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Ontological Approach to the Formation of Subject-
Oriented Knowledge Bases in Gomputer SCIENce

Introduction

The rapid growth of computer science
knowledge necessitates efficient management
systems to capture, organize, and retrieve
information. This paper explores using onto-
logical approaches to create subject-oriented
knowledge bases in computer science, enhanc-
ing knowledge accessibility and understanding
for researchers, practitioners, and educators.
By employing domain-specific ontologies, the
paper aims to represent computer science
concepts, relationships, and contexts in a
structured way, enabling efficient knowledge
discovery and utilization [1].

The paper explores the benefits and chal-
lenges of ontological modeling, detailing how
subject-oriented knowledge bases are con-
structed and their impact on the computer
science community. It presents a methodolo-
gy for structuring and evaluating ICT compe-
tencies in higher education, emphasizing two
key aspects: defining competency boundar-
ies within a flexible framework and address-
ing individual student needs for personalized
training. This approach improves educational
quality and competency development. The de-
velopment of ontological models and knowl-
edge bases is crucial in fields like information
science, Al, and data management, facilitating
efficient knowledge organization and retrieval

[2].

Ontologies are structured representations
defining concepts, relationships, and prop-
erties within a domain, crucial for effective
knowledge bases. This review covers meth-
odologies for developing ontological models,
starting with domain analysis and using tools
like OWL or UML. It includes top-down, bot-
tom-up, and middle-out approaches, and high-
lights the importance of reusing existing ontol-
ogies to enhance development [3].

Ontological models and knowledge bases
have extensive applications, such as in bio-
medical domains (e.g., Gene Ontology for data
integration and hypothesis generation) and in-
formation retrieval (e.g., semantic web tech-
nologies for efficient knowledge retrieval and
interoperability). The development of these
models and knowledge bases is essential for
effective knowledge representation and use.
Literature on ontology development covers
stages from domain analysis to knowledge
base formation, various methodologies, tools,
and evaluation techniques, reflecting ongoing
advancements in data management, AI, and
information sciences.

Background

In computer science, creating and orga-
nizing knowledge bases is essential for ap-
plications like information retrieval, expert
systems, knowledge management, and data



mining. These bases store and retrieve criti-
cal information, aiding problem-solving and
decision-making. Traditional methods, such as
relational databases and object-oriented pro-
gramming, focus on structuring information
but often struggle to capture the complex se-
mantics and relationships in intricate domains
like computer science [4].

The ontological approach overcomes these
limitations by offering a more expressive and
flexible framework for knowledge representa-
tion. Ontologies explicitly define the concep-
tualization of a knowledge domain, capturing
relationships between concepts, properties,
and individuals. This approach enables bet-
ter knowledge sharing and reuse, providing a
common vocabulary for domain experts and
enhancing collaboration. In computer science,
ontologies are used to define and represent
domain-specific concepts and relationships,
facilitating more effective knowledge base for-
mation and management [5].

The ontological approach to knowledge
base formation offers key advantages over
traditional methods. It allows for the repre-
sentation of complex relationships between
concepts, enabling more accurate knowledge
retrieval and reasoning. Ontologies provide a
machine-readable framework and can be com-
bined with others for a more integrated knowl-
edge base. The process involves domain anal-
ysis, ontology design, knowledge acquisition,
population, and validation, ensuring a compre-
hensive and effective knowledge base in com-
puter science [6].

Domain analysis involves identifying key
concepts, relationships, and properties within
a specific domain. Ontology design and devel-
opment define the structure, including classes,
attributes, and relationships. Knowledge ac-
quisition formalizes information from sources
like experts and research, mapping it to the
ontology. Validation ensures the knowledge
base is correct, complete, and consistent, ac-
curately representing the domain and meeting
its intended use [7].

Overall, the ontological approach to the for-
mation of subject-oriented knowledge bases in
computer science offers a powerful and flexible
solution for capturing, organizing, and access-
ing knowledge. It provides a rich representa-
tion of concepts and relationships, enhancing
the effectiveness and usability of knowledge
bases in various applications. The systematic
and iterative process involved in the formation
of such knowledge bases ensures that they are
accurate, comprehensive, and aligned with the
intended domain [8].

Problem statement
This research is crucial due to the rapid im-
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pact of IT revolutions on modern society and
industry. IT skills are now essential not just for
technical experts but for professionals across
various fields. As IT permeates every aspect
of life, the demand for skilled IT specialists
grows exponentially. Training highly qualified
IT personnel is vital, guided by regulatory doc-
uments, competence frameworks, and profes-
sional standards to build a strong, competitive
IT workforce. The need for better methods to
align labor market demands with education
has driven efforts in management theory and
knowledge engineering to develop and assess
IT competencies.

Methodology

The creation of an ontological model in
Protégé aims to assess and develop students'
competencies in «IT solutions for business»,
based on a system of invariant and variable
criteria from relevant documents.

1. Development Stage: Introduce concepts
and establish links between standards and
their competencies.

2. Structuring Stage: Apply a structured
approach to align educational prescriptions
with labor market needs, creating a coherent
system of variables.

3. Implementation Stage: Integrate disci-
plinary concepts into the model, develop test
materials, and prepare educational resources
to enhance student skills.

The final stage focuses on refining concep-
tual structures and their relationships to sup-
port personalized learning paths. Students be-
gin with an entrance test to assess their initial
competence, then receive tailored educational
materials and resources to guide their self-
study effectively [9].

It is also important to take into account
that the student will have to pass an exit certi-
fication, as a result of which an individual port-
folio of accumulated competencies is formed
(Table). This analysis enables the assessment
of the depth of mastering the materials pre-
sented within the framework of the education-
al process.

If the student has successfully overcome
the exit control stage, it signals that the cho-
sen area of knowledge is included in his in-
terests and hobbies, and allows diving deeper
into this area. But if the results left much to be
desired, then he faces a choice: overcome his
shortcomings through repeated assimilation of
the material or go in search of new horizons,
perhaps even more exciting, taking into ac-
count his hobbies and preferences.

The fourth stage of our journey is the cre-
ative process of deriving conceptual images
for the analysis of inexhaustible resources that

go beyond the narrow framework of «IT solu-
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An approximate view of the portfolio

LC Mastered Undeveloped Resources to study
Competencies Competencies

Formation of 0OSC-1, OSC-8, WS-4

requirements for AS

Development of the | OSC-1, OSC-8, OSC-9, | WS-1 Programming course: learning from scratch

AU concept WS-4 Computer Science Curricula
http://www.acm.org/education/CS2013-
final-report.pdf

Technical 0SC-2, OSC-3, 0SC-4,

specification 0SC-8

Preliminary design | OSC-2, OSC-6, OSC-8, | OSC-7 Training of programmers

WS-2, WS-3 Lesson 2 of 30

Computing Curricula
http://www.acm.org/education/curric_
vols/CC2005-March06Final.pdf

Technical Project 0SC-2, 0OSC-8

Working 0SC-3, 0SC-4, 0SC-8,

Documentation WS-3, WS-7

Implementation 0OSC-5, 0OSC-8, 0SC-9,

WS-5, WS-6
AU support 0SC-8, 0SC-9, WS-6

tions for business». These images are a kind
of maps that help our students to penetrate
the essence of this profession at a deeper level
[11]. They, like torches in a dark cave, illumi-
nate the path of understanding and open up
the opportunity to make adjustments to their
professional trajectory [10].

Results of the application of the onto-
logical model

The task of developing an ontological model
aimed at structuring and evaluating the com-
petencies of university students in the Protege
was analyzed. Based on the proposed meth-
odology, a detailed dissection of the process
of formation and analysis of competencies in
this specific area has been carried out. Follow-
ing the described methodology, the process of
forming an ontological structure began with
the creation of invariant and variable docu-
mentary concepts, followed by the completion
of the required abstractions. The ontological
framework was constructed using the Protégé
software tool using a frame representation of
cognition. Figures 1, and 2 show the created
classes and their properties.

According to Figure 1, «Applied Informat-
ics» and «Competencies» are subcategories of
the «SYSTEM_CLASS» class. These subcatego-

ries are further subdivided into more specific

classes that describe various aspects of com-
petencies, such as «Universal Competencies»
and «Professional Competencies».

The highest level of the structure is repre-
sented by these classifications. The «PC_Sys-
tem_Analyst» class is important in the model
because it covers the main components of a
systems analyst's responsibilities, including
job functions, classification levels, and neces-
sary skills and knowledge.

The figure also shows other professions, in-
cluding software development manager, infor-
mation systems specialist, IT project manager
and programmer. The working functions and
abilities of these classes are reflected in their
respective subcategories. In addition, students
are provided with subjects and educational
materials, including tests and teaching mate-
rials, which are aimed at developing their abil-
ities. «Maximum Competence» is a tool that
helps to assess the degree of compliance of
students' competencies with professional stan-
dards. Ontological models make it possible to
develop training programs that are compatible
with modern standards and requirements, fa-
cilitating the planning and analysis of profes-
sional competencies. [11].

As part of the task, the classes provided
will be quite enough for the in-depth develop-
ment of competence in the field of «IT solu-



tions for business». The subclasses of profes-
sional standards will have a uniform structure,
and for this reason, Figure 3 reflects only the
structure of the PC_SYSTEM_ANALYST class.
In the ontological model, Figure 2 illus-
trates the structure of categories for the «PC_
SYSTEM_ANALYST» class. Slots facilitate the
establishment of connections between classes,
enabling the description of their properties and
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functions. In this paradigm, slots encompass a
variety of components that are pertinent to the
professional requirements, knowledge, skills,
and abilities of system analysts.

The ontological model organizes IT special-
ist qualifications using key terms such as «com-
petence code», «skills», «knowledge», «work
functions», and «experience requirements». It
supports adding new terms and components,
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maintaining system stability. This approach is
essential for effective modeling and knowledge
management in system analyst training, offer-
ing flexibility while preserving system integrity.
The developed ontological model is illustrated
in Figure 3.

Figure 3 illustrates the ontological para-
digm developed by the Protégé software for
the formulation of content and evaluation of
competencies. A multitude of links connecting
different classes and their characteristics origi-
nate from the «THING» element located at the
core of the mathematical model. The model's
fundamental elements, including competen-
cies, training materials, professional positions,
and specialized requirements, are intercon-
nected through these relationships.

The model includes classes like «PC_Sys-
tem_Analyst», «PC_Programmer», and «PC_
IT_Project_Manager», which cover various
aspects of professional activities, such as re-
quired knowledge, skills, responsibilities, and
educational resources. Competency evaluation
classes, such as «Test Materials» and «Maxi-
mum Competencies», are essential for assess-
ing whether knowledge and abilities meet pro-
fessional standards.

This comprehensive model demonstrates
the interconnections among different ontology
components, facilitating effective knowledge
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management. It supports the responsive ad-
aptation of educational programs to evolving
job market needs, enhancing the alignment
of educational outcomes with professional de-
mands.

Conclusions

The ontological model aligns with the goals
of harmonizing professional training require-
ments, enhancing educational programs, and
supporting individualized learning. It also al-
lows for expansion to include preparation for
official certification exams.

To keep the model relevant, continuous
monitoring and updating are essential due
to changes in regulations and evolving mar-
ket and technological trends. Just as a vigi-
lant guardian ensures their post is secure, the
model requires ongoing maintenance and ad-
aptation to stay valuable and effective.

To maintain the relevance of the ontological
model, constant vigilance is needed to moni-
tor changes in regulatory standards and other
evolving factors. This includes staying updated
on both major shifts and subtle developments
in additional resources, as technological and
market dynamics continually evolve. There-
fore, the ontological model requires ongoing
maintenance and updates to remain effective
and aligned with current standards and needs.
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