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The purpose of this work is to develop methods, technologies and tools for
creating and maintaining intelligent scientific and educational internet
resources (ISEIR) based on a service-oriented approach and Semantic Web
technologies. The main purpose of ISEIR is to provide meaningful access to
scientific and educational information resources of a given field of
knowledge and integrated information processing services. According to the
preliminary concept, an intelligent scientific and educational internet
resource will be an information system accessible via the internet which
provides ontology-based systematization and integration of scientific
knowledge, data and information resources into a single information space
together with a meaningful effective access to them as well as supporting
their use in solving various scientific and educational tasks. ISEIR is
equipped with an ergonomic web-based user interface and special editors
designed to manage the knowledge integrated into it. The proposed approach
to the construction of intelligent scientific and educational internet resources
is the basis for the developed technology in creating and maintaining
information environments for distributed learning.
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1. INTRODUCTION

Modern science and education need to concentrate and generalize the information on various
knowledge branches. This task is complicated by versatile and dispersed of the scientific and educational
information resources and can be solved by bringing all knowledge into a single information space. Support
for the logical integrity of integrated resources will be provided on the basis of an ontology that provides a
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coherent and consistent view of the area of knowledge. To ensure such access, the concept and architecture
of an intelligent information system managed by ontology will be developed.

Become more and more popular the approach to provide effective meaningful access to information
resources of a certain subject and means of their intellectual processing through the creation of specialized
information systems, in particular internet portals. However, the concept of such resource has not yet been
developed and there is no evidence of management technology that supports the full cycle of creating and
operating it.There are researches on questions of ontological modeling [1]-[8] but there are no convincing
examples of ontologies and scientific and educational software services joint using for the purposes indicated
by the authors.

Among similar foreign developments, the European libraries and electronic resources (EULER)
project in mathematical sciences was implemented with the financial support of the European Union. Its task
is to provide integrated access to library catalogues and mathematical information on the internet. And its
approach is based on the Z39.50 protocol [9] and the general method of describing resources in the Dublin
Core format [10]. There are also various online resources designed to support humanities research (like the
English language catalog LINGUISTLINGUIST list). It is created for the exchange of knowledge between
linguists and it contains information about publications, personalities, scientific institutions, grants,
competitions, projects, scientific foundations, conferences, and seminars on linguistic topics. The other one is
the information portal "Language Technology World" created at the German Research Center for Artificial
Intelligence (http://www.lt-world.org/). Its thematic sections include in addition to information about
scientific events, projects, organizations, and individuals contain more detailed information about linguistic
technologies, products, and information systems in the field of natural language processing.

The projects and resources described above are essentially structured and they have annotated
directories of links to internetresources, the constituent elements of which are practically unrelated, which
makes it difficult to find the necessary information. The main difference in our approach is the use of the
description of the modeled area of knowledge and means of intellectual processing of information resources
relevant to it in the form of ontology that allows to represent knowledge and data on the subject INAIR in the
form of a network of knowledge and data (semantic web) and provide the users with easy navigation and
meaningful access to their accumulated knowledge and data and its processing.

Another close approach is the semantic web concept developed by the world wide web consortium
(W3C). It assumes that any document hosted on the network has an associated set of metadata (semantic
annotation). To describe metadata, we use the W3C standards—resource definition framework (RDF) [1] and
web ontology language (OWL) [11]. This allows us both to describe the structural properties of documents
and represent their meaning in terms of domain ontologies (defined in OWL). This kind of metadata in
documents makes it easier to integrate them and it favours various software applications and communities to
use them. The ideology and tools of this approach have been used in the development of many applications.
But they are still in the process of development and a unified methodology for creating internetresources
aimed at supporting scientific research has not been created. Our approach integrates the most important
components of semantic web technology, in particular, the use of ontology to represent the semantics of
information resources and support their intellectual analysis. However, the considered approach doesn’t offer
a complete concept of intellectual scientific internet resources and a methodology for their collective
construction. This approach doesn’t provide methods for intelligent processing of integrated resources and it
allows much less meaningful access to them.

2. THE PROPOSED CONCEPTUAL MODEL OF ISEIR

There are a large number of approaches to building intelligent internet resources based on using
ontology as a conceptual model [12]-[14]. A formalized model is needed to represent the knowledge of
ISEIR which provides flexible means of describing the concepts of the problem and subject areas together
and variety semantic relationships between them [15]. An important requirement is the ability to set
restrictions on the values of properties of objects in the domain and to describe the semantics of relations in
the form of axioms [16]. Following type metaontology is proposed as a conceptual model of knowledge
representation:

O=(K, B, T,D, S, P, A),

where K is a finite nonempty set of classes describing the concepts of some subject or problem domain; B is a
nite set of binary relations defined on classes (concepts); T is the set of standard types; D is a set of domains
(sets of values of standard type string); S is finite set of attributes describing properties of concepts K and B
relationships; P is a set of restrictions on the values of attributes notions and relations; a set of axioms that
define the semantics of classes and relations of the ontology.
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Three types of relations are distinguished in the ontology: BT is asymmetric, transitive, non-
reflexive binary inheritance relationon the basis of which hierarchies of concepts K can be built; BP is binary
transitive inclusion relation ("part-whole") and BA is a finite set of associative relations [17].

The intelligent scientific and educational internet resources (ISEIR) ontology is based on the above-
mentioned meta-ontology. To simplify the system configuration for the selected area of knowledge and its
further maintenance, the basic ontologies that are independent of the IS domain are highlighted as well as a
subject ontology that describes a specific area of knowledge (Figure 1). As the base ontology there were
selected two of them. The first one describes the problem area of the system. It does not depend on the
subject area. It is a top-level ontology and includes classes of concepts such aspers on, organization,
scientific activity, scientific events, publication, geographical locationand a collection of conference
materials. Such concepts are used to describe participants in ontology, organization of educational work,
events (seminars, conferences), joint projectsand various types of information resources.
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upper
level Scientific activities Organizer

. Participant
Participant

Works -~

Person e

Subclass

Participant

Conference

Scientific activity

Subclass

[Theconfetgnge»proceedlngs] -
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Figure 1. The basic ontology ISEIR

The concepts of basic ontologies are linked by associative relations the choice of which is made not
only based on the completeness of the representation of the problem and subject areas of IS but also
considering the ease of navigation through educational content and information search. The ontology built in
this way allows you to describe the subject and problem area of IS, sets structures for representing real
objects (including information resources) and the relationships between them. The semantics of relations
between information objects is determined by the relations defined by the corresponding ontology concepts.
The totality of such objects and their connections forms the information content or content of the ISEIR.

The creation of intelligent scientific and educational internet resources should be accompanied by
the development of digital repositories to ensure long-term storage of information resources (conference
materials’collections, full publications’ texts, programs of training courses). The international organization
for standardization (ISO) has proposed the 1SO-14721:2012 open archive information system (OAIS)
standard for organizing a long-term temporary storage of information resources [18]. The OAIS standard
reference model is conceptual and used by organizations in order to develop metadata sets and organize the
repositories. Based on this model, the concept of an "institutional repository" was created as a system for
long-term storage, accumulation of information and providing reliable access to digital objects that are the
result of intellectual activity of a scientific or educational institution.
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Key features of the institutional repository include: i) the ability to organize a single access to
information resources for the world community (including full-text indexing by world search engines); ii)
unified access to metadata over standard protocols (support for interoperability); iii) saving other
resourcesincluding unpublished ones (dissertations, preprints and technical reports, software, multimedia);
iv) providing differentiated access to heterogeneous digital objects (publications, images); v) a system for
long-term storage, accumulation and secure access in electronic form of intellectual products of a scientific or
educational institution.

Institutional repositories are related to digital interoperability issues and the open archives initiative
(OAI) and they partially correlate with the concept of an electronic library. They perform the functions of
collecting, storing, classifying, cataloging, and providing access to digital content. The process of integrating
a digital repository into an IS is based on a metadata aggregation and distribution model. The application of
this model is fixed in the OAI protocol for metadata harvesting (hereinafter-OAI-PMH) [19].

2.1. Metadata of information resource

By introducing formal descriptions of domain concepts in the form of object classes and
relationships between them, the system ontology sets structures for representing real relationships between
elements. So, data becomes a set of different types of information objects and linkswhich form the
information content of ISEIR (Figure 2). An information object (10) is a structured set of data that represents
a description of some object of the selected field of knowledge or relevant information resource. Each 10
corresponds to an ontology class and it has a structure defined by this class. There may be connections
between specific information objects whose semantics are determined by the relationships defined between
the corresponding ontology classes. The information content of ISEIR (its content) includes both General
knowledge (represented in the ontology) and specific knowledge about real objects and information resources
(we call them data). Description of information resources is the most important component of ISEIR content.
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Figure 2. Metadata of information resource

The common european research information format (CERIF) standard is used to provide
information about projects, a person or an organization. It is based on a data model that includes the project,
organization and person entities, them relationships, and these entities attributes. The standard defines three
levels of detail when describing resources [20]: i) full resource description-contains an extended set of
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attributes that allows you to describe various resource schemas; ii) set of attributes-designed for data
exchange between different systems; iii) abbreviated set of attributes-used for meta description of resources.

In the ISEIR resource model, a project has the following properties: name, number, start and end
dates. It includes the "participant” relationship between a project and the organization/person which has the
«participation type» attribute. Interaction with other CERIF-based systems is quite easy. However, at the
moment the standard is implemented in a limited version (for example, the concept of «project result» is not
defined in ISEIR), so the project resource model will be systematically developed. The data model proposed
by CERIF defines individuals and organizations as separate entities which are in good agreement with the
ISEIR model and it greatly simplifies information exchange.

An organization resource has the following attributes: name, abbreviation, address, phone number,
email address, type of organization, and business direction.

A Person resource has the following attributes: last and first names, patronymic, initials, list of
WOS-publications, list of Scopus-publications, list of RSCI-publications, list of Mathnet.ru-publications.
There is a "position"” relationship between these resources types that have the attribute name, type, phone
number, and email.

Dublin Core was chosen as the basis for the implementation of the remaining resources (scientific
events, publication, geographical location, conference proceedings, training course, competence, training
course objectives, methods of solving problems, results of course development). This choice is not accidental
and is caused by the following advantages [21]: i) the set of basic semantic elements is compact but it allows
you to set almost all needed attributes; ii) the semantics of each element in the standard can be refined with
the help of qualifiers, both standard, known and understandable to everyone and specially designed to
accurately specify the semantic meaning of a particular attribute when exchanging data within a small
community; iii) the standard provides the possibility of using various semantic schemes and dictionaries; iv)
it defines a mechanism for extracting information from a description by using non-standard namespace
extensions; v) the standard is becoming more widespread in the world community.

The ISEIR publication data model allows you to set any basic element of the Dublin Core. It can be
used qualifiers to specify the semantics of the basic elements and to facilitate the exchange of bibliographic
information. But there is a serious obstacle to the interoperability of such subscheme of the ISEIR model with
other systems is most of these systems consider individual publication properties like «author», «publisher»,
«source», as normal text attributes while they are links to other entities (persons, organizations, publications).
These models do not contradict Dublin Core but lead to a certain incompatibility with the ISEIR model and
some ambiguity when integrating data into the system [22]. Each standard offers its own data model and
often its own syntax for writing. The ISEIR approach is to use a single data model and syntax defined by
RDF for metadata exchange. The semantics of attributes of certain resources is taken from the corresponding
standard. If you can't find a suitable element in standard namespaces, you can create your own space by
defining it using a URI and including elements with the required semantics in it [23].

2.2. The information content of iseir

Setting up ISEIR for the subject area and managing the system content is carried out using
specialized editors (ontology and data editor), implemented as a web application and available to registered
users-experts on the internet. The ontology description language and the ontology editor have to be
transparent and easy to use. The knowledge representation language Semp-TAO was used as a prototype of
the ontology description language [24]. The main structure for representing data in this language is a
heterogeneous semantic network. The semantic network object can be any entity of the subject area identified
by an expert or knowledge engineer. Each object is characterized by its own name and the values of the its
attribute slots. Restrictions can be set on object slots which are logical expressions that link the values of
object slots. Objects with the same properties are combined into classes. An inheritance relation is defined by
classes that form a hierarchy. Their relationships are characterized by their possibility to have their own
attributes to define the relationship between arguments:

R(Argl,Arg 2, Matr),

where R is relation name, Argl, Arg 2 argument relations (classes), Matr is the set of attributes that describe
additional properties of the relationship.

Mathematical properties (transitivity, symmetry and reflexivity) can be attributed to relationships.
Ontologies are managed using the ontology editor. In order to ensure distributed ontology development, this
editor supports a mechanism for delegating rights to experts at different levels. You can use the ontology
editor to create, modify and delete any ontology elements (classes, relationships, domains) and define and
modify concept hierarchies. For a more convenient representation of ISEIR information, the ontology editor
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includes tools for configuring knowledge and data visualization allowing us to set a template for objects
visualization of this class and a template for links visualization to them for each ontology class. A class
object visualization template defines the order in which all its attributes and related relationships are
displayed. For clarity and meaningful representation of a reference to a specific class object, the visualization
template can include both attributes of this class and attributes of classes associated with it. The attribute
values included in the link template are used to build a text representation of the object reference
(hyperlinks). In order to exchange ontologies with other information systems, and to integrate ontologies
developed by other researchers into the ISEIR, a subsystem that performs two functions have been
implemented and it is being debugged [25]. The first one is converting an ontology presented in the ISEIR
format to an OWL representation. And the second is a translation of the ontology presented in OWL format
to the internal ISEIR format.

3. RESULTS AND DISCUSSION

Meaningful access to systematized knowledge and information resources of an area of knowledge is
provided using advanced navigation and search tools provided by ISEIR. The main scenario for the user to
work with ISEIR consists of selecting objects of a certain class either directly using visualization tools or
using the search engine, viewing similar objects, navigating through their associations and filtering their lists.

For the end user, data on the ISEIR is represented as a set of related information objects. All
information about a particular object and its relationships is displayed as an HTML page, the format and
content of which depends on the class of this object and the visualization template that is created for it. In this
case, objects associated with this object are represented on its page as hyperlinks that allow you to go to their
detailed description [26].

The list of objects is displayed as a page containing a set of links to these objects. For large arrays of
objects, a composite page is formed that includes a list of pages with navigation elements based on ISEIR
data which is the process of moving from one information object to another using the links set between them.
For example, when viewing information about a specific grant, we can see the values of its attributes and its
relationship to other objects. Using the links provided as navigation elements, you can view detailed
information about both direct links and reverse links (about grant participants, publications describing this
grant). When you click on a specific link of any information object, you can get a fairly large list of objects
(for example, a list of all participants in a major project or conference). In this regard, a mechanism for
filtering lists of information objects was introduced which is understood as a way to select a subset of 10
from the list by imposing restrictions on it, i.e., filter tasks. The filter is a set of conditions that define
acceptable values for 10 attributes and requirements for the existence of links with other information objects.
This method allows you, for example, to filter a set of project participants by age or scientific degree
(conditions for an attribute) and by the research methods they use (conditions for a related object).

Search is based on ontology which allows to set the query in terms of the ISEIR domain. The main
elements of such a query are the concepts and relations of the ontology as well as the restrictions that the
required data must satisfy [27]. Acceptable limits for an attribute depend on the type of its values. For
example, for attributes such as «number» (integer) and «date» (data), you can set an exact value or an
acceptable range of values. To set restrictions on objects that are associated by associative relations with the
desired object, the user can set conditions for the values of all attributes of related objects. Conditions can
also be set for the attribute values of the corresponding relationships. For example, the query “Find
recommended literary works of the type «article» in a training course between 1920 and 1990 will formally
look like this:

Class “Training course”:

Relationship “recommended literary works”:
Class “Publication”

Attribute “Type» = article”

Attribute “Start date”: (>= 1920) & (<=1990)
Attribute “Expiry date”: (>= 1920) & (<=1990)

Currently, search queries are a set using a special graphical interface controlled by the ISEIR
ontology. When the user selects a class of information objects to search for, a search form is automatically
generated. This form allows you to set restrictions on the attribute values of objects of the selected class as
well as on the attribute values of objects associated with this object by associative relations.

In order to fill in the content of ISEIR, information is collected from such sources as websites of
organizations, associations, projects and conferences, knowledge portals, social scientific networks.
Information about projects, organizations, individuals, and conferences is extracted from these sources, i.e.,
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all the basic classes of the ontology of scientific activity, except for information about publications.
Information about publications is extracted from the repository (Dspace) which was created by the authors.

Each of these classes has its own method for extracting information including a set of templates
generated based on the ontology. To improve the completeness of information retrieval, the variability of
these templates is increased by using alternative terms from the thesaurus.

The information retrieval module analyzes internet resources downloaded from links. Documents on
the internet can be presented in various formats (HTML, DOC, PDF). The main format for presenting
information on the internet is HTML. To extract publication metadata from repositories in batch mode, data
is exported in extensible markup language (XML) format (Figure 3). The proposed methods for extracting
information about projects, organizations, individuals and conferences are focused on working with HTML
pages while information about Publications is focused on working with XML documents.

To facilitate analysis, the HTML page and XML document of the resource are represented in the
DOM tree view in accordance with the (document object model (DOM) standard which regulates the way the
document content is represented (in particular, HTML pages and XML documents) by a set of objects. Based
on the corresponding template, the DOM tree of each page is analyzed and the information described by this
template is extracted. A template is an XML document that specifies markers for objects, relationships and
attributes in the ontology that indicate the location of this object, relationship or attribute. The templates for
each type of extracted information specify handlers that implement algorithms for crawling and analyzing the
corresponding fragments of internet sites.

- ; - D S R 't Profile: Mawsia Camber6aeea | Logout
- pace Reposiiory Eolah oo Kazak
DSpace Home — Export Archive
Export Archive Search DSpace
Available export archives for download: | —— o |
1. item_export_2020_map_25_1_db77fadc-d1ae-44ea-9873-0219ad5330db.zip
Advanced Search
Browse
All of DSpace
Communities & Collections
By Issue Date
Authors
Titles
Subjects
My Account
My Exports
Logout
Profile
Subm

Administrative

Control Panel
Access Control
People

Figure 3. Exporting data from the repository

4. CONCLUSION

The information base of ISEIR consists of ontologies that, along with the traditional description of
the subject area, contain a related description of the structure and typology of the corresponding data stores
and network resources. In addition, the use of ontology as the basis of ISEIR, which is its declarative
component, makes the system easily extensible and customizable so that it can integrate both new knowledge
and new sections of information resources.

Ontology provides tools for effectively presenting a variety of needed information and it supports
the systematization and integration of information resources together with meaningful access to them. Thanks
to ontologies using of as an information model, ISEIR is not just another catalog of resources on a given
topic but it is mainly a network of knowledge and data that allows us to maintain convenient navigation and
meaningful search. Dividing the ISEIR ontology into subject-independent and subject-specific ontologies
makes ISEIR customizable for any field of scientific knowledge. The possibility of declarative adjustment of
the ontology during the operation of ISEIR will allow tracking the dynamics of the emergence of new
knowledge and information resources on the topic and thus ensure support for its relevance and usefulness.

Based on the models and technologies listed above, a prototype of an information system for
supporting scientific and educational activities has been built. ISEIR is positioned as an information system
accessible via the internet, integrating and systematizing knowledge and information resources of a given
subject area and providing meaningful effective access to them. It is planned to expand the information
model in the near future. It is also planned to integrate several additional information systems.
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