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ABSTRACT

The work presented in this thesis explores the question of the automatic
acquisition of senses for lexical disambiguation in a trandation framework. the issue
of the identification of the senses is situated in a linguistic framework and the
treatment is oriented towards translation. Thus, We propose a linguistic method of
meaning acquisition and making it possible to establish semantic correspondences
through creating a linguistic annotated corpora by taking advantage of the large
amount of annotated English corpus Princeton WordNet sense, and using a machine
trandation systems. This method is applied within the Arabic language and evauated

on the Arabic corpus alone in atrang ation-linguistic framework.

The results of this method are exploited by a lexical disambiguation method,
which gives meaning to new instances of ambiguous words in context, and by a
lexical selection method, which proposes their most adequate trandation. Findly, a
weighted assessment of the results of disambiguation and lexical selection is
proposed, based on the inventory constructed by the word-sense disambiguation

method.

Key words: Lexical disambiguation, Automatic transation, Cor pus enrichement.
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General introduction

This genera introduction sets the stage for this thesis. It is devoted for describing the
background of the study, identification of the problem, research questions, objectives of the
study, significance of the study, and clarification of the used terms.

1. Background of the Study

Language is a system of communication, written or spoken, which consists of the use
of words in a conventional way. It is very important because it is one of the main ways that
keeps individuals in contact with each other. The English language is an example for the
importance of a language which has become a global phenomenon in the 21% century, and its
learning has become an important educational issue. Consequently, people from different
countries and cultures who speak different languages can communicate with each other easily

aslong as they acquire the ability to use English.

As said previously, due to globalization, people who come from non-English
countries, just like Algeria, are positively forced to learn this language in order to be able to
communicate with others throughout the world. Actually, alot of them depend on tranglation
as a mean of communication. “In this respect we can speak about an ethos of trandlation,
whose am is that of repeating the act of linguistic hospitality in the cultural and spiritual
field.” Alexandria(2001, p42). In light of the above, developing the accuracy and efficiency of
trangdation comes to be regarded as the role of not only trandators, but linguists as well.
Nowadays, many people from different cultures who speak different languages in order to
communicate are using automatic transation (AT) softwares, applications, and websites.
Unfortunately, many of these tools provide users with mistransations, what gives rise to
communication problems. This was the fundamental reason why natural language processing
(NLP) engineers are seeking to work on automatic trandation in order to enhance the quality
of trandation. One of the thorniest problems of NLP is the issue of word sense
disambiguation (WSD). The latter was defined by Singh as follows, “Word Sense
Disambiguation is the determination of sense of a particular word used in a particular context.

Since words can have multiple senses in dictionary, it is very much important for the machine




to determine the correct meaning of word in the context. For instance consider the following”
Singh (2015). Thus, Text clarification is a central task innatural language processing, which
can improve many applications such as the extraction of multilingual information, the
automatic summary or the automatic translation.

Either manually or automatically, It is a must to revea a certain number of
ambiguities, such as the lexica ambiguity which represents one of the huge difficulties of
languages automatic tranglation, since some words may have several meanings. Lexica
disambiguation is one of the important problems which should be resolved directly or
indirectly in order to process natural language automatically. This thesis sheds light upon the
lexical disambiguation and Focuses mainly on Arabic language which is regarded as a poorly

endowed language for this task.

2. Problem of the Study

We have a corpus where the occurrences of many words are lexically disambiguated.
We want to use linguistic methods in the process of translation from English into Arabic and
vice versa within a lexical disambiguation tool that can automaticaly disambiguate new
instances of these words in new sentences. This type of problem falls into the category of

problems that supervised learning techniques address.

Early works on learning take us back probably to Chomsky’s studies. A simple way to
learn is to observe situations for which the adequate response is known. Perhaps, a system can
learn if it takes advantages of this experience to build a knowledge base that allows him to
make a decision about a situation in which the answer is unknown. In other words, alanguage
processing system can disambiguate an ambiguous word by analyzing the form of it. What is
meant by observation is the base phrase analysis. Therefore, words determination procedure
may cause a problem to WSD in the process of defining if, for example, the word ‘well’ can
be a noun, verb or adverb, especialy if this operation is applied to the Arabic language which
has a different properties such as diacritical marks which can completely change the meaning

of an aword.

3. Research Questions

Based on the discussion above, this study addresses the following questions:
1. Inwhich manner linguistics can contribute to the field of WSD?
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2. Towhat extent diacritical marks theory can enhance the process of WSD for Arabic?
3. Can Chomsky’s syntactic parsing theory improve in lexical disambiguation of English

morphemes?

4. Objectives of the Study

We suggest two main objectives for the thesis:

1. Lexica disambiguation of Arabic: firstly, we present the linguistic method used for
the automatic creation of the corpus annotated in meaning for Arabic language, taking
advantage of the large amount of English corpus annotated in WordNet sense, and
using a machine tranglation system. This method is used for the Arabic language. We
will exploit these annotated corporato improve lexical disambiguation for Arabic.

2. Improving automatic tranglation with lexical disambiguation:
In a second step we use lexical disambiguation for automatic translation. More
precisely, we annotate the parallel corpora used during the process of automatic

trand ation systems using Chomsky’s syntactic parsing method.

5. Significance of the Study

Many techniques are used by many teams of research to try to solve the problem of
lexical disambiguation. Thus, we chose to use these techniques, in addition to our linguistic
background, to design our method to be used in a automatic lexical disambiguation tool. This
tool must go through a learning phase and linguistic analyses. At the end of this phase, this
tool should be able to automatically determine the correct meaning or interpretation of each
ambiguous word in a new corpora. To evaluate its performance, we use the part of the corpus

set aside during the learning phase. The design of such alexica disambiguation tool requires:

e Linguistics and computational linguistics skills for developing criteria.
e Good background knowledge of the linguistics properties of the language (which are
English and Arabic in our thesis).




6. Clarification of Key Terms.

Naturaly, many terms are used in this thesis. Perhaps, some terms are not widely
used. Thus, they are defined in order to clarify their meaning according to the context and to
avoid any unnecessary misunderstanding. First of all, disambiguate, it express the act of
removing uncertainty of meaning from (an ambiguous sentence, phrase, or other linguistic
unit). (Oxford Advanced Learner’s Dictionary, 2010,). Secondly, lexical disambiguation
stand for “disambiguation of the sense of a polysemantic word”. (TheFreeDictionary.com
n.d). Thirdly and finally, what we mean by corpus is a collection of written texts, especialy
the entire works of a particular author or a body of writing on a particular subject.(Oxford

Advanced Learner’s Dictionary, 2010, ).

7. Outlineof the Thesis

This manuscript is organized in two main parts. First of all, we present the state of the
art of the Arabic language in NLP(natural language processing) , and lexical disambiguation
in general, and that of Arabic in particular. We show that the lack of resources in Arabic
causes several problems in the process of improving, evauation of the Arabic systems of

lexical disambiguation and the process of comparing them.

Secondly, we develop through our contributions in this Thesis the field of WSD, the
implementation of the proposed a linguistic method for the construction of a lexica
disambiguation for Arabic, the development of resources for both the creation of a lexical
disambiguation theory and for the evaluation of itself, moreover, the exploitation of the
produced resources to build the intended system, and finally, the study of the contribution of
the task of Arab lexical disambiguation for the automatic translation.

Thus, we present in the first chapter, the Arabic language by focusing on the main
features of this language. Also, we present some existing Arabic NLP resources and tools. As
well as, we present the task of lexical disambiguation, its implementation process, useful
generic resources, existing approaches in general and Chomsky’s syntactic parsing
particularly. Then we present more particularly the lexical disambiguation of Arabic by
illustrating the state of the Arabic language for this task. The second chapter is associated
with the methodology followed in conducting this research, The last chapter aims to exploit




the resources produced in order to create an Arabic lexical disambiguation systems, and then

to study the impact of the lexical disambiguation task on automatic trandation.
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CHAPTER ONE
LITERATURE REVIEW

1.1Introduction

Word-sense disambiguation is the process of identifying the meaning of a word in a
given context (Mitkov, Jan 13, 2005 ). It was first presented as new separate computational
task during the early days of machine trandation in the late 1940s, making it one of the oldest
problems in computer linguistic(Agirre,2007). (Weaver and Warren1955) acknowledged that
context is crucial, and they recognized that “statistical semantic studies should be undertaken,
as a necessary primary step. Lexical disambiguation is one of the main characteristics of a
language; it is commonplace that a word have multiple meanings. For example in GPS
application if user asks that he wants to go the bank. So which location should GPS give? The
noun bank may has several meanings, it could be a financia institution to deposit a check or it
could be a supply or a stock held in reserve for future use. It needs to understand how words
are linked together in a specific context in order to know the right sense. Humans may simply
understand a context of word ssimply by looking at the surrounding words and comparing
them in a different usage. The same mechanism might be used by machines to determine the

correct sense.

(Zipf, George Kingsley1972) published his “Law of Meaning” that accounts for skewed
distribution of words by number of senses, which is more frequent words have more senses
than less frequent words in a power law relationship. Our work will be divided into two
sections; In the first section we present the state of the of the Arabic language in NLP(natural
language processing), and lexical disambiguation in general, and that of Arabicin
particular. We show that the lack of resourcesin Arabic causes several problemsin the
process of improving, evauation of the Arabic systems of lexical disambiguation and the
process of comparing them. However in the second section we show how applying linguistics
in natural language processing (NLP) helps systems such as machine tranglation (M T) to be

improved.
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1.2 Theoretical framework

1.2.1 Computational linguistics (CL)

Computational linguistics is an interdisciplinary field that concerned with processing of
language by computers (Mitkov, Jan 13, 2005 ). At the beginning computational linguistics
(CL) around 1949 ,it kept into existence shyly when Warren and Weaven wrote his famous
memorandum suggesting that translation machine might be possible .The first conference one
Machine trandlation(MT) took place at MIT in 1952 and the first journal, Mechanical
translation, began in 1954.However,the term ‘Computational linguistics’ started to appear
only in the mid of 1960’s.The journal changed its name to Mechanical trandation and
computationa linguistics in 1965 but, the word ‘computational linguistics’ appeared in a

small type.

1.2.2Machinetranslation (MT)

“The term Machine trandation(MT) refers to computerized system responsible for the
production of trandations with or without human assistance” (Hutchin, 1995). A distinction is
commonly mad between human-aided MT (HAMT) and machine-aided human tranglation
(MAHT).The latter comprises computer-based trang ation tools which support tranglators by
providing access to on-line dictionaries and reception of texts, stores previously trangated
texts (trandation memories) and integrated resources referred to as translator workstation.
Although the aim of machine translation system is to produce high-quality translation without
the intervention of human in any stage. But, this still not possible (Hutchin, 1995). However

researchers always try their best in order to improve this system.

1.2.3L exical disambiguation (L D)

The task of lexical disambiguation (Word Sense Disambiguation) is to find for each
word of a text the most appropriate meaning among a pre-defined inventory of meaning
(Singh, 2015, p.32) . For example, in the sentence "1 see the mountain through my window". «
The algorithm should choose the meaning of ‘window’ which corresponds to the carpentry
rather than the one that corresponds to the the graphical interface. In this task, only English
can be considered a truly endowed language. Indeed, two types of resources that require

particularly important human work can be used to create a system of lexical disambiguation:
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knowledge-based resources (dictionaries, lexical bases ...) and corpora annotated in meaning.

Poorly endowed languages rarely have these resources.

1.3 Lexical disambiguation of Arabic language

1.3.1 State of the Arabic language for lexical disambiguation

As mentioned before, the lexical disambiguation approach requires the existence of
large lexical resources. Moreover, missing diacritics in Arabic texts is the most difficult
feature for lexical disambiguation because it increases the number of possible meanings of a
word and makes the task of disambiguation more difficult. Many publications on the lexical
disambiguation of Arabic language often consider that the task is complicated because of

certain characteristics of the Arabic language.
1.3.2 Contribution of lexical disambiguation in MachineT randation

The lexical disambiguation task can improve various applications such as machine
trangdlation, information retrieval, word processing, and so on.

Machine tranglation consists of translating a written text from the source language into
the target language while going through a stage of understanding the source language before
proceeding with its trandation. As a result, a system of lexical disambiguation can play an
important role in overcoming the ambiguity of words (having multiple meanings), whether
those of the source language or those of the target. For example, the English word "Want" can
have various meanings (close words) such as "wish", "desire", etc. More precisely, if an
automatic tranglation system knows the correct meaning of the words of the source language,
then it could more effectively determine the corresponding appropriate words in the target
language.Therefore, annotating a text through lexical disambiguation can help a machine
trandation system preselect the most relevant meaning of an ambiguous word drawn from its

training data.

In our work, we are interested in studying the contribution of lexical disambiguation in
machine tranglation, which requires working on data where the meaning of words is present.
To achieve these goals, we need parallel English-Arabic corpora annotated in sense.Thus, a
question arises: Does the task of lexical disambiguation actually improve the quality of

automatic translation, especially for a morphologically richness and complex language such
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as Arabic?. Thisisin vivo evaluation of our Arabic lexical disambiguation system based on

its contribution to the performance of machine trandation.

Among the few works that have been done to improve the task of machine trandation
using lexical disambiguation we cite the work of (Carpuat and Wu, 2007), which showed that
the integration of predictions of a system in a segment-based statistical machine translation
system improves the quality of trandation by evaluating it on the three different Chinese-
English test sets. Similarly, they have achieved improvements on NIST's mgjor Chinese and
English machine trandation task. They evaluated the performance of the machine trandation
system in terms of the BLUE score (BLEU, or the Bilingual Evaluation Understudy, is a score
for comparing a candidate translation of text to one or more reference translations.) and other

automatic assessment measures.

In addition, (Nguyen et al. 2018) presented a case study using lexical disambiguation
of Korean as well as morphological information to improve the performance of neura
trandation systems. First, they built a Korean lexico-semantic network (LSN) as a lexico-
semantic knowledge base on a large scale. Then, based on the Korean LSN, they created a
Korean lexical disambiguation system that can annotate the correct meaning of the Korean
words in the training corpus. Finally, they conducted tranglation experiments using Korean-
English, Korean-French, Korean-Spanish and Korean-Japanese language pairs. Experimental
results show that the use of the Korean lexica disambiguation system as well as
morphological information improved the trandation quality of neuronal machine trandation

systems (for all language combinations).
1.4 Arabicin natural language processing

Many recent research are interested in Arabic natural language processing (NLP).This
language has two important characteristics that make natural processing more complex:
agglutination and missing diacritics of words. The performances of applications and classical
tasks in this field such as automatic speech recognition, automatic summarization, machine

trandation or lexical disambiguation difficulties.

In this section, we are going to present the main characteristics of the Arabic language,
showing the morphological richness of this language, as well as some useful resources and
tools for its automatic processing. First, we begin by describing Arabic language in a succinct

way, while clarifying the difference between modern standard Arabic and dialectal Arabic.
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Then .we discuss some basic concepts of Arabic morphology. Finally, we will introduce its
different grammatical categories, before exposing, at the end of this chapter, some linguistic

resources and existing tools will be provided

1.4.1 Characteristics of Arabic language
1.4.1.1 Arabic language

In the Arabic language, we find that modern standard Arabic (MSA), that appears in
forma and official situations such as (teaching, religious speeches, radio broadcasts and
television, administrative documents etc.) is then most commonly used and understood form
instead of the classical one. Furthermore the dialectal Arabic (DA) which is the daily life
language and which varies according to the region and the country (Maghrebian Arabic,
Egyptian Arabic, Iragi Arabic, Golf Arab etc.). However, asit isdescribed in Figure 1.1, these
two varieties of the Arabic language are totally distinct

In our work, we are interested in standard Arabic, which is an international and
intercontinental language, classified among the Semitic languages, and spoken by more than
263 million people. Asillustrated in Figure 1, it is the officia language in 25 countries, and
ranks third after English and French according to Wikipedia.

. Arabic
. Bengali
. English
. German
. French
B Hingi

Mandarin

T

Portuguese

. Russian

Spanish

EHEUSEEE sTATPLANET 4

FIGURE 1: Situation of the Arabic language in the (worldRFI 2009)

It is alanguage written from right to left, using cursive writing, with 28 lettersin its
alphabet.These letters are consonants and long vowels( «Alif »” « Waw » and’

10
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«Ya»).However, we find the "Hamza' () which can take different forms(,,, ),short
vowelsl.3 above or below the letters alowing their articulation, and which include: the
"fatha' (the sound A), the "kasra" (the sound 1), and the " damma " (the sound Ou) .

Soukoun | & e & = & O B

[..] [b] |[t] |[s] |01 |[h] [n] [1]
Fatha - < 3 z - O J

[a] [ba] |[ta] |[sa] |[ja] |[ha] |[na] |[la]
Damma | < & & z & O J
[ou] [bou]|[tou] |[sou] | [jou] | [hou] |[nou] | [lou]
Kasra - - S G s O J

[1] [bi] |[ti] |[si] |[i] |[hi] |[[ni] |[1i]

FIGURE 2: Short Vowelsin Arabic [Verschaere, 2016]

"soukoun” corresponds to the absence of short vowel.

In addition to that, there is the "Tanwine" which is a second type of vowels used to
vocalize consonants, it marks the repetition of two identical vowels at the end of a word
(name), indicating whether it is a definite or indefinite name. The "chadda" is a double vowel
that indicates the doubling of the consonant or semi-consonant concerned. This symbol is
placed only above the letter, and is written with the "fatha", the "kasra", the "damma" and the

"Tanouine", asit can be placed above the letter without the presence of a short vowel.

Unlike languages like English or French, in Arabic there is no difference between
lower- or uppercase letters. Moreover, the writing pattern of some Arabic letters may vary
depending on their location in the word (at the beginning, middle, or at the end) and the letters
surrounding them.

Modern standard Arabic (MSA) uses similar punctuation to those used in European
because of writing style from right to left. Thus, the inverted question mark () and the

inverted comma () are inverted. Tat-weel (-) is a particularly unique Arabic symbol used to

lengthen characters without changing the meaning of theword (eg ,and )

11
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Arabic is considered as a poorly endowed language with few applications and
difficult to process in the field of natural language processing .It is a very rich language in
terms of several meanings (polysemous terms), which can cause comprehension problems or
even cause a real confusion especially when we treat unguarded Arab corpora. Actualy,
vowels play a very important role not only to remove the ambiguity of the word but, also to
identify its grammatical category of its position in dependently in a given sentence. Words
with the same representation, asit shown in Table 1.(Debili et a. 2002) confirmed that Arabic
texts with Diacritic marks contain 43% ambiguous words, while texts without diacritics may
contain 72%.An Arabic word may have a complete new meaning after changing a simple
vowel. Moreover, the morphological richness of the Arabic language can cause serious
problems of ambiguity in the lexical segmentation of a word, which influences the
determination of its exact meaning. Taking the example of the word " " [wrd] which has
two possible interpretations: afirst that considersit asasingleword" " [warada] while the
second that considers that the letter " " [w] isaprefix of theword " "[radda]

Word interpretation 1 interpretation 2 interpretation 3

(poetry) " (hair) — (felt)
(wrote) (books) (waswritten)
" (declared) ‘= (obvious) % (among)
(mentioned) (roses) (wasmentioned)

TABLE 1: Examples of ambiguity of Arabic wordsdueto lack of Diacritic marks

1.4.2 Basic Concepts of the of Arabic M orphology
1.4.2.1 Theroot

Each Arabic word is based on three letters (consonants) or sometimes four and very
rarely two (a few special words).These letters congtitute the root () or the heart of the

word, to which we can add other letters to form different words (lexemes, several derivations)
belonging to the same semantic field. We find about 6,000 roots in Arabic .Indeed, the root is

the most important part in defining the main meaning of aword..For instance the triliteral root

12
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[ ] [K +t + b] which means (signify) the general idea (the notion) of writing, from
which severa words can be derived as:

Writer, the one who writes., / [katib]

-Book., [kitab]

-Y ou write,, [taktubuna]

-We write. " , [naktubu]

-Library. [maktaba]

-Writing. [kitaba]

-What is written. [maktub]

-Office. __ [maktab]

1.4.2.2 The scheme

An Arabic word comes from a root and is integrated into a schema () that

represents the form of the word. The Arabic schemata of the root [ ], that allows to
determine the structure of words. By associating a root with one or more schemas, we get new
vocabulary. In Arabic, we find few hundred schema. So, we brought some examples of
schemes applied on the root [ ] [K+t+D]:

-Theword  [kataba] correspondsto schema  [faEald

-Theword  /[katib] corresponds to scheme [faEiL]

-The word [maktub] corresponds to the schema [mafEul]

-The word [kitab] correspondsto the scheme [fiEd]

1.4.2.3 Affixes

Affixes (prefixes, suffixes) are letters that can be added at the beginning and / or end
of the base of a word, used to identify grammatical features. They mark the appearance, the
mode of the verb, the person, the genre as well as the number of the subject, etc.

1.4.2.4 Prefixes
Prefixes are verbal morphemes placed at the beginning of a word to form another one
or change its meaning.. In table 2 we present some examples of words that derived from the

root[ + + ][K +t+Db]withprefixesin Arabic:

13
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Prefix signification word
Y ou write
He writes (e
We write

TABLE 2: Examples of wordswith prefixesin Arabic
1.4.2.5 Suffixes

Suffixes are morphemes (verbal or nominal) which are placed at the end of the base
(verbal or nominal) of a word. In Table 3 we give some examples of words with suffixes in
Arabic.

Suffix signification word

| wrote
Y ou wrote

We have written

They wrote
His book 4l
" Her book i

TABLE 3: Examples of wordswith suffixesin Arabic
1.4.2.6 Clitics

Clitics (proclitic and enclitic) in Arabic are linguistic units that are pronounced and
written as affixes but they are grammatically independent. In fact, an Arabic graphic word can

be divided into five elements: proclitic (s), prefix, root, suffix (s) and enclitic (s).

1.4.2.6.1 Proclitics
In Arabic, the proclitics generally depend on the word that precedes it to form a new

word. Therefore, we find simple proclitics (conjunctions, prepositions, coordinators, etc.) with
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a single letter and other compounds (a combination of the former) with more than one letter.
We present, below, some examples of procliticsin Arabic:
-The definite article:
-The interrogation tool:
-Coordinators: e,,
-The prepositions:
-The letter that indicates the future:

Proclitic (s) signification word

The office
Have youwritten
So hewrote

And hewrote

For writing syl
Withher book LSy
He willwrite S

]
TABLE 4: Examplesof wordsin Arabic with proclitics

1.4.2.6.2 Enclitics:
Encliticsin Arabic represent the letters that can be attached to the end of aword (verb,
noun or preposition). Like proclitics, enclitics can be combined with each other to produce

another compound word. Table5 shows some examples of existing Arab enclitics:

Enclitic(s) signification word
They have taught me
They told you
they wrote to you

TABLE 5: Examples of wordsin Arabic with enclitics

In Table 5 we present an example of aword agglutinated in Arabic
consisting of apre-basic (prefix and proclitic), a basic, and a post-basic (suffix and enclitic).

15
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1.4.2.6.3 Theradical

In the Arabic language there is a difference between the radical (¢z, ¥,) and the root.
Indeed, the radical or stem is the smallest lexical unit derived from a root in a given form.

This can be obtained from aword (agglutinated form)

Arabic Agglutinated

W. 0“ rd
Word — . .
They will write it
L. . Radica
Q== —_—
% Proclitic (stem)
(Y - — S | , Enclitic
@ +&+d @
Suffix * Prefix
Root

FIGURE 3: Structure of an agglutinated Arabic word

After removing the affixes (prefixes and or affixes) that surround it. Knowing that, in
Arabic, theradical of thetriliterate verbsis formed of three | etters according to the schema
More precisely, take the previous example of theroot [ + + ] [K + t + b], from which we
can generate different radicas such as: the verb [kataba] (he wrote), the
verb.," S [yaktubu] (he writes), the name / [katib] (writer), the name [Kitab] (book)
etc.

1.4.2.6 Thelemma

The lemma is the input form of the dictionary. It is the canonical (basic) form of a
word, obtained after removal of affixes (prefixes, infixes, and suffixes) and application of
rules allowed by the grammatical class of the word:

-Third person singular of the accomplished active verbs.

16
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-Singular nominative for variable nouns (masculine for qualifying nouns) and classica
voweled form for invariable nouns (singular masculine for pronouns).
Moreover, aradical isitself aflexed form and is derived from a lemma. Indeed, an inflected
form in Arabic can be composed as follows:
-Lemme + Conjunction
-Lemme + Preposition
-Lemma + definedArticle
-Lemma + possessive article
Here we quote some examples of lemmas produced from radicals of theroot[ + + ]
[K +1t+b:
-The word 08 [yaktubuna) (theywrite) wasderivedfrom thelemma  [kataba] (hewrote)

-Theword  [kutub] (books) wasderivedfrom thelemma  [kitab] (book).
-Theword [makateb] (offices) wasderivedfrom the lemma [maktab] (Office).

-The word [maktuba] (written) wasderivedfrom the lemma [maktub] (written).

14.2 Thepartsof the speech in Arabic
In the Arabic lexicon, words are divided into three types of grammatical categories:
-The Name: an element which indicates a place, a person or athing and which can be
of masculine or feminine and it van be of singular, dual or plura number. It can be defined or
undefined. In Arabic, the adjective is a subclass of the noun which is placed after the one that
it qualifies, it corresponds to the kind and the number of the name which it follows and
undergoes the same rules of formation.
-Verb: A word to which the different terms of a sentence relate directly or indirectly
isconsidered averb in Arabic. It refersto an action or state of being.
-Particle: An entity used with the noun and the verb to identify a certain rolein the

sentence, which allows a coherent reading of it.

1.5 Applying linguisticson NLP

Natural language processing (NLP) is the ability of a computer program to understand
human language as it is spoken (Mihalcea, et a, 2006). NLP is a component of artificia
intelligence. Whereas, applied linguistics is the branch of linguistics concerned with practical
applications of languages studies (Wikipedia, 2018). This section sheds lights upon the issue
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of the collaboration between applied linguistics and natural language processing (NLP),
generally, and between applied linguistics and automatic trandation particularly. The
fundamental interest is about applications of linguistics to NLP. First of all, this section
discusses the reasons why linguistic theories should be applied within NLP and what results
of neglecting it are. Secondly, it will be followed by a discussion on selecting the most
appropriate method that linguistics can contribute to the Arabic language particularly, and
automatic trandlation in general. Thirdly, it analyses some linguistic studies that can be shared

with NLP in order to improve the lexical disambiguation process.
1.5.1 Theimportance of applying linguisticsto NLP

As it is well known, linguistics is the scientific study of language, it is assumed to
cover everything about the organization of a piece of writing. According to an educational

view, one of the essential aims of linguisticsis to study the cognitive mechanism of language.

The impossibility of this process, led linguists to another process which is the attempt
to match, or at least model, the language comptence of native speakers. This can be done by
supervising the indirect outcome off hissher speech output, in addition to detecting the
linguistic rules governing this output. Linguists attempt to detect and presuppose the basa
units and rules of the targeted language in order to improve the translation work in general,

and the process of WSD.

Previous studies and experiences in NLP have shown that the description of
morphology, syntax, and semantics of the targeted language; which is Arabic in our thesis, in
a natural language processing framework is necessary. The direct use of grammatical
descriptions and monolingual dictionaries comes to be regarded as wrong step due to the
imperfection and inconvenient of these sources which have a huge lack of quality in term of
coverage, methodology and consistency. Moreover, in severa researches, disregarding
linguistics and linguists contributions has clearly shown negative results in terms of fineness
and performance. Actually, the main link between applied linguistics and NLP can be clearly
seen at the level of WSD; one of NLP huge pillars.

1.5.1.1 Morpheme

Morpheme is the smallest meaningful unit in a language, and the lowest level of
language structure that is linked directly to NLP. The latter is concerned with the meaning of
the treated text. Morphology and morphology are the two dimensions managing the
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morpheme. Morphology realizes that although there are a few morphemes have various
spellings (and articulations), they still identical. Morphology contains information and
guidelines on the different exemptions from apparently clear guidelines. Thus, whereas
adding (s) pluralize a huge number of nounsin English, quite few are not. On the other hand,
the connotation of the same morpheme in a particular language can exceed to severd
interpretations and meanings, it depends on the position and function of the morpheme within
a sentence. For instance, the same English suffix (s) can be interpreted as a verb, third person
singular, plural, or non-possessive. The process of WSD considers the apostrophe as a huge
obstacle due to the several possible interpretations. Thus, a full understanding of each
morpheme’s function in the sentence is essential. As there is a huge difference between
sentence structure of standard Arabic and sentence structure of English, any error of
interpretation leads to a wrong lexical disambiguation in general, and wrong translation

particularly.

There are parts of speech such as Noun, Verb, Adjective, etc,. As it is known in
linguistics, each part of them has an independent paradigm of word forms. Thus, NLP has
shown a great interest in morphemes, especialy when the same morpheme in English can be

interpreted in a different part of speech, for instance:

e Noun: The well was empty.
e Verb: Tearswell in her eyes.

e Adjective: sheisfeding very well.

In order to determine whether the morpheme in the sentence is a noun, averb, or an adjective,

alexical analysis of each sentenceis required.
1.5.1.2 Homonyms & Homographs

In a WSD framework, homonyms and homographs are considered as the regular
source of lexical ambiguity. The latter is connected with syntax and semantics in many ways,
both of the syntactic structure of the sentence and the philosophical meaning of the sentence
are mgjor factors in the process of lexical disambiguation. Thus, the deep hole meaning of
‘well” is excluded from consideration as a verb or adjective, simply because it is a noun.

However the syntactic structure of “Tears well in her eyes’, determines ‘well” as a verb.

Previewing the previous examples and other similar pieces of lexical disambiguation

and linguistics are promptly available to a linguist. In a way or another, these studies are
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linked and important for NLP, one significant issue for NLP is that the majority of these
pieces of linguistic knowledge are not obtainable in any source and definitely not in any
suitable shape. Thus, the one and only way to earn these linguistic abilities when they are
necessary, is by having a permanent linguist in any project done within NLP frameworks.
Presently, the reason the linguistics knowledge and studies are not available for NLP
engineers and scientists is not because linguists monopolize it, but rather because of the
sensitivity of it and the damages that can occur in language through any misuse of linguistic
theories on NLP projects. Therefore, in any NLP project that takes into consideration
efficiency and accuracy there must be avery qualified linguist.

1.5.2 Sublanguage:

A linguist can easily figure out the significant difference between linguistics and
natural language processing, Linguistics is concerned with the nature of language and
communication in general. However, NLP shows its interest in a restricted section of it.
Sometimes, the one needs to zoom in to see some details in language, and that is exactly what
the linguist does, and sometimes, he/she needs to zoom out to see the whole picture, and that

is precisely the work of aNLP-er.

According to Victor Raskin: “Typicaly, an NLP project deds with a limited
sublanguage of natural language, such as the language of a narrow area of science or
technology. By doing that, NLP puts linguistics even further on the spot because to be useful,
it would have to shed its most important, though for the most part unconscious idealization,
namely that one native speaker's competence is identical to any other's. It is true that there are
areas in linguistics, such as dialectology, sociolinguistics, and - recently and most unsurely of
itself - linguistic pragmatics, which do not subscribe to the idealization.”” (Raskin, 1985).
Linguistics neglects the truth that, in many countries all around the globe the Arabic, English,
Chinese, Spanish, etc., are languages that do not exist in one particular form. Instead, there are
more than 20 Arabic dialect, and 150 or so Mandarin Chinese dialects, and several English
and Spanish idiolects etc. What pursuesis that it is possible that the guidelines formulated for
a language will not match many of its dialects and idiolects. Moreover, for instance the
English lexicon may be not used in its totality by any of English speakers. In addition to that,
the syntax of English isused only dlightly in any dialect.

1.5.3 Linguistics and MachineTranslation
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Trandation is considered as an independent field of study. However, since it involves
the use of one or more languages, linguistics knowledge about languages cannot be ignored.
Thus, it can contribute to the field of trandlation via an applied linguistic theory. Raskin stated
that:“linguistics can be presented as the ability to determine whether some two texts, each in a
different language, are tranglations of each other. In order to be trandations of each other, the
texts should probably satisfy two texts in different languages are trandations of each other if
they have the same meaning, illocutionary force and perlocutionary effect and
inference’’(Raskin, 1985). In light of the above, the researchers decided to adopt and apply
two linguistic theories; on the one hand, the use of Arabic diacritica marks. On the other

hand, Chomsky’s syntactic structures.
1.5.4 Arabic lexicon composition

The traditional Arabic grammar knows only three subsets: nouns, verbs and particles.
This ranking shows, quickly, its limits when it comes to a natural language processing.
Actualy, the class of particles has been extended to include grammatical morphemes which,
in reality, belong to other classes such as demonstrative or relative pronouns which
constituted particular nominal entries.This extension leads to a reorganization into four
subsets of the Arabic lexicon: verbs, nouns, pronouns and word tools [Kouloughli, 1991] and
[Khojaet a., 2001].

1.54.1Verbs

a verb is an entity expressing a time-dependent meaning. the mgjority of the Arabic
verbs are formed on radicals of three consonants as is the case of the verb and possibly 4
consonants as is the case of the verb*  ’” (kataba — write). And possibly 4 consonants as is
the case of the verb ”’ (dahraga- strundle) .These roots can give rise to several schema
or patterns as aresult of one or more morphological transformations. Several linguistic studies
have been conducted on the verba system in Arabic.

1.5.4.1.1 Verbswith developed r oot

Several schema were added to the simple verbs. These schemas are formed from
simple roots by a set of morphological operations to give a particular meaning to the verbs

results.
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<< >>(fa'"ala) repitition of the second radical consonant.

<

N

>>(fad‘ala) lengthening of the first radical consonant by adding a " (a — &lif).

<< >>(&fa'ala) Adding " "at the beginning of the root.

<< >>(tafafala) | Adding" "at the beginningog the root in addition to the repitition of
the second radical consonant.

<< >>(tafaa‘ala) | Adding" "at the beginningog the root in addition to the lengthening
of the first radical consonant by addinga " ".

<< >>(ifta'ala) | Adding" "at the beginning of the root in addition to the insertation of

the new morpheme

<< >>(infa‘ala) | Adding abi-consonant morpheme" " at the beginning of the root.

<< >>(istaf‘ala) | Adding atri-consonant morpheme"” " at the beginning of the root.

Table 6 : verbswith developed root
1.5.4.2 Nouns
Themorphological system of Arabic nouns distinguishes three subcategories:

e 15.4.2.1 Primitive nouns: they are nouns that cannot be attached to a verbal root.
They constitute the fundamental glossary of the concrete language. Example :
(hand), (cat), etc,.

e 15422 Derived Or deverbal nouns: these are the nouns that can be derived from a
verbal root. The number and the nature of these forms vary according to the status of
the verb to which they are attached. As names, they can receive the marks of the case,

gender, and indeterminacy.

e 15423 Numbers: this category of nouns consists of ssmple numerals representing
the units: from " " (Zero, 0) to " " (Nine, 9),; dozens: " " ( Ten, 10),
" "(Twenty, 20), etc,. In addition to hundreds and composed number such as: "
" (Eleven, 11).
In their decomposition, Arabic grammarians have equated adjectives with
nouns since they take amost all morphological forms; they can, for example, be

defined or indefinite and bend according to the case, the number and the kind.
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1.5.4.3 Pronouns

The class of pronouns has been introduced as an extension of the traditional decomposition
system of the lexicon of the Arabic language. This class groups together some forms that were
considered as particular names. This set escapes any rule of derivation. Pronouns form a
closed list of words. In thislist, we distinguish :

e 15431 Demonstrative pronouns' " :they represent a subcategory of
pronoun expressing a demonstration idea. They makeit possible to indicate that the
represented object is found, either in the text, or in the space or the time. Thus, There
are two subsets: the demonstratives of proximity, for example:

"1%"(This), "= ¥"@hese).

e 15432 Reative pronouns' " they refer to the name or personal
pronoun which proceedes them and which we designate by antecedent. Relatives agree
with the antecedent and can only be adapted to the duel (as demonstratives). Among

the relative pronouns, for instance: " " (That), " o= (Those, used for female dual)
etc,.
e 154.33Personal pronouns' ":they serve to designate the three

grammatical types of people:
v' thefirst person, thatis, the enunciator or speaker : " "(i),or" " (we).
v" the second person, thatis, the recipient or interlocutor : " "(you, mae), " "

(you, female), " "(you, male, plura),” " (you, femlae, plura).
1.5.5 Arabic diacritical marks problem

In order to describe the problem of the Arabic diacritical marks , we depend on the
definition of Joseph Dichy: "The current Arabic writing does not note the short vowels, the
case marks composed of a brief vowel followed, for the names and the indefinite adjectives, a
consonant " " (n- tanwin), etc. Thus, we discuss the issue of 'non-diacritized' writing. These
signs of diacritical marks, which are realized, when noted, in the form of diacritic signs placed
above or below the letters, appear in certain religious texts (holy Quran or hadith) or literary
(classical poetry, in particular): we will say that they are edited in vowel. In addition, there are
two practices, that of fully diacritized writing and that which is partially diacriticalized. The
partial singulation answers, in the neat editions, the lifting of certain ambiguities of first
reading [...]. It should be noted that the partial diacriticalisation does not adopt a codification
based on a tradition: it does not therefore have a systematic character.”(Dichy, 1997). The
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automatic analysis of Arabic faces the problem of the absence of diacritics in texts. This
problem leads to several cases of lexical ambiguity in Arabic given the polysemous nature of
non-diacritirized words. The problem of multiple diacriticalization, is comparable to that of
the multiple Russian language letters. For instance, the non-diacritized Arabic word" " can
have several diacritical marks which lead to different interprétations:

‘aima Verb, active voice,

3rd person,
masculine, singular
‘'olima Wasknown Verb, passivevoice,
3rd person,
masculine, singular
‘dlama Taught Verb, active voice,
3rd person,

masculine, singular

‘alamun A flag Noun ,Masculin,
singular
‘ilmun A science Masculin, singular

Table 7:potential of theword " "

This example shows that the unvoweled smple word ( ) has a
severalpotentialdiacriticalmarks ,many possible grammatical categories. A statistical study
was done by F. Debili shows that only 19% of the words in a Arabic corpus are unambiguous
and the average of six possible diacriticals per word [Debili, 2001]. Thus, given the large
proportions of the ambiguous words, we can conclude that, for Arabic, this phenomenon is
very frequent and requires serious studies.

1.6 Chomsky’s generative grammar
Chomsky has had to weigh the terms carefully since he seeks to avoid a continuous

misunderstanding. He did not say that the sentence is engendered by competence (or
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grammar, which is the same thing for him); he did not say that the grammar assigns a certain
structure to the sentence: it assigns a description to it. We are far from traditional grammar,
which serves not only to recognize the structure of a heard sentence, but also to give a certain
structure to the uttered sentence. Chomsky resumed from traditional grammar the indication
of the syntactic functions (subject, predicate, object, etc.) and the grammatical characteristics
(common noun, transitive verb, etc.). He concluded " it seems to me that the information
presented is, without question, substantially correct and is essential to any account of how
language is used or acquired. The main topic | should like to consider is how information of
this sort can be formally presented in a structural description, and how such structura

descriptions can be generated by a system of explicit rules'. (Chomsky,1957)

As we see, Chomsky takes over the traditional description of the syntactic structure of
this sentence; he simply wants to present it formally; and he does it the following way:

S

A A N V Adv

Colorless green ideas sleep furiously.

Figure 4: atreediagram of the sentence '’ colorless green ideas sleep furiously"

The issue of lexical disambiguation will be discussed later; it is clearly here that the
Figure 1 faithfully represents the traditional analysis. It is also good to return to a detail:
grammar does not generate the sentence, but the description of a given sentence: Chomsky
first poses ‘S’, that is to say the known sentence, and not at the recreates. This is what the
professor does. Moreover, the man who already masters the rules of grammar: he explains to

other linguists how to apply the rules to a spoken or written sentence.

In light of the above, and depending on the researchers background knowledge,
Chomsky’s syntactic structure theory comes to be regarded as an excellent and prominent

theory to be applied within the process of lexical disambiguation. By giving the grammatical
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features of a single word, it would be easy for the trandation engine to identify the

appropriate word in the second language; which is Arabic in our thesis.
1.7 Conclusion

In this chapter we have defined the task of lexical disambiguation in general by
presenting the process of implementation, the useful resources, as well as the approaches for
implementation. We identified two ways to evaluate a lexical disambiguation system. In
addition to that, we presented the methods of lexical disambiguation applied to the Arabic
language and its contribution to statistical machine trandation.Moreover, as we have
mentioned, many researchers have noted the absence of reference corpus in the Arabic
language and thus justify the constitution of their own corpus, but they have not yet produced
a corpus of free access reference built on a common resource base, also we have mentioned
the importance of applying linguistics into the field of natural language processing in both
statistical and automatic translation, and how the tree diagram model that was introduced by

Chomsky helps to identify the word category in order to ease the process of disambiguation.
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CHAPTER TWO
RESEARCH METHODOLOGY

2.1 Introduction

We can indicate that lexical disambiguation is the task of choosing the right meaning of
apolysemic word in a given context. Lexical disambiguation or word-sense disambiguation is
a field of research that has attracted a lot of interest since the 1950s. Indeed, the
accomplishment of this task is necessary and useful in most work in natura language
processing studies and projects. The focus in this chapter is on the methods, tools and the

procedures followed in this research and it is presented as follow:

The first part deals with the research design that is applied in the research. The next
part covers the description of the research setting, this part is concerned with the several tools
used in the study, it isrelated to the choice of the English and Arabic analyzers and transation
engines. The following part examines the data collection instruments employed in this
research. The fourth part, and the last, is devoted for explaining how the researchers are going

to analyze the data that is obtained from the instruments.

2.2 Research design

When conducting any research, researchers use a variety of approaches and methods
for gaining deep understandings of the phenomenon being studied. Hence, in this research, In
order to find out the most suitable approaches and methods that are effective and can improve
the process of word sense disambiguation, and test the efficiency and accuracy of the
trandation, the researchers decided to use both of qualitative and quantitative (mixed method)
research design, A single data set that is either collected qualitatively and analyzed
quantitatively or vice versa.

The investigators used this approach for the following reasons. First of all, mixed
methods research design’s studies are the most appropriate methods that are concerned with
the field of computational linguistics in general, and word sense disambiguation particularly.
Thus, the researchers are able to study and analyze linguistic characteristics of Arabic and
English, translation issues and problems that could occur inside A setting which will shed new

light on an established theory that might result in new and further explorations. Moreover,
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when conducting a mixed method case study, researchers will use a variety of instruments and
tools in the process of data collection, the most relevant tool in mixed method case study is
the theoretical drive. The latter leads the researchers to focus on the importance of the
accuracy and the efficiency of the several trandation tests beside other instruments that are to
be mentioned and identified in the section of data collection. Furthermore, data are collected
qualitatively and analyzed quantitatively by developing themes that emerged from the
findings that are found through data collection, to be finally presented in a form of detailed
reports. In addition to that, the choice of case study’s type was based on that it is the
researchers’ intention to explore the way in which the process of improving the lexica

disambiguation of the Arabic language within the automatic translation.
2.3 Resear ch setting

This study has been done during the second semester of the academic year 2018/ 2019,
it lasted four months, and specificaly it was from March until June. As long as word sense
disambiguation studies are done in a computational linguistic framework, the research setting
of this study is boils down to the different tools and software used in the process of

disambiguating ambiguous words, such as resources, lexical bases of Arabic and other tools.

2.3.1 Lexical bases

2.3.1.1 WordNet

The Arabic WordNet (AWN) ( Black and EIKateb , 2004 , Christiane et a. , 2005 , El-
kateb et al. , 2006) is alexical database available online, which follows the design and content
of Princeton WordNet (PWN) (Miller, 1995) and which contains 23,481 Arabic words
(including 21,833 trandated words) and 11,269 Arabic synsets (of which 10,127 synsets
trandated by various contributors). The sets of synonyms are linked between them by
linguistic relations in genera, and specifically by semantic relations (hyperonymy, antonymy,
etc.). In Fact, the Arabic WordNet is aligned with Princeton WordNet as well as with al
WordNets that are aligned with the PWN, either directly or indirectly through an interlingual
index (IL1) and the SUMO ontology (Suggested Upper Merged Ontology) (Black et
al. , 2006)

2.3.1.2 BabelNet
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BabelNet is alarge online multilingual linguistic network, providing glosses
(lexicalized entries) in several languages, including the Arabic language. It is built by
automatically integrating WordNet, Wikipedia, Wiktionary, Wikidata as well as
OmegaWiki. The Arabic part of BabelNet version 4.0, includes 2 942 886 synsets and
4,267,782 meanings of words among which 102,704 meanings translated from WordNet and
144,952 senses trandated from Wikipedia.

2.3.1.3 Arabic PropBank

The Propbank is a semantically annotated corpus that existed at first in

glais and Chinese. Since 2009, the state of the art of Arabic TAL has been enriched by
Propbank Arab (APB) ( Palmer et al. 2010). This corpusincludes

annotated sentences with their predicate-argument structures as well as their labels of
linguistic roles. The Arabic Propbank consists of two parts: framesfiles

containing the different predicates with their arguments, and an annotated syntactic corpu
with the help of Penn Treebank Arabic (Maamouri et al. , 2004) to annotate in semantics roles
the predicates.

2.3.1.4 Wikipediain Arabic

Wikipedia is a free online encyclopedia, universal, multilingual. However the Wikipedia
edition in Arabic is still poor and limited (with 589 917 articles) in comparison to some
languages such as English (5 721 476 articles), French (2,042,399 items), etc.

2.3.2Tools
2.3.2.1 MADAMIRA

The morphological analyzer MADAMIRA (Pasha et al.,2014): is a system of
morphological analysis and Arabic disambiguation that is freely available, it exploits some the
aspects of the major two existing systems and widely used for the automatic processing of the
Arabic language are: MADA (Habash , 2005) and AMIRA (Diab, 2009). In fact, MADA-
MIRA allows tokenization, lemmatisation, rooting, morphosyntactic, morphological
disambiguation, diacritisation, recognition of
named entities, etc. As described in Table 3.1, MADAMIRA proposes the two token schemes.

following:
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ATB: consists of segmenting all clitics except
defined items, and to standardize the characters ALIF and Y A using the character
'PLUS as amarker of clitics.

D3: consists in tokenizing the different kind of proclitics aswell asall articles and enclitics

. In addition, it normalizes the characters Alif and Ya after the devoyelization process of

Arabic characters.
Segmentation Sequance of words
Brut Al Al @l
D3 ( Tokenized form) +l Al
ATB ( Diacritized form) + e A
Table3.1: Exampleof D3and ATB
& C & https//camel.abudhabinyu.edu/madamira W @ ' :

MADAMIRA [;slaa

Arabic Analyzer Al 2all oY1 Jall

Al Al )

Tokenized Forms | | Diacriized Forms || Lemmas || Base Phrases || Named Entities

verb nominal particle proper noun

ADAMIRA in Arabic Download MADAMIRA
ADAMIRA. in English

References:

MADAMIRA: A Fast, Comprehensive Tool for Morphological Analysis and Disambiguation of Arabic

Arfath Pasha, Mohamed Al-Badrashiny, Mona Diab, Ahmed EI Kholy, Ramy Eskander, Nizar Habash, Manoj Pooleery, Owen Rambow, and Ryan M. Roth
LREC, 2014

Earlier Publications

FIGURE 3.1: Example of tokenized form of MADAMIRA
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& C & hitpsy//camel.abudhabi.nyu.edu/madamira * @

MADAMIRA [ysalas

Arabic Analyzer 2wyl aall ¥ Jlall

a ’ [ Fi
N
Parts-of-Speech | Tokenized Forms || Diacritized Forms | Lemmas || Dase Phrases ” Named Entities
A1 iﬁf y TR
[ B o
verb nominal particle proper noun
izl 21l MADAMIRA in Arabic Download MADAMIRA

&yl 2all; MADAMIRA in English
References:
MADAMIRA: A Fast, Comprehensive Tool for Morphological Analysis and Disambiguation of Arabic

Arfath Pasha, Mohamed Al-Badrashiny, Mona Diab, Ahmed EI Kholy, Ramy Eskander, Nizar Habash, Manoj Pooleery, Owen Rambow, and Ryan M. Roth
LREC, 2014

Earlier Publications

FIGURE 3.2 : Example of diacritized form

2.3.2.4 The mor phological Stemmer of Khoja

In their Arabic morphological stemmer available online, Khoja (2001 , 2003)
combining statistical techniques and linguistic rules to obtain is a magnificent method in order
to achieve high accuracy rate. They used 131 different labels that are ranked in five
categories. noun, verb, particle, residual and punctuation. the adjective, the pronoun, the name
the common name and the numera belong to the category name. For train the system, they
exploited a corpus of 50,000 words from the Saudi newspaper Al-Jazeera, and got 90% in

accuracy.

2.4 Data Collection

This section presents the instruments that are employed to gather the necessary data
for this study. The present research seeks to investigate whether analyzing and applying
linguistics methods to automatic translation would enhance the level of Arabic-English and
English-Arabic trandations. For this reason, we are going to explore the case through
involving several instruments in the process of collecting data. These instruments include:
automatic translation based on: applying linguistic approaches to translation and a lexical
analysis of the trandated words, especially ambiguous words. In addition to the use of

translation engines for more accurate and sharp translation results’ analysis in order to
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examine the process of trandation not only at the level of lexical disambiguation, but also

semantically. Thus, varying sources of data helps make this research more comprehensive and
valid.

2.5 Description of the experiment:

“researchers from different linguistics areas employ methods originating in
experimental linguistics and psycholinguistics to test various linguistic theories, models and
concrete research hypotheses. The choice of a method or a methodologica approach aways
means commitment to a particular experimental design” Mertins, B. (2016). In order to collect
different answers about the linguistic performance of diacritical marks and Chomsky’s
syntactic parsing theories, many experiment were done in pursuance of evaluating the impact
of the theories mentioned above on lexical disambiguation. Thus, we intend to implement a
two-phase experiment in order to linguistically compare trandation results of pre-
implementation and post-implementation. Moreover, we propose four sentences; two
sentences in Arabic and two sentences in English. The latter share the same English
morpheme “stone” which is going to be the center of ambiguity. However, the former share
the same Arabic word *“ ™.

2.6 Resear chersneeds

Researchers in linguistics, or even more generaly in NLP, often need powerful
softwares so that they run them to work on morpho-syntacticaly disambiguated corpora.
These softwares must be able to generate the learning data needed for implementation process
in order to achieve a fine automatic lexical disambiguation. Since our main focus is on the
linguistic approaches used in WSD, their needs should be in the same theoretical framework.
Thus, a powerful search tool of linguistic phenomena alowing editing of the possible
interpretations and meaning of a single word comes to be regarded as the most important need

due to its huge importance.
2.7 Implementation process

Three steps are needed in order to implement the automatic lexical disambiguation
( Schwab , 2017).
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1. The use of a generic resource: several resources not dedicated to the lexical disambiguation
are possible: dictionaries, encyclopedias, non-annotated corpus, annotated corpora, lexical

bases ...etc,. This optional step is often conducted after alinguistic edition process.

2. Establishment of a resource dedicated to lexical disambiguation: use one or more raw
resources to give an informative representation for every single meaning of a bunch of
possible interpretations of a word. In addition to a linguistic segmentation process which
would help researchers define the linguistic features of every single word of the sentence.
This linguistic segmentation is based on Chomsky’s syntactic structure studies. Thus, itisa
question of constituting a resource dedicated to the task. These senses are defined by human

expertise or induced from contexts of use in texts.

3. Applying linguistic theories to disambiguate texts:
it is about the disambiguation agorithm itself. Several factors can be taken into
consideration. Some are common to every agorithm like the size of the context considered for
the word to be disambiguated (for example a few words before or after it, the sentence that
contains it, even the type of text). In addition to the syntactic analysis tree diagram which
provides researchers with grammatical structure of the sentence, and the Arabic diacritical

marks.

2.8 Evaluation of thelexical disambiguation

In order to evaluate a system of lexical disambiguation, Two approaches are possible:

e 281 In vivo: the systems are evaluated according to their contrubution to the
performance of a particular application (automatic transation, search of information,
etc.). In this thesis, the trandlation of an ambiguous word is going to be evauated
within the sentence. In other words, in vivo evaluation is another way to describe the

semantic evaluation.

e 2.8.2In vitro: systems are evaluated using reference annotated corpora, in particular
those of the evaluation campaign Ontonotes 5.0 that have existed for twenty years. In
this thesis, the trandlation of an ambiguous word is going to be evaluated separately.

Thus, in vitro evaluation comes to be regarded as a syntactic evaluation.
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2.9 Evaluation tool :
For the evaluation, we use the Arabic part that we have updated from OntoNotes Release 5.0
and the classical evaluation measures of lexical disambiguation as used in this software is
defined as the classical measures which are the precision P, the recal R and the F1 score

which corresponds to the harmonic mean of P and R. The precision is defined as :

correctly annotated

total annetated

correctly annotated

total fo annotate

2+« P+ R
P+ R
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2.10 Trustworthiness of theresearch

In order to obtain the trustworthiness for the conducted research, and to test the relevancy and
accuracy of the provided evidences, the researchers used several techniques to validate their

collected data by establishing:

2.10.1 Credibility is defined as the confidence that can be placed in the truth of the research
findings (Holloway & Wheeler, 2002; Macnee& McCabe, 2008). Hence, Credibility
establishes whether the research findings represent plausible information drawn from the
softwares’ original data. Therefore, the researchers adopted triangulation as a first tool to
validate their data; triangulation “involves the use of multiple and different methods,
investigators, sources and theories to obtain corroborating evidence” (Onwuegbuzie & Leech,
2007, p. 239). As it was mentioned above, this research strived to use four instrumentsin the
process of data collection, namely theoretica linguistic approaches, translation softwares,
disambiguation tests and their results. Another tool that is used to authenticate the collected
data is the selectivity of different corpora used in this research. Mixed method research data
collection requires the researcher in the field of NLP to put high standards in selecting corpora
and tools. This helps the researcher to gain an insight into the context of the study, which
minimizes the distortions of information that might arise due to the presence of the researcher
in the field. The researcher’s extended time in the field improves the trust of the respondents
and provides a greater understanding of participants’ culture and context (Onwuegbuzie &

Leech, 2007). In Thisthesis agreat understanding of the linguistic features was provided.

2.10.2 Transferability: Transferability refers to the degree to which the results of mixed
method research can be transferred to other contexts with other respondents — it is the
interpretive equivalent of generalizability (Bitsch, 2005; Tobin & Begley, 2004). According

to Bitsch (2005), the “researcher facilitates the transferability judgment by a potential user
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through ‘thick description” (p. 85). This means that an extensive set of details of research
processes, from data collection, context of the study to production of the final report must be
mentioned in the research for enabling future researchers to replicate the study with similar
conditions in other settings. Simultaneoudly, al these information have been mentioned

within this chapter.

2.10.3 Dependability: dependability refers to “the stability of findings over time”. (Bitsch,
2005, P.86). Consequently, in order to address the dependability issue more directly, the
processes that took place within the study have been reported in detail, thereby enabling

future researchers to repeat the work, if not necessarily to gain the same results.

2.10.4 Conformability: Conformability is “concerned with establishing that data and
interpretations of the findings are notfigments of the inquirer’s imagination, but are clearly
derived from the data” (Tobin & Begley, 2004, p.392). In order to achieve this criterion,
researchers used two tools. The first one is audit trial, which is a transparent result of the
research finding report and experiments. Second, the use of reflexivity was necessary;
reflexivity is “an assessment of the influence of the investigator's own background,
presuppositions and interests on the mixed method research process that includes the
researcher’s personal history.” (Krefting, 1991, p. 218). It helps in reducing the effect of
investigator bias; as a result, the researchers major which is applied linguistics, in addition to
the huge interests of NLP to help ensure as far as possible that the work’s findings are the
result of the experiences and ideas of the informants, rather than the researchers’ subjectivity.

2.11 Conclusion
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This chapter is devoted for describing the methods and the procedures followed in this
research. Researchers adopted a mixed method Case Study for the reasons that have been
already mentioned; it is conducted in a computational linguistic framework due to its match
with the characteristics of the research. Many tools and softwares were used in this research in
order to facilitate the implementation process of the linguistic theories and approaches. The
mother tongue of researchers is Arabic. Therefore, Arabic was selected to be the target
language in the experiment of the lexical disambiguation. In order to have a deep
understanding to the case being studied, the researchers employed severa instruments for
collecting data. The way these instruments are analyzed is what has been mentioned before
the end of this chapter. The last point that has been tackled in this chapter is related to the
establishment of this research’s trustworthiness, the researchers adopted four tools to validate
their collected data. These tools are credibility, transferability, dependability and
conformability. Each one of these tools has sub-tools that are used to achieve the desired
aims. The results obtained in this study will be presented and findings will be discussed in the

coming chapter
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CHAPTER THREE

IMPLEMENTATION AND RESULTS

3.1 Introduction

The present study aims to enhance the efficiency and the accuracy of the lexical
disambiguation process in trandation in general, and Arabic in particular, through
implementing linguistic theories. This chapter provides a detailed description and analysis of
the implementation process and the data obtained from the observations and test results. The
analysis takes the form of thematic analysis which is a method of identifying, analyzing and
reporting patterns within data. As aresult, the purpose of this chapter is to present and discuss
the emergent themes which consist of the main findings of this study, where we are going to
interpret the findings in order to answer the research questions set in the general introduction
of thisthesis. After stating our linguistic theories, we proceed to the implementation of lexical
disambiguation systems for Arabic by exploiting our resources. First, on the one hand, we
present a theory of lexical disambiguation for Arabic: a system based on the morphological
analysis which provides diacritical marks for Arabic words. It will be followed by an
explanation on how this morphological analysis enhance the process of lexica
disambiguation. This theory is evaluated on the corpus OntoNotes 5.0 and Y andex tranglation
engine. On the other hand, we present another theory of lexical disambiguation for English: a
system based on Chomsky’s syntactic structures. It will be followed by an explanation on
how the syntactic analysis improves lexical disambiguation. This theory is evaluated on the
corpus OntoNotes 5.0 and Yandex trandlation engine. Moreover, in order to prove the
effectiveness of the our methods of trandating, a comparison between translations before and

after applying our theories is going to be done.
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3.2 Pre-implementation

In This phase, we decided to translate several examples before applying any linguistic
theory. Thus, any linguistic or morphological difference between pre-implementation
trandation and the post-implementation trandation is considered as the contribution of
researchers. Example 1 and Example 2 refer to the pre-implementation translation test of
diacritical marks theory. However, Example 3 and Example 4 refer to pre implementation test

of Chomsky’s syntactic structures.

Examplel:
Yandex Traﬂ5|a[6 TEXT " O Yacine Hamadache
AT Gy ol Copy that, Yasin.
FIGURE 3.1: Pre-implementation of the sentence * ;¥ gl ale”
Example2:
Yandex Traﬂ5|ale TEXT r O Yacine Hamadache

s ale ad) o Huar raised his country's science.

FIGURE 3.2: Pre-implementation of the sentence “sa3u ale a8 5 5 )l 8

Example 3:
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Y&ndex Tfan5|ale TEXT ] O Yacine Hamadache

people stone women sl ) siaa il

FIGURE 3.3: Pre-implementation of the sentence *“people stone women”

Example4 :
YandEX TranSkﬂe TEXT ) O Yacine Hamadache
this is a stone wall Goaa bila 1

FIGURE 3.4: Pre-implementation of the sentence “this is a stone wall”

3.3 Implementation

In this section, the we decided to implement two theories; diacritical marks theory and

Chomsky’s syntactic structures.
3.3.1 Diacritical markstheory

In order to implement diacritical marks theory, we chose two Arabic sentences:

o YLkl

° cﬁﬂge&ccﬁt‘)g)\}h
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ale Flag
/S
ale MadaMira Translation
ale Knew

FIGURE 3.5: Process if providing diacritical marks to the Arabic word “ ”

We applied the following process to the chosen sentences:

1. Segmentation of the sentence; using the tokenized form schemata of Madamira
Diacritization of the sentence; using the diacritized form schemata of Madamira

3. Exploiting Madamira’s morphological analysis and linking it to Ontonotes 5.0 and
Y andex translation engine

4. Trandating two Arabic sentences that include the same word *  °.

3.3.1.1 Segmentation

““The top-scoring analysis of each word can then be Passed the Tokenization Component to
Generate Customized Tokenization (or Several) for the Word, According to the schemes
requested by the user’’. Pasha et al,2014

In Arabic we find severa clitics that stick to the word, leading to Morphological and

orthographic  ambiguities.  Thus, a  segmentation  process IS  necessary.
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Examplel:

MADAMIRA {ysalss

Arabic Analyzer &l dall o1 Jadi
Standard Arabic ’ Tokenized Forms

Al o

Parts-of-Spesth | Tokenized Forms |Diac*itized Foms ” Lemmas ”Ease P1rases|| NamedEmzies|

verb nominal particle proper nun

FIGURE 3.6: Segementation of the sentence “ 2 osbiple

Example 02:

MADAMIRA [ysslss

Arabic Analyzer duall dall o1 Jlal|
Standard Arabic ’ Tokenized Forms

silbale wdooc
gl s

Parts-of-Speech || Tokenized Forms | Diacrifized Forms || Lemmas ” Base Phrases || Named Entities |
+ Y Y
’ -)L.' l’lC 1_; / JJI}A
verb nominal particle proper noun
FIGURE 3.7: Segmentation of the sentence “s23b ale a8 ) 5 ) 4™
3.3.1.2 Diacritization

““Arabic has a high degree of ambiguity resulting from its diacritic-optional writing system
and common deviation from spelling standards’’. Pasha et al,2014

in light of the above, adiacritized form of the two sentences was provided:
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Example 1:

MADAMIRA |yssla

Arabic Analyzer 4wl 2all oY1 Jlal

[
Standard Arabic ‘ ’ ‘ Diacritized Forms

[t s e

Parts-of-Speech ” Tokenized Forms | Diacritized Forms | Lemmas ” Base Phrases ” Named Entities

S0 gy al

verb nominal particle proper noun

‘—f—' &0 MADAMIRA in Arabic POS: Verb
i : MADAMIRA in English Aspect: Perfective ;’lc
Gender: Masculine

Mood: Indicative

Number: Singular

Person: 3rd

Voice: Active

Gloss: know, find out

References:

MADAMIRA: A Fast, Comprehensive Tool for Morphological Analysis and Disambiguation of Arabic
Arfath Pasha, Mohamed Al-Badrashiny, Mona Diab, Ahmed EI Kholy, Ramy Eskander, Nizar Habash, Manoj Pooleery, Owen Rambow, and Ryan M. Roth

FIGURE 3.8: Diacritization of the sentence “_<Yu cply ale”

Example 2:

MADAMIRA yalas

Arabic Analyzer i 2all o1 Jall

Standard Arabic | ’ |Dacrm:e:\ Forms

Parts-of-Speech ” Tokenized Forms || Diacriized Forms | Lemmas ” Base Phrases || Named Entities

verb nominal particle proper noun

MADAMIRA in Arabic POS: Noun Jownload MADAMIRA

MADAMIRA in English Case: Accusative
Gender: Masculineg
Number: Singular
State: ConstructPoss/ldafa
Gloss: flag, banner, badge

References:

MADAMIRA: A Fast, Comprehensive Tool for Morphological Analysis and Disambiguation of Arabic
Arfath Pasha, Mohamed Al-Badrashiny, Mona Diab, Ahmed EI Kholy, Ramy Eskander, Nizar Habash, Mangj Pocleery, Owen Rambow, and R\an M. Roth

FIGURE 3.9: Diacritization of the sentence “o23b ale a8 5 5 ) 8™

3.3.1.3 exploiting Madamira

(Pado and lapata, 2009) used annotation transfer to automatically obtain annotations for new

languages, using available resources for English and exploiting paralel corpora. Their
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objective was to transfer semantic roles from English to languages less rich in resources. They
carried out an experimental evaluation of a parallel English German corpus that proves the
feasibility of their approach. In light of the above, we decided to adopt Pado and Lapata’s
method and apply it to their thesis. Thus, an exploiting procedure was done aims to exploit the
morphologica analyzer Madamira within OntoNotes 5.0 and Y andex trandation engine. The
focus was on the different interpretations of the Arabic word * . It will be argued that the
diacritical marks provided by Madamira are the major disambiguation items in the process of
the lexical disambiguation of the Arabic word.

3.3.1.4 Trandation

The trandation test is done on the platform of Yandex trandation engine and
OntoNotes 5.0. The OntoNotes Project [Weischedd et al., 2015] is the result of collaborative
work between BBN Technologies, the University of Colorado Th latter comes to be regarded
as an open source software used by many NLP researchers. Thus, we have chosen these tools

mentioned above, to be our implementation platforms.
3.3.2 Chomsky’s syntax tree

In order to implement Chomsky’s syntax structure parsing, we chose two english

sentences:

1. ‘People stone women’

2. ‘thisis a stone wall’

FIGURE 3.10: Syntactic Parsing process of the the morpheme “stone”

We applied the following process to the chosen sentences:

1. Syntax parsing
2. Word classification
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3. trandation

3.3.2.1 Syntax parsing

Syntactic parsing is the task of recognizing a sentence and assigning a syntactic structure to it.
(Jurafsky, 2018). Thus, a syntactic parsing was done according to Chomsky’s theory

Example 3:

S
T

NP VP
| —

They WV NP
| |
stone women

FIGURE 3.10: Syntactic Parsing of the sentence “they stone women”

Example4 :
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S
—
NP VP
| —
This V NP
e T
s det Ad} N
| | |
a stone wall

FIGURE 3.11: Syntactic Parsing of the sentence “This is a stone wall”

3.3.2.2 word classification

as we can see in the two example (see 3.2.2.1) the same English morpheme “stone’ can
signify a different part of speech. Thus, a word classification process is needed in order to

classify it to averb, in the first example, and as an adjective, in the second example.
3.3.23 Trandation

we provided two different translations of the English word *stone’ into arabic, the first
translation; ‘»a"% is provided for the verb form. However, the second translation; s
provided for the adjective form of the word ‘stone’. we integrated these different trandations

in Yandex translation engine’s bilingual corpus.
3.4 Reporting Results and Discussing Findings

In this section, we are interested in evaluating the impact of the lexical disambiguation
on machine trandation systems which alow us to evaluate our system of lexica
disambiguation by automatic translation with an in vivo evaluation method (see section
2.9.1). The present study aims to investigate whether the use of diacritica marks and
Chomsky’s syntactic structures theories are effective in enhancing the process of lexical

disambiguation. Therefore, this section provides a detailed description and analysis of the data
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obtained from the several test results. Asillustrated in both Figures 3.5 and 3.10, we are going
to evaluate the effect of lexical disambiguation through AR-EN tranglation results. First of all,
we applied on each sentence, the schemata of tokenization D3 of MADAMIRA (see 3.6 and
3.7), which consists in tokenizing the proclitics and the clitiques, as well as al articles and
enclitics. Furthermore, the vocabulary is thus reduced and the words are treated uniformly
without prefixes or suffixes. They were followed by applying the schemata of diacritized
forms which provides a diacriticalization to the Arabic words. Thus, the difference between
the first and the second diacriticalizations of the word * ’ is the fundamental aspect that led

to the different translations of the same word. As we can see in 3.12 The Arabic word *

has been translated into ‘knew’ and in 3.13 it has been translated into ‘flag’.

Yandex Traﬂ8|aIE TEXT ] O Yatine Hamadache

slhsbds Yasinknew.

FIGURE 3.12: Implementation result of the sentence “ ¥ ¢l ale”

Yandex Traﬂ5|ate TEXT i O Yaine Hamadache
s ple ) s Huar raised his country's flag.

FIGURE 3.13: Implementation result of the sentence “sx>b ale (s )lsa 7

Figures 3.14 and 3.15 present the performances obtained by integrating the Arabic
diacritized marks in trandation systems .On AR-EN systems, by exploiting Arabic
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morphological information with the words (Word+SensetLemma+POS+Sense). We
significantly improve our trandation by +8.71% and +23.85% in 3.14 and 3.15 respectively
compared to the factorised system in terms of BLUE.

Données
Source: Mot ‘!._,u‘!ﬂLg pwly ale>

* 3o # 509 -Ulw puwlet ol +ale]*als
Source: Mot+Sens knew+| alet+><yasind| uwl><|command+| ol +|

<h1zknew| alc<f1\=</h1></body=</html>
Source:; <pruwl|?7777.</p=</body></html=>
Mot +Sens+Lemmes POS 2p>]in< F9s <fp><fbody ><html=

<p>thing|_o|<wsl>. </p> </body></html=

RrRéférence Yacine knew about it

Systeme Bleu Hypothése

Systeme de base

Mot-=Mot 17. 44 flag yasin command.

Systéemes factorisés

Mot+Sens--Mot 66.18 flag yasin the case.
Mot+Sens

+Lemme+POS T4.89 yvasin knew the case.
—=Mot

FIGURE 3.14: Ontonotes 5.0 Implementation result of the sentence * ¥l ¢l ale”

The factorized system of Ontonotes has translation the word “ " into “flag” which is a
sementically wrong interpretation . However, the researchers factorised system has trandated
it into “knew”. The latter comes to be regarded as the correct form of translation for the word

113 nin AL‘)AYI_.’ u,-.‘“'l:.’ elc-".
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Données
Source: Mot <033 ale E—')J Solg@>
o] -0] #2323 ale] + ale] + @S|+ @811+ 5210+ 5,192
Source: Mot+Sens |gbo|+=<? 77274 < 5, s +|upload+| alo+|taught+| sM,-| = <country+| o-| > <it-

<h1753le®| 7?77 T(M9)</h1></body></himl>

Source: <p>ralse|gd,</p><ibody></html=
NetiSenslamme+ PO <p> ale|> <flag> <c1><taught><.</p></body></html>
<p> 3| country> < x> < <fp>a]his<ibody> <htmi></body > < htm|>

référence Haouari raised the flag of his country.

Systeme Bleu Hypothese
Systeme de base
Mot—=Mot 41.23 hawari upload taught country his.
Systemes factorisés
Mot +Sens—=Mot 57.47 hawari raises country taught.
Mot +Sens
+Lemme +P0S 81.32 haweari raises country flag.
—~Mot

FIGURE 3.15: OntoNotes Implementation result of the sentence “s23u ale (5 ) 52 28 )7

We conclude that lexical and morphological disambiguation information is more relevant
when Arabic is a source language. As well as, the use of linguistic annotated data for a
morphologically rich language (like Arabic) is relevant for the automatic trandation task to
reduce the ambiguity of the data.

Figures 3.16 and 3.17 present the result obtained by integrating Diacritical marksin
EN-AR trandation systems.

Yandex Traﬂ8|ate TEXT i O Yatine Hamadache

people stone women sl o )

FIGURE 3.16: Implementation result of the sentence “people stone women”
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Through exploiting the morphological analyzer of ontonotes 5.0, we have obtained two
different parts of speech; verb and adjective. Thus, the Arabic trandation of the verb form of
“stone”, is totally different from the translation of the adjective form of the same word. The
latter was translated into the Arabic word “ ”. However, the former was translated into

13 7

YandEX ﬂaﬂSh’ﬂE TEXT ] O Yacine Hamadache

this is a stone wall g il

FIGURE 3.17: Implementation result of the sentence “thisis a stone wall”

3.5 Conclusion

This chapter presented the descriptive thematic analysis and discussed the findings that were
obtained from the research instruments. The analysis and discussion of these results were
aimed at achieving the main objective of the thesis which isimproving the process of Arabic
lexical disambiguation, the several instruments did help in developing a deeper understanding
of the case being studied.

Data obtained through experiments were either collected qualitatively and analyzed
guantitatively or vice versa (collected quantitatively and analyzed quantitatively) in order to
facilitate our analysis. Thus, on the one hand, we performed an in vivo evaluation to our
theory of Arabic lexical disambiguation by comparing it with previous trandations of the
same sentences. The result of the trandation of (see Figure 3.12) in comparison to its pre-
implementation result (see Figure 3.1) shows huge syntactic and semantic difference.
Moreover, applying diacritical marks theory to the Arabic sentence <YL Gl ale” has
changed completely the meaning of the sentence and improved it by providing a correct
translation to the Arabic word “ ” which is “knew”, instead of “Copy that,”. As well as,
through applying the same theory to the second sentence “s23u ale 28 50 4™, a purely lexical

disambiguation of the same Arabic word “ “was achieved by substituting “science” ( see
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Figure 3.2) with “Flag” (see Figure 3.13 ). On the other hand, we perform an in vitro
evaluation to our theory of Arabic lexical disambiguation within the framework of OntoNotes
5.0 Corpus, We evaluate our in vitro approach (in terms of precision P, recall R and F1 score)
based on a system of lexica disambiguation, while exploiting the Arabic part of the
OntoNotes 5.0 corpus that we have enriched with the diacritical marks theory as reference
corpus. On AR-EN systems, by exploiting the morphological information (diacritical marks)
within the word “  ”, wa could raise translation quality percentage by +8.71% and +23.85%
in Figure 3.14 and Figure 3.15 respectively compared to the factorised system in terms of
BLUE. Aswe can seg, the factorized system trandation of “ ” was “flag” in Figure 3.14 and
“taught” in Figure 3.15, these trandlations come to be regarded as syntactically correct.
However, The most important issue of trandation is semantics. Thus, the tranglation provided
by our theory serves translation on both levels; semantic and syntactic. Moreover, “knew”
and “flag”, in Figure 3.14 and 3.15 respectively, present a high quality of the lexical
disambiguation process in general and Arabic trandation particularly, especialy that they
have shown some linguistic development and differences between the two trandations; pre-

implementation and post-implementation.

Concerning EN-AR trandation, comparing (see Figure 3.3) to (see Figure 3.16)
makes us understand how to overcome errors made by the system. By exploiting the
morphological information; Chomsky’s syntactic parsing, we improved the trandation system
as it can be seen in the example of “they stone women”. Furthermore, through Chomsky’s
syntactic parsing, two different parts of speech for the same word “stone” were obtained;
verb form and adjective one. In the pre-implementation translation, the word “stone” was
translated into “ ”, ( see Figure 3.3) Perhaps, the trandlation engine could not identify the
grammatical feature of the word, which led to a completely erroneous trandation that is
neither semantically nor syntactically correct. However, for the post implementation
tranglation test ( see Figure 3.16 ), The morphological aanyzer that was linked to Y andex
translation engine could identify “stone” as a verb. Thus the translation was “  ” which is

semantically and syntactically correct.

The second example of EN-AR trandation did not know any changes as Figure 3.17

shows. The English morpheme “stone” was translated into ” knowing that it is

considered as an adjective in both languages; English and Arabic.
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All in al, and in light of the above, The findings of this research obtained from the
analysis of implementations and their results are highly significant as they help in answering
the main research questions addressed in this study regarding the effectiveness of
implementing the diacritical marks and Chomsky syntactic parsing theories in the process of
WSD. the following chapter will propose some implications and practical suggestions, which

may be of agreat help to educators, translators and NLP engineers.
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I mplications

There are many applications of computational linguistics (CL) techniques to
computer-assisted language learning (CALL).which is a program to help people learn foreign
languages. Machine trandation has witnessed a tremendous improvement due to some new
developing technologies. Nowadays machines can take something written or spoken in one
language and give the same meaning in another language. This led people from around the
world to use this technology for day-to-day activities. For instance, Google company in
moving toward a new model of trandation that provides a better result for learners. That
system called neutral machine translation (NMT),This system uses large amount of computer

information that enable to produce a translation which appear just like human language.

Other companies and organizations started to develop this model of trandation, this goes
along with machine learning method that is best known with Deep learning (DL).It takes a
large collected data passing by a certain process (algorithm) to organize and recognize the
different word and sentences, Now people can have a fast trandations to different website,
texts and social media messages in seconds .Which ease the way for researchers and students

tolearnin a second language, that’s may help preserving a diversity of languages.

Another thing that using different machine trangation models such as Google trandate helps
Learners to avoid misspelling words and sentences, especially from native language (Arabic)
into the target language (English) .Actually this consider as a supporting tools to help
teachers to teach foreign languages .Also teachers sometimes ask learners to check out their
dictionaries to identify the word classes (part of speech).Automatic-speech recognition took a
central part in speech -to-speech trandation that witness a huge development in the last
decade in order to help people to communicate in different languages ,also it trandate the

transcribes text into target language
Limitations

Arabic language comparing to other languages such as English and French must have a red
organized researches to reach a level of maturity in machine translation. People may face
struggles in gathering resources duo to the limited resources accept for some institution.
Having a tools and machine being smart to have a conversation with or order something still
be seen as a hard task to accomplish
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GENERAL CONCLUSION

The work presented in our thesis focuses on the lexical disambiguation of the Arabic
language, which is considered as a poorly endowed language. On the one hand, our goal has
been to implement a diacritical method to build a disambiguation systemsupervised lexical for
a language L using a good system of automatic tranglation of a language rich in annotated
corpora, such as English, to a less well-endowed language, such as Arabic, and bearing

annotations of the language rich towards the less well-endowed language.

On the other hand, we were interested in the evaluation of our system of lexical
disambiguation created by following two approaches: an in vitro evaluation where our system
of disambiguation is evaluated on an annotated corpus of reference which we enriched semi-
automatically, and an in vivo assessment where our disambiguation system is evaluated for its
contribution to the performance of machine translation systems. To our knowledge, this type

of evaluation has not yet been applied in the evaluation campaigns.

Lexical disambiguation is a task that aims to associate the most appropriate meaning
to each word of a text among the senses proposed by a predefined meaning inventory. It is
necessary to have a large amount of data annotated in sense. One or more linguistic experts
can be used to manually annotate the training data with the appropriate meanings. Such as a
task is very expensive in time and manpower. To evaluate a system of lexical disambiguation,
it is necessary to have an annotated corpus of reference. In order for different systems and
approaches to be evaluated comparatively, it is necessary that reference corpusis available for
the community and free. The availability of training data and a reference evaluation corpus
are much more relevant questions for languages that have virtually no textual resources
annotated in the royalty-free sense. The Arabic language belongs to this category of languages

with very few resources available for this task.

This thesis work is based on severa axes. As afirst step, we described the difficulties
related to languages with less than English for the construction of lexical disambiguation
system. The difficulty is mainly due to the lack of corpus annotated in sense and how missing
diacritica marks may create vagueness into the word meaning. We thus provide the

community with corpora trandated automatically into Arabic and annotated with Princeton
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WorldNet. These corpora can be used during the learning step of a lexical disambiguation
system.

In a second step, for in vitro evaluation of the lexical disambiguation of Arabic, we
have updated the Arabic part of the OntoNotes Release 5.0 corpus, and created our own
English-Arabic trandation system, to create a disambiguation system. Arabic by having

annotations from English.

The results on Arabic prove the effectiveness of our method and are very encouraging
for the future of the lexical disambiguation of languages with a small amount of annotated
data. Therefore, it is now possible to produce good lexical disambiguation systems for any
language provided that we have a good system of automatic translation from English to this
one. We also propose, how applying linguistics into natural language processing (NLP) can

improve both trandation and WSD.

In addition, we performed an in vivo evaluation of our system of lexica
disambiguation of Arabic by comparing it to an English lexical disambiguation system, for
the annotation of large corpora. Next, we used these large English and Arabic corpora in order

to have a better result of translation

Finally we saw how Chomsky’s syntactic structure theory helps researchers to be
taken as a model applied in word sense disambiguation process by giving the grammatical

category of each word in a given sentence

Per spective

From the contributions presented in this work, various perspectives can be envisaged. First,
we plan to increase the size of the English-Arabic parallel data annotated in sense. The latest
improvements in both conceptual (meaning vocabulary reduction) and implementation
performed on the system of lexical disambiguation have greatly accelerated treatment. The
annotation of the 9 Million missing sentences thus becomes possible in reasonable time (of

the order of the month against 4 years ago). We are considering

We also plan to use the aligned corpus and their translingual information to reinject them into
factored dtatistical trandation systems, in order to compare the output hypotheses of the
statistical and neuronal TA systems. Another important perspective would be to exploit the
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outputs of the English-Arabic and Arabic-English factored neural trandation systems for the
creation of new lexical disambiguation systems supervised for Arabic and English in order to
improve the task of lexical disambiguation. . The idea behind it would be to try to see how far
it is possible to obtain a virtuous circle where automatic translation improves thanks to lexical
disambiguation, which in return improves thanks to machine tranglation.

In addition, we propose to use new factors such as synonymy to improve lexica
disambiguation and automatic trandlation tasks. Since the output of our factored English-
Arabic trandation system is annotated with meanings from Princeton WordNet, we plan to
use human annotators to quickly annotate these Arabic corpora by validating or replacing the
annotations hypotheses produced to confirm that our Factorized trandlation system can
simultaneously play the role of a machine trandation system and a system of lexica

disambiguation of Arabic.

Thiswork could also allow a contrastive study of the attributes relevant to the disambiguation
of alanguage (Arabic, French, etc.), a study that could not be conducted before the existence

of corporafor as many languages.

Finally, this work is starting to be exploited in the team for other applications than machine
trandation. Our methods have been adapted to English to create a system for generating
pictograms from ora statements or writing in which the choice of pictograms is done by
removing lexical ambiguities. This type of application is useful to alow to establish an
alternative communication for example for people in a situation of multiple disabilities or for

people not mastering the language.
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APPENDIX A

arabic transileration Table: The Arabic letters Names (Refer ence sheet)

The Arabic Letters Names (Reference Sheet)

a0 = alif =)
A = 1 bi' =
ayn = & t3d' = Sl
ghayn = & tha' = (G
fa' = (9 jim = d
gaf = é ha' = Z
kaf = & kha' = F
am = J dal = 2
mim = 2 dhal = 3
nin = ra' = )
ha' = N zay = J
waw = 4 sin = o,
lam 'alif = ‘}7 shin = ua.
hamza = & sad = U
ya' = (§ dad = (s



APPENDIX B

Ontonotes experiments

Données
Source: Mot *i._,o‘_‘ﬂl_, ol alo=
o[+ 309 v pumlet| H sl +ale]+ ple
Source: Mot+Sens kn Ew*l.al-D*""YaSi" +| UJ'WL‘-} <|cornmandi-|_,.o|+l

<h1xknew|alc<f1\<fh1></body></html>
Source: <pErpwb|???777.</p></body></html>=
Mot +Sens+Lemme+ POS {95‘\..-"”‘ F9>.4Fp><fbody s<fhtmi>

<p>thing|_ol<wsl>, </p> <fbody>=</htmi>

Référence Yacine knew about it.

Systeme Bleu Hypothése
Systeme de base
Mot—Mot 37.44 flag yasin command.
systemes factorisés
Mot +Sens-Mot 66,18 flag yasin the case,
Mot+Sens
+Lemme +POS 74.89 yasin knew the case.
—~Mot
Données

Source: Mot <033 ale 29, s)lem>

[o]-o]#>Mu| 23] ale] + ale| + g9, + g+ Salo@]* 5 ,le@]
Source: Mot+Sens |gb,|+><?27797| 4> < 5, @ ¥|upload+| ale +Htaught#| >3- | > <country + o-| > <it-

<h1z5le®| 777 7(19)</h1></body></html>
Source: <p>raise|gd,<lp><fbody></html>
MotiSensiLamme) FOR <p* ale]><flag><c1><taught><.</p></body></html>

<p>3)s|country> <¥x>< </p>ol|his <ibody> <fhtml></body ></htm|>

Référence Haouari raised the flag of his country.

Systeme Bleu Hypothése
Systeme de base
Mot ~Maot 41.23 hawari upload taught country his.
Systemes factorisés
Mot +Sens—+Mot 57.47 hawari raises country taught.
Mot +Sens
+Lemme +POS 81.32 hawari raises country flag.

—=Mot



WSD Contribution

APPENDIX C

E-mail conver sation with Yandex

opensource@yandex-team.ru
WSD Contribution

Greeting
you will find attached to this em.

ail -

two "tet” files that camy an HTML codes to be included in the system of translation

this n is used as an it of an study

Best regards.

WELL.txt (1 Ko) x

‘alima.txt (1 Ko) x

. o~ SansSerif + T~ B I U A~ E~ = = I 5 ¥

Boite de réception
Messages suivis
En attente
Important

Messages envoyés

Yatine

U
*
0
»
NS
B Brouillons
L}

Yacine Hamadache @ mer. 12 juin
Greeting, you will find attached to this email : two "bxt" files that carry an HTML codes to be included in the system of translation this contribution is

Yandex <opensource@yandex-team ru> un. 17 juin 2240 (ily a 10jours) ¢
Amoi =

Hi there,

your contribution has been examined and approved.

Best wishes.

Thanks a lot. Thank you! Many thanks.



APPENDIX D
An exampleof HTML codefor the sentence:

" 3 Gy e

# Yandex
# Dictionary

# Input Language is: ar
# Alphabetical order is not required.

# Use inflectional & derivational paradigms' and properties' definition files (.nof or .def), e.qg.: # Special Command: #
# Special Command: #use paradigms.nof

# Special Features: +NW (non-word) +FXC (frozen expression component) +UNAMB (unambiguous lexical entry)
# +FLX= (inflectional paradigm) 4DRV= (derivational paradigm) # Special Characters: "\' "* '+' ',' "#" ' '
#use _Exemple.f1x #use _Properties.def

\PREP
,ADV

# nams

,N+Conc4FLX=FTag+DRV=thing:FlexionPL

7 ,N+Conc4FLX=jazIra+DRV= thing:FlexionPL

%0, N+Conc+Hum+FLX=thing+DRV=rijAT:FlexionPL

 N+Abst4FLX= thing+DRV=rijAl:FlexionPL # verbs

# Les deux verbes " " ('alima - knew) et "7 " ('alima - knew, taught) (v_'alima)

# three verbs "('alima - knew), "7 " (taught) and "y copy that -
knew) <'alimas<knew» <AR»,<EN> (D_failla)

JNATPEFLX=V_"alima 4DRV=D_  faiIla:F1xDRV
VATreFLX= V_"dT1ama +DRV=D_ fadala:F1xDRV
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