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Technology for building ontologies for an information
system to support scientific and educational activities

Abstract. The article presents an approach to organizing scientific portals based on ontologies.
Ontology is the information basis of the Internet portal of knowledge, which should provide
integration and systematization of scientific knowledge and information resources of a certain
subject, as well as meaningful access to them from any “point” of Internet space. The ontology
automatically builds a diagram of the portal’s internal database and forms for filling it out,
organizes navigation through the portal’s information space, and ensures that search queries are
formulated in terms of the knowledge portal’s subject area. The division of the portal’s ontology
into subject-independent and subject-specific ontologies makes the portal customizable for
almost any field of scientific knowledge. This technology allows declarative adjustment of the
ontology during the operation of the knowledge portal, which allows you to track the dynamics
of the emergence of new knowledge and information resources on the subject of the portal and
thus provides support for its relevance and usefulness.
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Introduction. At present, the problem of effective use of a huge amount of knowledge and
information resources accumulated in various fields of human activity is very acute. However, access to
this knowledge and resources is significantly limited due to the fact that they are poorly structured,
poorly systematized, and dispersed across various Internet sites, libraries, and archives. At the same
time, in the course of scientific activity, researchers need effective access to publications and other
information resources containing descriptions of methods and approaches developed within their
subject area of interest.

To meet the above-described need, the concept and architecture of a specialized Internet portal
of knowledge [1] was proposed, which should provide integration and systematization of scientific
knowledge and information resources of a certain subject, as well as meaningful access to them from
any "point" of the Internet space. Moreover, according to this concept, the knowledge portal should
provide access not only to its own information resources, but also support navigation on relevant portal
resources located on the Internet.

In addition to supporting a flexible and holistic representation of the scientific discipline and
various aspects of scientific activity, providing meaningful access to integrated knowledge and
information resources related to this scientific direction, an important requirement for the knowledge
portal is the ability to declaratively configure it for a given subject area, not only during creation, but
also during operation. The ability to configure the portal will allow you to track the dynamics of the
emergence of new knowledge and information resources on the subject of the portal and thus support
its relevance and usefulness. The fulfillment of these requirements became possible due to the choice of
the ontology knowledge portal as the conceptual basis and information model.

In this paper, we use the concept of "ontology" in the sense that it is used in computer science
and artificial intelligence [2]. We believe that one of the goals of ontology is to describe and study
entities that exist in the real world and/or human consciousness. For computer science and artificial
intelligence systems, in particular knowledge portals, there is only what is already represented in them
or can be represented, so we adhere to the definition of ontology given in [3]. According to this
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definition, ontology is an exact specification of conceptualization. Moreover, conceptualization is
understood as an abstraction, i.e. a simplified representation of the world built for a specific purpose.
Conceptualization includes objects, concepts, and other entities that are assumed to exist in the domain
under consideration, as well as relationships between them.

It should be noted that [4] emphasizes that ontology is a specification of conceptualization, but
only in the part that depends on a particular area of interest. In [5], it is emphasized that ontologies
should help solve problems arising from the fact that there are different interpretations of the same
terms in different fields. In this regard, ontology is considered as an agreement on a certain area of
interest to achieve certain goals.

According to N. Guariano [6], in order to establish an agreement on knowledge represented in a
certain logical language, ontology should characterize conceptualization by limiting the possible values
of predicates and functions. In his understanding, ontology is a logical theory, axioms of which
constrain the interpretation of the nonlogical symbols of the language.

Based on the above definitions, we can say that an ontology is an accurate detailed description
(model) of some part of the world (subject area) in relation to a specific area of interest. In the context of
this work, the ontology will be a description of some training courses and related scientific activities.
The task of developing a technology for building ontologies for portals of scientific knowledge is very
relevant. This paper is devoted to the description of our experience in creating and using such
technology.

Ontology of the knowledge portal. The ontology should not only provide a formal
representation of the system of concepts of the domain (SOFTWARE) of the portal, but also support all
the required functionality, i.e. serve as a basis for implementing effective representation of various
information on the portal's subject and meaningful access to it, as well as support the integration of
relevant information resources into the portal's information space and convenient navigation through: it.
To effectively represent SOFTWARE knowledge, ontology must provide a description of concepts with
a complex structure and a variety of semantic relationships between them. An important requirement
for the portal ontology is the ability to build concepts of the subject area in the hierarchy "General—-
private" and support inheritance of properties in this hierarchy.

Since the ontology should serve the purpose of meaningful declarative configuration of the
portal for a given area of knowledge and support all its functionality, it should be organized in such a
way that it can automatically build a diagram of the portal's internal database, forms for filling the
portal database with data, a navigation scheme for the portal's information space, and search query
forms. To simplify configuring the portal for the selected area of knowledge in the ontology, you must
select structures that are independent of the portal's subject area. In addition, the ontology must have
properties such as extensibility and integrability with existing ontologies.

An ontology of the knowledge portal that meets the requirements described above can be
formally defined by a seven of the form:

O=(C,A,R;,T,D, Ry, F)

where C - is a set of classes describing concepts of a particular subject or problem area; A —is a set of
attributes describing properties of concepts and relationships; R;={r, Ir, € C X C}- a set of relations
defined on classes (concepts); T — a set of standard attribute value types (string, integer, real, date); D — a
set of domains (sets of values of the standard string type); Ra = Rar € Rap, where RarS A X T — a relation
that connects attributes and data types from which they can take their values, Rap € A X D — a relation
that defines for each attribute its discrete set of values (domain); F — a Set of restrictions on the values of
attributes of concepts and relationships.

From a meaningful point of view, the ontology defined in this way can serve to represent the
concepts necessary for describing a particular field of knowledge, as well as for the scientific activities
performed within it. This ontology was chosen as the information model of the scientific knowledge
portal. By introducing formal descriptions of domain concepts in the form of object classes and
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relationships between them, the portal ontology sets structures for representing real data and
relationships between them. The data itself is presented on the portal as a set of related information
objects.

Each information object (IO) corresponds to a certain ontology class (it is an instance of it) and
represents a description of some object in the domain. There may be connections between information
objects whose semantics are determined by the relationships defined between the corresponding
ontology classes. The portal content is provided using an ontology-driven data editor that allows you to
create, edit, and delete information objects and relationships between them. Forms for entering specific
IO and their associations are automatically generated based on the portal's ontology. Thus, the
information content of the portal includes both General knowledge (presented in the ontology) and
knowledge about specific objects and relations between them (represented by information objects and
their connections). For meaningful access to this content, the knowledge portal provides advanced
navigation and search tools.

Navigation through the portal content is performed in accordance with the content of the
ontology: it provides a transition from ontology classes to their instances, and then a transition through
ontological relationships from a specific instance to lists of related instances, and so on.

Information search is also based on ontology, which allows the user to set a query in terms of the
portal's subject area. For example, when selecting a class of information objects to search for, a search
form is automatically generated, in which the user can 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. For example, the query "Find recommended literature by the type article in a course from 1920
to 1990" will formally look like this:

Class «Course »:

Relation «recommended literature»:
Class «Publication»
attribute «Type» = «article»
Attribute «Start date»: (>=1920) & (<=1990)
Attribute «End data»: (>= 1920) & (<=1990)

Technology for building the knowledge portal ontology. The portal's ontology construction
technology includes a language for describing ontologies, a methodology for building and developing
ontologies, and an ontology editor. The ontology description language and the ontology editor were
selected and designed in such a way that they were understandable to experts who are not specialists in
computer science and knowledge representation, and they were easy and convenient to use. In addition,
the ontology editor was built with its application for distributed ontology development in mind.

On the one hand, the methodology for building an ontology for the knowledge portal is
almost completely determined by its structure, and on the other hand, it is supported and at the same
time limited by the tools provided by the ontology editor. In the process of ontology development,
classes of concepts and their properties are distinguished and formally described. The properties of each
concept are represented using attributes and restrictions imposed on the scope of their values, as well as
binary relations that link this concept to other concepts. Concept classes are arranged in a hierarchy
using the inheritance relation ("General-private"). The inheritance mechanism is set in such a way that
not only all its attributes, but also relations are passed to the descendant concept from the parent
concept.

Structure of the knowledge portal ontology. In order for the ontology to meet the goals of the portal, it
must be well structured and adequately reflect its problem and subject area. As the base ontology were
selected as two of the ontology. The first of them describes the problem area of the system (Fig. 1). It
does not depend on the subject area of the system and is a top-level ontology that
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includes classes of concepts related to the organization of educational activities, such as Person,
Organization, Scientific activity, Scientific events, Publication, Geographical location, Collection of conference
materials used to describe its participants, organization of educational work, events (seminars,
conferences), joint projects, various types of information resources.

The second ontology is the ontology of subject knowledge. it sets meta-concepts for describing
the concepts of possible subject areas, defining structures for describing the concepts of a specific field
of knowledge, such as the Training course, Competence, The task of the training course, Methods for solving
problems and the Result of mastering the course. The concepts of the base ontology are linked associative
relations, which was carried out not only on the basis of the completeness problem and subject areas of
the system, but also taking into account ease of navigation, educational content, and information
retrieval. The ontology constructed in this way not only describes the subject and problem area of the
system, but also sets structures for representing real objects (including information resources) and
connections between them. The semantics of relations between information objects is determined by the
relations defined between the corresponding ontology concepts. The totality of such information objects
and their connections forms the information content or content of the system.
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Figure 1. Basic ontologies of the knowledge portal
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Methods of ontology development. During the operation of the knowledge portal, new
knowledge about its subject area may appear, and gaps and inaccuracies in the knowledge already
presented in the ontology may be detected. All this, of course, requires a change in the ontology.
However, when editing the ontology, you must make sure that the logical integrity of the portal's
knowledge system is not violated and information is not lost.

A change in an ontology can consist of expanding or rebuilding its concept system, deleting or
renaming concepts and / or relationships. First, let's consider the cases related to the extension of the
ontology concept system.

In the simplest case, this extension consists of adding a new attribute to a concept. Here you need to
take into account that concepts that are descendants of this concept may already have this
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attribute. Therefore, you need to view all such descendants and, if necessary, rename the corresponding
attributes. Adding a new concept to the very bottom of the concept hierarchy does not require any effort
to maintain the integrity of the concept system, since the new concept inherits all the attributes and
relationships of the higher concepts. If you add a concept that becomes the root of one of the concept
hierarchies, you must consider the attributes and relationships of the lower concepts. It may be
necessary to move some of the attributes and relationships to the new concept, especially given the
prospect of new branches of the hierarchy originating from the new concept.

Inserting a new concept into the hierarchy between two " old " concepts also requires some
methodological effort. To avoid duplication and possible name collisions, you must carefully select
attributes and relationships for it from the lower-level concepts.

When deleting a "leaf" concept, i.e. a concept at the very bottom of the hierarchy, you should
think about transferring its own attributes and relationships to a higher concept, so that there is no loss
of knowledge. Keep in mind that if information objects have already been created based on the concept
being deleted, then in order not to lose data, these information objects must be linked to the ancestor of
the concept being deleted. However, this may not be enough to save all the information about these
objects if all the proper attributes and associations of the deleted concept are not passed to the parent
concept first.

If the concept being deleted is not a "leaf" concept, then before deleting it, you should think
about passing its attributes and relationships to a lower-level concept. Information objects, as in the case
of a "leaf concept", must be linked to a higher-level concept and modified in accordance with its
structure.

Removing the "root" concepts of the ontology of a portal that is in operation or at the stage of
information content is not recommended because of possible loss of information.

When deleting attributes from concepts, you should also consider possible loss of information. A
special case of deleting an attribute is moving it to a higher or lower level concept, when it turns out
that this attribute is more General or, conversely, more specific. In the first case, there is no loss of
information, since the attribute being moved will still be inherited by the concept being modified. In the
second case, such a loss is possible, and measures should be taken to restore it.

Sometimes you have to move a concept inside the hierarchy. However, keep in mind that not
only the set of attributes inherited by the concept changes, but also the relationships. It is possible that
some attributes and relationships lost as a result of this move will have to be restored "manually".

Moving subtrees from one branch of the hierarchy to another is quite interesting. This case is
almost recursively reduced to the one discussed above. In most cases, it is sufficient to "put in order" the
root concept of the moved subtree, and the other concepts are modified automatically.

Language for describing ontologies. The well-established Semp-TAO knowledge
representation language was used as the basis for the ontology description language [7].

Concept classes in this language are described as follows:

class Classname (ParentClass);

DescriptionOfAttributes;

constraints

DescriptionOfRestrictions;

end;

Here is an example of a simplified description of the "Person" class»:

class Person;

Surname: string;

Name: string;

Gender: Gender:;

Date of birth: date;

Date of death: date;
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constraints
Birthdate < Deathdate;

end;

The following mathematical properties can be attributed to relations: transitivity, symmetry, and
reflexivity.

Here is an example of a description of the «Works in»:

relation Works_in (who: Person; where: Organization);

Position: Position;

Date_of acceptance: date;

Date_of termination: date;

constraints

Date_of acceptance > date_of birth +18;

Date_of dismissal > date _of acceptance;

end;

Domains are described as follows:

Domain domain_name = Set_OfStringValues;

Here are examples of descriptions of some domains:

Domain Gender = {male, female};

Domain Position = {Director, Scientific Secretary, head of laboratory, head of Department, Chief
scientist, Lead researcher, Senior researcher, Research assistant, Junior researcher, Technician}.

The ontology editor was built on the basis of the ontology description language given above . It
was built with the possibility of using it for distributed ontology development and is implemented as a
web application available to registered users via the Internet. In order to ensure distributed ontology
development, the 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: concept
classes, relationships, and domains.

When creating a class, you specify its unique name and a set of attributes that are used to set
various properties of concepts, and actually describe the structure of objects in this class. A parent can
be selected for a class from previously created classes, and not only all attributes, but also relationships
are inherited from the parent class, and the parent itself is associated with the new class by the "class-
subclass'relationship. For each attribute of the class, enter a name, the scope of acceptable values (type
or domain), the number of possible values (one or many), and specify whether they must be filled in.

A domain is characterized by a name and a set of elementary values. For each domain value,
you can also specify the language (currently Russian, Kazakh, or English) in which it was entered.

Relationships can link only to have the generated classes of the ontology. They are directed and
binary, and can have their own attributes that specify the relationship between the relationship
arguments. For a more convenient presentation of information, the portal user can configure the
visualization of knowledge and data. For each class, the ontology editor sets a template for visualizing
objects of this class and a template for visualizing links to them. By default, the order in which class
attributes and related relationships are displayed, including relationship attributes, is determined by the
order in which they are set in the ontology. This order can be changed at the user's request.

Conclusion. The article presents a technology for building ontologies for scientific knowledge
portals, including a methodology for building ontologies and an ergonomic editor. This technology
supports the development of ontologies that automatically build:

- schema of the portal's internal database (the logical structure of the database and its integrity
restrictions);

- forms for filling in the portal database with data (information objects that are instances of
ontology concepts);

—navigation scheme for the portal's information space (on ontology relations);
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— forms of search terms (concepts and relations of the ontology).

This technology allows declarative adjustment of the ontology during the operation of the
knowledge portal, which allows you to track the dynamics of the emergence of new knowledge and
information resources on the subject of the portal and thus provides support for its relevance and
usefulness.

This research has been/was/is funded by the Science Committee of the Ministry of Education
and Science of the Republic of Kazakhstan (Grant No. AP08857179).
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Toirvimu-6irim 6epy Kbismemin KoA0aYIbiH, aKnaApammolk Kytiecie OHMoOAOUAAAPIbL KYPY
MexHOA0ZUACHL

Andamna. Maxarada onmorozus Heziitde biAbMU nopmardapdsl VULIMOACHIbIPY MACIAL YCOIHDIAZAH.
Onmonozus Mnmepriem-birim nopmarvirolr; aknapammolx Hezisin Kypaiidvl, oA 0eAziAl Oip maxvipoinmazol
ZHIALIMU  OIAIMOep MeH axnapammulx pecypcmapdvl Oipikmipydi xaone xytiereydi, condaii-ax, Vnmeprem-
KeHicmikmiy, Kke3 keazeH “HykmeciHen” oAapea MaAMYHObL KOAKeMIMOIAIKMI KAMMAMACHS emyi muic.
Onmonozus Oouvinuia nopmardviy, ki depexmep 0a3ACOIHGIN CXEMACLl XIHE OHbl MOAMLIPY2a APpHAAAH
Holcandap asmomammul  mypoe KypuiAadvl, nopmardviy axnapammolx Kewicmici OoUbIHWA HAGUIAUUS
VibMOacmolpoiAadvl xate OIAIM HOPMAALIHbIY NIHIIK cardckl mepmundepitde i3dey cyparvicmapbi
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Karvinmacmopy Kammamacots emiaredi. Ilopmarovity oHMOAOZUACOIH MIYEACI3 KaHe naHdiK oHmorozuiza 06AY
NopMardol ZuIAVIMU OIAIMHIH Ke3 KeAzeH CAAACHIHA metuieremit 00Aadbl. By mextoAozus OIAIM NOPMAALIHOIH
KYMubic icmey npoecitioe OHMOAOZUAH 0eKAAPAMUGHIT MY3emy2ze MYMKIHOIK Oepedi, OYA nopmar maxoipuiovt
OotiviHua xana OIAIM MeH aknapammolx pecypcmapdvit, nauda 00AYy OUHAMUKACHIH 0AKbIAAY2A MYMKIHOIK
Oepedi arie COA ApKbIALL OHVIH 03€KTHIAIZL MeH NAAALIAbIZbIH KOADAYIDl KAMMAMACHL3 etneoi.

Tyitin ce3dep: 0HMOA0ZUS, OIAIM NOPMAALL, UHMEZPAUUS, AKNAPAMIMLIK XKYile, AKNAPAMMbIK MOJEAD.
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TexHOAOIMSI HOCTPOEHMSI OHTOAOTNII A5 MH(POPMALIMIOHHO CHCTEeMBI
NOAAEP>KKI HaydHO-00Opa30BaTeAbHOM AesTeAbHOCTH

Annomauyus. B cmamve npedcmasien nodxod K opzaHusayuy HAYYHLIX NOPMAAOE HA OCHOGE
onmoaozutl. Onmorozus - amo unHGopmayuonnas ocrnosa Vnmeprem-nopmara 3HAHULL, KOmopas O0AXKHA
obecneuusamv —UHMEZPAUUI0 U  CUCEMAMUSAUUIO HAYYHOIX SHAHULL U UHPOPMAUUOHHDIX — Pecypcos
onpederertozo cyOvekma, a makxke codepxamervHvii docmyn K HuM u3 A00oi “mouxu” unmeprem-
npocmparicmea. OHMOAOZUSL ASMOMAMULECKU CHIPOUN CXeMYy GHYmpeHHel 0a3vl 0aHHbIX nopmara u Popmul ee
3ANOAHEHUS, Op2AHU3yem HAGUAUUI0 1no UHPOPMAUUOHHOMY NPOCHIPAHCMEY nopmarda u obecnedusaem
POPMYAUPOBKY NOUCKOEHIX 3ANPOCO6 6 MepMUHAX npedmemiot odracmu nopmara 3uanui. Pasdererue
OHIMOAOZUY NOPMAAA HA NPeOMEMHO-HE3AGUCUMDbIE U NpedMemHo-Cneludpuyeckie OHMoAOZUY JeAaen nopman
HacmpausaemMolmM npakmudecku O A1000i o00Aacmu Hay4Hozo 3HAHUS. JAHHAS MEXHOA0ZUS 10360A5em
OCYULECTNBALMb DeKAAPAMUEHYT0 KOPPEKMUPOSKY OHIMOAOZUY 6 npovecce PYHKUUOHUPOSAHUS NOPMAAL SHAHUIL,
YUMo N0360ASeM OMCACKUEAMb OUHAMUKY MNOABAEHUS HOGIX 3SHAHUL U UHPOPMAUUOHHDLX PeCypcos 1o
memamuke NOPMAAA U mMeM camblm obecnewusaenm noddepxky ezo aKmyarbHOCu U nOAe3HOCHIU.

Katouesvie caoea: onmorozus, TOpTaa 3HAHMI, MHTerpanys, MHQPOPMaIMOHHas CUCTeMa,
H(OPMAIIVIOHHBIN MOAEAb.
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