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Annotation: In accordance with the purpose of the study, the first task is to analyze the existing solutions in
the field of data integration into a single information space.it is also necessary to note the features, advantages
and disadvantages of the integration system architectures used. This will allow us to identify problems related
to the structural and semantic heterogeneity of data in information systems, as well as formulate an approach
to combining information systems. Currently, world leaders in software development are presenting their
ready-made solutions for data integration. Their consideration will complement the study of theoretical
approaches and will identify the areas that should be developed and used in the construction of integrated
systems. To solve the problem of semantic heterogeneity of information in the integration of information
systems, it is proposed to use ontologies of the subject area. The problem of integration of information systems
data in this paper is considered as a problem of integration of information from heterogeneous information
systems and resources (repositories) in order to ensure a unified representation of data. In order to correctly
integrate heterogeneous information systems, it is necessary to find out the commonality and differences of
the ontologies underlying them, as well as to agree on heterogeneous ontological specifications and further
implement information transformation. As a result, heterogeneous information systems work together in the
context of the subject area of the problem at a semantically significant level. Analysis of the state of research
on the harmonization of ontologies shows that the existing methods are mostly informal and based on the
subjective opinion of a human expert. So far, this has not been studied in sufficient depth, mainly for special

cases.
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METOAbI UHTETI'PAIIUN JAHHBIX B UHOPOPMAILIMOHHBIX CUCTEMAX

Annomauusn: B coomseememeuu ¢ yenvio ucciedosanus nepeoouepeonol 3a0ayell A6IsAemcs aHaIumu4ecKull
0030p cywecmeyrouux peulerHuil 6 001acmu unmepayul OAGHHbIX 8 OUHOe UHPOPMAYUOHHOE NPOCPAHCIEBO,
makoice HeoOXOOUMO OMMEMUMb 0COOEHHOCMU, NPEUMYWECMBA U HEOOCMAMKU NPUMEHSAEMbIX APXUMEKMYP
UHMESPUPYIOWUX cucmem. Imo no3801UM GblOeNUmsb NPpoOIeMbl, CEA3AHHbIE CO CMPYKIMYPHOU U cCeMaHmuyec-
KOU HEOOHOPOOHOCHbIO OAHHBIX UHDOPMAYUOHHBIX CUCTEM, A MAKJCE CHOPMYIUPOBAMb NO0X00 K 00bedu-
HEeHUI0 UHOPMAYUOHHBIX cucmem. B nacmosujee apems mupogvie auoepvl no paspabomke npocpammHo20
obecneuenus npeoCmasisiiom c8ou 20Moeble peuleHus o uHmezpayuu 0annslx. Ux paccmomperue oononnum
uccne0osanue meopemuieckux no0X0008 U NO36OIUM BbIAGUND Me HANPABLEHUs, KOMopble clledyen pa3eu-
6amv U UCNONL30BANb NPU NOCIPOCHUU UHMeSPUPYeMbIX cucmem. [l peuleHus npooremvl ceMaHmuieckoll
HeOOHOPOOHOCMU UHGOpMayuu npu uHme2payul UHGOPMAYUOHHBIX CUCHEM NPedldedemcs UCNOIb306AaMb
onmonoauu npeomemuou oonacmu. 3aoaya unmezpayuy OAHHLIX UHOOPMAYUOHHBIX CUCHEM 8 HACMOoAuell
pabome paccmampusaemcsi KAk 3a0aua unmezpayu uHGopmayuu u3 pazHopoOHbiX UHGOPMAYUOHHBIX CUC-
mem u pecypcog (penosumopues) ¢ yenvio obecneuenus eouno2o npedcmasnenus oannvix. C yenvio Koppexm-
HOU UHmMe2payuu HeOOHOPOOHbIX UHPOPMAYUOHHBIX CUCHIEM HEODXOOUMO BbIACHUMb OOUHOCTb U PA3IUYUSL
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OHMONO2UIL, JENHCAWUX 8 UX OCHOBE, d MAKIICe CO2NACO8AMb HEOOHOPOOHbLE OHMONO2UYECKIUE CheyUpUKayuu U
oanee ocywecmensimos npeodpazosanue ungopmayuu. Kax cneocmsue, obecneuusaemces coesmecmuas paboma
HEOOHOPOOHBIX UHMOPMAYUOHHBIX CUCEM 8 KOHMEKCme NpeoMemHou 00aacmu 3a0a4u Ha CeMaHmMuyecKu
SHAUUMOM YpoeHe. AHANU3 cOCMOsHUS UCCAe0068AHUSL N0 CO2NACOBAHUIO OHMOLO2UL NOKA3bIGAEN, YMO C)-
wecmayiowie mMemoovl, 8 OCHOBHOM, HepOPMAIbHbL U OCHOBIBAIOMCSL HA CYOBLEKMUBHOM MHEHUU 4ell08eKd
akcnepma. J[o cux nop amo uccied08ano HedOCmamouHo 21y60Ko, NPeuMyueCmeeno 0Jis YACHMHbIX CIyHaAes.

Kﬂlo’-le@ble ciaosa: MH¢OpMa1/]MOHHbl€ cucmemsl, penosumopm?, uUHmezpayus ()ClHHbl)C, OHMOoJlo2uA
AKIMAPATTBIK )KYWEJIEPAE JEPEKTEPII BIPIKTIPY QIICTEPI

Anoamna: 3epmmey maxcamuvina catxec OIpiHwii Kezekmeei MiHOem depekmepdi Oipviyzail axnapam-
Myl KeHicmikke OIpIKmipy canacblHOagbl KOIOAHLICMARbL WeiMoepoi mandamansl wony 6oavin maovi-
1a0bl, AHU UHMESPAYUALAUMbIH HCYUENePOiy KOLOAHBIIAMbIH APXUMEKMYPALAPbIHLIY epeKulenikmepin,
APMBIKUBLIBIKMAPLL MeH KeMwinikmepin aman emy Kasicem. byn Axnapammuix owcyiienep oepexmepiniy
KYPOLIBIMObIK JCIHE CEMANMUKANBIK OipmeKxmi emecmicimen 0aillanbicmsl npooremanapovl 601in Kkopcemyee,
COHOQU-aK, aknapammaulk JHcyiienepoi Oipikmipyee Ko3Kapacml KAIbINmacmslpyea MyMKiHoix bepedi. Kaszipei
yakvimma 0a20apiamansbiy KaMmamacel3 emyoi azipiey 0otblHua 21eMOIiK Koubacuvliap oepekmepoi uH-
mezpayusnay 0ouvinua 030epiniy Oatlbii wewinoepin ycoinadsi. Onapovl Kapay meopusiblk, maciioepoi
3epmmeyoi MOILIKMbIPAObL HCIHE UHMESPAYUSIAHAMBIH HCYenepOi KYpY Ke3iHOe 0aMblmy HCaHe Nauoaiany
Kaoicem 6agulmmapovl AHbIKMAaliovl. AKnapammoix dcylienepoi unmezpayusiiay Kesinoe aKknapammuoly cemaH-
MUKATLIK OIpKeKi emec npooIemMacult wewty yulin NaHOIK Calanbly OHMOLOUACHIH KONOAHY YCbiibladobl. Ocbl
JHCYMBLCIA AKNAPAMMBIK JHCYlienepOiy 0epeKmepin unmezpayusiiay minoemi Oepekmepoi OipbiHeall YCbiH)Obl
KamMmamacwlz emy mMaKcamolnoa ap mexmi Axknapammuolx Jtcyueiep men pecypcmapoan (penoumopuiiiep-
oen) aknapammsl uHmezpayusIay mMinoemi peminoe Kapacmuipbiiadsi. Bipmexmi emec Axnapammolx scyii-
enepoi OYpulc UHMe2PaYUusnIay MakcamolHOa O1apobly He2i3iHoe JHCAMKAH OHMONLOSUANAPObIY OPMAKMbIEbl
MeH atiblpMaublIbIKMapsbli aHBIKMAY, COHbIMEH Kamap 0ipmeKxmi emec OHMOA0UANbIK, epeKienikmepoi Kei-
cy Jlcone 00au api aknapammaul mypreHoipyoi dicyseze acvlpy Kaxcem. Homuoicecinoe cemanmuxanvly MoHOI
Oeneetioe manculpManbly NAHOIK CALaChl KOHMeKCmIiHOe OipmeKmi emec aknapammaoik JHcyenepoiy Oipiecket
AHCYMBICHI KamMmamacwl3 eminedi. OHmonocuanapovly Kenicimi Ooubinua sepmmeyoiy Hcati-Kyuin manoay Koi-
Oanvicmagvl 20icmep He2i3iHeH belpecmu JHCaHe CApaAnubIHbIY A0AMHbIY CYObeKmuemi nikipine He2iz0eneeHin
KepcemeOi. JKexe gcazoatinap ywin 6yn ani KyHee Oetllin mepenipek 3epmmenmeceHin 6auKaobx.

Tyiiinoi ce30ep: axnapammulk Jcylieiep, peno3umopus, UHMezpayusiiblk Oepekmep, OHMON02Us

Introduction

Data integration in information systems is
understood as providing a single unified interface
for accessing a certain set of, generally speaking,
heterogeneous independent data sources [1, 2].
thus, for the user, the information resources of the
entire set of integrated sources are represented
by: as a new single source. The system that
provides the user with these features is called a
data integration system.

The data integration system frees users
from the need to know which data sources
they use other than the integrated one, what
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the properties of these sources are, and how
to access them. Integrated data sources can be
traditional database systems that support various
data models (relational, object, object-relational,
graph, etc), a variety of legacy systems,
repositories, websites, and structured data files.
Providing access to data from multiple sources
through a single interface means that it actually
supports the representation of a set of data from
multiple independent sources in terms of a single
data model. Finally, it is important to note that
the composition of multiple sources may be pre-
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defined or dynamically updated, and data sources
may have unchanged or updated content.

The development of methods for integrating
information resources is one of the most pressing
problems in the field of information systems
(is). It has attracted particular attention in recent
years. However, the problem of data integration
is not new. The first steps in this area date
back to the mid-70s, when the development of
distributed database systems began and when,
thanks largely to the ANSI/X3/SPARC report
[3], a clearer understanding of the multi-level
architecture of database systems, data models
as a tool for modeling reality, and the display
of data models was formed. This was mainly
about supporting the global schema for a set of
local databases operating in different nodes of
the network under DBMS management, which
support the same or, in General, different data
models. Later, a somewhat more General form
of this task was associated with the creation
of multibases and federated databases, data
warehouses, various repositories of information
resources, as well as web applications. In recent
years, the development of electronic libraries
(Digital Libraries) has been widely developed
in many countries) [4-7] problems of integration
of heterogeneous data have become a key role,
and there is also a problem of integration of text
information resources from various independent
sources.

The multidimensional nature of the

problem

The problem of data integration is extremely
multidimensional and diverse. The complexity
and nature of the methods used to solve it
significantly depend on the level of integration
that needs to be provided, the properties of
individual data sources and the entire set of
sources as a whole, and the required integration
methods.

Data integration systems can integrate
data at the physical, logical, and semantic
levels. Integrating data at the physical level is
theoretically the simplest task and is reduced
to converting data from various sources into
the required unified format for their physical

representation. Data integration at the logical
level allows access to data contained in different
sources in terms of a single global schema that
describes their joint representation, taking into
account the structural and possibly behavioral
(when using object models) properties of the data.
Semantic properties of data are not taken into
account. Data integration at the semantic level
provides support for a unified representation of
data taking into account their semantic properties
in the context of a single domain ontology. Data
sources can have various properties that are
essential for choosing data integration methods
— they can support the representation of data in
terms of a particular data model, they can be static
or dynamic, and so on. The set of integrated data
sources can be homogeneous or heterogeneous
with respect to the characteristics corresponding
to the integration level used. As for how to
integrate data, there are two possible approaches
— virtual or actual (materialized) representation
of integrated data. The first approach creates
an access mechanism that generates data in the
required view directly from data sources when
processing a user request. The full materialized
representation of integrated data in terms of
a single user interface is not supported. The
virtual approach is most often used when
using frequently updated data sources. On the
contrary, the second approach creates a complete
materialized representation of integrated data at
the integration stage, which is alienated from the
original sources and coexists with them. This is
the data representation that is used for processing
user requests. This approach is used, in particular,
in data warehouses.

Basic tools

The main tools used to ensure the integra-
tion of information resources include data con-
verters that integrate data models, data model
display mechanisms, object adapters (Wrappers),
intermediaries (Mediators), ontological specifi-
cations, tools for integrating schemas and inte-
grating ontological specifications [8, 9], as well
as an architecture that provides interaction of
tools used in a specific resource integration sys-
tem. An example of a developed infrastructure
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that provides semantic integration of data using a
set of these tools is discussed in [10].

Semantic data integration tools

The most common approach to semantic
data integration is based on the use of semantic
intermediaries [11]. Intermediaries support
unified meta descriptions of integrated data
sources. As a rule, semantic intermediaries are
developed for a specific narrow subject area.
Intermediary mechanismsarebased onontological
specifications of sources. An integrated ontology
of used sources is created for the intermediary.
Such systems also require an integrating data
model with advanced data semantics modeling
capabilities. Research methods of semantic data
integration are devoted, in particular, to the work
[5, 7, 12, 13, 14]. In recent years, there have been
a number of publications devoted to solving the
problem of semantic integration of data from
multiple sources, in which it is proposed to use
the descriptive logic apparatus, embodied in the
OWL ontology description language, to represent
the global schema in the data integration system.
Many works are devoted to this topic, in particular
[15-16].

To ensure semantic integration, it is necessary
to analyze not only the data and its structure, but
also the analysis of semantic information about
the subject area. Semantic integration means
that it is possible to establish a correspondence
between the meanings of information system
units.

Unfortunately, at the moment, there are no
clearly defined methods for solving the problem
of semantic integration, but there are some
projects that try to implement this approach in
one way or another.

Examples of some of these projects:

* eCulture — a search engine that allows you
to simultaneously search in several collections
of cultural heritage institutions. Working by the
transference of the collections in the metadata,
linking collection objects as instances of class-
es using publicly available dictionaries, thereby
creating a large graph;

* IPISAR —the project explores the dissemina-
tion, study and rational use of cultural heritage.
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The project offers a number of ideas that may sim-
plify the integration of information. The project
has developed an application "Pescador", which
will store cataloged data in stable repositories;

* SWHi — an ontology developed for an elec-
tronic library from the point of view when the
main data sources in the repository are described
by metadata. This metadata is displayed and
stored in an ontology that is based on the sche-
ma ontology. To enrich the ontology, they also
add new, related information from selected web
documents.

Using the ontological approach as a basis

for data integration

In the works [17- 26] ontologies were used to
solve the problem of data integration.

As noted in [27-28], the ontology — based
approach is used in various problem areas,
from knowledge representation to information
integration. Ontology is used in knowledge
management systems to formally describe the
simulated part of the world in the form of a
dictionary of terms shared by specialists in the
selected subject area. Based on this common
dictionary, various sources of knowledge can be
integrated. Thus, using a common dictionary, it
is possible to understand and compare different
information systems [23].

The ontology can be used at the stages of
development and operation of an information
system.

Ontology is defined both as a specification
for the conceptualization of a subject area
and as a means of representing the semantics
of information units [29, 30]. As noted in [31],
" domain ontology can be used to describe
information objects, their properties, and
relationships." Information about these objects
can be stored in different sources, and to see the
full picture, it is necessary to build an information
model [32-33].

One of the advantages of using ontology for
IP integration is the availability of software that
supports ontological analysis. There are a number
of tools (Ontolingua, OntoEdit, OilEd, WebOnto,
ODE) that support editing, documenting,
visualizing, importing and exporting ontologies,
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as well as combining and comparing them [34-
38]. Such tools are used for both designing and
analyzing the ontology, performing typical
operations.

Data integration is an information
support system for scientific and
educational activities.

In our case, the ontology of the subject
area is used as a conceptual scheme of the
information system for supporting scientific and
educational activities (ISNOD). The advantage of
this approach is not only that the user interface
is based on a high-level semantic data model,
but also the possibility of reasoning in terms of
ontology, which serves as a conceptual model.

The information system for supporting
research and educational activities stores
information about employees and their
publications, conferences and projects that were
attended by researchers, as well as information
about organizations associated with specific
scientific projects, various types of scientific
publications, and so on.

Information objects describe the main
classes of entities scientific information space,
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conference
THaTerTals

Metadata

Title
Author

Financial support
Publication URL
Annotation
Document language
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Dublin Core
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such as Organization, Person, Scientific activity,
Publication, Research activities, Training course,
division of science, Expertise, Geographic
location, conference proceedings, etc., as well as
the relationships between them.

A repository of digital objects was created
for the rapid dissemination of research results and
providingaccesstothem. Which wasimplemented
based on the well-known DSpace system
using the PostgreSQL DBMS and the Apache
Tomcat server. Repository data is structured in
hierarchical sections and collections. To date,
4 sections have been created ("Publication",
"Collection of conference materials", "Working
programs of training courses", "Competence")
and more than 400 collections. To collect
information, repositories use the OAI-PMH
metadata exchange Protocol, the Dublin Core
metadata representation format, and the XML
file format. For processing metadata from XML
format, there is an import parser to external
information systems (Fig. 1). In our case, the
domain ontology was used to solve the problem
of data integration. An important advantage of
this approach is the ability to use existing top-
level ontologies to describe extracted metadata.

Date of publication

Bibliographic

reference

Edition metadata

Parser

Fig. 1 — The process of extracting metadata

One of the promising methods for solving the
problem of semantic integration is the method
based on the use of metadata [39]. Metadata is
a secondary information resource. And despite
the fact that the integration of resources within
information systems is possible, as a rule,
only at the metadata level, the main interest is
undoubtedly the primary resource. Therefore,

any schemas must contain links to the primary
resource. If there is such a link in the metadata
record, extracting the primary information
becomes a technical task for the organization of
user interfaces.

Thus, the scenario for accessing primary
information in the ISNOD looks like this:

1. The user makes metadata search.
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2. the User views the found entries and
selects the ones that are needed.

3. In the selected records, the user clicks a
link to view the primary source

Conclusion

A study of data integration problems has
been conducted, and it is shown that finding new
solutions to these problems is an urgent task. The
analysis of modern tools and technologies for
ensuring structural and semantic interoperability
is carried out. A method for ensuring semantic
interoperability based on the use of metadata and
the ontology of the subject area is considered. It is

concluded that to create a new integrating system
within the framework of this dissertation work,
it is necessary to use this approach based on the
ontology of the subject area. This will support a
unified representation of data, taking into account
their semantic properties. Integration of data
based on ontologies, adequately describes their
semantic features. The on-demand integration
approach using ontologies solves the problem
of information integration, it lacks some of the
disadvantages that are inherent in other technical
methods, and provides the ability to develop
applications that work with information at the
semantic level.

10.

11.
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