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Abstract

This paper addresses the challenge of reusing ontological knowledge in semantic web-oriented systems and
analyzes the issues encountered in retrieval of some structured objects in external ontologies. We propose
the model of repository oriented on representation of complex information objects that enhances the
functionality of ontology repository search services at the content level, taking into account the structure
elements of these objects and the semantic relations between them. The paper outlines the fundamental
requirements for repository and provides an example of its practical application: the development of a
semantic web-oriented system called ActiveBook, designed to retrieve educational materials integrated from
external sources. The prototype of this system facilitates the selection of relevant textbooks for lecturers and
students in educational institutions, aligning with academic programs. It is implemented on base of semantic
extension of Wiki technology, with the structural elements of complex information objects sourced from
relevant external ontologies.
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1. Introduction

The development of various information analytical systems (IASs) increasingly relies on obtaining
information about subject domains from external information resources (IRs) with dynamic structures
and content. To automate the acquisition and structuring of information from these IRs, we propose
an ontological approach that facilitates the extraction of domain knowledge from external knowledge
bases (KBs) for web-oriented applications of varying complexity. Formal models of information objects
(IOs) processed by IASs help standardize and provide a clear interpretation of their semantics and
content.

Ontologies serve as a theoretical foundation for defining the domain-specific structure of I0s and
the relations between them that are critical for retrieval and comparison. They establish a unified
terminology for content processing and define semantic connections with other information sources,
such as encyclopedias, regulatory documents, and classifications [1].

2. Complex Information Objects

IO, in its most general sense, represents a formalized abstraction of data that describes various types
of material and virtual entities characterized by different properties. The choice of characteristics
and methods of representation of IOs depend on purposes of their use and capabilities for processing
them. From the perspective of ontological analysis [2], IOs are represented by ontology classes and
class instances. Ontology classes are defined by their structure represented as a set of properties and
their characteristics, as well as possible relations with other classes. Instances of ontology classes can
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also have values of properties.

Many practical tasks require analyzing complex sets of information where IOs are interconnected
through specific relations and constraints. Some of these tasks align with the concept of semantic
search [3], where the goal is to generate a non-empty set of IOs belonging to the same class that meet
specific conditions, possibly ranked by relevance. In more generalized cases, the result is a set of
complex information objects (CIOs) — collections of 10s of different types that adhere to certain
conditions regarding the relationships between the IOs within these collections and their properties.

CIO models can be categorized into four groups based on their sources:

e manually created by IAS developers based on their understanding of the problem, without
external knowledge;

e manually created by IAS developers on base of some external information sources such as
relevant KBs and IRs (ontologies and semantically annotated IRs).

e generated automatically by processing of external IRs (for instance, such as ontologies
generated on base of the semantically marked Wiki pages);

e obtained from external repositories with expressive metadata that allows automated
matching of problem constraints with contextual elements.

Each CIO instance consists of two or more IO instances linked by domain ontology-defined
relations, satisfying requirements for the structure and property values of the I0s within the CIO.
Examples of CIOs are:

e An organization, its employees, and the projects it undertakes, where IO types are
“organization,” “project,” and “employee”;

e  Hierarchically related organizational units performing common tasks using shared technical
resources, with IO types like “organization,” “task,” and “equipment”;

e  The infrastructure of a settlement, including its support systems and personnel;

e An educational institution, its staff, equipment, offered specialties, disciplines, and
competencies, with primary IO types such as “competence,” “discipline,” “person,” and “specialty” [4].

We use formal model of domain ontology Odomain to define CIO formal model:

Odomain =<LRF>, (1)
where

e T contains a finite non-empty set of domain concepts, divided into classes 7,;and class
instances Tj,; ;
®  Rdefines a finite set of relations between class instances from 7}, ;

e  Fisafinite set of interpretation functions defined on the terms and relations of ontology from
TandR.

This CIO model uses non-empty subset of elements of the ontology O, (1) that separates a
set of instances 7;,; from selected subset of ontology classes from 7, on base of subset semantic

relations from R between these instances.
We propose to use CIO model with the following structure:

C:<TC gT:]\']C’RC gRl{(z‘j’tk’rm)ll‘j ETina/’tk ETina!’rm ER}> ()
where 7 ={ti,i=m}gT; NC={ni,i=m}.

Main difference of CIO model (2) from model of domain ontology (1) is fixation of positions of
classes and class instances into CIO structure. These positions indicate all CIO structural elements by
unique names from N -={n;,i :E }. Each CIO element has some fixed set of characteristics that

define mandatory and multi—values properties, restrictions on intersection with values of some other
CIO elements, etc.. If separation of IO positions is not important for domain, several formally different
CIOs are joined in single object.

120



For instance, if structure of CIO “Discipline textbook” contains mandatory IOs of class "Person”
denoted by the names "Author of the textbook" that can have more than one instance, their order is
not significant for the search, i.e. textbooks that differ only by order of information about the authors
are not different at the content level. Conversely, in CIO “Researcher Publications,” where order of
authors is significant (e.g., first or second author), such distinctions are crucial because they differ
papers where some person is a first author, a second one, etc.

3. External Sources of Knowledge About Cl1O Structure

A wide range of ontologies, each characterized by varying levels of expressiveness and detail based
on their development goals, is currently available. These ontologies often use open formats and
provide open access, with numerous tools supporting the extraction of information about the
structure and instances of complex information objects (CIOs) to facilitate knowledge reuse.

The primary challenge lies in search expressiveness: ontology metadata typically describes the
ontology as a whole, limiting searches for CIOs within ontology to name-based queries. However,
many tasks require more advanced search capabilities to find not only individual ontology classes or
their instances but also sets of instances linked by specific relationships. This need highlights the
importance of creating CIO repositories that support detailed search functionalities, similar to those
found in ontology or document repositories [5].

These repositories can be enriched with information from external ontologies and semantically
annotated documents, provided there is a formal mapping between semantic markup elements and
ontology elements. Additionally, domain experts can manually enter or edit information about CIOs.

From an ontological analysis perspective, the following functions are essential for CIO
repositories:

e  search for classes with some defined set of object properties;

e  search for class instances with specific property values;

e  search for instances of selected classes that have some defined relations with instances of
other selected classes;

e  check for the existence of class instances that meet specific conditions;

e  search for semantically similar classes and compare their instances using various measures
of semantic similarity.

An essential condition for the effective operation of such repositories is their openness and the
ability to be populated by various external users and information resources (IRs). The technological
foundation for these repositories should adhere to FAIR principles [6], which emphasize data that is
Findable, Accessible, Interoperable, and Reusable. Unlike Open Data, that is available to everyone
without restrictions, FAIR allows for controlled access under specific conditions, offering greater
flexibility in managing data throughout its lifecycle. Although FAIR is primarily aimed at scientific
research data, it can also be applied to other IRs, such as educational materials (textbooks, manuals,
and reference books) and online encyclopedias and vocabularies.

Therefore, the technological basis for CIO repository can use semantically extended wiki
technology because this software provides development of IRs that satisfy FAIR requirements [7] and
support semantic search by the categories and values of properties of IOs represented in these IRs.

4. Scope of CIO Repositories

The development of a CIO repository should provide the infrastructure and automate the semantic
analysis of the ontologies it contains. The main objectives of the CIO repository are:

e  to reduce the time required to retrieve information about the structure and properties of IOs
that can be utilized by applied IASs;

e to harmonize the terminological basis and enhance the interoperability of knowledge
processed and created within such systems;
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e to improve the reuse of previously acquired knowledge and increase the relevance of search
results.

The functionality of CIO repository differs from ontology repository by providing:

e  search capabilities for ontological classes that are similar to selected ones (by structure, name,
instances, superclasses, subclasses, etc.);

e  search for all classes across different ontologies that contain one or more selected instances
(search by sample);

e  search for instances of similar classes from different ontologies;

e finding classes and instances that can define values for instance properties of a selected class;

e finding ontologies that contain instances of selected classes connected by certain relations
(CIO prototypes).

The functions of the CIO repository are not limited to this list, but most of them can be considered
as different subtypes of semantic search, where constraints and results are specified in terms of classes
and class instances of domain ontologies and relations between them.

5. Functions of ActiveBook System

The web-oriented information system ActiveBook is designed to find and provide access to
educational materials - such as textbooks, reference books, and methodological instructions - to
students and lecturers at Ukrainian universities and other persons that take part in learning process.
The objects of its operations can be considered as CIOs that contain information about IOs of various
types like individuals, disciplines, competencies, and educational organizations. This system
addresses a practical task in IAS development, requiring external knowledge that cannot be fully
satisfied by the functionalities provided by ontology repositories.

The users of this system are divided into several groups:

e  students searching for educational literature that meets their current information needs
(pertinent to specific educational module, discipline, or thesis in a particular specialty, etc.);

e  lecturers selecting the most relevant and up-to-date textbooks for their courses or analyzing
the need for creating their own educational materials;

e  other university department employees selecting appropriate textbooks for each module,
determining the need for textbooks in the university library, or planning the development of original
materials;

e  book publishers (both private and state publishing houses) who can provide information
about textbooks they have published or analyze the need for new editions.

The content for the "e-Textbook" system can be provided by:

e  book publishers and authors, who can register textbooks they publish and set access terms;

e lecturers and other university department employees, who can register textbooks in their
specialty (whether created by them personally, in co-authorship, or found in open access).

Main CIOs processed by the ActiveBook system are: "textbook", "author”, "publisher”, "specialty”,
"competency”, "learning course (module)".

Currently, various educational portals and electronic libraries of educational institutions,
information about LO ("Textbook", "Monograph" CIOs, etc.) and the field of their use ("Discipline”,
"Competence", "Specialty” CIOs, etc.) are represented by different sets of properties, and their similar
properties are represented by similar but different names. The use of external knowledge bases is
caused by the need to unambiguous and interoperable definition of the structure of the main objects
and subjects of this IAS in order to enable the exchange of information with other applications and
its automated export from various IRs (such as libraries of other universities). External ontologies can
help to unify the semantics of metadata about the LOs submitted in the system.

ActiveBook should support semantic-level retrieval and comparison of CIOs that include attributes
of I0s, such as "Textbook," "Specialty,” "Competence," and more. This allows searches not only by
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textbook titles or specialty codes but also by additional parameters such as publication year, language,
difficulty level, and integration with other disciplines.

We propose implementing ActiveBook as an analytical web portal, where all content additions
and updates are automatically reflected across related pages. Semantic markup ensures content
findability and integration, facilitating meaningful navigation. Access to personal information is
restricted to specific user groups based on their access levels. For example, a general textbook rating
is visible to all users, but only portal administrators can see which users submitted specific ratings.

6. Libraries of Educational Institutions and Learning Content

Most higher education institutions currently maintain their own electronic libraries, which contain
various educational materials corresponding to the specialties offered by this institution. We analyzed
several university libraries and found that they have different structure of knowledge base, use
different technological frameworks, and offer different navigation approaches. These differences
complicate integration efforts and global searches across multiple systems
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Figure 1: Advanced search into repository of Borys Grinchenko Kyiv University

For instance, the institutional repository of Borys Grinchenko Kyiv  University
(https://elibrary.kubg.edu.ua/) hosts electronic training courses, personal profiles of students and
lecturers, evaluation journals, and a catalog of proposed disciplines. The available mobile application
allows task processing offline and is designed to accumulate, systematize, and electronically store the
intellectual products of the university's scientific community, making them accessible via Internet
technologies. This open-access resource is hosted on the university's server and is available globally,
at any time. It is registered in the Registry of Open Access Archives (ROAR) and the Directory of
Open Access Repositories (OpenDOAR), and is indexed by the European search service BASE
(Bielefeld Academic Search Engine). The repository provides a complex search function
(elibrary.kubg.edu.ua/cgi/search/advanced) that allows searching by names, titles, subjects, and
keywords (Fig. 1). However, this search is not integrated with an ontological representation, and it
does not allow the selection of search results based on their form or composition. Additionally, the
system only offers full-text documents, not metadata, and lacks the ability to export results into
Semantic Web formats.
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National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute” (NTU-KPI) also
offers several scientific and educational information resources. The electronic catalog
(https://kpi.ua/1338-1) provides an advanced search system for accessing electronic textbooks. NTU-
KPT’s institutional repository (https://ela.kpi.ua/) serves as an electronic archive of scientific and
educational materials.

Search capabilities include filtering by authors, departments, directions, years of publication, and
keywords, but it does not support complex searches based on multiple parameters. Furthermore, the
software implementation lacks a clear visualization of the textbook information structure or the
relationships between them.

Another example is Dmytro Motornyi Tavria State Agrotechnological
University (http://www.tsatu.edu.ua/biblioteka/), which integrates scientific libraries of its territorial
units. The library (http://elar.tsatu.edu.ua/) contains about 12000 documents, including educational
and methodological materials, monographs, conference materials, and lecture notes, indexed by
external search engines. However, it does not support searching by arbitrary parameters and only
offers full-text access in PDF format to registered users.

Most Ukrainian higher education libraries are not integrated with each other, are implemented on
different platforms, and differ significantly in interface and structure. These issues hinder semantic
search, making it difficult for students or lecturers to find and reuse materials across institutions.

It should be noted that some existing systems oriented on support for the learning process partially
or fully solve these problems. Currently, a number of such integrated applicable systems are
developed for LO search. They differ significantly with functionality, knowledge representation
models, and the scope and focus of content. For instance, [8] describes the online service Evdoxus
designed to provide university textbooks to students. It provides: a) exact search of information about
textbooks for each course/module; b) simple access to textbooks for students; c) relevant mechanisms
for needs of publishers; d) dynamic and actual distribution of free e-books and applications; e)
prevention of abuse of state resources; and f) more transparency and less bureaucracy. Service can be
used by book publishers who register their textbooks, by lecturers who search for appropriate
textbooks for their courses, by department staff who register textbooks selected by lecturers for each
module of the curriculum or course, and finally, by students after registering in the university
information system and choice of appropriate learning modules. But they do not have a Ukrainian-
language interface, they do not support the existing Ukrainian means of classification of learning
disciplines and specialties, and these features complicate the possibility of their integration with LOs
in Ukrainian.

7. Problem Definition

The analysis of wuniversity libraries highlights significant variability in metadata
structures and descriptive parameters for learning objects. Libraries use different parameters to
describe the same of similar their content and such differences cause a need to build a more universal
structure of main CIOs to integrate all information available for search without loss of important
parameters.

Therefore, we consider the existing approaches to CIO structuring in various ontologies to choose
such representation form that integrates main significant properties of conventional structures.
Search expressiveness proposed by repositories of ontologies is not sufficient to find structural
elements that correspond to some selected CIOs (or this task is not trivial). Key Issues:

e Inconsistent Metadata: Different libraries use varied parameters to describe similar content,
complicating integration.

e  Search Limitations: Ontology repositories often lack the expressiveness needed to locate CIOs
based on complex structural relations. Manual analysis of classes and subclasses is frequently required
to map relevant CIOs.
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e Interoperability Gaps: Current systems do not fully support semantic integration or
automated data exchange across repositories.

Proposed solution is based on developing a universal CIO structure that incorporates essential
properties from existing metadata models and supports semantic search to enhance integration and
retrieval capabilities.

8. Search for CIO Structure Knowledge in Ontology Repositories and
Knowledge Graphs

The development of CIO repository relies on key theoretical and technological advancements in
intelligent information processing. Key technologies supporting this development are:

e standards and toolkit of the Semantic Web project that provide interoperable means of
representation and processing of distributed knowledge on base of the ontological approach (OWL,
RDF, SPARQL);

e Linked Data concept [9];

e  FAIR concept for providing access, search and reuse of data and documents;

e  existing ontological models of CIOs that formalize LO structure;

e  knowledge graphs;

e semantic extensions of wiki technology that provide the possibility of semantic markup of
natural language texts and multimedia with tags of an arbitrary ontological structure and creating
templates for representing instances of such CIOs that can be used as a source of information about
the structure of CIOs.

All these elements can be used by CIO repositories for representation of content elements and for
unification of its structure. RDF (Resource Description Framework) is a standard that provides the
ability to formulate statements as suitable for computer processing based on the "object-attribute-
value" data model for metadata [10]. Widely used in a variety of fields, RDF Schema enables
developers to define a specific vocabulary for RDF data and the kinds of objects that can use these
attributes. In other words, the RDF Schema engine provides an underlying type system for RDF
models. On its basis, such large knowledge bases as Dbpedia and Wikidata become available. In
addition, search engines such as Google and Bing also support RDF. OWL (Web Ontology Language)
ontology is defined as an ordered set of axioms, facts and links to other ontologies that can be defined
by their URIs. OWL extends the capabilities of such formal languages as XML, RDF, RDF Schema and
DAML+OIL [11].

Linked Data is a set of advanced methods for publishing and combining structured data on the
Web. These methods that integrate various best practices selected by data providers are aimed on
development of global information space named the Web of Data. Linked Data is based on two
fundamental web technologies: Uniform Resource Identifiers (URIs) and Hypertext Transfer Protocol
(HTTP). As opposed to URLs, use of URI provides a more general means of entity identifying.

URIs and HTTP are complemented by RDF technology critical to the Web of Data. While HTML
provides means of structuring and linking documents on the Web, RDF provides a general graph-
based data model that can be used to structure and link data describing a variety of entities. Data
representation of RDF model is based on triples “subject-predicate-object” where subject and object
use URIs for resource identification or contain constants. Triple predicate defines relation between
subject and object, and it also uses URI for identification of predicate resource.

Knowledge graphs (KGs) provide a powerful way of representation structured knowledge and
integrating information from different sources [12]. Every KG consists of non-empty sets of nodes
and edges: every KG node represents some concept, and each KG edge represents some connection
between two concepts.

KGs are used in several of tasks that require semantic processing of information. Examples of these
tasks are semantic retrieval, data analysis, generation of recommendations, natural language
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processing and pattern recognition. One of the important key aspects of KG approach is the use of
ontologies to provide a formal representation of entities and their relations. Ontologies provide a
logical derivation of KGs, as well as a check of their consistency. In addition, integration of KGs with
different sources on base of ontological analysis provide interaction schemas and common term
systems of domain.

The use of KG supports the Linked Data concept by defining relations linking IO instances of the
system with corresponding DBpedia records, using the Wikipedia and DBpedia SPARQL search
engine. Such KGs correspond to lightweight ontologies that can be processed by many open tools.
Therefore KGs can be used for development of various repositories for integration of information
from various external sources. In order to automatically integrate data from such different sources
such as libraries of educational institutions and catalogs of publishing houses, KGs and RDF format
can be used as technological means of converting them into open formats of knowledge
representation.

Linked open data (LOD) [13] is an expansion of Linked data concept based on KGs. Main aim of
LOD is to transform the Web data into more interoperable, accessible and reusable representation
according to Linked Data principles: concepts are identified by URIs, HTTP provides their search,
and RDF is used for data structuring with controlled vocabularies [14]. LOD supports data combining
from heterogeneous sources and domains, performs semantic queries. LOD datasets examples:
DBpedia (https://www.dbpedia.org/), Wikidata (https://www.wikidata.org/), and GeoNames
(https://www.geonames.org/).

9. Semantic Information Resources for ClO Structure

The development of the knowledge base structure for any IAS can benefit from the use of external
ontologies to define the structure of CIOs in accordance with established standards. For instance, LO
search can leverage external ontologies that represent various aspects of knowledge about the
educational process, subject domains and learning specialties. Unfortunately, direct search for such
information in relevant ontologies and in ontology repositories is not a simple task that can be
performed automatically.

Currently, a lot of ontologies with various characteristics describes research activities, education
and scientific publications [15], but most of such academic ontologies are related only to scientific
research and publications (for instance, Microsoft Academic Knowledge Graph [16]) and Open
Research Knowledge Graph [ 17]), and only a few of them include aspects related to educational
process and specifics of LO search for learning courses with selected properties, educational
management, and learning technologies [18].

For instance, the Linked Open Vocabularies (LOV) repository (https://lov.linkeddata.es/dataset/lov)
that ensures the reuse of information resources in the field of scientific research and education [19]
currently contains 782 ontologies, and only 6 of these ontologies pertain to educational activities,
while the rest focus on research and publishing activities. Furthermore, not all these educational
ontologies  include  information in  English. For  instance, the Education
Ontology (https://schema.edu.ee) may not have comprehensive English-language support, and some
ontologies reflect education systems specific to certain countries, such as the EduProgression
Ontology (http://ns.inria.fr/semed/eduprogression/).

VIVO ontology (http://vivoweb.org/ontology/core) focuses on academic research, publication
activities and relations between researchers. While it partially covers the structure of universities and
study modules, it does not link these modules to curricula or hierarchically connect academic units
to each other [20]. Thus, VIVO is not fully suited to describe educational structures in a way that
supports detailed course content or materials.

AIISO ontology (https://vocab.org/aiiso/schema-20080925.html) characterizes the internal
organizational structure of academic institutions. It provides classes and properties for describing
universities, departments, curricula, and courses. However, AIISO does not cover textbooks and their
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relationships with courses and modules, limiting its utility in contexts requiring educational content
details.

Teaching Core Vocabulary TEACH (https://lov.linkeddata.es/dataset/lov/vocabs/teach) is a
lightweight ontology that enables educators to link various elements within their courses. This
ontology facilitates the description of courses/modules and learning materials (e.g., textbooks, books),
but it does not address the relations between educational institutions. TEACH is based on practice
requirements established by providing workshop and course descriptions as linked data (therefore
users can see all relations between main terms - Fig.2). This ontology allows the description of
courses/modules and LOs (e.g. textbooks, books), but it does not extend to university-wide structures.

Figure 2: Links between ontology elements represented by Linked data

Some ontologies specialize in modeling of learning infrastructure. For instance, the ReSIST
ontology (https://lov.linkeddata.es/dataset/lov/vocabs/crsw) represents educational courses and
learning resources with focus on the internal structure of learning modules and the software that
supports their use. The Bologna Educational Ontology (https://gist.github.com/lsarni) models the
academic environment proposed by the Bologna reform principles [21]. It characterizes
administrative procedures in European universities and concepts for describing learning programs.
Such ontologies can be used as a source of information about the structure and properties of learning
programs and specialties.

It is advisable to use ontologies that formalize learning outcomes for describing specialties and
related educational modules. ESCO ontology (European Skills, Competences, Qualifications and
Occupations, https://ec.europa.eu/esco/portal/home) [22] , which classifies professions, skills, and
qualifications related to the European labor and education market.

It is also advisable to use ontologies that formalize learning outcomes for description of specialties
and related to them learning modules. An example is the ESCO ontology (European Skills,
Competences, Qualifications and Occupations) (https:/ /ec.europa.eu/esco/portal/home) [22] that
describes, defines and classifies profession, skills and qualifications related to the European Union
(EU) labor and education market. ESCO can be used as a dictionary of terms applied for describing
and matching of competencies, skills qualifications and vacancies. Currently, ESCO contains about
3000 descriptions of professions and about 15 000 descriptions of skills related to these professions.
This information is translated in 27 languages (all official languages of EU and some additional ones):
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each concept is associated with at least one term in every language but some different several terms
can be used for the same concept. Within the ESCO data model, terms are linked with other ones by
pertinent relations. ESCO uses Linked Open Data formats (SKOS-RDF, CSV) that developers of
various applications can use to provide services such as job search, career guidance and self-
assessment. Users can integrate the ESCO classifier into their applications and services. In addition,
support of local API and APIs for web services provides applications information from ESCO classifier
in real time.

These examples highlight that it is not enough to simply locate ontologies related to the subject
area of the designed IAS (in this case, education or scientific research). It is essential to manually
analyze the content of each ontology to identify the classes that can serve as a basis for the CIO
structure and their relationships with other CIOs in the system.

In addition to specialized academic and educational ontologies, information about the structure
and relations between the IOs of the system at the top level can be acquired from general-purpose
ontologies such as Schema.org, DBpedia, and Wikidata.

Schema.org Dictionary (https://schema.org/docs/schemas.html) supports schemas for structured
data. It currently contains more over 2000 types and properties that cover concepts, actions and
relations between them and, and this set of structural elements can be expanded according to task
needs. Many sites and applications (such as Google and Microsoft) use this dictionary to mark up web
pages.

DBpedia ontology (http://mappings.dbpedia.org/server/ontology/ classes/) is a cross-domain
ontology manually constructed from the most frequently used information blocks of Wikipedia. It is
currently one of the largest general-purpose ontologies: it contains hierarchically organized set
classes described by almost 3 thousand properties. DBpedia is the central hub of a cloud of Linked
open data, and it can be used as a source of entity relations if information about them is not found in
more specific ontologies.

Wikidata [23] is an open knowledge base used as a central data management platform for
Wikipedia and other Wikimedia projects. The Wikidata repository consists mostly of elements and
assertions about those elements. Elements that have unique identifiers, labels and descriptions are
used to represent a variety of entities, including concepts and objects. Instructions used to write data
about elements consist of at least one “property-value” pair to connect elements to each other’s and
result in a Linked data structure. Elements are divided into classes and class instances that are
connected by a relation of belonging. Classes can be hierarchically related to each other by the
taxonomic relation "subclass".

WikiProject ontology (https://www.wikidata.org/wiki/ Wikidata:WikiProject_ Ontology) consists
of several top-level classes and properties that aim to support broad semantics of interaction between
other well-known ontologies such as DOLCE, BFO, SUMO, Lemon, RDA, etc., and to integrate the
main branches of the wiki data core concept tree. Such ontology can be used as a knowledge source
to reconcile different term systems of related domains for search.

10.Implementation of ClOs for ActiveBook

The development of the ActiveBook system, considered as an example of an IAS requiring an external
CIO repository, is currently in the prototype phase. The following steps have been completed:

e the main subjects and objects of the system are defined and classified, their structure is
formalized and model of interaction between them is built;

e the authorities of subject groups (users) regarding the ability to edit and view information
are defined;

e the initial set of basic properties for CIOs is determined, and ontologies that allow for their
clarification and improvement are selected;
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e the software environment based on MediaWiki and Semantic MediaWiki is analyzed for
implementation;

e examples of pages corresponded to main IOs of IAS are created, and their content is
semantically marked according to selected ontology;

e examples of requests for content integration that allow automated generation of information
on pages are created.

The next step involves supplementing of real-world LOs with their metadata, and their processing
can caused refinement and expansion of CIO models. Information about additional properties of CIO
elements can be acquired from LO descriptions, from metadata structure of external libraries and
from external ontologies that describe similar IOs or LOs. Other aspect of further system development
is a creation of user-friendly interface for performing individual semantic queries by parameters
defines by CIO properties. From the point of view of this study, the creation of ActiveBook prototype
demonstrates the need for CIO repository that facilitates the search for such objects in relevant
ontologies, allows importing information about the structure of these objects, and supports informing
about changes in external ontologies used to build the knowledge base of the system.

11.Representation and search of CIO in the Semantic MediaWiki
Environment

The formalization of the CIO structure in ActiveBook IAS is based on semantic properties of the
Semantic MediaWiki (SMW) framework. SMW enables the creation of templates, with parameters
representing semantic properties of wiki pages where the templates are used. It names links between
pages or page elements by terms that connect them with certain domain concepts by semantic
properties of the page. Semantic properties and their types are the main tools for entering semantics
into Wiki resources. Such semantic marking of the text provides a much more expressive
representation of information in comparison to the traditional categories used by Wikipedia.
Information becomes available not only for reading, but also for automated machine processing.

SMW allows the automatic integration of information from multiple pages, the generation of
complex semantic queries, and the visualization of results. This technology supports the construction
of ontological knowledge bases that formally represent the semantics of CIOs and perform logical
inference. Therefore, the development of analytical portal based on this technological platform meets
the requirements for creating an open directory of learning resources.

SMW plug-in supports the SMW-QL query language that provides capabilities for semantic search
into content of wiki resources. This query language allows filtering pages by specified criteria and
displaying only the selected parts of information instead of the entire content of a wiki page. This
possibility can be used to integrate dynamically relevant information and to represent it in user-
friendly and more understandable forms: as diagrams, geographical maps, tables, etc. If the pages
with information that satisfy query requirements are changed then the query results are updated
automatically, ensuring data consistency.

Semantic queries can be embedded into the text of Wiki templates represented by Wiki pages with
unique names situated in the special namespace. Templates can use parser functions, special names
and a simple scripting language. Templates provide representation of information blocks replicated
on many Wiki pages, often with customizable elements. Parameters of Wiki templates can be
incorporated dynamically into the page.

SMW can use in templates the values of the Wiki page semantic properties as parameters: if some
template used by Wiki page receives some values of parameters then these values can be retrieved as
values of the page semantic properties. If Wiki pages represent some IO (or CIO) it is ad visible to
develop the template that formalize structure of these objects, unified it and help in its dissemination.
Fig. 3 shows a fragment of the "e-Textbook" prototype knowledge base, demonstrating the
representation of basic CIOs.

129



The "Textbook" template (it can also describe some other types of LOs) defines the connections of
class individuals with other IOs defined by semantic relations with use of properties “Author”,
“Publisher”, etc. Information about other CIO instances is entered directly into the system using this
template, unlike other CIOs, where some data may be generated automatically via semantic queries.

Although this CIO structure may seem redundant because some parameters duplicate each other
in different forms, it enhances automated information integration from various sources. For instance,
some sources have information about the code of the specialty for which the textbook is used, and
other ones — about the name of this specialty, and the transformation of one information into another
is quite simple, but in practice it is more appropriate to enter all available information automatically,
and to perform further transformations under the control of a human expert.

; Template “Textbook” |
[ Page instance “Textbook” {{Textbook
Antop MNasae Avswtpo Bononuweponsrs, Cytias Irnp Kopicam, Fnagm Auaroni® Acowose ‘Author:
Hadt GOSN HARBRSMRH MECHRR SR (310 DATA) \Name=
Pix pugassmn | 2021 .
BroaonMToo | HTY-KIMI mew Irops Crxopossono ‘PubllSheF
Tun gy [Year of publication=
memmei Paoe instance “Author”] [Type=
— [Terms of access=
Astop Metpanco A& |[Format of the electronic version=
Ywosw accTym Haasa MaTemariiHi Moaeni sk \Volume:
Challacilny | [SEICPRM AT . .| IDifficulty level=
Ddcar “"“‘:::""" :3’::‘ “— [Language=
Poveipad by i | |Specialty=
moBH focTyry
Kareropin: Haw | CrowansnicTs | 004 \Cpmpetence=
| O6eAr 330 [Link=
0 0 1 }
Page instance “Publisher” : g
Pag i | ] Template “Publisher”
Hasen BuassHHUTeS 000 “FxX
— {{supaBHULUTED
Pix sachynamnn (nepion Linnesmocti) 2000 |Haaea eugasuuuTBa= Q00 "XXXX"
Kpaina Vepsiba |NoroTun=
Wicto Kl <—— | |Pik 3acHyeaHHs (neplog aiansHocTi)=2000
o i el |KpaiHa=Ykpaiua
Pi 4 Ochiwinmwn oeb-cant IMiCTD:KMTB
b i |Cneuianizauin=oceita
Micto Kuin A S piiany
e e |OdbilinHui Beb-cainT=
Opluiiren i ped-cair }}

Figure 3: The structure and relations of CIOs in the ActiveBook (fragment)

Some parameters in this CIO template can be considered as object properties from an ontological
perspective (such as "Author”, "Publisher”, "Specialty"), which reference other IOs, and templates of
these I0s make it possible to define their structure. In the terms of wiki technology, such properties
are of the "Reference” type, and markup tags (or appropriate template parameters) define the
semantics of these links. Other template parameters from the point of view of ontological analysis
can be considered as data properties (such as "Year of publication” of “Integer” type and "Language"
of “Text” type) (Fig.4).
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Figure 4: Wiki ontology of ActiveBook (fragment)

Search tools in semantic wiki resources can take into account the application specifics and use
CIO structure and characteristics. These search tools can be categorized into the following groups:

e  Search by Keywords: This type of search focuses on specific terms found in the titles of the
wiki pages that correspond to CIO instances such as "Textbook", "Author", "Specialty”, "Competence".
For example, a user might search for textbooks by the initial letters of the title or the author's name;

e Search by Domain Topics and IO Type: In this search, users can filter by categories and
subcategories of CIOs (e.g., "Learning Courses", "Monographs"). This type of search (Fig.5) simplifies
navigation within the resource by grouping similar CIOs under specific domains and topics, making
it easier to explore related educational materials;

Semantic search form

Request code

Ukropedia {{#ask:[[Category:Textbook
sanur 11
[[Kateropin:MiapysnnKl] PAstop [[Year::>20007]
[[Pik BuaaHHs::>2010]] ?Hassa | ‘?#

?Pik BUAAHHS
® | Cneiansni |?Author

Monepensn _Peaynstatn1-4 Hacrynwa

(201501 10012501 500)

2 |?Year
@opuarysary sk: [ Lnpoka Tabnnua (32 ymosuarHaM) § ) [1nn goknaaHiluoro onwcy, Gyas nacka, aasiraiite va Wupoka Tas| | fOrMat=category
. [limit=20
pTY .
[m— link=all
|sort=Year
limit: 20 " offset: = \headers:show
MaKcamanHe ucno peaynsTaris Buiennn nepworo 1 —3
i Pikc st vy, Gescening |columns=
. BnacTvBiCTb ANA COPTYBaHHA 3anuTy 3a " TMopRAok coprysaHH| } }
mainlabel: S h l ‘ intro:
SJ ema’ntlc Searc re Su ts TeKCT, AKWiA NOKa3yBaTh Nepes PesynbTatamv 3anuTy, AKLIO Taki &
Tonepesrn Pesymurarn1-4 Hacryma (201501 10012501 500)
& . Astop o] Picoupannn o
Gcxom xeHepl A<OGT TPOTPaHYI OHGTOW 2 B4R, NepepoOGTaHe | ROTOBHENS Avon T rapionoaw. . KoBas M. Koporym M. Taspiuesa 8.0, Gycnon 2007
tr 208
jnwi .1 Floporwi IO, M nyuko €.6. 2014
2016

D

Monepearn Peaynbtatn1-4 Hactynwa

+ Data Mining: riowyx 3aws 8 aaknx (AsTop Mnanyi A.fL., Porywwwa IOnia Biraniiswa, Pik sugasss 2016)

Monepean  Peaynbtatn1-4 Hactynwa

(2015011001250 | 500)

(2015011001250 | 500)

Figure 5: Semantic search in ActiveBook
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e  Search According to the IO Semantics: This search method combines the requirements for
category and semantic property values (such as the range or value of certain properties). For example,
users can search for textbooks that are categorized under a specific domain and also match certain
property values, such as particular language or year of publishing.

In the ActiveBook system, semantic search goes beyond simple keyword searches. One advanced
search method involves retrieving semantically similar objects, where the matching is done based on
a set of properties, taking into account domain knowledge about the proximity of these properties'
values. For instance, a search could identify educational materials for a particular competency, even
if that competency is not explicitly specified in the materials. This could be possible because the
competency is a subclass or superclass of the given one, and can be identified using taxonomy of
competencies.

However, SMW does not inherently support this kind of advanced semantic search. This type of
functionality could be integrated into the system through the development of separate API
modules and specialized services. These services would enable more sophisticated queries that are
capable of understanding and matching semantically similar concepts within the system. But practice
shows a lot of various relevance problems of domain and top-level ontologies [26] ontological models:
these models do not reflect automatically all recent changes in the structure of IAS knowledge base.

As a result, it would be more effective to provide users with links to the relevant elements of the
CIO repository that accurately correspond to the current state of the IAS knowledge base. This
approach ensures that the search results are consistently aligned with the most up-to-date data and
knowledge.

12.Conclusions

The development process of the ActiveBook IAS highlights the need for a repository of complex
information objects that facilitates the search for instances of various ontological classes linked by
specified types of semantic relations. An analysis of existing ontology repositories reveals that this
functionality is lacking, and this fact significantly complicates the development of intelligent
applications that rely on external knowledge sources and require the ability to track changes in those
sources.

This paper outlines the essential requirements for such repository of complex information objects,
examines the technologies that can be used to populate it, and provides examples of its practical
applications. The proposed method and services can be utilized in artificial intelligence applications
for various domains.
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