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Background. The idea to automate the process of scientific and educational institutions evaluation is relevant. Such
automation requires information about this institutions functioning to be structured and systematized. The study proposes to
use the ontology as one of the models of knowledge representation to organize information of scientific institutions for its
structuring and systematization, as well as for its further processing and usage.

Objective. The aim of the paper is to develop the approach to ontological model development for the representation of
information accumulated by various scientific and educational institutions and organizations.

Methods. Method of ontological modeling was used as modern means of artifitual inteligence to structure, systematize and

analize the information of scientific and educational institutions.

Results. As the result of the research the ontology of scientific institutions information was developed using TEDAOS
software platform. Ontology was filled with data. At the moment ontology model includes 895 objects and 2837 data elements

(attributes).

Conclusions. The ontological representation allows to evaluate the quality of scientific institutions functioning on the basis
of national principles for such assessment. The information how to organize the evaluation process as well as generally
accepted evaluation criteria are also stored in the ontological model.

Keywords: scientific institution; quality assessment; information; activity; ontology.

L INTRODUCTION

Today, there are a large number of public and
private institutions providing services in various
spheres of social life. The demand for such institutions
depends on the efficiency of their functioning. It is for
the organizations involved in the fields of science and
education that the efficiency of functioning is of
particular importance, because the quality of services
they provide depends on the future level of the state
development and the life of its citizens. That is why
there are currently some generally accepted principles
for evaluating such organizations. The process of such
peer review is outlined and approved in the relevant
regulatory documents [1].

In the course of their operation, institutions
accumulate a great deal of information (when it comes
to scientific and educational organizations such
information includes scientific articles, reports,
employee ratings, economic indicators, etc.) that can be
used to evaluate them according to the national criteria.
To evaluate the effectiveness of the organization
functioning, it is possible to use information that is
already accumulated at the level of the organization.
The idea to systematize and structure such information
will not only facilitate its use at the institution level, but

may also enable it to be used by the relevant authorities
in the process of evaluating the quality of the
institution's functioning. The study proposes to use the
ontology as one of the models of knowledge
representation to organize information of scientific
institutions for its structuring and systematization, as
well as for its further processing and use.

The paper describes the approach to ontological
model development for the representation of
information accumulated by various = scientific
institutions and organizations.

The structure of the paper is the following: Section 2
shows analyses of related works and backgrounds for
the research. Section 3 gives the description of ontology
system structure. In section 4, elements of ontological
model are depicted. Section 5 describes main features
of TEDAOS software platform that is proposed to be
used for ontology development. Section 6 presents
conclusions and plans for future work.

II. BACKGROUND AND BASIC NOTIONS

In recent years, it has become necessary to create a
user-oriented approach to describing the knowledge
accumulated in the information systems due to the rapid
development and wuse of artificial intelligence
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technology for the development of such systems.
Among the existing models of knowledge
representation it is the ontological model that has
acquired the greatest use. Ontological modeling is one
of the approaches to identify the subject domain, based
on the idea of the conceptual modeling. The conceptual
model of the subject domain describes it as a set of
notions (concepts, terms) and relations between them
that correspond to entities from the real world [2]. This
corresponds to the classic representation of an
ontological model, in which ontology is given by three
finite sub-sets: concepts, relations, and functions of
interpretation. When modeling the domain as a sphere
of activity, the relation between concepts is also a
concept describing the relation [3]. Class-related
concepts are used to describe real-world processes and
phenomena. The conceptual model of the subject area is
defined as the totality of notions (concepts, terms) and
the relations between them, which correspond to
entities from the real world. It is implemented in the
form of an oriented labeled graph. The substantive
domain model for the conceptual model is given by an
oriented labeled graph whose vertices are interpreted as
information elements corresponding to real objects of
subject domain. There are two types of relations in the
integration of models: meaningful, determining the
relations of one information element to another, and
conceptual that determines the relations of the element
to the concept of conceptual software [4].

For intensively developing subject areas, the
software model is a structure constantly changing and
evolving over time. At the same time, we can say that
the content model is a means of accumulating changes
that, over time, lead to a change in the conceptual
model. The use of dynamic ontologies, that are
functions of time (or, as an alternative, include many
time periods associated with many concepts and
relations) will ensure the relevance and adequacy of
ontological models and, thus, make them practically
applicable for a wide spectrum of tasks.

The ontologies are new intelligent tools for finding
resources on the Internet, new methods for representing
and processing knowledge and queries [5]. They are
able to accurately and efficiently describe the semantics
of data for a certain subject domain and solve the
problem of incompatibility and inconsistency of
concepts. The ontologies have their own means of
processing (logical inference), corresponding to the
tasks of semantic information processing. So, thanks to
ontologies, when accessing the search engine, the user
will be able to receive resources in response that are
semantically relevant to the request.

Several approaches to the definition of the concept
of ontology are known, but the universally accepted
definition does not exist, because depending on each
specific task it is convenient to interpret this term in
different ways: from informal definitions to
descriptions of ontologies in concepts and constructions
of logic and mathematics [6]. The ontology is an
attempt to formalize a certain field of knowledge using
a conceptual scheme comprehensively and in detail.
Typically, such a scheme consists of a data structure
containing all relevant classes of objects, their relations
and rules (theorems, restrictions) adopted in this area.

Formally, the ontological model can be specified as:

O=<CR F>,

where C — is the finite set of concepts (concepts) of

the domain,

R — is the finite set of relations between concepts,

F — is the finite set of interpretation functions

defined on concepts and/or relations.

The ontological approach allows continuous
improvement of the model on the basis of basic
ontologies through their completion and development
[7]. The ontology includes both a description of the
subject domain and a description of the relevant
resources. The part of the ontology that describes a
specific subject domain includes a set of terms and
relations semantically meaningful for a given domain,
as well as rules according to which statements about the
elements of the domain can be constructed.

Among the advantages of using an ontological
model there are as follows:

— structuring and systematization of domain
information,

— organization of semantic search,

— automated integration with the semantic web
duck,

— a large number of existing software and web
applications to develop ontological models.

In the era of Big Data, the management and
integration of big on-board data provide tremendous
opportunities for generating new knowledge. The
ontologies, that represent domain knowledge in the
form of concepts, their classes, and the interconnections
between them, are a versatile tool for overcoming
barriers to integrate data and knowledge from diverse
sources of information, thus facilitating the search for
new knowledge.

It is ontological models that can be used as a
universal tool for integrating data and knowledge from
diverse sources of information. Using ontologies allows
you to structure, organize and classify information. An
important characteristic of ontological models is that its
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structure a priori fits into the paradigm of the semantic
web that makes it possible to automatically adjust and
use the developed ontology in the Internet environment.
Such a feature is in demand in terms of the
development of modern information systems, the main
requirement of which is to provide online access to
users in real time.

IIIl. ONTOLOGY SYSTEM SCIENTIFIC INSTITUTIONS
INFORMATION REPRESENTATION

The functioning of scientific organizations 1is
associated with certain specific features that are not
characteristic of other types of institutions. For
example, the important indicators of the scientific
process are as follows - the number of publications,
citations, various scientific indexes and ratings,
participation in international projects and programs,
completed scientific topics, trained specialists of
different qualification levels in different specialties and
specializations, and more. That is why the information
produced during the operation of such institutions also
reflects all levels (aspects) of such functioning. This
feature must be taken into account when developing an
ontological model. Also, several basic processes are
involved in the process of organization of scientific
activity: organization of activity of institution;
definition of indicators by which it is possible to
identify the level of performance of a certain type of
activity in an institution; the existence of criteria for
evaluating such indicators by which it is possible to
evaluate the achievements of the organization and to
determine whether its activity meets the requirements;
organization of the institution's evaluation process
itself.

On this basis, it is proposed that in the general
ontology, several ontologies be highlighted in order to
represent information accumulated by scientific
institutions. As a result of this selection, the overall
ontology will be a system of ontologies, each describing
the appropriate sub-process within both the activities of
the institution itself and the process of its evaluation.
The system as a whole will allow both to structure and
organize the information accumulated by scientific
institutions, and to organize context-independent
structures for its further processing and use.

Thus ontology system is a collection of several
components (Fig. 1).

The developed system includes such ontologies as:

— Ontology of institutions activities — reflects all
possible processes that occur within the scientific
process within the activities of scientific institutions.

— Ontology of institutions activities organization —
describes general concepts that relate to the
organization of scientific activity as a whole.
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Fig. 1. Ontology system of scientific institutions information

representation

— Ontology of institution activities indicators —
allows describing in detail the indicators on all aspects
of the activity of the institution.

— Ontology of institutions activities evaluation —
introduces concepts that make it possible to evaluate the
effectiveness of the scientific activity of a particular
scientific institution in the framework of its state review
or establishment of its scientific level.

— Ontology of institutions activities evaluation
criteria — sets criteria for evaluating the performance of
the institution.

— Ontology of evaluation process organization —
describes the assessment process itself by the relevant
authorities.

— Ontology of subject domain — is based on the
systematic classification of scientific activity.

Instances of classes and relations defined in an
ontology form a database content that contains terms
that represent the subject domain. Initial data for the
knowledge representation model that characterize the
subject area are various regulatory documents, as well
as textbooks, manuals, periodicals, reports, information
resources and more.

Such an ontology system will not only enable the
representation of information accumulated by scientific
institutions in the process of activity, but also organize
structures for its further use and processing.

Iv. ONTOLOGICAL MODEL ELEMENTS

In the process of constructing an ontological model,
there is a need to describe its elements. The ontological
model includes the following elements [8]:
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Ontological model = <classes, attributes, relations,
types of attribute values, constraints on attribute values,
instances of classes>,

where classes are elements of an ontological model
that describe the concepts of a particular subject or
problem area;

attributes — are elements of the ontological model
that describe the properties of concepts and relations;

relations — are defined on classes, and display either
the relations of classes with

each other or the relations of classes to data or
attributes. There are relations of the following types:

— associative relations — allow to perform
meaningful searches through the ontology
information space,

— part-to-whole relations — allow you to establish
relations between classes at the hierarchy level,

— inheritance relations — is used to pass attributes
and relations from parent to daughter,

— class-data relations — allow to associate instances
of concepts with class;

attribute value types - specify standard types for
class attribute values (for example: string, integer, real,
date);

restrictions on the values of the attributes of
concepts and relations — is used not for all attributes,
but only for those whose values must lie in a certain
area, they can not be less/more than a given value or
they are determined by a certain rule. For example, the
value of the attribute “start date” of some ontology class
is constrained by T (date) = date F(T) > 0.)

class instances — are an ontology element that
displays specific domain data that obey the structure of
the ontological model.

In the course of the study, the described ontological
model elements were identified for all ontologies
proposed in section 3 of the ontology system. The
process of detailing the elements of an ontology is an
important step in designing a general ontological model
that will allow you to set structures for further filling
the ontology with domain information (instances of
classes).

V. ONTOLOGICAL SOLUTIONS DEVELOPMENT
PLATFORM

The practical implementation of the ontological
model and its filling was performed using the
Transdisciplinary Educational Dialogues of Application
Ontology Systems (TEDAOS) platform. The TEDAOS
platform provides many software tools for storing and

processing knowledge through the development of
ontologies. The TEDAOS platform is designed to
support the processes of linguistically-semantic analysis
of large volumes of spatially distributed unstructured
information (Big Data), their structuring, establishing
contextual links between the documents being
processed, forecasting and supporting the processes of
rational choice with the subsequent formation of
information-analytic WEB-oriented solutions.

The TEDAOS platform provides [9]:

— networking with large volumes of unstructured
and poorly structured information,

— semantic content analysis,

— aggregation and rating of information resources,

— integration with other network information
systems and WEB-oriented applications,

— creation of ontological interactive documents,

— detection of latent information in the analyzed
information resources.

One of the main features of the TEDAOS software
platform is the availability of ontological interface tools
in the nomenclature. The ontological interface gives an
opportunity to integrate the developed by the user
ontology with network information resources and
interactive knowledge systems. It provides adaptability
to the thematic profile of the activity of each user
subject in the TEDAOS environment. The ontological
interface is implemented by the procedure of activation
of multiple binary taxonomy relations. It is an
intellectual means of user interaction with an ontology-
based information system, that allows visualizing the
results of integration and aggregation of distributed
information resources in the process of organizing users
communication in an easily accessible visual form [10].

Fig. 2 shows a fragment of an ontological model of

scientific  institutions information representation
developed using TEDAOS.

1.1. CTpyKTypa, 0CHOBHE 3aBAAHHA Ta OPraHI3aLIiiHO-NPaBoBa HOPMa YCTaHOBM

1.2. Hayosi paaw YctaHoss

1.3. Hayxoga cninbHoTa YcTaHosu

1.4. 3aranbHa KOHUENUIS | PO3BUTOK YCTaHOBH Ta IHopMaLls Woao T AlAnsHOCTI 3a nonepeatl port

1.5. PesynsTaTh QisnbHOCTI YCTaHOBM 8 UinoMy 3a 5 pokis

1.6. HayxoBi 3aX0a¥ Ta 38'R3K 3 FPOMAACHKICTIO

1.7. CTpareriune nnayBaHHs AIANBHOCTI YCTaHOBM Ha HACTYMMI EKINGKa POKIB - NOTEHUIAN POIBHTK

o coermm s apost s un
18 Ta KanpoBoro QNS BUKOHaHHS POBOMIX

19, CriBNpaLs | cHCTeMa HayKOBHX 38'33KB YCTaHoBH

1.10. Nigawwenws piaxs keanibikall cnispoBITHIKE | Kap'epHe SPOCTAHHS MONODWX HAYKOBLIB

1.11. 3abesnedenss [eHIEpHOI PIBHOCTI Ta FAPHOHIRHONO POSNOAINY YaCy Mix POGOTON Ta POAHOD
1.12. FapanTis SKocTi YcTaHoBo0

1.13. Peanisauis

¥ 1.14. HaXo/yKeHHs Ta BUAaTIH YeTaHoBM
w19vmx«xz OUIHI0BAHHA BDEKTUEHOCTI AIRNBHOCTI HAYKOBIX YCTAHOR

OTpHMAKHMX 33 OCTaHHBOM

- Asania ecbexTHBHOCT] AINLHOCT HayKoBwxX niaposainia

@ !.N. Nigposain (wasea)
Fig. 2. Fragment of ontological model for scientific
institutions information representation developed using the
TEDAOS platform
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VI CONCLUSIONS

The paper presents an approach to the representation
of information accumulated in various scientific
institutions on the basis of ontological model. The
ontological representation allows evaluating the quality
of scientific institutions functioning on the basis of
national principles for such assessment. The
information how to organize the evaluation process as
well as generally accepted evaluation criteria are also
stored in the ontological model. The associative
relations between objects that are determined in
ontological model allow linking the institution activities
indicators with the evaluation criteria for assessment
process automation.

Future researches will focus on further ontology
development and its filling with subject domain
information, as well as on the novel method
implementation for scientific institutions functioning
assessment based on ontology.
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T'noéa JI.C., Hosozpyocvka P.J1., 3adoeuxo b.O., [Incangpenz 10

OnroJoris inopmanii HayKoBHUX i OCBITHIX ycTaHOB

IIpobaemaTnka. [nest aBTOMaTH3yBaTH ITIPOIEC OI[IHIOBAHHS HAYKOBHX Ta HABYAJIBHUX 3aKIIAMiB € aKTyaubHOM. Taka
aBTOMATH3allis BUMarae CTpyKTypH3allii Ta cucremarusaiii iHhopMailii Ipo AiSUIbHICTb IIUX YCTaHOB. JlOCIIPKEHHS TPOTIOHYE
BUKOPHCTOBYBATH OHTOJIOTIIO SIK OJTHY 3 MOJEJIEH NPeACTaBICHHs 3HAHb Ul opraHizamii iHdopMmarii HayKOBUX YCTaHOB IS il
CTPYKTYpyBaHHS Ta CHCTEMATH3aIlii, a TAKOX JUIS TOAAIBIIO] 0OPOOKHM Ta BUKOPUCTAHHS.

Meta nociimkenHs. MeTolo CTaTrTi € po3poOKka MiAXOAy JO PO3POOKH OHTOJIOTIYHOT MOJENTi JUIs MpPEeICTaBICHHS
iHdopmarii, HaKONMUYEHOT PI3HIMH HAYKOBHMH Ta OCBITHIMH YCTaHOBaMH Ta OpTaHizallisiMH.

Metonuka peasizamii. MeTos OHTOJIOTIYHOrO MOJIETIOBAHHS OyB BUKOPHCTAHHIT K Cy9acHMH 3aci0 MTYYHOTO iHTENEKTY
JUTSL CTPYKTYPYBaHHS, CUCTEMATH3AIII] Ta aHai3y 1HPOpPMAIlii HAYKOBUX Ta HABYAITHLHUX 3aKJIAJIiB.
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PesysnbraTu. B pesynbraTi JOCIHIDKEHHST OHTOIIOTIS HAYKOBUX YCTaHOB Oysia po3poOiieHa 3a JOMOMOIOK MPOrpaMHOi
mnargopmu TEDAOS. Ontonorist Oyna HanoBHeHA JaHuMH. Ha faHuii MOMEHT MOJenb OHTONOTI BKIoYae 895 00'ekTiB Ta
2837 eneMeHTIB 1aHuX (aTpUOYTIB).

BucnoBku. OHTOJNOTIYHE MOAAHHA [03BONAE ONIHUTH SKICTh (DYHKIIOHYBAaHHA HAyKOBUX YCTAHOB HA OCHOBI
HAI[IOHAIBHUX TPHUHIMIIB TAKOTO OIHIOBAaHHA. [H(opMarlis mpo Te, SK OpraHizyBaTH MPOIEC OI[IHIOBAHHA, a TaKOX
3aralbHOBU3HAHI KPUTEPii OIIHKK TAKOXK 30€pITaroThCsl B OHTOJIOTIUHIN MOJIETI.

KiiouoBi ci1ioBa: HaykoBa yCTaHOBA; OI[IHKA SKOCTI; iHOPMALTis; TisTTbHICTD; OHTOJIOTIS.

I'noéa JI.C., Hosozpyockasa P.JIL., 3adoenxo b.A., /[ncangpnz FO
OHnroJiorus *HGOPMALUH HAYYHBIX U 00PA30BATE/IbHBIX YUPeKICHHI

IIpoGaemaTuka. AKTyaabHa njest aBTOMaTH3UPOBATh MPOLECC aTTECTAllMH HAYYHBIX U 00pa30BaTEIbHBIX yUPEKIACHHIL.
Takas aBToMarm3amus TpeOyeT CTPYKTYpHUpPOBAHHS W CHCTEMATH3alMH MH(GOpPMAaMH O (QYHKIMOHHPOBAHHK JaHHOTO
yupexaeHus. B uccienoBanuy npeuiaraeTcs MCIOJIb30BaTh OHTOJIOIUIO KAaK OJJHY M3 MOJIENel NMpe/ICTaBICHHUs 3HAHUH JUIs
OpraHM3aIy HHOOPMAINH HAYYHBIX YUPSKICHUH IS ee CTPYKTYpPHUPOBAHMS M CHCTEMATH3AINH, a TAakKe JUIT JaidbHeHIen
00paboTKH 1 UCTIONB30BAHMS.

Ileas uccaenoBanms. llenbio cratby sBIAETCs pa3paboTKa MOAXO4Aa K pa3pabOTKE OHTOJOTMUYECKMX MOJEISH s
NPEACTaBICHNS HMH(OPMAIWY, HAKOIUICHHOW pA3IMYHBIMH HAYYHBIMH W 0Opa30BATENBHBIMH  YUPEXKICHHAMH H
OpraHM3aIusIMA.

Metoauka peanu3anuu. MeTox OHTONOTHYIECKOTO MOJEIMPOBAHMS HCIOIB30BAJCA KaK COBPEMEHHOE CPEICTBO
HCKYCCTBEHHOTO MHTEJUIEKTA JUIsl CTPYKTYPUPOBAHUSI, CHCTEMATU3ALUI 1 aHalIM3a MH(OPMALMK Hay4HBIX U 00pa30BaTelIbHbIX
YUPEKIEHUH.

Moayuennslie pesyabTaThl. B pesynsrare nccnenoBanus Ha mporpammHoi miatdopme TEDAOS Obuta paspadorana
OHTOJIOrMsT MH(OPMAlMK HAY4HBIX yupexaeHuil. OHTonorus ObLia 3amoiHEeHa NaHHBIME. Ha JaHHBI MOMEHT MOZelb
OHTOJNOTHH BKII0YaeT 895 00bekTOB U 2837 1IeMEHTOB JaHHBIX (aTpUOYTOB).

BoiBoabl. OHTOJIOTHYECKOE MPE/ICTABICHUE [O3BOJISIET OLIEHUBATH Ka4eCTBO (DYHKIIMOHUPOBAHHS HAYYHBIX HHCTUTYTOB Ha
OCHOBE HAIMOHAJHHBIX NPHHIUIOB TAaKOH OIEHKH. VH(popMamus o TOM, Kak OpraHM30BaTh IPOIECC OIEHKH, a TaKKe
OOLIENPUHSTBIC KPHTEPHH OLICHKH TAKKE XPAHSTCS B OHTOJIOTHYECKON MOZIEIN.

KiioueBble ci10Ba: HaygyHOE YUPEK/ICHHE; OIICHKA Ka9eCTBa; HH(POPMAIHS; ACATEITEHOCT; OHTOIOTHSL.
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