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Abstract

A domain model, also known as a conceptual model, is a crucial step in the transition from natural language
requirements to precise specifications. It helps identify the main points of a problem in terms of the flow of
real-world objects and their relationships. Domain modeling is also considered one of the best methods for
requirements analysis. However, building a domain model manually for large systems is a challenging task.
There are several ways to assist engineers with this task, such as using Natural Language Processing (NLP)
to automatically extract candidate domain model elements. However, these methods are only applicable to
the English language. Building a domain model in the Arabic language is particularly challenging due to the
different concepts of the Arabic language compared to English. To assist analysts who use Arabic to document
their work, a new approach for developing a tool that automatically extracts a domain model has been
proposed. This is achieved by creating a set of rules extracted from the rules of the Arabic language and then
reviewing them with language experts. Additionally, rules for writing requirements are imposed in accordance
with recommended international standards. The tool showed effective performance in a case study presented
in this research, with a performance rate of 87.9%.
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Introduction

Requirement analysis is a crucial stage in the Software Development Life Cycle (SDLC). It is considered the
foundation for the success of any project as it helps determine the needs and conditions to meet for a new
or altered product or project [1]. To strengthen its outputs due to the large number of documents used in it,
this stage has been supported with several tools and models. One of these models is the Domain Model
(DM), which is used to identify objects that can participate in the area of the problem [2]. However, what if
this task is done automatically? It will undoubtedly make the analysis stage more solid and powerful. On
the other hand, we will face many challenges in addressing the language used in writing the requirements,
especially since we are targeting the Arabic requirements in this study. The task of analyzing software
systems is crucial for any software engineer, as it forms the foundation upon which the entire system is
built. Therefore, having tools that support analysts' work is essential and can significantly enhance the
quality of software products.

During object-oriented analysis, domain modeling is used to break down the domain into real-world
concepts or objects, which can be either ideas or actual objects. This process helps us define and organize
the concepts and ideas related to the domain. Many previous attempts have been made to manipulate Arabic
language processing using various methods. However, the treatment of the Arabic language was limited to
analyzing feelings based on text, identifying geographical areas based on words used, and explaining the
meaning of words to facilitate reading, such as translation. There have been some efforts to use ANLP to
create Unified Modeling Language (UML) diagrams, such as use cases [3, 2-8]. This study proposes an
automated method to extract the Domain Model (DM) from client requirements in Arabic. The method
involves creating a set of rules based on the Arabic language and the writing standards. This will ensure
greater accuracy and limit errors. A tool will be developed to automatically extract the DM based on the
rules and natural language processing techniques. Additionally, a database will be created to store keywords
used in the scenarios, which will increase Arabic language resources available for Machine Learning (ML) to
perform software analysis tasks.

The domain model serves as a crucial step in transitioning natural-language requirements into precise
specifications. However, building a domain model manually for large systems can be a laborious task. To
assist engineers, various approaches have been developed to automatically extract candidate domain model
elements using NLP. Despite the existing work, important facets remain underexplored. Firstly, there is
limited empirical evidence about the usefulness of existing extraction rules (heuristics) when applied in
industrial settings. Secondly, existing extraction rules do not adequately exploit the natural-language
dependencies detected by modern NLP technologies. Lastly, an important class of rules developed by the
information retrieval community for information extraction remains unutilized for building domain models.
To address these limitations, this study developed a domain model extractor. The extractor brings together
existing extraction rules from the software engineering literature for English grammar, extends these rules
with complementary rules from the information retrieval literature, and proposes new rules to better utilize
the results obtained from modern NLP [4].

Automated software engineering has attracted a large amount of research effort. The use of object-oriented
methods for software system development has made it necessary to develop approaches that automate the
construction of different UML models in a semi-automated manner from textual user requirements. UML

Copyright Author (s) 2025. Distributed under Creative Commons CC-BY 4.0
Received: 14-03-2025 - Accepted: 11-05-2025 - Published: 18-05-2025 1332


https://doi.org/10.54361/ajmas.269529
https://orcid.org/0009-0001-2704-552X
https://orcid.org/0000-0002-2233-2327

Algalam Journal of Medical and Applied Sciences. 2026;9(5):1332-1342
https://doi.org/10.54361/ajmas.269529

use case models represent an essential artifact that provides a perspective on the system under analysis or
development. A set of rules was defined for each element in the use case to be used, and a natural language
processing tool was used to parse different statements of the user requirements written in Arabic to obtain
lists of nouns, noun phrases, verbs, verb phrases, etc., that aid in finding potential actors and use cases.[3]
Automated software engineering is one of the most important current research problems, especially when it
comes to requirements analysis and modelling. The main advantage of this automation process is to improve
the quality and productivity of software development. This study presented a semi-automated approach for
constructing the activity diagrams from Arabic user requirements using the MADA+TOKAN parser.
MADA+TOKAN used a set of tags to describe the Arabic words in the statements. Each word has a tag, and
every tag has a special meaning. A set of rules is defined for each element in the activity diagram to be used
during the generation of the diagram [11].

The sequence diagram is a commonly used UML model during the analysis phase of software system
development. However, as creating such diagrams is typically a manual process, the addition of automated
or semi-automated support would be beneficial and practical. This paper proposed a semi-automated
approach for generating sequence diagrams from user requirements written in Arabic. Our study outlines a
method for parsing user Arabic requirements using a natural language processing tool to generate part-of-
speech tags. The resulting sequence diagram can then be created using sequence diagram drawing tools
and represented using XMI [1]. Previous studies have shown that there is a gap in research when it comes
to the domain model and the Arabic language. No study has been conducted to address this issue.
Additionally, it has been observed that other models, such as the use case diagram, sequence, and activity,
have been used to provide solutions for the Arabic language, but these models have not developed tools and
instead presented semi-automatic methodologies.

Domain modeling is an essential step in software development that helps to identify the different elements
that make up the target system and their relationships. It simplifies the transition from natural language
requirements to precise specifications. However, constructing domain models manually is a time-consuming
task, especially in large-scale systems where numerous target documents are required. Most of the existing
methods for building domain models rely on rules that extract domain model elements, but these rules are
defined only for English grammar rules [4], and cannot be directly applied to Arabic language requirements
documents. Arabic readability research faces an obstacle due to the lack of sufficiently large datasets for
annotators to provide labels with proper readability assessments. To test new tools, it is necessary to
construct a dataset that can serve as a gold standard [17]. This study aims to develop a tool that helps
software engineers extract DM from requirements written in Arabic. By doing so, it will improve the process
of analyzing software systems and raise the quality of the software development process with minimal time
and effort.

The Proposed Approach

There are two main processes involved in the approach: the theoretical process and the practical process.
The theoretical process explains how to define rules for writing texts in Arabic, recommended standards for
writing software requirements, and how to verify the ability to apply these rules practically. The practical
process explains how a tool will be prepared to analyze the text, find objects and their properties, and
understand relationships between them. Additionally, it demonstrates how the domain model for the
entrance scenario will be automatically generated. In Figure 1, you can see a conceptual overview of the
proposed Approach.
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Figure 1. Conceptual Overview of the proposed Approach.

The approach consists of two main processes: the theoretical process and the practical process. In a
theoretical process, it was explained how to define the rules for writing texts in Arabic and the recommended
standards for writing software requirements, as well as how the ability to apply these rules on the ground
will be verified. In a practical process explained how an algorithm will be prepared to analyze the text and
find objects, their properties, and the relationships between them, and demonstrated how the domain model
for the entrance scenario will be generated.

a) Theoretical Process
The purpose of this process is to establish the Arabic rules that should be applied when writing

software requirements and extracting objects and their relationships based on the Arabic rules and
recommended guidelines. This set of rules will assist the developed tool in automatically capturing
the domain model from the provided Arabic texts using ANLP. The research used a Rule-based NLP
approach, which utilizes extensive libraries of human language rules to achieve more accurate

tagging. A rule-based NLP system follows these rules to classify the language it is analyzing.[15]

e Data Collecting: The rules for writing Arabic script were gathered by examining a collection of
online e-books that outline the restrictions on writing sentences in Arabic. Table 1 shows the
rules used to enforce the guidelines for writing software system scenarios. In Arabic writing,
punctuation marks play a crucial role in identifying places of separation, stopping, and starting.
Various references emphasize the importance of using these marks to facilitate comprehension
for both the writer and reader [13, 12, 6]. Additionally, we reviewed a recommended guide for
describing software systems, which highlights several critical characteristics that must be
present in the requirements when documenting them, such as unambiguous, complete,
verifiable, consistent, modifiable, and traceable [7].

Table 1.

Rules used to enforce the rules for writing software system scenarios.

Rule No.

Description

Example

S1

The end of the sentence by a
full stop (.)

ol ) J gl i 2 slens S

S2

The properties of the object
declared using by
Punctuation (:)

Al ol 5 o 1 pand) gl iy Jymasiy il pall o 8 e
‘w\)ﬂ\eu‘¢k_ﬁt@l\e§)‘ém“‘aY\e&\ ¢ J)\:\A\:\.\ucsch‘)ﬂ
)yl Als Ll

S3

The properties of the object
splitting by using the
punctuation comma (¢)

Ll )+ ol 5 nl Analil iy Jmasty Cali gall o 8 Jie
6w\‘)ﬂ\ew\su.\w\a§)‘¢m‘€y‘w\ 3 JM\&.\MC‘;‘:\J‘)}‘
gl ) Al Lyl
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Rule No. Description Example

The existence of a variable is
declared by the (shall's

sS4 statement), where PO S b P PR PEN W FENEPEN N | I WO B | g E ey )
requirements must begin s0al AalS ¢ aadinl)
with the word shall or its
synonym.

The rules S1, S2, S3, and S4 display how to write software system scenarios in the correct form. For a more
detailed explanation of Rule S4 in Table I, consider the following example (Figure 2 and Figure 3), which
shows one of the ways requirements can be written, such as declarative "—«—==" statements. Many
characteristics have been imposed by international standards to define the form of the requirement,
including that it begins with the word "—x" or an equivalent meaning for it like "as& ¢ Jis ¢ (S ¢ mew". So these
rules facilitate the extraction of the domain model from Arabic requirements.

The word "—=" or an equivalent meaning for it is a sufficient statement for the client's need for this function.
Imposing rules helps word processing algorithms perform their functions more accurately. Therefore, these
rules were specified to help the research algorithm perform its work, as the algorithm discovered that there
was a requirement for the entered Arabic text, as shown in Figure 2, to be included in the analysis and
search process for the parts of speech and extracting the objects, as shown in Figure 3, that can be involved
in building the domain model for this sentence.

R
- A

1 TR
Ll iaa

p el sl
el Jail

Figure 2. Capturing the domain model for the statement (fig. 3).

,_..,\) sJaa J:\;JQ_A_‘I SAal iy PREGIN| PRPVIES TR B |}
QUSRS 0S| P T | A PA | I E T ) N | PRPREN AN |

Figure 3. Shows example requirements statement with "shall" for rule no. S4.

The algorithm looks for the keyword as "»54", then searches for (JeWl 54 J=i4l) where the first noun which is
"axii " represents the first object, and the second noun, which is "ll" represents the first object. The
word "dii&" represents the relationship between the subject (J=Wl) and the object (4 Jsiall).

The grammatical meaning of the word "s33iudll" in the previous sentence is "subject, Jdeld " the word "Il is
"object, 4 dsis " and the word diwd"" is " yhas sl

There is a book available along with some summaries on the Arabic language for the first intermediate grade.
These resources explain the most important spelling rules in the Arabic language, which can help in
improving writing skills. In Figure 4, you can see an explanation of the grammatical classification that was
used by the tool developed for this research to extract POS from scenarios that were collected for some
software systems.[9]

Speech in the Arabic language is classified into (<= « J2é ¢ aul) Each part depends on a set of standards when
writing it, for example, the name (~Y)) must begin with "JI" and the letter (—_~l)) are taken care of in a group
of words such as "I« &&". As for the verb (J=dll), there are three types of it, each of which imposes a specific
method of writing: the past ending with "Jeldl «U", the present begin with "5 s)—" and the command begin
with "".[9]
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Figure 4. Show the summary of Arabic grammar [9]

The study also relied on another source that clarifies the various types of sources in the Arabic language,

their definitions, uses, and rules. Figure 5, presented in this source, explains the standards and types of
sources in the Arabic language.[10]

oD GO
=)
O ED &
&

Figure 5. Show the types of sources in the Arabic language.[10]

The source of its meaning is a specific event that is not linked to time. It is divided into two main types as
follows: In terms of the form (=l - clw) in terms of the number of letters _Liadl) (uliw — ouled — el ) — S3)
(M is not governed by a rule, as its sources are auditory, not standard. As for (4535 pall jaladl), there are
rules governing their writing. Through analyzing a set of scenarios of software systems, it was noticed that
the (=Ll Jr=adl) was used frequently, and its presence indicates the existence of a relationship between
objects. The rule of (=LY ,1=d) depends on the presence of the letter (s4) before the last letter in the word,
such as: "' the source of this word is "d>".[10]

The rules shown in Table 2 were used to extract the grammatical classification of nouns and verbs in Arabic
language references, to find objects and relationships from nouns and keywords from verbs.

Table 2. Rules used to enforce the rules for writing software system scenarios.

l:;:)le Description Example
The object noun accepts () . it .
Laall paleadl Gilily ddlea) :
o1 definition. e 2 dilal e Hagal) dony : e
Being is a noun preceded by a o 1 Jpan by Ailials ciligall peanss £ Jia
02 preposition (a2 ¢ de o A Ga ¥
LSl ¢ GL,\“). e dnDlal Al Alls
il gal) gy bl Qi) Ciligal) palsice @ Jie
03 The name may be a connected Y Gl il Zallee Liad 4 5 ¢ Aupadlly
pronoun. -

Cilasa
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Rule

No. Description Example

The relation comes in the form
K1 of a past tense that accepts the A3 23 s 4Kl e Wle) @ jma) 1 Jie
(J=\8Y 5 of a participle.
The relation comes in the form

K2 of a present tense may be S (bl deadl) 3383 o padinall ran Ol 1 i
preceded by a negative letter vl ey V) Al
(o).
The relation comes in the form .
of a present tense may be JS 230 elals 48 dobbas Calasall pgho t i
K3 preceded by a letter o ¢! ) JAlsye
(s,
The relation comes in the form Aalicaal el e Jlad) haaals Caligall o e
K4 of a present tense may begin -
with a letter (—————i—1). ) (s 0
If the verb is preceded by a
preposition, the presence of the s ey il C
R1 letter (s&) before the last letter in el djuj\_\::':\) w} ﬁ;ywdjfdm"

the word this noun may
represent the (=L s4as) of the
verb.
If the verb is preceded by a
preposition, the presence of the

(Jam

O Aalial) el e sl htealy Cali sall o 5 Jie

. YA
R2 letter (&Y)) before the last letter L) i NI
. . " ‘ ‘"
in the word this noun may =l Gl tne o) (u:} ‘u o J el

represent (kb siaa).
If the verb is preceded by a
preposition, the presence of the

O Aaliadl) Aaly e sl sl Cala sall o 5 Jie

. e o s
R3 letter (<)) at the beglnmng‘ of ol dail yhms o) (3 ¢ sibe e o " aua”
the word may represent this (il

noun (g=bead gl (Sl siaa).
If the verb is preceded by a
preposition, the presence of the

Bt ey bl by dAallaa (e il sall rans (i

S als ge JS sl
R4 letter (al)) at the beginning of . cl g 3
LS ¢33 ) da garian aran | Aas "dallea"
the word may represent this == s 55 . - ’

noun (s Jias),

The rules O1, O2, and O3 display how to delimit objects. The rules K1, K2, K3, and K4 display how to delimit
verbs that may be pointed to key words. The rules R1, R2, R3, and R4 display the name of the relationship
between the objects.

In Figure 6 shows the grammatical classification of each word in the sentence ( Ji daSia by sl 52 (5% o
sl Lkl wlly) which was output by the research tool that was developed in accordance with the rules in the
preceding table.

daal) agllal) i I Y b gall Tt

v

Figure 6. Shows grammatical classification of each word.

The Figure show set of steps: step 1, the developed tool looks for the first noun that constitutes the first
object in this sentence, which is (<)) after finding the keyword for the presence of a requirement, which
is the verb (z«). In step 2, it looks for the source name that joined two objects, which is (J=3). In step 3, it
looks for the second noun that constitutes the second object in the sentence, which is (&hl). An increase in
clarification of the true grammatical meaning of the Arabic grammar, which was represented in the previous
figure in the symbols (K1, O1, R1, O2), where the sentence structure was a verbal sentence, which are the
sentences that begin with a verb in the Arabic language, means that the tool that was developed in this
research, is interested in finding the noun and the verb based of their grammar parsing, which is represented
in the form of the previous one as follows: K1 represents the verb and serves as an indicator word to the tool
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for the existence of a requirement, while O1 represents the subject that represents the noun that may be
the first object in the system, R1 represents the event that the subject performs, and it represents the name
of the relationship that connects the first object with the second, and O2 represents the object that
represents the second object in the system.

RG] ) Al

Al 5 gua 1

Figure 7. Capturing domain model for the statement (fig. 8).

o alal) 4y 8 ageah UM ety PO N (O T
s e RS Rl sopardl

Figure 8. Shows example requirements statement with connected pronoun for rule no. 03.

In Figure 7, there is a relationship between the words "ax33uall" and "4l Al o 5w )" through the pronoun "+——"
in the word "4S«". Based on this dependency the relationship in fig. Figure 8 can be derived.

The algorithm looks for the keyword as "ss", then it looks for first object then for relationship name and
second object, but in the previous example Figure 7, the second part of a sentence was only presented
relationship name and second object, which is "4l all s su )l ¢ 223" without first object, this is a representation
of the relation of connected pronoun "——", which means that is related to the subject mentioned at the
beginning of the sentence "»2:33.4ll"| so the algorithm calls the name of the last object which is "a233wall" that
was mentioned to represent it in the relationship, as shown in Figure 8.

e Data Verifying: it is recommended to create a domain model either before or simultaneously with
documenting the requirements. However, due to time and resource constraints, this may not
always be feasible. Building a domain model that aligns with a given set of requirements requires
the engineers to examine the requirements carefully and ensure that all the relevant concepts
and relationships are included in the model. This can be a tedious task, especially for large
applications with requirements spanning over tens or hundreds of pages. To address this
challenge, automated assistance for constructing domain models based on natural language
requirements is crucial.

To this end, a set of rules was compiled and restricted to facilitate the extraction of the domain model and
to write software system scenarios. These rules were reviewed by Arabic language experts to validate them,
and a survey was conducted to gather feedback from software engineers specializing in software development
about the proposed tool's imposed rules. The feedback was also used to improve the suggested rules.

The number of participants in the survey was 60, with 48 females and 12 males’ of different ages, as their
years of graduation ranged from 1988 to 2023. The participants were from different disciplines (39 from
software engineering, 12 from computer science, 6 from information systems, 1 from networks and
communications, and 2 from programming hobbyists).

b) Practical Process

The aim of this process is to create a tool that can extract the domain model from an Arabic

requirements scenario. The collected rules will be applied to the entered text, then the objects, their

properties, and the relationships between them will be extracted, and finally the domain model will
be drawn and a conceptual model of the class diagram will be extracted.

e Pre-Processing: the following steps will be carried out manually to ensure that the resulting
scenario is compliant with the rules of the Arabic language. This scenario will be relied upon in
the subsequent stages of the tool's operation. It is important to note that the accuracy of the
tool's output is dependent on the degree to which the scenario adheres to the imposed rules. If
the scenario is in compliance with the rules, then the tool will accurately extract the domain
model.

e Parsing Pipeline: the tool proposed in this study aims to analyze Arabic text sentence by sentence
to generate a graphical domain model. Figure 9 illustrates the parsing pipeline for syntactic
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parsing. To analyze the entered text, the ANLP process employs a set of components that
participate in the syntactic analysis pipeline. Each of these components has its own swim lane,
which is represented horizontally. This stage comprises four swim lanes for the following
components: NLTK, Set-Lists, Checker, and PlantUMI. These components were developed to work
together to extract the domain model for the entered scenario, and their responsibilities are
clearly defined within the tool.

ing Pipeline

\(7
[Chesk for r (shalls |
| swtement) | 1

Figure 9. Shows the parsing pipeline process.

The following steps detail the parsing pipeline process by identifying each responsible component's name
and task:

1) Component name: NLTK / Task name (Tokenization): in a NLTK component, the entered text will
be split using the tokenization technology.

2) Component name: Set-Lists / Task name (Storage sentences and words): in a set-lists
component, a special set will be prepared to store the sentences. After completing each item in the
list (i.e each sentence) will be divided and stored into a list of words.

3) Component name: Checker / Task name (Checking for POS): in a checker component, the tool
worked with the rules in Table II regarding the rules of objects and the relationship between them.
Look at Figure 10, which displays an example of a checker component.

The algorithm operations

TLoop Statement

using rule K1 to =
b K4 to find the first |+ i s‘“ °’l<‘) v
1 object em

+
> POS List |
using rule Ol to O generation domain |
3o find thefirst — —~ — ogjece model
2 objeet 5
L Objece 2 g J

Object ..

]
using rule Rl toRSto | | [Relon] goncration |
find the relationship Relation 2 conceptual class
3 6 diagram

=

using rule Ol to O Object
3to find the second [— —{ —»
4 object

End

Figure 10. The checker's operations.

An example of a checker’s operations will be applied with the sentence (22l allall Sl Sty cala sall mau), (1)the
tool will work to search for the sentence that may be a software requirement by applying the rules of K1 to
K2 to each word in the sentence, until the verb that represents the word synonymous with the word ‘«x’is
found, in this example, the word (z~) applies rule no. K4. (2)Applied the rules O1 to O3, searching to find
the subject that will represent the first object in this example, the word (—+bs-<1) applies rule no. O2.
(3)Searching for the source name, which will result in a relationship between the expected objects in the
sentence, in this example, the word (J=—3) applies rule no. R1. (4) Apply the rules O1 to O3 to search for
the object that will represent the second object in this example, the word (%ikl) applies rule no. O1.
If a relationship between the objects in the past sentence is discovered, the NLTK component will obtain the
word stem representing the existence of the requirement discovered in the first step, which is (z~«) and its
stem was (z<~). The stem of the word (z) will be checked in the database dedicated to stem words; if the
word doesn't find a match, it will be kept. These steps will be repeated with the next sentence until all
sentences are complete.
4) Component name: PlantUML / Task name Extracting Domain Model: After the list of sentences
is finished, a DM is extracted by code which is generated for UML drawings from the specified list of
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objects, their properties, and the relationships among them by the developed tool. The developed tool
uses PlantUML UML notations to generate its code, which is then applied by the developed tool to
extract the DM. This makes all operations take place in a single operating environment, so that it
can be said that the developed tool works fully automatically. Where we noticed in all previous
studies that the proposed solutions are done with the help of a set of tools that are independent from
each other and are not integrated during the provision of solutions, here these solutions are called
semi-automatic. The study is pleased to present a solution that is different from all previous works
by developing a performance capable of working fully automatically. Table 3 shows PlantUML
notations and their meaning.[5]

Table 3. Plantuml notations and their meaning

Notation The Meaning
@startuml Start point.
class It’s a keyword used to set the name of a class, (i.e: class A)
{1} Used to set the properties of the class.

, Used to separate the properties of the class.

-- Used to draw the relationship between the classes.

Used to add a label on the relation.

@enduml End point.

The expected domain model schema for the Arabic requirements text is obtained after running the generated
file when the tool finishes working; this file contains all the objects expected to participate in the problem
domain, in addition; their properties and the relationships between them, this step is done by PlantUML
tool, it is an open source tool that allows to quickly write: Sequence diagram, Using case diagram, Class
diagram, Activity diagram, Component diagram, State diagram, Object diagram.[5]

A file PlantUML begins with a (@startuml) and ends with a (@enduml), the existence of an object is expressed
through the word (class), its properties are expressed by limiting them between mark ( {} ), separating them
is expressed with a sign ( , ), and relations are expressed through the sign ( -- ) between the two objects. It
is possible to add a label on the relation by using ( : ).[5]

e Post-Processing: In this study, a tool is developed to work automatically to present the final diagram
for the interred scenario. It is extracted by the developed tool that works by using ANLP techniques
and also it works to generate automatically the PlantUML code to draw the domain model in the
generated file. For more illustration, Figure 11, shows an example of the domain model for one of the
scenarios of the software systems extracted by the tool that is developed in this research using the
PyCharm IDE version 2022.2.2.

The following is an example used to show the result of processes in the parsing pipeline stage:
¢ Jaal @l s apaall Qllall iy 8l (pe Liay) (St oasl 52l alall ey ¢ oasl pall alall o sie 1 Jlaaly @lld g aadl ol 5l alall il 8Ll Cila gall o 5k
Ul ) iy Jlaaly Cala gall o sy Ul Cile Cany a1 g4t 5 Ala 3 Auad )5 ) seall ¢ indl sm by 5l gida sl a5l ¢ oSl s ¢ Ual) o)
lal e il il JUaaly Cala gall o gy I3 dmy a5 ¢ a1 Cans ¢ ¥ s el ¢ Ul iy s JUaals @lld g A jaal (g dilal Alls
s Jaal OOA (e abeall alall Ja gl d8lialy o sy a3 gasd 52l alad) ¢ Zgusl jal) Al yall ¢ Ul ansd : JU) YA e aaall asl 5l lall G el Jals yiasall
JSXJA}A\J&MMH.U@\?&J‘M\H\‘JA}A\H\ JRal YA (e (galall b 3all Gaaddll ALl o iy lld 3ay i 3all a5 ¢ Ja all and
Al sy alae

Figure 11. An example of the domam model extracted by the tool was developed using the
PyCharm IDE.
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Discussion

Despite studies that suggest the importance of a domain model in software analysis, software engineers may
not want to spend time deducing the objects that can participate in the problem domain. Instead, they might
go directly to building the class diagram and database, or they may need to work in English to use available
automatic processing tools. Therefore, it is necessary to conduct research that focuses on automatic
processing of Arabic language texts to improve the quality of software development.

This study explains the importance of the domain model in the analysis stage and how it contributes to the
success and understanding of software projects. Many previous studies have contributed to building the
domain model. The domain model was automatically covered by analyzing texts in different languages such
as English and Japanese. However, there hasn't been any study dealing with the domain model in Arabic.
Although there are efforts to address this issue in other languages, none of them are in Arabic.[4]

The study discovered that Arabic text processing in software engineering has made significant progress,
particularly in the area of semi-automatically extracting activity diagrams and use case diagrams from
Arabic texts. However, the process did not rely solely on one tool to extract diagrams and process Arabic
texts. Instead, multiple independent tools were used to achieve the final result. While previous studies have
produced these diagrams semi-automatically, this study focused on developing a fully automatic tool to
extract domain models from Arabic texts [3,11,1].

Based on the preceding analysis, the key outcomes of the study can be summarized as follows:

e Contribute to determining a set of rules for writing scripts for software systems in the Arabic
language, based on the recommended rules for writing software requirements and grammatical rules
in the Arabic language.

e Contribute to preparing a database of the origins of Arabic words for words similar to the shall
statement (<), which indicates the existence of a requirement. This database will provide great
support for the tools that work on processing Arabic texts and will also contribute significantly to
supporting machine learning algorithms to train algorithms to discover the software requirements
without having to parse the text.

e Contribute to determining a set of rules to extract the objects of the problem domain, their
characteristics, and the relationship between them, based on the grammatical rules in the Arabic
language.

e Contribute to developing the first tool to extract the domain model fully automatically, and this is
based on the prepared approach, which was explained. The work of this tool was also evaluated by
a group of software engineers through a questionnaire that was prepared and published on the
Facebook App, and by case study for an administrative and financial system scenario, the results
indicated that the performance rate was 87.9% after comparing the conceptual class that the tool
envisioned and the real classes extracted by software engineers.

Conclusion

The study presented a compilation approach that contains two important processes (theoretical and
practical). The theoretical process developed a plan to collect all data related to the grammatical rules in the
Arabic language and the recommended standards for writing the software requirements. This process was
also concerned with determining the appropriate mechanism for preparing the questionnaire and publishing
it. The questionnaire was designed to assess the ability of software engineers to apply these rules during
their real work, and then the practical process was launched to develop the tool dedicated to extracting the
domain model from Arabic texts, where the rules used in extracting the domain model were defined in the
theoretical process. These rules significantly contributed to the extraction of parts of speech (POS) from texts
with the development environment (PyCharm Community Edition 2022.2.2) of the language, and the
program language (Python) that was used to write code commands, the (NLTK) library integrated with this
environment was also used, which is a huge library that includes a group of classes in everything related to
processing Natural language, and finally the markup language (PumlUML) used in drawing UML diagrams
was used, where the tool will generate the (PumlUML) code for the domin model of text that was entered in
a separate file automatically to display the final graphic form of the classes expected to participate in the
problem domain.

This study seeks to promote scientific research and provide solutions for Arab software engineers who use
their language in software documentation. One of the main results from the evaluation of the tool's
performance is the consensus of the Arab engineers participating in the questionnaire on the importance of
this tool and their need for it in real life. In future work, the tool will be improved to accurately extract
classes, their operations, and the type of relationship between them (class schema). It can also be done to
generate code according to the language specified by the user for each class discovered with the set and get
functions. In addition, we work to make the tool more intelligent by using the database that has been
prepared.
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