which the root starts with s (and) this s (and)
is dropped in the present tense as reported in [64].
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The most popular web search on the internet is Google. So, we used Google to search
for the derived words that have a root begins with s (and). Hence, we chose the word
oS3, (inherited from someone), which contents the root & 5 (he inherited) and suffix
S (kam), which indicates to plural. So, when we search the "»<3,57; by using Google,
we got 7,310 results. Whereas, when we search the root "&,5". we got about
2,990,000,000 results, and they're relevant results. This means that Google removing
affixes from a word without distinguishing whether the removed letters are core letters
of the root or not. Therefore, AMIR method increases the efficacy of extracting a word
effectively while minimizing the ambiguity since it depends on validation before
removing affixes where each input term is compared against with all the words in the
AMIR dictionary until a match is found; if no root is found, the original word is

returned unchanged.
4.3.2 Prepositions

A preposition is a word used to link nouns, pronouns, or phrases to other words such
as the word "1553 ° (to avoid). This word linked directly to the word. Therefore,
these problems cannot be solved by previous studies, because the word contains two
prefixes which are the prefix < (in) and prefix | (a). Thus, the AMIR scheme
generated all possible prepositions that linked directly with the word. Therefore, we
will use these words when we extract stem from the word easily by using AMIR
rules. Now, it's easy to deal with prefixes that indicate to prepositions or stop-words
if AMIR rules applied. This is because AMIR seeks the word in the AMIR dictionary
if it found or not. For example, AMIR rule No R1 says that it must remove all

prefixes that placed before » (M), for example:

el
el
o IS
ool

u_n)ﬂ.aJ
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The prepositions and stop-words always placed at begins of the word in the Arabic
language., so, it’s easy to remove it by drop all prefixes that refer to stop-words and

prepositions according to use AMIR rules!® more detail in the following examples:
Ex.1 Remove preposition:
giad > gias
Ex.2 Remove stop-word:
Jrus > Ji
Ex.3 Remove preposition:
gomals > giaas
Ex.4 Remove stop-word:
Jdills 2 Jiw
Ex.5 Remove preposition:
oaallh > gioas
Ex.6 Remove stop-word:

Jilly > Jiw

18 These two examples are using AMIR rule No 1 to extract stem, see AMIR rules in section 4.2.
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CHAPTER 5

A Brief Survey of Information Retrieval
Models

Chapter Overview

Retrieval models are one of the essential concepts in the information retrieval system,
and also retrieval models are used to find the top-k answers to a given user query. It is
not a trivial task to select the most important/relevant results from a huge amount of
documents. One of the most important models used in information retrieval systems is
a statistical model that includes the vector space model. This model measures the
similarity between the query and the documents in the collection, it considering the
distinct query terms and the distinct terms in each document to occupy n-dimensional
vectors, where n is the number of unique terms in the collection, and then documents

are ranked according to this similarity score.

Another popular model used to represent documents and queries is the language
model. This model is a statistical language model such that each document is viewed
as a language model. Indeed, the statistical language model is a probability distribution
over all possible words in a language. Another important tool in retrieval models is
learning to a rank strategy which becomes very popular in recent years. This strategy
learns a ranking function using implicit or explicit relevance data. In the following

subsections, we give the details of each different approach.

In this chapter we will present some basic retrieval models which are organized as
follows: In Section 5.1, we describe Vector Space Model; which used to determine
whether the document is relevant/matched or not relevant/not matched to the user’s
query. In Section 5.2, we will describe the Language Model that assigns probabilities
to sequences of words. Then in Section 5.3, we will present the N-grams Language
model, which is a set of N-items, and also in this section, we will explore Unigram,

Bigram, and Trigram. After that In Section 5.4, we will do a comparison between the
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Vector Space Model and Language Model. And in Section 5.5, we will describe the
Query likelihood Language Model, The logic behind this model is to compute the
probability of producing/generating the terms. Lastly in Section 5.6, we will present

in the short Translation Model.

5.1 Information Retrieval Models

Information retrieval models have many approaches and techniques have been
developed, and also have a long history. In traditional information retrieval models,
matching between each document and query. Thus, one issue is to select an appropriate
model for the representation of user queries and documents. So, it should be capable
to determine relevant documents in terms of similarity between queries and
documents. Basically, the information retrieval model describes the document
representation, the user query representation and the retrieval process. However, one
of the most important problems in Arabic information retrieval systems is to find
similar articles/documents for a newly submitted query. So that the user can quickly
obtain the answer. There are different methods such as vector space models, language
models, translation models, and word kernels are proposed before. Therefore, in the
next sections, we will briefly describe these models. Indeed, information retrieval
models can be divided into three groups: probabilistic model, vector space model, and

Boolean model as shown in Figure 5.1.

C lass_ical Hc}de_ls
- e - H“ﬂ-_h
4—-"--_-_-_---_ . H"'--..___\_\_‘
Boolean Vector Space Model Probabilistic
\\x .\'\
Y Y
\x \'x
"._"‘ .,'\.
Weighted . "'x"
L]
Language Model

Figure 5.1 Information retrieval models
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Boolean model?? is an information retrieval model that uses set theory to request any
Boolean combination of descriptors by using the operators: AND, OR, and NOT for
query formulation. Whereas, Weighted Boolean model is an extension of the Boolean
Model with weights, where Weight denoting the representatively of a term for a
document. While the vector space model requests a set of descriptors each of which
has a positive number associated with it which will describe in detail in the next

section.
5.2 Vector Space Model

Vector Space Model VSM is one of the most important models in the information
retrieval model to representing text documents, which start from document indexing
the terms that are extracted from the document text, and weighting of the indexed terms
to enhance retrieval of document relevant to the user query. After that, rank the
document according to a similarity measurement. In addition to that, the vector space
model represents documents and user queries by vectors in a multidimensional space.
For instance, d; = (wy;,Wy;j,..,Wej), and q = (Wyq,Wzq,..,Wngq). Each
dimension corresponds to a term vocabulary that is used to build a list (index) of terms.
Note that the morphological analysis reduces different word forms to be indexed as
described in the previous chapter. In the VSM, a collection of documents can be
represented by a term-document matrix, where each cell in the matrix corresponds to
the weight of a term in the document if a term (word) appears in the document. This
tells us that the value in the vector is non-zero, which means similarity does exist and
zero otherwise. Furthermore, the performance of the VSM depends on the term
weights scheme, that is, the functions that determine the components of the vectors is
the TF-IDF weighting scheme, it's one of the most widely used term weighting
schemes as reported in [65]. TF-IDF weighting scheme product of two statistics, term
frequency (TF) and inverse document frequency (IDF) to compute the weight of a term
for a document, where (TF) is the number of times a term occurs in a document.

Traditional TF-IDF uses term frequencies and document frequencies to generate a

% Note that weighted boolean has a logical formula, which similar to the boolean
model. The probabilistic model function is to rank documents by their probability of
relevance based on the user’s query.
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weighted term that is used for document representation [66]. Therefore, the (TF)
weights for the terms can be computed as the following formula:

D maxil-

TF

(5.1)

Where fj;a is a number of times term i appears in document j, and max;;denotes the

maximum frequency of the term in document j.

IDF is a measure of what portion of the document collection contains the term.

Therefore, the IDF values for the terms can be defined as follows:
N
IDF; = log,( E) (5.2)

Where N is a total number of documents and i is a term in the collection, df; is a

number of documents that contain the term i.

The VSM is used to determine whether the document is relevant/matched or not
relevant/matched to the user’s query. So, the standard way of quantifying the similarity
(also called cosine similarity) between each document vector and the original query
vector where the query is represented as the same kind of vector as the documents

V (d) and I7(q) . This task can be done by computing their cosine of the angle
between two vectors (document and query vectors). Therefore, if these vectors are
related, the cosine of their angle will be one, and if the vectors are orthogonal
(unrelated), the cosine of their angle will be zero, which is defined as follows:

d.q
lall Tl

cos(f) = (5.3)

Where d is a document vector, g is a query vector, 6 is the angle between two vectors,
||d|] is the norm of vector d, ||q|| is the norm of vector q. The norm of the vector is

defined as the following:

llql| = / P (5.4)

The resulting scores can then be used to select the top-scoring documents for a query.

The steps of the VSM can be represented as follows:
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e Preprocessing which converts documents and query to a vector of all distinct
terms.

e Construct the document term matrix.

e Computing TF-IDF weights.

e Convert each document to a weighted vector and also construct the query
vector, then compute similarity scores between document and query vectors.

e Ranking the documents based on the similarity score, in descending order and

return the top-k documents as the query results.

An example of the vector space model, suppose that we have a collection C that

consists of three documents and we needs to answer query Q as shown below:
D1: slews 1 =)l “land moon sky”

D2: sliad o sai claw “space stars sky”

D3: Ui =)l < “sun land cloud”

Q: ued ) s “sun land land”

There are three documents D1, D2, and D3, each of them contain terms, some appear
only in one document and other appear in two documents, the similarity between each

document and query can be computed as shown in following steps:

Stepl: We counted the number of times of all distinct terms (word) appears® in a
document by calculating the TF scores for each word, and their frequency on each of
the document, by using formula 5.1 as shown in Table 5.1. We supposed the words in

the vectors are ordered alphabetically.

Table 5.1: Term frequency (TF)

o) s ol s Sl Py s
D1 1 0 1 0 0 1 0
D2 0 0 1 0 1 0 1
D3 1 1 0 1 0 0 0

20 Note that 0 that means did not appear in the document and 1 otherwise.
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Step 2: We computed the term appears across the index by calculating the IDF for
terms occurring in all the documents, by using formula 5.2 as shown in Table 5.2. The

total number of documents is N=3.

Table 5.2 Inverse document frequency (IDF)

Term IDF
v=a)) log, (3/2) =0.58
Gl log, (3/1) =1.58
slaws log, (3/2) =0.58
ol log, (3/1) =1.58
eliad log, (3/1) =1.58
P log, (3/1) =1.58
po log, (3/1) =1.58

Step 3: we computed the weight of a term (wj;) this model is known as term
frequency—inverse document frequency model, by multiply the TF scores with the IDF
values of each term, which defined as: w;; = TF; * IDF; *, both TF;; and IDF; were

defined in steps 1, 2. Hence, Table 5.3 shows the obtained matrix of documents-by-

terms.
Table 5.3: TF.IDF weights.
=) s slow G sl B pos
D1 0.58 0 0.58 0 0 1.58 0
D2 0 0 0.58 0 1.58 0 1.58
D3 0.58 1.58 0 1.58 0 0 0

2L TF-IDF provides which words have the most important within the text documents.
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Step 4: We calculated the TF-IDF vector for the query term as shown in Table 5.3.
Therefore, we divided the frequency by the maximum frequency (2), then multiply
with the IDF values.

Table 5.4 Q weight

ua) Gla elaw i cliad )Ag f‘}';'.'

QL | (2/2*058=058 | 0 0 | (12)*158=079| 0 0 0

Step 5: We calculated the length of each document and of the query by using formula

5.4 as follows:

Length of D1 = sqrt (0.58"2+0.58"2+1.58"2)= 1.78
Length of D2 = sgrt (0.58"2+1.58"2+1.58"2)= 2.31
Length of D3 = sgrt (0.58"2+1.58"2+1.58"2)= 2.31

Length of query = sqrt (0.58"2+0.79"2)= 0.98

Step 6: Finally, we computed the cosine similarity values between the query vectors
by calculating the cosine of the angle between two vectors, query by using formula

5.3 as shown on the next page.
The similarity?2 value between D1 and query is:

cos(D1,) = (0.58*0.58 + 0*0 + 0.58*0 + 0*0.79 + 0*0 + 1.58*0 + 0*0) /
(1.78*0.98) = 0.19

The similarity value between D2 and query is:

cos(D2,q) = ( 0*0.58 + 0*0 + 0.58*0 + 0*0.79 + 1.58*0 + 0*0 + 1.58*0) /
(2.31%0.98) = 0

22 Note that, if a query term does not appear in a document, then the probability value becomes zero.

So, in this case, smoothing methods should be applied to avoid zero probability problems.
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The similarity value between D3 and query is:

cos(D3,q) = (0.58*0.58 + 1.58*0 + 0*0 + 1.58*0.79 + 0*0 + 0*0 + 0*0) /
(2.31*0.98) = 0.69

Step 7: we ranked search results concerning the query amongst three documents
according to the similarity values. The ranking of documents based on decreasing
cosine similarity will be: D3, D1, and D2.

Thus, the vector space model is a simple linear algebra-based model and allows
computing the lexical similarity between queries and documents. Additionally, it can
compute partial matching for documents and produce a ranking according to the
relevance. The disadvantage of the model is that it cannot compute semantic similarity

between queries and documents because it relies on the exact word matches and does

not account for semantically similar but different words such as "car" and

"automobile™.
5.3 Language Model

Language model LM is a statistical model in the Natural Language Process NLP task
that is used to compute the probability of any context like sentence or sequence of
words. Typically, models that assign probabilities to sequences of words are called
language models. The language model is a function that puts a probability model

measure over strings drawn from some vocabulary.

Most of the language model approach to rank the documents by the probability of the
query which is defined as P (QM4). Each sentence/sequence of words can give
different probabilities. Therefore, documents are ranked according to the highest
probability of the query. On the other hand language model computes the probability

of a sentence or sequence of the word of length n, it assigns a probability as follows:
P(t)=P (1, t2,...,t,) (5.5)

For terms t the following is the probability of these terms appearing in the order of
"tl, t2 ..,t," based on some corpus. For example, the language model given

sentence/sequence of words like “its water is so transparent™ as follows:
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P (its water is so transparent) = p (its) p (water |its) p (is |its water) p (so |its water is)

p (transparent | its water is so)

The language model steps can be defined as below:

e Estimate a document LM by estimating the probability of each word.
e Computing the query likelihood.

e Rank documents based on likelihood probability which is relevant of user’s

query.

5.4 N-grams

N-gram models are widely used in statistical natural language task, which basically is

a set of N-items such as sentence/sequence of words as shown the following formula:
P Wy, e, W) =TI P(We| Wy, eer, Wi_q) (5.6)

Where W is word and W, is total number of words appear in the sequence. N-grams

are used to predict the previous words (N-1) in a sequence to predict the next word
(N).
An n-gram of size is defined as follows:

e N=1 - this is known as Unigrams which is essentially the individual words
in a sentence.

e N=2 -> this is known as Bigrams.

e N=3 - this is called Trigrams, and when N>3 this is sometimes referred to as
four grams or five grams and so on. The formula for all the above models can

be defined as the following next page:
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Unigram as the following formula:

P(w1,n) = P(wq)P(wy) ... P(wy) (5.7)
Bigram as the following formula:

P(w1n) = P(wq)P(wz|wy) ... P(wp|wy_y) (5.8)
Trigram: as the following formula:

P(wy,n) = P(Wy)P(w|wy)P(W3|wWq ) ... P(Wp|Wp_50-1) (5.9)

An example of the N-grams?® model, suppose we have the sentence "Welcome to
YILDIRIM BEYAZIT University Ankara"

If N=2 (Bigrams) Then, we have five n-grams in this case, which is described as the

following:

Welcome to

to YILDIRIM
YILDIRIM BEYAZIT
BEYAZIT University

University Ankara

2 The n-grams typically are collected from a text that are phrases cut out of a sentence with N
sequential words.

Let me explain with an example.
Unigram - [Let] [me] [explain] [with] [an] [example.]
Bigram [let me] [me explain] [explain with] [with an] [an example]

Trigram [let me explain] [me explain with] [explain with an] [with an example]
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If N=3 (Trigrams) Then, we have four n-grams in this case, which shown as following:
Welcome to YILDIRIM

to YILDIRIM BEYAZIT

YILDIRIM BEYAZIT University

BEYAZIT University Ankara
5.4.1 Unigram

Unigram is a probability distribution over individual words included in the text (which
also known as the bag of words model), which means it does not depend on any of its
previous words. Unigram computes as: the probability of word i = Frequency of word
(i) / total number of words. For example, the probability of the sentence: “sea east,
sea west”. By reference to the formula No. 5.7 we compute the probability of “sea east,

sea west” as below:

P (Sea, east, Sea, west) = P (Sea) P (east |Sea) P (Sea |Sea, east) P (west |Sea, east,
Sea).

Above sentence contains three words, the probability of each word independent as

below:

P (sea) = 2/4

P (east) = 1/4

P (west) =1/4

P (sea east west) = P (sea) x P (east) x P (west) =2/4 x 1/4 x 1/4 =0.31

P (sea east) = P (sea) x P (east) =2/4 x 1/4 =0.13
5.4.2 Bigram

A Bigram is an n-gram for N=2, this model used to predict the conditional probability
based on the previous word, which is also called Markov assumption, assumes that we
can predict the probability of the next word by only looking at the previous word, as

shown follows:
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Bigram = P(W;|W, W, . .. ,W;_y) = P(W; [W;_,) (5.10)

The simplest way to estimate bigram probability is by using Maximum Likelihood
Estimation (MLE), based on taking counts from the corpus and normalizing them. The
general equation for estimating the probability for an MLE Bigram is presented as

follows:

Count(Wi_l ,Wi )

P(W; [Wi_y) = Count(Wj_; )

(5.11)

Where count (Wi.1 , Wi) is a number of times word Wi-1 followed by word Wi and
Count(Wi.1) is the number of times word Wi.1 appears in the corpus. For example, Let
assumes that our corpus is: 'l live in Turkey, | am a graduate student at YILDIRIM
BEYAZIT university in Ankara and I learned the Turkish language in active language
center about three days per week™. We will try to compute the probability P(lI am
graduate student at Ankara ) by Bigram language model, note that normalizes

means count each term in the corpus as shown below:

Table 5.5 Query weight

| Am Graduate Student at Ankara

3 1 1 1 4 1

Bigram counts as shown in the next Table 5.6.

Table 5.6 Bigram counts

| Am Graduate Student at Ankara
I 0 1 0 0 0 0
Am 0 0 1 0 0 0
graduate 0 0 0 1 0 0
student 0 0 0 0 1 0
At 0 0 0 0 0 1
Ankara 0 0 0 0 0 0
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Result: by refer to the formula (5.11)

Count(l am)
Count(1)

ex: P(am|l)= =1/3=0.333

Bigram =P (am | I) x P (graduate | am)x P(student | graduate) x P(at | student) x
P(Ankaralat)

= 0.333*1*1*1*0.25=0.08325

5.4.3 Trigram

A Trigram is an n-gram where N=3 and this model is mostly used in the past two
decades in literature. Trigram model computes the probability of the next word based

on only (the most recent) previous two words, as the following formula:

Count(Wj_,,Wj_1 ,Wj)

Trigram = P(W; |W;_,, W;_1 ) = oUW, 5 W)

(5.12)

The probability of word W; depends only on two previous words, Wi. and Wi.1 as
shown in the formula No.5.9. For example: Let the same example in Bigram to

compute the Trigram
P (I am graduate student in Ankara)

By refer to the formula (5.9)

Count(I am graduate)

P (graduate [I am) = =11=1

Count(I am)

Trigram = P(graduate | | am ) x P(student | am graduate )x P(in |graduate student ) x
P(Ankara | student in). Trigram=1*1*1*0=0

There are several ways of avoiding zero probabilities and making the estimates for n-
grams. This is known as smoothing methods. However, smoothing is a technique to
give some probability massing (unseen) words to n-grams that have not occurred in
the corpus. Therefore, the probability of unseen trigram in the corpus is zero. Thus, to
avoid unseen trigram in the corpus needs a smooth estimate of the probability of
unseen words. This can be done by linear interpolation of a trigram, bigram, and
unigram frequencies and also a uniform distribution on the vocabulary as shown

below:
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PWi|Wi_p, Wiq) = M PWI W5, Wi_1) + ,P(Wi|W;_y) +
+A;P (Wi) (5.13)
Where Y;A; =1

Count(l am graduate) Count( am graduate)

P(graduate| I am )= 244 + 2,

Count(I am)

A3

Count( am)

C(graduate)
ZwCW)

P(graduate [I am) = 0.90 * 1 + .05 * 1+ .05* (1/29) = 0.951724137

P(student | am graduate ) =0.90 * 1 + .05 *1 +.05 * (1/29) = 0.951724137
P(at |graduate student) =0.90*1+ .05*1 +.05* (1/29) =0.951724137
P(Ankara | student at) =0.90*0+ .05*0.25+ .05 * (1/29) = 0.014224137

= 0.951724137 * 0.951724137 * 0.951724137 *
0.014224137

=0.01226939

5.5 BM25 Model

In information retrieval, BM25 stands for Best Matching BM (it is also known as
Okapi BM25) is a ranking function model used by search engines to rank matching
documents according to their relevance to a given search query to retrieve relevant
information search, It is developed in the 1980s by [67]. The BM25 is a retrieval model
based on the probabilistic retrieval, where BM25 performs very well in many ad-hoc
retrieval tasks. However, The BM25 is considered as the state-of-the-art model. it a
retrieval model based on the probabilistic retrieval. However, both BM25 and TF-
IDF2* using two main components: TF and IDF, where the BM25 model often achieves
better performance as compared to TF-IDF. Thus, in this thesis, we have used both
BM25 and TF-IDF to rank matching documents according to their relevance in
addition to Language model LM. The implementation of BM25 by using the LUCENE
open-source search library, a widely-deployed variant. The result obtained of this

study proves that the BM25 performance better than LM.

2 TF*IDF is a way of approximating how the word is important in the relevance of the

text.
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5.6 Comparison between Vector Space Model and Language Model

In this section, we have compared two information retrieval models which are the
Vector Space Model VSM and the Language Model LM. Therefore, VSM and LM
which are the most popular information retrieval models currently use. They are
closely related, a vector in the VSM and a probability distribution in the LM are similar
in containing the term weights although they have very different mathematical
intuitions. Also, there is only one difference that a probability distribution is
normalized to sum to one, while a vector does not have such a requirement. The two

models provide similar functionality (represent documents and weight terms).

In VSM, the document and the query are represented as a vector, and also the VSM
ranks documents based on the vector space similarity between the query vector and
document vector. The way to compute the similarity between vectors is by computing
cosine similarity. So, the cosine similarity between two vectors or two documents on
the vector space is a measure that calculates the cosine of the angle between them. In
addition, VSM uses linear algebra tools to model the documents and terms. A
document is represented as a vector and the terms are its elements. While the Language
Model is a branch of probabilistic models, where a document is viewed as a language
model, which is essentially a probability distribution over its terms. While the LM was
first used in natural language processing to model the probability of a sequence of
words. Therefore, the LM ranks the documents according to their probabilities to
generate the query terms. Thus, we found that both used a similar functionality, which
represents documents and weight terms. So, the difference between them in the
methodologies, wherein the LM, a probability distribution is normalized to sum to one,
while in the VSM, a vector does not have such a requirement. Therefore, two models
provide similar functionality and closely related, a vector in the VSM and a probability
distribution in the LM.

5.7 Query likelihood Language Model

Query likelihood Language model is a language model used in information retrieval,
where the language model constructed query likelihood from each document in the

collection. So, the logic behind the query likelihood language model is to compute the
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probability of producing/generating the query terms under each document language
model. Documents are then ranked based on the highest probability of the query in the
document. Therefore, we need to rank documents given the query g, and also we need
to compute P(d|qg), by the Bayes rule as shown follows:

P(q|d)P(d
P(d |q) = —(q'P(fD( ) (5.14)

Where P (q), probability of the query, is the same for all documents and P (d) is a
probability of the document. So, we can ignore P (q) expression in the above formula
because it is the same for all documents. Then the prior probability of each document
P (d) could be considered as equal. Therefore, we need to compute only P (g|d). So,
for each language model constructed for each document, we compute the probability
of producing/generating the query g. This is interpreted as being the likelihood of a
document being relevant to a given query. It is possible that some terms in a query do
not occur in documents. Even though other terms of the query appear in the document,
the probability of generating the query will be zero because of the zero probability of
non-existing terms. Jelinek-Mercer is one of the smoothing methods. This method
involves a linear interpolation of the maximum likelihood model with multiple
documents. So the formula of the Jelinek-Mercer smoothing No.5.15 is suitable only

when you have one document in the corpus as follows:
P(wi) = A1P, (wi)+ (1— 7\1)5 (5.15)

Where P, (wi) is the maximum likelihood of word w;, which computed by the ratio of the

C
frequency of w; to the total vocabulary size ( %). Here A1 is the smoothing factor.

The following formula No.5.16 is suitable when you have many documents in the

corpus.

C(w,d)
[ d]

Pw/d)=(1—2) +AP(W]c) (5.16)

For example: Suppose we have a collection containing more than one document and

the number of total words in document d1 is 100. Therefore, in table 5.7 on the left



81

side, we give the words in d1 along with the frequency of each word in decreasing
order. In table 5.8 on the right side shows the probability?> of each word in the

collection C (P(w | C)). Assume that our collection contains 10,000 words.

To compute P("text" | d1) and P("network™ | d1) using the Jelinek-Mercer smoothing
method. This formula No0.5.16 is suitable when you have many documents in the

corpus.
Table 5.7 Example of word frequency Table 5.8 Probability of each word
dl Collection
Item No. of times term appears Item P(w|C)
in the document
The 0.1
Text 10 A 008
Minin 5
sy Computer 0.02
Associati 3
SS0C1atNg Database 0.01
Database 3
Text 0.005
Algorithm 2
Query 1
Efficient 1
cten Network 0.001
Mining 0.0009

We computed the probabilities by using the formula No.5.16 as shown below:

P("text"|d) =(1-A)10/100 +A*0.005

P("network™ | d) = (1-A) 0/100 +2A % 0.001

If we set smoothing factor by A = 0.05, then

P("text" | d) = 0.95*0.1 + 0.05*0.005 = 0.095+0.00025 = 0.09525.
P("network" | d) = 0.95*0 + 0.05*0.001 = 0.00005.

5 Note that even though the term "network" does not found in d1, its probability is not zero due to

smoothing.
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5.8 Translation Model

Translation Model can bridge the lexical gap between the query and the document, and
it can capture the lexical similarity by a translation model. And also it can generate
query words not in a document by translation to alternate terms with similar meaning.
(Berger and Lafferty) proposed a very important extension to the basic exact matching
query likelihood function by allowing the query likelihood to be computed based on a
translation model of the form p(ulv), which gives the probability that word v can be
semantically translated to word u. The query likelihood is computed in the following

way:
PQID)= Ili21 Xwev p(qilw)p(w|D) (5.17)

Where p(qgi|w) is the probability of translating word w into qgi. This translation model
can be understood by imagining a user who likes document D would formulate a query
in two steps: In the first step, the user would sample a word from document D; in the
second step, the user would translate the word into possibly another different but
semantically related word. In our case, we do not have two different languages but we
need related sentences, phrases (or queries), and documents to be mapped in the same
language. One way to obtain such data is to pair queries and their related documents
but this requires too many relevance judgments. They first choose query terms from
documents and use them as a parallel corpus to learn translation probabilities.
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CHAPTER 6

System Evaluation

Chapter Overview

In this chapter, we analyzed and evaluated the effectiveness of AMIR that produces
intelligent stem that is used to perform very searches in retrieving Arabic information,
AMIR stem effect is very large as compared to that existing in many other stem studies.
So, there are different search topics are to be queried. Therefore, two methods were
used to compare evaluate the quality of AMIR namely LUCENE and FARASA to
ascertain which method can produce high-performance stem than others, based on the
outputs mean average precision. Consequently, the primary evaluation measure we
have used in this work is the mean average precision MAP, which is one of the most
commonly used metrics in information retrieval, in addition to and precision P at 10
and P at 20 to analyze the change in retrieval precision, this could be evidence that
using AMIR stem yields a much-improved precision. Furthermore, the measures were
computed with Trec_eval software as presents in Section 6.1.3. Trec_eval tool which
is commonly used in the TREC community for evaluating an ad hoc retrieval run. So,
in this work, the performance measures used Trec_eval 9.0 to evaluate rankings by
relevance judgments for each query. On the other hand, in our experiments, the
retrieval performance of the proposed method AMIR has been compared with the
LUCENE stem, FARASA stem, and No stem using the BM25 model and language
model LM with Dirichlet. In addition to that, the TFIDF weighting also was used to
evaluate the quality of our scheme performances, which is a very popular weighting in
information retrieval. So, TFIDF delivers results that are highly relevant score to a
query, to compute the term weight for each term in the document to estimate whose
frequencies are highly relevant to a query. Therefore, in this chapter, we’re going to
look at the experiments of the proposed approach and results, which we conducted for

evaluating our method on the retrieval performance in Arabic.

This chapter is mainly system evaluation and will be organized as follows: section 6.1

provides experiments and results, which divided into five subsections, in the
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subsection 6.1.1 we will present a brief overview of the dataset that we will use of
measuring the effectiveness of our system, then in the subsection 6.1.2 we described
various measures that use to evaluate retrieval, and in the subsection 6.1.3 we provided
evaluate the performance of our approach, then in the subsection 6.1.4 We present
results obtained, in the subsection 6.1.5 we will describe our result, and in Section 6.2
we briefly show comparison our approach with two proposed methods.

6.1 Experiments and results

In this section, we simply plan to verify the effectiveness and the quality of AMIR
performed with relevance judgments. be note that the AMIR system was implemented
using Java language, the main reason for choosing Java was huge flexibility in the
software creation and the experiments were performed on a PC with windows 10 Pro
operation system, 1.70GHz Intel(R) Core(TM) i15-3317U processor, 4 GB of RAM, and

500 GB HDD. So, we present an overview of the tests performed, as follow:
6.1.1 Dataset

The experiment was carried out with Arabic Test collections EveTAR on tweets [68] that
are comparable to similar Text Retrieval Evaluation Conference TREC. Test collections
EveTAR are evaluation tools that are essential for advancing the state-of-the-art in the
field of Arabic information retrieval that supports multiple information retrieval
EveTAR includes a crawl of 355M which contained roughly 61946 articles on an Arabic
tweet represented in Unicode and encoded in UTF-8, and covers 50 significant events
for which about 62K tweets were judged with the substantial average inter-annotator
agreement. Then, we will compute a certain number of measures the performance of
information retrieval using Trec_eval?®tools available on the internet to measure MAP
P.5, 10, 20, 50. Finally, we compare the results obtained by our method with FARASA
(Darwish, 2016) and LUCENE (Core, SolrTM, PyLucene). The result of the

experiments (for each document collection) can be seen in the results section.

% See like: Trec _eval tools (https://trec.nist.gov/trec_eval/)
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6.1.2 Measures

In the literature, we have seen various methods to test the effectiveness of the Arab
information retrieval system from relevant and irrelevant documents. Typically
evaluation measures are computed across multiple queries and averaged to produce a
final score. Therefore, the primary evaluation measure used in this work is the mean
average precision (MAP), in addition to the precision at 10 (P@10) and precision at
20 (P@20) to analyze the change in retrieval precision. And also we used TF.IDF
weight to evaluate the quality of our scheme performances. So, how the measurements

were calculated that used in our experiments will be present as follows:

Precision P is the total number of predicted positives values (TP) as the ratio of a true

positive. They are also, defined as the following formula 6.1:

_ TP
~ TP+FP

(6.1)

Where TP is True Positive, FP is False Positive, which will be using to shows
quantifies how good our model is effectiveness performing the query.

Mean Average Precision MAP which is defined as the following formula 6.2:

Yngj AveP(q)

MAP = (6.2)

Where Q is a collection of a set of queries, and AveP(q) is the average precision for a

given query.

Term frequency (TF), which can be calculated by the following formula 6.3:

_ny
Mo Engg

TF

(6.3)

Where n;; is a number is that term t; occurs in the document d;. and z ny; is the

sum of the number of the term t; occurs in all terms in document d;

Inverse Document Frequency (IDF) which can be calculated by the following

formula on the next page:



86

IDF, = log(%) (6.4)
Where N is a number of the documents and n is a number of the documents with
term t.
Term Frequency and Inverse Document Frequency (TF-IDF), which can be
calculated by the following formula:

TF-IDF = TF;; *. IDF, (6.5)

Where TF;; and IDF, is computed by reference to the formula 4.3 and the formula 4.4.

The best ways to measure the performance of the retrieval system is to capture statistics

and metrics, thus we have been used two statistical methods as follows:
6.1.2.1 Using statistical metrics

We have employed TREC_EVAL software, which is a tool used to evaluate rankings
information, to measure precision @ 10, precision @ 20, and Mean Average Precision
MAP as evaluation metrics. There are two different files that TREC_EVAL uses, first
is the quels file that is a human-generated file that tells whether a retrieved document
is relevant or not for each query, according to the following format delimited by

spaces. The format for the quels file?” as follows:
query-id 0 document-id relevance

Where query-id is referring to the query number, document-id is to identify the
document, and relevance is to identify the judged document (O means non-relevant and

1 for relevant).

Figure 6.1: Shows an example of a snippet from the grels file.

2 Note that the quels file is a set of relevance judgments of which documents are

relevant, which include around 61946 relevant judgment for each query.
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EO1 Qo 55018000987 3510400 0
E01 Qo 550187841100070915 o
E01 Qo 550200917908148224 o
EO1 Qo 550202458442461184 o
E01 Qo 550212751239680000 0
EO1 Qo 550212775021379584 o
E01 Qo 550214252146229248 1
EO1 Qo 5502145339527 24995 1
E01 Qo 5502148478338062140 1
EO1 Qo 550214867937153024 1
E01 Qo 550215016591683586 1
EO1 Qo0 550215753849647104 1
E01 Qo 550216115058524160 1
EO1 Qo 550216499416555520 1
EO1 Qo 550216953915129858 1
EO1 Qo 55021 7788699062273 1
E01 Qo 550218073004258049 1
EO1 Qo 550219444610293760 1
EO1 Qo 550219846848233472 1
EO1 Qo 550220253284667392 1
E01 Qo 5502204830942440152 1
E01 Qo 550220568763453440 o
EO1 Qo 550220921852936192 1

Figure 6.1 An example of a snippet of the grels file

The second file is the results file, which contains a ranking of documents according to
higher scores for each query. We have created the results file by using Java language
according to the following format delimited by tab spaces. The format for the results

file as follows:
<query_id>, <document No>, <rank>, <score>, <system >

Where "query-id" refers to the query number; document-id is to identify the document
number; rank is showing the document position in the ranking; the score is to indicate

the similarity degree between query and document, which is sorted by relevance, this
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in means the most relevant document will have higher scores; lastly system is referred

to system name like AMIR. The next Figure 6.2 shows an example of a snippet from

the result files generated by using the AMIR system.

E06
E06
E06
E06
E06
E06
E06
E06
E06
E06
E06
E06
E06
E06
E06
E06
E06
E06
E06
E06
E06
E06
E06

Q1
Q1
Q1
Q1
Q1
Q1
Q1
Q1
Q1
Q1
Q1
Q1
Q1
Q1
Q1
Q1
o)1
o)1
Q1
Q1
Q1
Q1
Q1

551727947284234240
551735429813534721
551712909454503936
551669742034227201
551662046774034432
551449343400890368
551415760791535618
551419636357791745
551385327286226944
551383359293648896
551465102456929409
552024206993805312
551838164412026881
551838164768555009
551728583933427713
5513881255622681984
551392418935750657
552116745780363265
552116745780363265
551450942361837568
551697731417536560
551683353918070784
551685445810401281

S o

[ SR

=1

10
11
12
13
14

15
16
17
18
19
20
21
22

23

23.271646 AMIR
23.271646 AMIR
23.271646 AMIR
23.271646 AMIR
23.271646 AMIR
23.271646 AMIR
23.271646 AMIR
23.271646 AMIR
23.271646 AMIR
204983 AMIR
2017767 AMIR
19.456533 AMIR
19.456533 AMIR
19.456533 AMIR
19.456533 AMIR
19.456533 AMIR
19.456533 AMIR
18.028454 AMIR
18.028454 AMIR
18.028454 AMIR
16.225042 AMIR
16.225042 AMIR
15.150319 AMIR

Figure 6.2 An example of a snippet of the result files generated by using AMIR system

Figure 6.2 shown the result file that generated by using the AMIR system, where the

results were ranked of documents according to the highest score similarity degree

between query and document, where the highest score was 23.271646. Now, we
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generated the result file for AMIR and we will do the same with FARASA and
LUCENE as shown next.

E06
E06
E06
E06
E06
E06
E06
E06
E06
E06
E06
E06
E06
E06
E06
E06
E06
E06
E06
E06
E06
E06
E06

Q1
Q1
Q1
Q1
Q1
Q1
Q1
Q1
Q1
Q1
Q1
Q1
Q1
Q1
Q1
Q1
Q1
Q1
Q1
Q1
Q1
Q1
Q1

551465102486929409
552116745780363265
5521167457680363265
51727947284234240
7517354296813534721
551712909454503936
551669742034227201
551662046774034432
551449343400890368
551450942361837568
551415760791535618
551385327266226944
552024206993805312
5518381644120265881
551838164768555009
551728583933427713
5513688125562281964
551392418935750657
552099024795217920
552099024795217920
551707831041150976
551363359293646896
551659151827275776

n

O IS T . T

O lLn

=1

10
11
12
13
14

15
16
17
18
19
20
21
22

23

20.282215 FARASA
18.132034 FARASA
18.132034 FARASA
18.132034 FARASA
18.132034 FARASA
18.132034 FARASA
18.132034 FARASA
18.132034 FARASA
18.132034 FARASA
18.132034 FARASA
18.132034 FARASA
18.132034 FARASA
15.171213 FARASA
15.171213 FARASA
15.171213 FARASA
15.171213 FARASA
15.171213 FARASA
15.171213 FARASA
15.000885 FARASA
15.000865 FARASA
15.000865 FARASA
14.967562 FARASA
12.551356 FARASA

Figure 6.3: An example of a snippet of the result files generated by using FARASA system.

As shown in Figure 6.3 which represents the result file generated by using FARASA

system, the highest score was 20.282215, which is less than was achieved by the

system of AMIR. Now we also generated the result file for FARASA. Therefore, we

generated the result files for the LUCENE system as showing as next.
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E06 0) | 551727947284234240 1 19.487757 LUCENE
E06 Q1 551735429813534721 2 19.487757 LUCENE
E06 8] | 551712909454503936 3 19.487757 LUCENE
E06 Q1 551669742034227201 4 19.487757 LUCENE
E06 0] | 551662046774034432 5 19.487757 LUCENE
E06 Q1 551449343400890368 6 19.487757 LUCENE
E06 8) | 551365327266226944 7 19.487757 LUCENE
E06 0] | 552024206993805312 8 17.203176 LUCENE
E06 Q1 551415760791535616 9 17.203176 LUCENE
E06 0) | 551388125562281984 10 17.203176 LUCENE
E06 Q1 551392418935750057 1 17.203176 LUCENE
E06 8] | 551383359293648896 12 14.149532 LUCENE
E06 Q1 551465102456929409 13 13.117601 LUCENE
E06 0] | 552116745780363265 14 12.067222 LUCENE
E06 Q1 552116745760363265 15 12.067222 LUCENE
E06 8) | 551450942361837566 16 12.067222 LUCENE
E06 0] | 551419636357791745 17 10.852409 LUCENE
E06 Q1 551378352255561731 18 10.852409 LUCENE
E06 0) | 551375356469706752 19 10.852409 LUCENE
E06 Q1 5518381644120265881 20 10.652563 LUCENE
E06 8] | 551838164768555009 21 10.652563 LUCENE
E06 Q1 551728583933427713 22 10.652563 LUCENE
E06 0] | 551647626689409024 23 9.580165 LUCENE

Figure 6.4 An example of a snippet of the result files generated by using LUCENE system

Figure 6.4 which represents the result file generated by using LUCENE system, the
highest score was 19.487757, which is less than was achieved by both the systems of
AMIR and FARASA. Therefore. we have been generated three the result files, one for
AMIR and another for FARASA and LUCENE, so now these three files evaluated by

using trec_eval software as shown next page.

TREC_EVAL is a program used to evaluate ranking documents that are sorted by

relevance according to the following format:
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trec_eval [-q] [-a] qrels_file Resultd_file

Where trec_eval is the name of the executing program, -q is a parameter that shows all
detail of queries, -m is shown only main measures like MAP, -a is a parameter that
shows the summary output. Consequently, Table 6.5 showing a screenshot for
trec_eval to evaluate the performance measure values (P@10, P@20, and MAP) for
the AMIR system as shown in the follows.

Command Prompt =3 0 %

Figure 6.5 AMIR result to measure the MAP, P@10, and P@20 by using TREC_EVAL

6.1.2.2 Using frequency metrics

TF.IDF is a popular information retrieval technique, which weighs word’s frequency,
abbreviated as TF, which helps us to locate important terms of a document in collection
for ranking purposes, and the term’s inverse document frequency commonly
abbreviated as (IDF). Therefore, in this work, TF.IDF has been used to evaluate the
quality of our scheme performance retrieval. Thus, we compared TF.IDF score of our
scheme AMIR with LUCENE and FARASA for the first ten queries to find out which
method has succeeded in removing all unnecessary stem such as conjunctions and
plural that may change the meaning of the words or the form of the word.

Consequently, we computed the term weight for all approaches by using TF.IDF to
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estimate whose frequencies are high. Table 6.1 shows the summary of produced stem
approaches for AMIR, LUCENE, and FARASA.

Table 6.1 Summary of produced stemmer approaches

Actual Text AMIR LUCENE FARASA
stem stem Stem
1 & O Jika Crap Jladil Joa Jie Crap ol g (i il (Fss Jike
Ol (G lai) O
2 a3 Ll gl Ju sos et Wil sl | Ju ) m paud Wil g | g s padiud Ll il
el a9 sl ol il ol Jy
3 bl calad placail (allai (la oSan alaail allat aild llai plaidd
A sall plaaldl s
4 FURE NN RITES ) RO T JPEN QAR SRUIREN ) PR 5 E PR E T UL A PSR TLEN PN e v IREN
s A sl e s (Jols
s
5 LS @ nal el bS8 @) ) Jladi bS8 3 yial e S 3 yial
e
6 | PGSyl el | Jphal puS Jl el | Jssidand GuiS sl ol oS ) el
O J ik O oA 08 J siikas
7 e Y de e dll Qs paa g )5 ) o gah Al Qs e
Ll g )l e e Ll Ll bl g )l 3o
8 ;d:.ss(,\);,sﬁ u\.uiula;ﬂe\)ajsj; A_ah.&u.laaﬁe\)ajsja QLASP\);)Sﬁ
Loas B bl Loas Lo Loas bl
9 | s Smishue | Belala So ki | 2elal i Sg sk ploa S sl
sacld e L 5 S Loy See Ly g S 2ol
A See
Lo
10 e Glesa Lsi 8 daise ana Lui 8 2alise and Lai 8 2alise ana
L b 3 2alise

6.1.3 Evaluate

Assessing system effectiveness is highly important for developing search systems

(allows the measurement of how successfully meets user needs) or information

retrieval systems. Therefore, we conducted a data pre-processing step for every

document and query before the stem by eliminating stop-words, preposition,

punctuation marks and digits. For each method, we extracted stem from a word in all
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documents to construct a new document collection stem. This means that we used the
AMIR Approach to extract stem from the word in all documents. So, we produced a
new collection by using the AMIR and we did the same with FARASA and LUCENE.
Now, we have three collections of the stem for each method. Let say that AMIR
produced collection (A); and FARASA was produced collection (F); LUCENE
produced collection (L). Note that we did the same steps with queries, this means that
we have three sets of the queries stem, one for AMIR AQ and also FARASA FQ and
LUCENE LQ. After that, we built an inverted index using LUCENE tools for each
collection that has been produced (A, F, L). And then, we searched by load the queries
that were constructed form each method (AQ, FQ, LQ), and then we ranking function
using two different ranked retrieval models, which are BM25 and LM model to extract
the highly frequents terms-weighting and ranked a list of document-scoring function
that are retrieved. The results obtained from BM25 for each collection (A, F, L) we
put in new files to use measurement evaluation. This means that we have now one file
for AMIR and two other files one for FARASA and one for LUCENE. We also did
the same with the LM model. This means that now we have six files, where three
created by using BM25 for AMIR, FARASA, and LUCENE, and three by used the
LM for AMIR, FARASA, and LUCENE. Finally, we used trec_eval software to
calculated MAP measure and precision at 10 and at 20, to verify the effectiveness and
the quality of AMIR performed. More detail, Figure 6.6 shows the steps of each search
that requests/topics from the text collection: First, we denote sets of documents in the
text collection: Dy D,,..,D,. We denote sets of queries: Q4 Q»,.., Q, , and extract
terms as Ty T,,.., T, for each query, then, we also denote search methods as
$15,,..,5, Where a search method consists of all processing stem for each query term
and documents term. Therefore, search method S can process a set of queries Q and

produce a ranked list of document D hits H for each query Q. we summarized as:
D, S, Q) — H.

Where hits H all the k documents in D appear in the k top ranks documents D.
Therefore, we evaluate the system by measure the mean average precision MAP of
AMIR. (See result section).
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Figure 6.6 Overview of the AMIR to produce information requests/topics

6.1.4 Results

at 20 (P@20) to analyze the change in retrieval precision.

Table 6.2: Summary of the results obtained for MAP by using BM25 model.

BM25 Model
MAP Prec@10 Prec@20
AMIR 0.34 0.63 0.59
LUCENE 0.27 0.53 0.51
FARASA 0.28 0.62 0.57
No stem 0.21 0.45 0.46
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In this section, retrieval performance of the proposed method AMIR has been
compared with the LUCENE, FARASA, and No stem using BM25 which is arguably
one of the most widely used information retrieval functions, and language model with
Dirichlet smoothing Model LM, which tries to capture the notion that some text is
more likely than others [69]. Furthermore, the retrieved effectiveness was evaluated

using mean average precision MAP In addition to precision at 10 (P@10) and precision
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Table 6.2 and Table 6.3 presented our experimental results, where the bold values
denote the best results in each category. Thus, both Table 6.2 and Table 6.3 shows the
results obtained for each system runs, 50 queries were used. These results have been

analyzed in the next section.

Table 6.3 Summary of the results obtained by using LM with Dirichlet smoothing model

LM with Dirichlet smoothing Model
MAP Prec@10 Prec@20
AMIR 0.32 0.60 0.56
LUCENE 0.25 0.47 0.44
FARASA 0.26 0.56 0.52
No stem 0.18 0.29 0.28

Table 6.4 Query terms via TF.IDF for AMIR, LUCENE, and FARASA

Query Terms AMIR LUCENE FARASA
TF.IDF TF.IDF TF.IDF
558 gl il ol 385 1841 269 1641
(o bl LIS L) S (31 il 1644 33 278
O sl 3 A€ ol ol 1680 7 393
s o s iladiol S 1883 70 427
A S Bl e al s S g8 sl
EPTEN: 1041 56 413
Cao el J a5 5l = 8 1037 36 577
Lusi i b aalue o Cilesa 1333 289 196
Al lebsab ol ja S0 30 862 49 333
Ol Al Tanise (e )y yads 750 71 164
gl ol Gulae JSisale ) 655 34 175

The proposed method also has been used the statistical metrics to evaluate the
performance retrieval. There are several term weighting schemes uses to evaluate
performance retrieval proposes, but the most widely used term weighting schemes is
TF-IDF. Thus, we computed the term weight for three approaches (AMIR, FARASA,
and LUCENE) by using TF-IDF to estimate whose frequencies are high. So, Table 6.4
shows the achieved results of the TF.IDF.
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6.1.5 Analysis Results

As were mentioned in the previous section, retrieval performance of the proposed
method AMIR has been compared with the LUCENE, the FARASA, and no stem, and
the retrieved effectiveness was evaluated using MAP in addition to the P@10, P@20,
and TF-IDF weighs. Consequently, the results obtained of each method presents as
follows: AMIR achieved a MAP value by 0.34%, while LUCENE, FARASA and no
stem are 0.27%, 0.28% and by 0.21, respectively by using MB25 model. It is be
noticed that AMIR gives the best values of P@10 and P@20 by 0.63, and by 0.59,
respectively. This indicates that using AMIR stemming yields a much-improved
precision. Also, the AMIR Accuracy of the BM25 model achieved a result of 51%,
which seems a lot better than the LUCENE and FARASA algorithms where a
LUCENE achieved a result of 39 % while FARASA achieved a result of 44 %. On the
other hand, the AMIR achieved a MAP value by 0.32%, while LUCENE, FARASA,
and no stem, are achieved a MAP value by 0.25%, 0.26%, and 0.18% respectively by
using LM with Dirichlet smoothing model as shown in Table 6.3. Consequently, we
found that for long queries, the BM25 model performs better than the language model
LM with Dirichlet smoothing. Whereas in the short queries, the LM with Dirichlet
smoothing performs better than the BM25 model. In addition to that, our evaluation
results show that our approach provides high precision as compared with other
methods, and also the run time of our method is slightly faster than LUCENE and
FARASA methods by 172447 milliseconds, 177296, and 174585 respectively. On the
other hand, the student t-test significance measure was used with p-values at or below
0.05 to claim significance to determine if the difference between the results was
statistically significant or not. So, when the calculated p-value is below 0.05, it
indicates that the difference between the two experimental runs is statistically
significant. Therefore, the results obtained of the statistical tests show that the
differences between the AMIR approach and LUCENE approach, where the p-value
is 0.005508, which produced results that are statistically significant according to p-
value < 0.05; and the difference between AMIR approach and FARASA approach was
not statistically significant by getting P-value as 0.094249 which is greater than
P>0.05. Lastly, the difference between the AMIR approach and No stem, where the p-
value is 0.006334, which produced results, that are statistically significant. Thus, the
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results of the statistical tests show that AMIR gives statistically significant
improvements. After examining all the methods, the outcomes of the search methods
are represented in Table 6.2 and Table 6.3. Therefore, the results presented in Table
6.2 and Table 6.3 clearly indicate that the proposed method is capable to solve
successfully the research problems in high-performance level, so the best retrieval
performance for Arabic information retrieval systems was AMIR method. After
running three algorithms, we found that AMIR obtained the highest performance and
LUCENE obtained lowest, whilst FARASA results fall somewhere in between. Hence,
we obtained the best results and retrieval performance as compared to other systems is

used.

The TF.IDF weighs of each method (AMIR, LUCENE, and FARASA) is represented
all data in Tables 6.7. The results of each scheme are clear as seen in figure 6.10 which
explains whether concerning terms being retrieved were relevant or irrelevant. So,
Tables 6.10 clearly shows that the AMIR approach outperforms both LUCENE and
FARASA counterparts, where the x-axis represents the query number, and the y-axis
represents the TF.IDF score scheme that is related to that query; thus, we proposed a
novel scheme that produces better approximations of the stem and the results obtained
strongly indicate that the best TF.IDF values achieved when our scheme is used. Also,
experimental results obtained show quantifies how good our approach is effective in

performing the query.
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Figure 6.7 TF.IDF retrieval performance of each method.

6.2 Comparison of AMIR with LUCENE and FARASA Algorithms

In this section, we have compared the AMIR system with two counterpart systems:
LUCENE and FARASA. Table 6.1 shows three methods produced stem which AMIR,
LUCENE, and FARASA. So, stem can produce a big difference in weight scores. This
means that if stem extract from a word correctly then the results of weight will be
increased. So, as shown in Table 6.1 for query No 10, the word » s> (attacks), which
contains the infix s (ya) that indicates to plural, AMIR method is capable to remove
plural in infix, then generated singular form by applying the AMIR rule No 4. As such,
AMIR system extracts the word ~>& (attack) instead of a »s>4 (attacks) by removing
the infix s (ya). While both FARASA and LUCENE extract the same word s>
(attacks) as it is, thus failing to generate the singular form. This is because both
FARASA and LUCENE do not handle plural in infix, thus resulting will be an increase

in weight score.

Furthermore, there is another case of the plural in infix. This case is regarding the
relationship among Arabic letters, which means if the word begins with prefix » (m)
and meddles with suffix | (a); this type of derivation is called replacement, as were
mentioned early, which is not applied in LUCENE and FARASA, for example, as
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shown in Table 6.1 for query No 7, the word ¢ ! = (farms), which contains the infix !
(a) that indicates to plural, and also it contains the prefix » (m). Thus, AMIR method
is capable to remove plural to get singular by removing the infix ! (a) and adding the
suffix 3 (taa), which will produce the word 4=, 3« (farm); thus, the word is changed to
their singular form by applying AMIR rule No 3. Consequently, stem can give better
precision in information retrieval, so AMIR system improved the precision through
the use of infix extraction unlike other methods such as FARASA and LUCENE,
which both returns the word ¢ _) 3« (farms) as it is. This is due they not capable to solve

problems of the plural in infix.

The advantage of AMIR is that it provides highly accurate results into linguistic
knowledge by use morphology. The fact that this new scheme can dissect a plural word
and then get its singular form. For ease of extraction gives it the precision is increased.
Therefore, the best retrieval performance for Arabic information retrieval systems
shows with AMIR stem.

6.3 Comparison between LUCENE, root-extraction, and AMIR

Stemmer

Since Arabic is a highly inflected language, the most important research algorithms
improved Arabic retrieval systems based on a morphology analyzer and light
stemming. We have been investigated the effect of the morphological analysis
(derivational and inflectional) on information retrieval performance. Therefore, to
compare our method that uses a Rule-Based stemmer, we took a sample terms list and
tested it against a root-extraction stemmer and here we used the Khoja stemmer,

LUCENE stemmer method, and the result was shown in Table 6.5.

From the above results, we see that both the LUCENE stemmer and Khoja stemmer
fails many times in getting the correct stem or root of the word and in many words it
produced a completely new word and sometimes a wrong word that doesn’t exist in
the Arabic language. In addition to that, it didn’t handle the broken plural forms
especially in the infix like the word L. LUCENE stemmer method as we see it
produces very general words (roots) that are far in their meaning from the original

word, For example, the word ¢')s¥! (Weights) using LUCENE stemmer will be
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produed the stem which “s”” (word have no meaning), this word does not have wrong
meaning. This is because LUCENE stemmer didn’t handle the broken plural forms
that attached in the infix, it dealing with prefixes and suffixes only, and the other
problem of LUCENE it not dealing with the technique of replacement, for example,
the word <lul )3 (studies) where LUCNE attempts to find the stem form the word based
on the stripped form, thus produced the word .+/_» which completely a wrong word
that doesn’t exist in the Arabic language, thus LUCENE failing to extract the correct
stem whereas AMIR stemmer capable to dealing with replacement, so AMIR produce

the stem 4.2 (study) rather than o+ 2 (word have no meaning).

On the other hand root-extraction, stemmer attempts to find roots for the words which
are far more abstract than stems. It begins to remove suffixes and prefixes, then
attempts to find the root form which similar to the work [70]. So, the problem in this
stemming technique is that many different word formations are derived word, on the
other hand, Khoja stemmer creates invalid conflation classes that result in an
ambiguous query word, which leads to poor performance, for example, the word
(Rivers) using Khoja stemmer will be stemmed to its root which is L (word have no
meaning) where this root is not found in the Arabic language, this is because (Khoja,
1999) didn't cover all morphological rules of the Arabic language, many words with
very different meanings can be formed from the same root. This is because many
words are different in meaning but they originate from one identical root. Whereas our
suggested stemmer AMIR produced the stems and removed all affixes effectively, thus
it didn’t remove them where they are part of the original word. In addition to that,
thesis method handles all the broken plural forms and generates the correct singular
forms, for example, the word &) (Rivers) using AMIR produce the word ¢ (River).
Lastly, we found that the AMIR method able to improve and develop extract stem or
root from the Arabic word, which is represented in different words forms. And also
word processing that contained the infixes using the AMIR method is better than Khoja

stemmer and LUCENE stemmer as well as being strong against any type of stem.
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Table 6.5 Comparison between LUCENE Stemmer, root-extraction stemmer, and AMIR stemmer

Term Stemmer Root-Extraction Our System
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CHAPTER 7

Conclusion and Future Work

Chapter Overview

This chapter discusses the outcome of the AMIR evaluation. It starts with evaluating
the retrieval performance of the AMIR method (i.e. stem, root, word, and
morphological formations). There are also different analysis methods based on the
rule-based method and light stemming method, which will be discussed in this chapter.
Although morphology is complex in a language, it is particularly important. For
retrieval systems. This means that it has a large effect on the information retrieval
system. Also, despite the infix its importance in Arabic word constructs. Infix is not
classified as one of the main affixes in almost Arabic algorithms. Indeed, traditional
Arabic includes plural nouns in infix and suffix. Many information retrieval systems
require to extract candidate words that aid summarization and ambiguity extraction. In
the proposed system, the set of morphological formation rules are used to re-produce

noun plurals as singular.

As far as relevant documents are concerned, the rule-based method retrieved more
documents than the other methods. This performance of morphological formation on
the word and stem methods was expected, but what was not expected was that in the
case of prefix stem the morphological formation retrieved more relevant documents
than the light stemming method did, which was developed in this work. So, in theory,
the light stemming method is expected to retrieve more relevant documents than the
other methods. However, the output of the rule-based method and light stemming
method were examined to find out the reasons for such performance. It was found that
the light stemming method failed to retrieve any relevant documents that contained
conjunctions in Arabic such as prepositions and noun plurals in infix. Therefore, in
this chapter, we explain some important Arabic morphology analyses that the AMIR
technique uses to build the index term uses for search, which may help to avoid the

complicated processing of the indexing term. Also more, the ability of AMIR to avoid
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problems such as plurals nouns, conjunctions. We also were given an overview of the

conclusion of what has been done in this thesis and suggests future work.

7.1 Discussion

After the success of AMIR in the previous chapter by using the 50 queries from test
collections EveTAR on tweets, where AMIR outperformed other methods according
to using intelligent uses of Arabic morphology. As were mention early, morphological
tasks are very hard and complex natural language processing (NLP) and require an
understanding of the meaning of a text and the ability to reason over relevant facts.
Thus, AMIR could solve most of the morphological problems to achieve the best
results using a set of rules. (These rules have been described earlier in Section 4.3.
Hence, all the successful rules are based on the concept of Lexical knowledge which
Is an essential component of language knowledge as reported in [71]. A lexical entry
contains a gender feature and the event features, in addition to that each lexical entry
has a word stem, which automatically constructed from Wiktionary, with part-of-
speech and morphological attributes. The AMIR rules extract the stem using two
phases. The first one depends on the morphology analysis (word formation), while the
second rules depend to remove affixes (inflectional). Furthermore, all the successful
rules are linguistic morphological rules. So, the complexity of morphology need
different analysis to achieve high precision, i.e., to improve precision, so AMIR solved
the problem of the plural in the infix based on morphology features, i.e., reducing the
morphological complexity unwanted, which made the mean precision of AMIR is

increased.

AMIR system uses morphological analysis to extract the best candidate word for
information retrieval without losing the meaning of the word. This may help to avoid
the complicated processing of the indexing term. The stem is an important feature
because if too much stem removed from the word, the result can be building unrelated
words or it may lose the meaning. However, AMIR has a positive effect on the
indexing term for Arabic. This is because AMIR uses morphological formations rules
that deal with the removal of different to extract the best candidate word used in the
search for information retrieval. Therefore, the output of the AMIR system was

examined and we found that AMIR performance is better than any other technique
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stem for Arabic, so we have evaluated AMIR by using TF.IDF, which a popular
information retrieval technique weighs. The main objective of the TF.IDF weighs is to
weigh keywords in content, where the higher the TF.IDF weight, it is an indication
that the word is important and vice versa. Additionally, the technique checks the
relevance of the keyword throughout the dataset. Figure 6.4 shows compared with the
top ten TF.IDF values which calculated to extract terms to represent the category for
each method, where the AMIR approach gives a result of more effective terms than
LUCENE and FARASA. Consequently, the ability of AMIR to avoid problems that

face Arabic retrieval systems like plurals noun in infix as explained as follows:

e Light stemming has a positive effect on stemmed Arabic, but not for words
contains vowels. This is probably because light stemming always removes
affixes without considering the following: Arabic words that contain vowels,
has three cases depends on the position of the vowels (if vowel placed was at
beginnings, middles, or ends). In some cases, the vowels ! (A) are replaced by
other vowels s (). For example, the word \e2 (invite), in the present tense, it
became s=x (he is inviting), by replacing the vowels | (A) with by vowels s
(Y). Other case is removed vowel, such as the word <, 5 (inherit), at the present
tense it became < (he inherits) see more examples in [72]. Thus, vowel 5 (Y)
is removed in this case. Note that these vowels are original letters of the root.
Therefore, we found that word processing containing vowels using the AMIR
method is better than light stemming. As were mention early, the light
stemming not handle infix due it deal with prefix and suffix only, so we
developed light stemming by adding infix in addition to prefix and suffix.
Figure 7.1 shows all affix can be adding to the light stemming list to develop
it. On the other hand, in Arabic, the plural form often difficult especially when
attached in the infix, the reason for that, no clear rules proposed in the previous
methods that can process them to get singular, this means that no obvious rules
exist to deal with plurals. This research discussed Arabic plural form, through
an application of their patterns on stems (singular, dual, plural, masculine and
feminine) by altering into their correct singular forms. e.g., plural in the suffix,
where the AMIR proposed three rules to solve this problem. such as the word

"@AU” (buses), which contains two morphemes; To distinguish between these
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morphemes, we say that infix | (a) is an inflectional morpheme that refers to
the noun; and suffix <! (ta) is an inflectional morpheme indicating the plural.
So, AMIR proposed altering their singular forms by replacing 3 (taa) instead of
< (ta). Thus, by applying AMIR rule No 7, then we got the word 4~ (bus)
instead of the word "=3é" (buses), so the word has changed to their correct
singular form. Whereas light stemming proposed to remove suffix <! (ta).
Therefore, if we remove suffix < (ta) from the word "=34é" we got the word
"Jis” (no meaning of the word), so, the light stemming method failed to get

their singular form.

In Arabic, the plural forms are difficult to deal with, as were mentioned early,
in fact, the Arabic language seem like English in the plural in the suffix but the
difference is the Arabic language can be indicated to gender with plural such
as the suffix Wi (takama), which refer to the gender of masculine, whereas the
suffix »¢ (taham), also refer to masculine pluraloss ; (takan) and the suffix o
(tahan) which refer to feminine plural; the suffix g (tahama), which refer to
masculine dual; the suffixt< (tahana) refer to feminine dual. Thus, we do
replace these suffixes (L ,\legd 063 , 0S5 065,85, 1) from a word by the suffix

(taa) to get their singular. As shown in the following Figure:

(S| B
Al e
agilad ja
OShal g
Ol y2 ol 32
Lagioal 5

Ligil

Figure7.1 Replacement Example
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Figure7.2 AMIR generation word

The conjunctions in Arabic are one of the problems stem that Arabic
information retrieval face, where Arabic word may contain three connections
linked directly in the same word. This is why the Arabic language is very
inflectional language when we compared it with any other language like
English. So, it is not easy to determine the conjunctions in Arabic such as stop
words, prepositions, due in some cases, they may come separately or linked
directly with the word. e.g., the word “4. 2 (and, at school), which contains
three prefixes: the prefix s (and); prefix < (in); prefix J! (the). AMIR rules are
capable to remove these conjunctions. Thus, if we applying AMIR rules No 1
for the word “4 28" (and, at school), then we got the word “4. 2 (and, at
school). Note that this rule says that if the word begins with prefix » (m),
remove any extra prefixes if any found. So, it’s easy to remove conjunctions in

Arabic in this way. Table 7.2 shows some examples of conjunctions in Arabic.
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Note that the Arabic word probably contains one or more conjunction, this
means that its possible Arabic word can contain different types of conjunctions

in the same word.

Table 7.1 Types of conjunctions in Arabic

Conjunctions Example
Prepositions So he wrote “Cuss”
Stop-words and he wrote “<iS 57
Definitions The book “ausl”
Prepositions + Definitions So the book “&usle
Stop-words + Prepositions + Definitions And in the book “&Usllé ¢
Stop-words+ Definitions and the book ‘Ll 5
Stop-words+ Definitions So the book ¢&LsIE”
Prepositions + Prepositions + Definitions So in the book ‘&Ll
Stop-words + Prepositions + Definitions and in the book “&Usld 3

As were mention early, the AMIR system uses a set of rules of word formation (i.e.
derivational morphology and inflectional morphology). The morphological analyzer is
the heart of the AMIR system as reported in [73]. The main aim of using Arabic
morphological operations is to remove prefixes, infixes, and suffixes attached to words
to support the methods of search, such as stem and root. It was pointed out early that

this study aims to cover all aspects of Arabic morphology analyzer.
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Figure 7.3 AMIR steps to generate word

Figure 4.5 shows several steps that AMIR system uses to generate words, which can

be described like the steps as follows:

Morphological Generator: this step is based on the derivational morphology. The

main function of this step is to add patterns attached to the root, such as:

Root Pattern

Figure 7.4 Add patterns to root

Prefixes, infixes, suffixes generator: in the previous step the derivational operation
and its implementation were discussed, and in this step, we will deal with the
implementation of inflectional operations. Inflectional morphology needs deeper
analysis than derivational morphology. This is because many conjunctions in Arabic

may be linked directly to the word. The main function of the inflectional operation is
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to extract a given stem to its base form (root) from which it was derived. To do this,

three lists of prefixes, infixes, and suffixes are developed, such as follows:

Root/Pattern Affixes

Figure 7.5 Add affixes to root/patterns

When a given word is analyzed by the AMIR to extract stem of a word, the following

six decompositions are applying:

Prefixes + Stem

L |

(Morphological formations + Root)

The attached inflectional morphology is removed if it found, to extract stem only.
Indeed, stem contains two elements, the base of the word (root) and the morphological
formations. Note that not separated from each other; in other words, the two elements
are linked together in the same word. For example, the word: Il (The teacher), if
the word is passed to AMIR, then the AMIR will be passed to the morphological
analyzer to extract the prefixes » (m), which refer to derivational morphology. Since
there is no infix and suffix in this word, so there is no further analysis is needed. This
means that keep the prefixes » (m) as it is, and remove all other prefixes attracted to
the word if any found. Therefore, one contribution in this work is that there is no needs
to check if a word begins with Js | Js, J', Jand so on the other word, this technique
easily capable to remove all prefixes that included in the list of light stemming. So by
using the AMIR system, it’s easy to remove prefixes that attached to the word and then
extract the correct stem. Thus, if the word is passed to AMIR, the attached prefix J
(the), will be removed and the attached prefix » (m), will stay as it is. After the prefixes

are removed, the output will be the word stem 2 (Teacher).
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Prefixes + Stem + Infixes

: l

(Root + morphological formations)

The derivational Morphology needs to consult the morphological forms knowledge-
based to find a match for the stem in the relations between letters like the word o«
(teaching), where prefix < (t) and infix ¢ (y) refers to derivational Morphology,

Another example as can be seen from Table 4.

Table 7.2 Prefixes and infixes linked together to produce word based on inflectional and derivational

Word Stem

<) s
sy Javily
gt et

Prefixes + Stem + Suffixes

3-
(Root + morphological formations)
Generating words based on establishing links between prefixes and suffixes forms.
This inflectional and derivational morphology is capable of generating several words
from a single root. This needs the morphological forms knowledge base to be

consulted, as can be seen from Table 4.

Table 7.3 Prefixes and suffix linked together to produce word based on inflectional and derivational

Word Stem
Osleadl Jas
Q\JLL;A} JLLM

Infixes + Stem

. l

(Root + morphological formations)

Indeed, in Arabic information retrieval, many word formations may not be retrieved
due to the inflectional and derivational morphology maybe appear in the infix within

Arabic words. Therefore, extracting the derivational and inflectional morphology in
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infix was supported by AMIR by adding four rules to change the word from plural
form to their singular form based on a complete knowledge base of Arabic

morphological forms and rules, as can be seen from Table 4.

Table 7.4 Arabic infix inserted to root, example

Word Stem
il i
<l ol
pd A

Infixes + Stem + Suffixes

; l

(Root + morphological formations)

This step extracted all possible infixes and suffixes that may be attached to the root
which also based on derivational and inflectional morphology, Table 4 shows some

examples of Arabic infixes and suffixes linked together to produce a word.

Table 7.5 Arabic infixes and suffixes example

Word Stem
ais i<
RELS RS

Gl pa Al ya

Stem + Suffixes

(Root + morphological formations)

Note that the Arabic language like the English language when dealing with the suffix.
And also in English and Arabic often suffix is denoted by numbers such as school
schools. Therefore, this step often based on inflectional morphology only. Table 7.6

shows an example of the suffixes attached to the Arabic word.

Table 7.6 Arabic suffixes example

Word Stem
AL Js
Ol Us2
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Prefixes + Infixes + Stem + Suffixes

; l

(Root + morphological formations)

This step linked?® together all prefixes and suffixes in addition to the infixes that may
be attached to the root to generate different words. This is the final step of the
processor, which is also based on both the derivational and inflectional morphology,
the output of this step is passed to the prefixes, infixes, and suffixes generator, as can

be seen from Table 4.

Table 7.7 Arabic prefixes, infixes, and suffixes example

Word Stem
Siia S
Sl el Qe
BN s

Figure 7.6 shows AMIR way to extract stem from a word. It’s very simple, only by

removed the inflectional morphology that added in previous steps and keeps the

—E

derivational structure as it is.

Three letters or less Word Marphological
Formations

Morphological Analyser

AMIR
l Remove
Extract Stem or Root Affives

!

Prefixes, infives, suffixes Attached

Figure 7.6 shows how AMIR system extract stem or root from the word

28 Linked all prefixes and suffixes together is very hard and complex because the attachments are not
associated with each other in all cases.
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The AMIR stemmer applies the follows steps, which depend on what the word contains

stem at begins, meddle, or ends.

- Only prefixes: check AMIR rules No 1 only

- Only prefixes and infixes: check AMIR rules No 1, 3,4, 5, and 6

- Only prefixes and suffixes: check AMIR rules No 1, 2, 7, and 8

- Only infixes: check AMIR rules No 4,

- Only infixes and suffixes: check AMIR rules No 4, 7, and 8

- Only suftixes: check AMIR rules No 4, 7, and 8

- All prefixes, infixes, and suffixes: check AMIR rules No 1, 2, 3,4, 5,6, 7, and 8

7.2 Recommendations

Through this study, it was noted that morphological analysis affects the effectiveness

of retrieval performance. This led to suggest some recommendations that related to

this issue as follows:

An Arabic test collection of documents for information retrieval is needed. So,
the test collection being used as a base for developing an adequate Arabic test

collection for information retrieval experiments.

More is needed for Arabic retrieval systems for development. Unfortunately,
there are few studies of the Arabic language retrieval system available for Arab

researchers, especially related to Arabic morphology analysis.

Current Arabic stem algorithms do not handle the second conjunctions in
Arabic like prepositions, e.g., ‘4w 213" (5o for the school). As a result of that,

more studies are needed to improve the Arabic language retrieval system.

Through the literature review, it was found that there is a weakness of
cooperation between three groups of the scientist (i.e. computer scientists,

librarians, and linguists). As a result of that, it might help, for improving the
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work in this area, if the three groups could work together to enhance

information retrieval performance in Arabic.

o Year after year, Arabic sites on the Internet are increasing, so the researcher
hopes that advanced search engines are necessary to support the Arabic user to

meet his needs.

« Current search engines like Google, Bing, and traditional information retrieval
systems do not handle mixed-language queries adequately, regardless of its
constituent languages, so the researcher is recommended that the mixed-

language uses in the Arabic language retrieval system.

e The current Arabic stem algorithms do not get yet much focus on lemma
extraction from Arabic texts, so the researcher is recommended that the lemma
system can give benefits of the power of rule-based stem, and more suitable
for information retrieval systems because lemma can capture all semantic

features of the word.

7.3 Conclusion

The rationale behind this researcher is to improve the extraction of Arabic root/stem
form a word to build effective Arabic information retrieval systems. Many researchers
have investigated the impact of stem and morphology on the information retrieval
process over many years. Consequently, in our experiment, comparative study of
retrieval performance for AMIR, FARASA, and LUCENE method was carried out,
and the results of the comparison show that the retrieval performance of the MAP for
the morphological formations method (AMIR) was at a level of 0.34 %, while
LUCENE, FARASA, and no stem are 0.27%, 0.28% and by 0.21, respectively. The
results show the AMIR system did improve the retrieval performance of the stem
methods. It is be noticed that AMIR gives the best values of P@10 and P@20 by 0.63,
and by 0.59, respectively. This indicates that using AMIR stem yields a much-
improved retrieval performance of the root method in terms of precision. In other
words, the AMIR system succeeds in retrieve more relevant documents that would be

retrieved when compared with other stem methods. On the other hand, AMIR achieved
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a MAP value by 0.32%, while LUCENE, FARASA, and no stem, are achieved a MAP
value by 0.25%, 0.26%, and 0.18%, respectively, by using LM model. Furthermore,
the performance of the new AMIR tested on the given Arabic words has been shown
to increase results search engine output. Where AMIR outperforms Google Internet

Explorer, Bing, and Yahoo in terms of the total number of result searched pages.

Concerning the morphological complexity, building good rules of morphological and
stem analysis could solve hard morphological complexity that has long term
dependencies to extract a word that succeeds to satisfy the user’s query of data.
Consequently, AMIR has been developed to solve different types of morphological
complexity. However, several rules have been proposed in AMIR to generate/extract
the morphology features from the Arabic word. In most performance, AMIR results
outperform the state-of-the-art results. Thus, AMIR can be considered to operate

around solve the complexity of morphology problems in the Arabic language.

As summarise, this thesis proposed a new approach for Arabic stem, called AMIR uses
to generate/extract stems by applying a set of morphological rules regarding the
relationship among Arabic letters to find the root/stem of the respective words used as
indexing terms for the text search in Arabic retrieval systems based on investigating
the effectiveness of the stem and morphology analysis that are authored and/or
annotated in Arabic on information retrieval performance, and how to bridge the gap
in Natural Language Processing (NLP) to gain the best the intelligent use of stem and

morphology in the Arabic information retrieval domain.

Finally, we believe that it’s difficult to develop new Arabic system retrieval without
good morphological formations support it. This thesis has shown to improve Arabic
stem and increases retrieval performances through presented AMIR system for
extracting stem or root form of Arabic words based on morphological formations.
these morphological formations resulting from the addition of different prefixes,
infixes, or suffixes to the root of the word according to the grammar., so AMIR system
capable to enhance the ability to extract the stem that is used to finding the best quality
solutions that facing the information retrieval by avoiding getting trapped in similarity
roots such as the problem of the broken plurals for nouns, verbs, adjectives, and gender
that cannot be solved by previous methods.
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7.4 Future work

In this section, we will summarise some of the research points that have not yet been

fully addressed by this thesis. Therefore, there are many improvements and ideas can

be done to develop thesis method, so in this research, we can list a few of them as:

Develop this algorithm by adding more rules of morphological formations to
prove that it is an intelligent algorithm and can work with any kind of

information retrieval.

Add more features to improving the precision and trying to keeping the running

time minimal.

A Lemmatizer technique can be combined with the research method to get
more relevant retrieval for the information to ensure the precision and the

relevancy.

Develop AMIR by adding more patterns to meet the requirements of the topic
of interest to uses for identifying the current word, which makes AMIR more

efficient over any type of stem.

In Arabic, plural can be denoted by prefix, infix, or suffix. Often plural in infix
used vowel letters, thus the future work, it may possible to break plural in infix
by removing vowels, for example, suppose that a word contains vowel attached
in infix and weight is four letters, so if we removed the vowel, the remained
will be the root. Like the word » s> (Attacks) if we remove vowel in infix then

we will get ~>& (Attack).
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APPENDIX

Appendix A — Examples, stem of the words

Table A.1 Examples of stem of words

Word

(e
Sapd9
Bl
Olaa |
Ol diwa]!
oldeg
Ol
©byle
SN
Ogurydn
)9

Sy
Soluo
Pl
wlg, L
JdlaSb
4319,50b
pasSL
P2529,50
b,SIb
<oSb
Jlaw, b
ey, SIL
BE
Tlsly
LSS
b
BRVOAN[H

S TIRAY
Sl
Sl
dulasIb
sy
@=L
lelaSIb

e iUl

AMIR
o
o2

LUCENE
(o
Sy

Blige
2ol
Syl
BV
Do

o
R
S5
S5
Solyo
plo
95
C)b)f
wlg,S
oS
£93909,S
Ky
S
Jbw,S
oS

3

FARASA
o3
o
Blise
ol

GAA' “
ol
Ol
Sl

N

RITY
3l
p9S
29392955

126



Table A.1 (continued) Examples of stem of words

Word
STEND
L
RN
D gSadIL
FIIL
S
d5lasdL
oL
daslly
olIL
4l
BTAE
S
OLSIL
4L
b
EPARA]
JLSIL
L;UJ}J.ASJL\
FoaeaSlb
Ol ganaSIly
WA
4
oUSIL
st
LuassIb
UL
EITESAE
BT
owSIb
duusIl
CauntiSIL
£UyeSIL
2SIl
JlgSIL
ounlsSIb
BEIESE
lssIb
aslySIb
SlesIb
dwsSJb

AMIR
2988

Y
RN
BeSaids
e

5

BIRT

s
olsS
).)ljs
EylgS
CadilsS
_Siss
35S

LUCENE

2988

N

B Saads

B eSdads
LY

Y

olus

&ukc"’c_.x- C
ﬁﬁ&%%%%i?&%%%&%%%%&%

90938
39S

sbyeS

JisS
olsS
1S
u_)|_95
CakleS
_SisS

FARASA
2988

Y
RN
B eSdads
LY

5

BIRT

s
olsS
1S
u_)|_95
CadilgS
SlyS
35S

127



Table A.1 (continued) Examples of stem of words

Word
arosSL
S UY
SLPANY
48480
EssL
RALTNIY
<S5SJL
JoAud $83b
SATSIANIY
PAESE
wllsSIb
ForasSIb
Oly3game gL
Ol gSIL
b sSIL
0sSJb
AN
RATAY
1755JL
RTYPNTOREAIY
TSN
RE"
cosSIb
&b
oL
RYAUY
13 9080b
RSTEAUY
BTN
@sdb
JuSb
$SIL
INARIE
pleskSIb
lwouSIL
SheSIb
J9euSIL
“IPPRIY
@S,

AMIR
ass
&5
dgS
&S
558
e85
<S5S
Jofud oS
JeiglsS
oS
AsS
FosasS
FornsS
Oldio S
butesS
0sS
bsS
S
‘jéas

LUCENE

15sS
TISTONILY
3)35)35

FARASA
as®
&S
355
&S

555
onbsS
S5S
JofudgS
JislsS
LlsS
A5S
FoeasS
FsuasS
Olkin oS
Lo sS
0sS

55

128
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Table A.1 (continued) Examples of stem of words

Word AMIR LUCENE FARASA
ERRN[E &S oS &S
leML Y Y Y
AL =Y =Y =Y
LDl o o o
Sl BIRLY olusly Sty
Lo Y oY @Y
oL @3’ CB’ @3’
! & z! &

&) grwddL &) gwd Dgawdy S gy
A8 3 3 3%
MWL @Y oY @Y
4oL 3 3 3
293 9y 93 93
SLUL Shey Ly Shey
EWSE U WY Y
=L e ) s
leML sy sy sy
4L > s sy
oweL Y sy Y
CaxeML Cared Caed cased
ML sy oy sy
PRI cay cdy cdy
AL ey ey ey

8L 8L ol b
Mgty dpes¥ dpead g
ERINUE QLY oLy Y
S SloY gloy Sy
ol o oW oW
8Ly auW au au
LY Sl ol Sl
ol ol ol ol
ool gl ol gl
o=l Ol ) Ol
el ) cs2) s
3=l Sl 3 3
Aasllly Lo o) Lo
oy - o= o=
ol o= o= o=
el £ £ £
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Table A.1 (continued) Examples of stem of words

Word AMIR LUCENE FARASA
4l & o &
@lralll doual Ol B
vegsalll e vegal vegal
omalll o) o) o2
<l ol ol ol
b o NS NS
dallb s s s
dalll o~ o~ o~
ol olad & ol
sl o o o
UL ela) cla) ela)
lelally ) L) ola)
wl=lL zw ) )
Jealll Jgud) Jgad) Jgs8
SUL o~ ~ )
LWL S S S
aslb S ) )
4L & & &
Olxalll < o o
omelll o o o
Slualll oo o o
deallly o o o
el vy vy vy
dxglll =4 = =
owigll Y Caxg) =
£94glL s94g) s94g) s94g)
EYRL kY 5 9
sl N slg) slg)
zlslb s zl zly
Glslb Gl @lg) Gl
Pl ply ply ply
Aoy Gz g) Gz gl Gz
ol>glb < < <
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Table A.1 (continued) Examples of stem of words

Word AMIR LUCENE FARASA
4>l <y s s
L STy 9 9
LaSslb bhasSs! hasS! hasS!
slasSollb sloSgllb sbaSy) sbSgllb
sl £y Py ey
Ogllb Oy 5 Oy
ossll VLY NIy NIy
3L 3W W dW
il Jdd Jind Jdd
ol Jind Jind Jd
Sallb W o CEW
AL A A A
8L By By By
b S By 3N
oL oM o oA
Oladlb olad L Olad

3Salb 3654 3554 3554
logiodly  loghad  loghed  loshod

oAb o o o
5l 034 054 034
b ol b b
REANE isle isle isle
el ol oolo oelo
Gl 3l Ele &le
8lwlalb Lwlo Lwle Lwle
eYsSlall JoSle JoSla JsSle
8yolall oo oo ole
Sl e dne AW
ool R R B
Sliall o o Sa
RISt T % Exo
wlalelb alo alo alo
ol o) g ol
gl Jeo Jeo Jeo




132

Table A.1 (continued) Examples of stem of words

Word AMIR LUCENE FARASA
Odaall e e NV
ddaall Odee Oduwe Oduwe
Dgselly Sgse 50 Sgse
LJb oL L oL
sty sl slo slo
Ll Sl L Sle
slaJb ole sl sl
woladb ool wole wole
8alaJb ole sl sl
ool ooole wole ooole
Lol ol ole sl
0giblall 0gible ahle 0gble
8ylalls e e b
JUylelb Jle Jle Jle
b Il o o
Blgzlodly Blgzelo Blyzelo Blyzelo
oslell owle oo osle
JlagylJb Jlaw)le Jlaw)le Jlaw)le
Folalb Fole Fole Fole
TSIONY Wil @il @)l
orlell ole ole ole
JAewlell JAwle I Al I Al
deilall ale sl lo
Wb o2l o2l o2l
w2llb ol =1 ol
ewLon ﬁwt‘“ ‘owu ‘owu
Wlall Ll Lol Lol
zWllb Wb arls Wl
JlJb Jb Jb Jb
LYWL LYk LY LY
ENINE EN[R EN[ B gllo
LN db Jb db
olJb ol ol ol
Sailall Snisle B Saile
areslall e e ke
Lladb (EX] Lo Lo
EPRIN] Bgile Bgile Bgile
Wb Lol Wl Lol
bl ool ool oo
dolall Sk Ibe Sl
wSolly ke Wb Sl




Table A.1 (continued) Examples of stem of words

Word
C)Lﬁj:\LoJlg
N ESWAIY

Sakall
©holall

SEIRNE
O¥alwelb

bl
6kl

8hleall
ooblall

Skl
Sbylall

8riluall

an

Qs

AMIR

P

(63

EEE AR LN

ti

LUCENE

b
ss

by

H

C

EEE N2

ta

S
t

FARASA
ogle

e
Sk

Py

B

C

ER AR R

&

S
t
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Table A.1 (continued) Examples of stem of words

Word AMIR LUCENE FARASA
Gdsialb INES GINES GINES
dyydially e e e
8gauiall STEEE STE J9Rie
Sl s s o
9l e e e

o gutally ke Jguda Jgsia
aiall PR Do Do
Opaaiall PRWEVE Do i
Sl Sylaie Syl Syt
ondykaially Byt Byt Byt
Szl e e e
NN salaie solaie salaie
opyalaioll solaie solate solate
Onbolaially Jolato Jolato Jolato
onglaiall Oglaie Oglate Oglaiio
oy e e e
duylhaszall ke ke ok
Orritell e e e
OIJFENE ki By By
Sl Sn oS e
ondpeiell 3peke 3yaka 3pake
opeibzall &5l &5k &5k
ol ok Foe ok
el pee e e

g

£
3
%
T
1S
T
3

%E ,
£
t
i
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Table A.1 (continued) Examples of stem of words

Word AMIR LUCENE FARASA
Goell Goe Bye Soe
8ylally e e e
Olaliall e e e
Jolle Jose Joe Joe
B)lmalb B)lxe B)lo B)lmo
BIENY BIE) BIEY BIE)
o=elb e B sle
B3NN Do Do e
ajlxally Biloxo Bilae Bilo
delxall glxa Elxo glxo
Jlxalbs Jlxe Jlxe Jlxe
oYl Jlxe Jlxe Jlxe
ozl dudxo oo oo
dleall dlos Jloea dls
RALESN]Y Jlxe B[EN e
dalxally Jolxe Jolxo Jalee
Olmall Olxo T Olxo
opdal=alb BVAE' a2 e Ja e
Olasixalb qeicxn oo reize
dexally Ao Ao Ao
Calizally Calizee ol Caldzee
el B B 7

e e B =
8),xall BE Jy=e Jy=e
el e e Prxe
Oneyzally prome pr=e rome
Lymally S =0 Sre
Opyall e B Sye
8)5ally e BYE BYE
OMexalb J=e Joo Joo
Al NES J=e e
oul=all oulma oel=e el
el Toxe o S
Ol gazall gsame Eyacme Eoazme
de gozoll goome Eoone Eoame
ke goxall Goome  Casgexe & i
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Table A.1 (continued) Examples of stem of words

Word AMIR LUCENE FARASA
Ogiell Ogime N Ogiae
Jlg=all BIVE BIVE BIVE
9470l S947e S9¢e Sg¢me
SEYESNY Jge=e LYY SEYES
09l 090 & Ogxe

Ol gxell BLTES SRye SRye

s sxalb ) e )

8Ll blowe bloee Lo
Olal=alb Galxo Gdlxo Gdlxo
3loally dloma dlome dlome
dyl=ally ol e lxe
RO 1ES les les
8ylxells e e e
drulally slxo aslxo Clno
Juolxally Juolo Juolxo Juolxe
Ol aolall ol ol ol=a
Uadloall Ladlons Ladloes Ladlows
Aadloall sl Ll Ll
b lonals Lablons Ladloes Ladloes
Jol=all Jolo Jol=e Jol=e

Slowall iSna Slore Slore

Jlxall Jloxe Jles Jlxe
Blolall lol>eo lol>eo lol>eo
ol e ol Sl
dualealls o plows 2w

Onelalls plo plo plo
Yglally Jylxe Jyloee Jyloxe
gl Jylxe Jyl=e Jgloee

duall o e o

Ot geeally e OgR UR
o¥lbixally Jle Jlize Jlize
Small Ry SBrize SByize
Odimall B B Bfize

el e e e

Fixally Fo Fxo Fo

Sbgizmall Syima Yoo Syime

8),xally BE > >
o2yell By 2> 2>
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Table A.1 (continued) Examples of stem of words

Word AMIR LUCENE FARASA
48y>all Gy Gy>a Gy>=e
2yall 2ye 2y>e 2o

OBy=ally 2y 2y 2y>o
Oloy=ally pr>=e pro e
g ,>all RITES RITES Bgy>e
o9 y>=all P90 poy>e poy>e
RITE NI e e BYE
doguall Q9o e e QGge
orgally Y g0 Qe ge QU gR
Ola=dlb s a=o a=o
damall Lo Lo Lo

IESN]E oo Joxo Joxo
onlloeadl Jloeo Jhoeo
Jgl=all Jgloxe Jgl=e Jgl=e

Joalb J=e oo e
297l B 290 BT

@Y gally Jg=e Jg=e Jg=e
Lalb Lo Lo Lo
GEYEN]Y RZYES Lo AZYES)
Oyl B e e
colalb ol s e s e

sblall sbls sble sble
8yblsell JUNESS Sble Sble

ERTS[PONE e e oo
cnidlseally e e oo
glsealby dglseo Bglsen Bglsen
Jlizally BLE Bl BlE
Jially Jiso Jiseo Jiso
Oyldsealb Oyldsca O)yldses O)yldses
A=ally BRE SR SR
NN BYEWN JRE JRE
Ol BRE SR SR
o>elb o> G e
0935l 0g33e e 093e
wbgi=all O9>e e O95>e
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Table A.1 (continued) Examples of stem of words

Word AMIR LUCENE FARASA
Olhaasall =YLV et PP
Onepasall prase prase prate
b glaseally bglasn bglase bghke
b glasealls Cdglases glaseo Cglaseo
Olalsalb Calseo Calseo Calseo
Golall Byla Bole Gyl
Clskrall  dskhe Gobke  Gobee
Joalb Joea Jese Jese
Slagnall s en en
EARWNIE J3le ARV J=le
ES RN Jusloe sl o
oulalb duydo owlde ol
wlbellalb sldo cslde cslde
28l 2dlde e xélde
dadlaadb 2l e e
on8laell 28l e xélde
odlell ool o9l o9l
sl Ol Ol Ol
Olalaatb 2o REAR REAR
8yghally SISV 29 29
Y9l Jolde Jolde Jolde
doglaall polde p9lde 9o
EVEWN]E d>de d=>de d=>de
Clyadalb e e JENY
dsaedb dsde dsde dsde
RESW[E OFde RESY RENY
uuo.Lon OFde OFde O
SdaJb e dde dde
shydelb slydo slydo slydo
osbell e obde oo
el e e e
el e e e
oelb e e e
duydall dugydo oo oo
Onepdally Do BOEY oo
wleydalb Erde Erde Erde
el 5 oo soe
$alb S glo S
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Table A.1 (continued) Examples of stem of words

Word AMIR LUCENE FARASA
el gdo go go
ol e oo oo
EVELRVNIE 28 e LA
)l e oo oo
odall e ode odks
dadull adde &de &dde
Ovedally ORde (e Oade
Ol Ol Ode Ode
3L e 0o Qe
BRI e Ode Qe
Orodalls e Ode Qe
Sl Soko o S
dyaally Gba " S
el ke ke e
Lyl Srpe R Sk
dgdall Opke Opke Opke
Ol O2de Cpke O2de
Slgaall Qoo Og2ede Qoo
zeldelb douda lde lde
caldalb bl calde calde
aelialb aelde axlde axlde
el de e e
doudalb dowde oo e
8,Sdalbs Sde Sde Sde
IRV Jde Jde Jde
Codalb ARV ide ide
Oadall ARV Cide Cide
cdalb Y-V cde cde
31,00l e e s
Slhally e e s
exhell ezl el exhe
dazlplb el &=l el
d>lall oy oo oo
8)lyall ol o o
olslyally Juslyo Juslyo Juslyo
bl plya pslye pelye
eyl el o]y ol
Blelyoll elye el elya
dadlyall &he &b &b
Gall &l & Glys
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Table A.1 (continued) Examples of stem of words

Word AMIR LUCENE FARASA
sBlyalb s8ly0 £8l 50 s8] y0
ZRL]IWIY dlye dlye Slye
Ondlyall Slye lye Slye
Syl <Slye <Slye <Slye
Shall Sha Slye Slye
onalyell KLY 3Ry Gole
palell ol ol ol
wlalell Ol o2l o2l
oyl Ol o2l o2l
e glyall Eolye Bl gl
doyall 3 e 3
45ell ye ye o
Lol Lyo Lo Sye
AR Lo Lo Lo
Syl Sy Lye S50
Oeiyall Lye Lyo Lyo
483550 By By By
o835yl 8o &y Gy
Oyl Olrye o Ol
&zl 3% 3% 3%
Olazyall Eas g &z =0
duazryall = & =0
ol oo oo T
>yl >0 J=e J=ye
onid> el il e e iy
ENESND Jo J>ye Joe
BIYUY i e e
oyl Py g0 pywuye
vyl Rdany R o R o
Tlopall Thoye Thoye Tdoye
el yall Tliyo T Tuye
Lsyally Liyo SLsyo )
Sbasall oy Sboye oy
o2l o2y 30 3%
onyall Iy 30 =38
Syl boye bye bye
el 08 RI3Y R3S
LIN]E 50 190 50
@9l @950 @950 39y
Syells Sy Sy Sy
4S5elb Sy <Sye Sy
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Table A.1 (continued) Examples of stem of words

Word AMIR LUCENE FARASA
oSyl S CSye Sy
35e0b S 350 350
p3Sydb Sy B B
BN B BY) 0
pyelb £ f o
Sl>g,eJb F90 <3S 9
du>90ll LTS T 9
29Jb 290 290 29
029l 0PI U2 0PI
A9yl 09 090 090
&l oo Fose oo
ol oA vy YY)
v el Ry Cuyo R
el Slye Sl3e Sje
Ol 3o 30 olye
Eoledl de)ye Eole Eolse
ae)lell gl gl Qe
pelall el el el
Fhelb e e calie)
blyadb blye blse blse
Sllall Aol Solie Ao
Buliellb Aol Solse Al5e
b o o T
d>3all €% T T
z9edl T T T
a3l de)ze &30 Qs
Slegypll Eaze &% &%
Sl S g5 LY
2953b 2950 2950 2950
el T D0 T
S3elb je Lo Lo
Jluwo Jluw Jlue Jlue




142

CURRICULUM VITAE

PERSONAL INFORMATION

Name Surname : ALI ABRAHEM ALI ALNAIED
Date of Birth : 19/05/1973
Phone : 0090 54 54 057 299
E-mail : a_alnaied@yahoo.com
EDUCATION
High School : 1989 — 1992
Baccalaureate in sciences, Tarhuna higher school, Tarhuna / Libya.
Bachelor : 1992 — 1996

BS in Computer Science, Computer Science Dept, higher institute of
Science and Technology, Misurata / Libya.

Master Degree : 2002 — 2004

M.Sc. of Information & Communication Technology for Engineers,
Coventry University, Coventry/ UK.

WORK EXPERIENCE

1997 — 2001

Assistant lecturer in a computer laboratory in Computer Dept. at
Higher Institute of Comprehensive Vocational. Tarhuna /Libya.

2004 — 2006

Lecturer in Data Structure at the EImergib University Libya. Al
Khums/ Libya

2007 — 2008

Lecturer in Java Programming at the Higher Institute of Computer
Professions in Al khamis Amseahl. Tripoli / Libya

2009 - 2010

Lecturer in Database & OOP at the Higher Institute of Electronic
Professions. Alkarboly / Libya

2011 —2013

lecturer in Database, Data structure at the College of Science and
Technology-Tarhuna.



143

LANGUAGES

Arabic (Native), English.

TECHNICAL SKILLS

Programming Languages: Matlab, Java.
Platforms : Windows 98/2000/XP/Vista/7/8/10.
Tools : Latex, MS Office.

TOPICS OF INTEREST

Database, Data Mining, Information Retrieval.

PUBLICATIONS

- Alnaied, M., & M.Abduallah, “AN INTELLIGENT USE OF STEMMER
AND MORPHOLOGY ANALYSIS FOR ARABIC INFORMATION
RETRIEVAL” Egyptian Informatics Journal, Elsevier, 2020.



