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Lexical Semantical Analysis
Methods & Techniques For
Academic Arabic Text

= A. Mosab Ibrahim Alrasheed Seed Ahmed

= Dr. Eltyeb Elsamani Abdelgabar Elsamani

Abstract:

This paper provides an inductive study of the challenges and methods for
extracting lexical and semantical information from Arabic text. Arabic is
a complex and diverse language that poses unique challenges for natural
language processing tasks, particularly in the area of lexical semantics
extraction. The main challenges include the lack of resources and tools
available for the language, as well as the morphological complexity of the
Arabic language. To overcome these challenges, researchers have developed
a number of methods, including the use of morphological analyzers, corpus-
basd methods, distributional semantics, and deep learning techniques. A
simplified algorithm that describes the steps for lexical semantical analysis for
academic Arabic has been created, the paper argues that these methods have
shown promising results and have the potential to improve the performance

of natural language processing tasks for Arabic language.

Keywords:Arabic NLP, morphological complexity,corpus-based methods,
Sentiment Analysis, Word Sense Disambiguation.
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1. Introduction:
Arabic language is a complex, rich and diverse language, which makes it
challenging to extract lexical semantical information from it. Despite the

challenges, extracting lexical information from Arabic text has become
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an important field of research in natural language processing, and with
the emergence of Large Language Models (LLMs) this need is becoming
increasingly more important. In this paper, the challenges of extracting lexical
semantical information from Arabic text and the methods used to overcome
these challenges will be discussed, finally an algorithm is proposed to

streamline these tasks based on open source standards and solutions available.

2. Challenge:

One of the main challenges in extracting lexical semantical information
from Arabic text is the lack of resources and tools available for the language.
Unlike other languages such as English, Arabic has a much smaller amount of
text data and resources available for analysis. This makes it difficult to train
machine learning models for Arabic text and limits the types of techniques

that can be used for lexical semantics extraction.

Another challenge is the morphological complexity of the Arabic language.
Arabic is an inflected language, which means that the form of a word changes
to indicate grammatical functions such as tense, gender, and numerical
descriptions (s0/=55 &8 (). This complexity makes it difficult to identify
the root form of a word and extract its meaning!!.

3. Lexical semantic extraction methods:

A common approach for extracting lexical-semantic information from Arabic
text is morphological analyzers, which can help identify the root form of a
word and extract its meaning. Researchers have also used techniques such
as corpus-based methods and distributional semantics, which leverage large

amounts of text data to extract lexical information.!

Another promising approach is using deep learning techniques to extract
lexical- information from Arabic text. techniques such as neural network
based models and transformer architectures, both have been used with
promising results. These models have been found to be particularly effective

in capturing the complex and diverse nature of Arabic language. ©*!
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In addition to the aforementioned methods, there are also other methods
that are used to overcome the challenges of lexical-semantic extraction, For
example, some researchers use WordNet-like resources and Word2 Vec models
that were trained on Arabic corpus and could extract lexical information at

with persistant results. [

In conclusion, extracting lexical-semantic information from Arabic text is
challenging However, researchers have developed a number of methods to
overcome these challenges, including the use of morphological analyzers,
corpus-based methods, distributional semantics, and deep learning techniques.
These methods have shown promising results and have the potential to

improve the performance of natural language processing tasks for Arabic.

4. Techniques for Arabic lexical semantic
extraction:
There are several techniques that have been developed for extracting lexical

semantic information from Arabic text. Some of these include:

1.  Morphological analysis: This technique involves analyzing the structure of
words in order to identify the root form of a word and extract its meaning.
Researchers have developed a number of morphological analyzers for
Arabic that can help overcome the challenges of the morphological
complexity of the language!®.

Example: “0s88” - meaning “they write” in English.

a) Tokenization: The word is tokenized to isolate it for analysis.

b) Identification of the Root: The analyzer identifies the trilateral root

“e-G-e” (k-t-b), which pertains to writing or inscribing.

c) Pattern Recognition: The word “0s—58” follows a pattern that can be
mapped to a specific morphological pattern. For Arabic, the pattern
here “0 124 (yaf’aluun) is recognized, which is a common pattern for

the plural third-person masculine present tense.
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d) Extraction of Grammatical Features:

o Tense: Present tense

e Number: Plural

e Gender: Masculine

e Person: Third person

e Mood: Indicative (used for factual statements and positive beliefs)
e Voice: Active (the subject of the sentence is performing the action)

e) Lemmatization: The word is reduced to its lemma form “iS” (kataba),

which means “to write.”

f) Semantic Information: Additional semantic information may be
provided, such as synonyms, antonyms, and usage examples, depending

on the analyzer’s capabilities.

Corpus-based methods: These methods use large amounts of text data to
extract lexical-semantic information. They can include techniques such as
co-occurrence analysis, collocation analysis, and distributional semantics
which leverage large amounts of text data to extract lexical-semantic
information[4].

Deep learning techniques: Researchers have used neural network-
based models and transformer architectures to extract lexical-semantic
information from Arabic text. These models have been found to be
particularly effective in capturing the complex and diverse nature of the

Arabic language. [

WordNet-based methods: Some researchers use WordNet-like resources
to extract lexical-semantic information from Arabic text, by mapping

words and concepts to a structured lexical database.
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iv. Word embeddings models: Techniques such as word2vec are used to
train models on Arabic corpus, allowing extraction of lexical-semantic
information from the text. This teqnique is widely used in transformer
based LLMs particuallry the GPT familty of models.

v. Hybrid methods: Hybrid methods can be used to extract lexical-semantic
information, it combines several techniques to leverage the advantages of

each method.

vi. Semantic Role Labeling: a technique that can be used to extract the
meaning of a sentence by identifying the roles of words and entities in a
sentence.

vii. Named Entity Recognition: a technique used to extract named entities and

their attributes from text.

These techniques have been proven to be effective in extracting lexical-
semantic information from Arabic text, with each one having its own
advantages and limitations. The choice of technique depends on the specific

task, resources, and data availability, as well as the desired level of accuracy.

5. Lexical Semantics Analysis:

A lexical semantic network is a type of computational model that represents
the relationships between words and concepts in a language. These networks
are typically built using a set of techniques and algorithms that allow them to
learn about the structure of a language by analyzing large amounts of text data
for that particual language. The basic building block of a lexical semantic
network is a node, which represents a token, word or a concept. These nodes
are connected to one another by edges, which represent the relationships
between the words or concepts. For example, in a lexical semantics network
of English, the word “cat” might be connected to the word “animal” by an

edge representing the concept of “is-a” (i.e., “cat is-a animal”).
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Fig 1 - Graph representation of a lexical semantical network
of an Arabic sentence

There are several different ways to create a lexical semantics network, but a
common approach is to use techniques from natural language processing (NLP)
to extract information from text data and build the network automatically.

Here are some steps that can be used to create a lexical semantic network:

I. Collect a large corpus of text data: The first step in creating a lexical
semantic network is to collect a large corpus of text data that will be used
to learn about the structure of a language. This data can be collected from

a variety of sources, such as books, articles, and websites.
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I. Pre-processing: The collected data should go through the text pre-
processing step in order to clean the text data and make it suitable for the
analysis. This might include steps such as tokenization, stemming, and

removing stop-words.

II1. Extracting relationships: Next, relationships between words are extracted
from the text data. This can be done using a variety of NLP techniques, such
as dependency parsing or co-occurrence analysis. These techniques can
be used to identify patterns in the data that indicate relationships between

words, such as synonymy, antonymy, or hypernymy-hyponymy!?.

IV. Creating the network: Once relationships between words have been
extracted, they can be used to create the network. The extracted
relationships can be represented as edges between nodes in the network,

with each node representing a word or concept.

V. Evaluating and refining the network: The final step is to evaluate the
network and refine it as needed. This can be done by comparing the
network to a gold standard set of relationships and adjusting the network
as needed. Additionally, the network can be fine-tuned by adding more

data and repeating the extraction and creation steps.

Lexical semantic networks can be used for a variety of natural languages
processing tasks such as word sense disambiguation, text classification,
and machine translation. The process of creating lexical semantic networks
can be complex and computationally expensive, but it allows to have a rich

representation of the language that can be used in various NLP applications.

The table below provides a comparission across NLP tasks for the most

popular frameworks used in Arabic langugage research.

02024 guigy - 1445 &xal 1jall -ojldll dlao 62



A.Mosab Ibrahim Alrasheed Seed Ahmed

Dr. Eltyeb Elsamani Abdelgabar Elsamani

] AlKhalil MADA
Feature UralicNLP Qutuf Morpho Sys 2 +TOKAN
Open-Source Yes Yes No Yes
Tokenization,
Lemmatization, ’ Morphological  Diacritization,
y Morphological ; . g :
' . Morphological . Analysis, Disambiguation,
Functionality : Analysis, POS ] y
Analysis, Tacoin Syntactic POS Tagging,
Generation gging Analysis Stemming,
Lemmatization
Morphological GOO(.l (MSA)’ Comprehensive Excellent Comprehensive
e Ll'mlted (MSA) (MSA, Explores (MSA)
Dialects Dialects)
. . . Not directly Limited Advanced
Disambiguation supported Capabilities N/A Disambiguation
Stemming & Both Both
s Stemming & N/A N/A Stemming &
Lemmatization . C. .2
Lemmatization Lemmatization
Svniactic Provides
yntactl N/A N/A Syntactic N/A
Analysis .
Analysis
Gont (15 o
Accuracy & Requires Well-established Recognized for &
S . . . (Accurate
Reliability Evaluation for Reputation High Accuracy L
. Analysis with
Dialects . . .
Disambiguation)
Efficient I
. Performance Optimized
Performance (Ba.sw UL Not Optimal for B . for Efficient
Might Need (Commercial) .
P complex tasks Processing
Optimization
Open-source Limited CusI{(l)ﬁlitze;cion Highly
Customization (Code Customization Options Customizable
Modification) Options (Commezitl) (Open-source)
Limited Excellent
Good . . :
. . Limited Documentation ~ Documentation
Documentation & Documentation ! . :
. Documentation  (Commercial, & Active
Support & Community . . : :
Support Available Might Require Community
pp Paid Support) Support

Table 1- popular NLP frameworks and libararies comparision
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6. A Lexical analysis algorithm:

A simplified algorithm for performing lexical analysis on Arabic text that

relies on existing NLP tools including the Stanford NLP toolset using python

goes as follows:

1.

2%

Input: A string of Arabic text (sentence).

Output: A list of Arabic words with their root form, POS tags, and lexical

information such as lemma, singular, gender, and meaning.

from morphology.database import MorphologyDB
from morphology.analyzer import Analyzer

builtin_db()

db yrphologyDB.
analyzer = Analyzer(db)

analyses = analyzer.analyze( "aau')

for analysis in analyses:
print{(analysis, '\n')

Initialize an empty list to store the analyzed words

Normalize the input text by removing diacritics, punctuation, and non-

Arabic characters.

from utils.dediac import dediac_ar

sentence = "l ghil LEals . SGLI JELL all 5lGa sb cullad
print({sentence)

sent_dediac = dediac_ar(sentence)
print{sent_dediac)

- Input.z=53 z154) 5 aallas el JAN a5 Slen sh o sllall

: Output.zGll ) 3) 5 Lhadlas cllall JAab o 58 Jlea 8 @ gulsll
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)

Tokenize the input text into a list of words by using a tokenizer that can

handle Arabic script, such as an ICU-based tokenizer
from tokenizers.word import simple_word_tokenize

sentence = "¢l I LA Ja"
print(sentence)

sent_split = simple_word_tokenize(sentence)
print(sent_split)

: Input.zE0 #1545 aded (UG JAY & 55 Sl sh sblal)

: Output,(gialaty o (@@l (JLANy sty | Oldayr b (sulalh]

[ =Gl [ z)-35
6. Run the tokenized text through a morphological analyzer to identify the
root form of the words, POS tags, and other morphological information.
Lex POS Tags (Part-of-Speech Tags) Diacritized Word
L pron_rel L L
& pron &2 o?
i noun el sl
aaln noun ALl Al
Table 2 — arabic sentenc analysis for diacritized
and part of speech generation
7. For each word in the tokenized text:
A. Use a morphological analyzer to extract its root form, lemma, and
morphological information such as gender, number, and POS tags
B. Use a lexical resource, such as a WordNet-like resource or a large
corpus, to extract lexical information such as synonyms, antonyms,
and word senses.
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C. Append the word, root form, POS tags, lemma, morphological
information, and lexical information to the list of analyzed words.

Gloss Transliteration Word

what REL PRON/ L
it;they;she PRON_3FS/» R

NOUN/& ;

2lad
[.language+[fem.pl NSUFF_FEM_PL/=H- <
. /z2 % +DET/J!

the+programming 5 " |
[.+[fem.sg PNOUULY —

NSUFF_FEM_SG/

Table 3 — arabic sentenc glossary and buckwalter transliteration
8. Return the list of analyzed words
9. End

This algorithm is a simplified version and there can be variations to it based
on the context and requirements of the specific task. Morphological analysis
can be a complex task as it involves several subtasks such as diacritization,
segmentation, POS tagging, and more. Some morphological analyzers can
handle multiple subtasks at once, which can simplify the process of lexical
analysis. Additionally, WordNet-like resources are not always available
for Arabic language, so researchers can opt for other resources such as

thesauruses, dictionaries, or even their own hand-crafted resources.

7. Available Resources & tools:
There are several resources available for researchers and practitioners
interested in extracting lexical-semantic information from Arabic text!’.

Some of these include:

I. Corpora: A number of Arabic corporas have been developed for natural

language processing research, including the Arab Corpus, the Egyptian
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Arabic Dialect Corpus, and the Modern Standard Arabic Corpus. These
corpora can be used to train machine learning models for lexical-semantic

extraction.

I. Morphological analyzers: There are a multiple morphological analyzers
available for Arabic, such as the MADAMIRAP! tool and the Alkhalil®
morphological analyzer, which can be used to analyze the structure of

Arabic words and identify the root form.

III. WordNet-like resources: Some lexical resources for Arabic, such as AWN
(Arabic Word Net), can be used to extract lexical-semantic information

from Arabic text.

IV. Pre-trained models: BERT-Arabic and similar models can be used for

Arabic NLP tasks such as lexical-semantic extraction

V. Evaluation datasets: Researchers can use evaluation datasets to evaluate
the performance of their models, for example, the Arabic Lexical
Simplification Corpus, the Arabic Dependency Treebank, and the Arabic
Named Entity Recognition Corpus.

VI. Research papers and journals: There are several research papers and
journals that focus on natural language processing and lexical-semantic
extraction in Arabic, such as the Journal of King Saud University -

Computer and Information Sciences and the Journal of Intelligent Systems.

VII. Conferences and workshops: There are also several conferences and
workshops that focus on natural language processing and lexical-semantic
extraction in Arabic, such as the Conference on Natural Language
Processing and Computational Linguistics and the Workshop on Arabic

Corpora and Processing Tools.

VIII. Online communities;: Communities such as the Arabic NLP

community, which provide a platform for researchers and practitioners
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to share information, ask questions, and collaborate on projects related to

Arabic natural language processing.

These resources can be used to help researchers and practitioners learn about
the latest methods and techniques for extracting lexical-semantic information
from Arabic text, as well as to access data and tools that can be used for their

own research and projects.

8. Conclusion:

Arabic lexical semantics analysis is an important field of research in natural
language processing. The aim of lexical semantic analysis is to extract rich
information about words and concepts from a text, such as the root form,
lemma,POS tags, morphological information, and lexical information. The
Arabic language presents unique challenges for lexical semantic analysis due
to its complexity, such as morphological richness, script and diacritics, and
lack of resources.

This paper aimed to provides an overview of the challenges and methods
used to overcome these challenges for Arabic lexical-semantic analysis. It
discussed how the morphological complexity of Arabic can be addressed by
using morphological analyzers which can identify the root form of a word and
extract its meaning. Additionally, it presented how corpus-based methods and
deep learning techniques can be used to extract lexical semantic information
from Arabic text, in addition to word embedding models and WordNet-based
methods. The paper also highlighted the importance of using evaluation

datasets and the need to use large corpora for training.

To conclude, lexical-semantic analysis of Arabic is a challenging task but
researchers have developed a number of methods to overcome the challenges.
These methods have shown promising results and have the potential to

improve the performance of natural language processing tasks for Arabic.
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