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ABSTRACT 
The work is devoted to solving the problem of combining heterogeneous relational databases based on integration models of 

different subject domains. The paper proposes methods for analyzing objects and their properties when combining models of subject 

domains, a method of combining integration models of different subject domains based on consistent rank evaluations of objects and 

the values of their typed essential properties. The model of the subject domain object is improved, which, unlike the classical one, 

takes into account the integration components that are important for combining: the sets of values of consistent ranks of properties 

and the sets of typed essential and non-essential properties of the object and their values determined on the basis of them. The subject 

domain model has been improved, which, unlike the existing one, takes into account certain combining scenarios and consistent 

ranking assessments of objects. Based on the proposed models and methods, an information technology for combining relational 

heterogeneous databases has been developed, which has increased the reliability of detection of subject domain objects and their 

properties to be combined, while simultaneously reducing the number of comparison operations for automated creation of a com-

bined integration model of the subject domain. 
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INTRODUCTION 

One of the strategic directions in the area of in-

formation technology (IT) is the creation of a single 

information space for the effective management of 

modern enterprises. But the trends of previous years 

in the development and implementation of independ-

ent information systems (IS), automating the activities 

of individual enterprises or their divisions, in practice 

led to a situation where information is stored in rela-

tional heterogeneous databases (DB) of local infor-

mation systems for functional or organizational pur-

poses. The existing redundancy, inconsistency and 

semantic heterogeneity of significant amounts of ac-

cumulated heterogeneous data in the DB of independ-

ent information systems impede data processing and 

promptly management decision-making.  

        FORMULATION OF THE PROBLEM 

Previous studies show that using existing tech-

nology solutions, such as developing the data repli-

cation system, implementation of distributed data-

bases or application programming interfaces (APIs) 

for accessing Enterprise Resource Planning (ERP) 

systems, allows to integrate information systems at  
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the data level only by creating additional software. 

But such approaches do not  provide  prompt  pro-

cessing of  mismatched and semantically heterogen-

ic data. Therefore, it is considered effective to create 

a single information space of an enterprise using the 

information technology of combining relational het-

erogeneous databases into a single logical database 

based on integration models of particular subject 

domains (SDs) that determine the rules for structur-

ing data for individual enterprises or their subdivi-

sions.  

SURVEY OF PRIOR RESEARCH 

Enterprises typically spend between 20 and 40 per 

cent of their IT budget for evolvement their data 

through migration (changing the locations of data), 

conversion (changing data into other forms or states) or 

scrubbing (recoding or rekeying data to prepare it for 

subsequent usage) [1]. The practice of integrating of 

information systems shows that more than two-thirds 

of all resources in IT (tending, time and costs) are de-

voted to attempts of combining (achieving the interac-

tion of) modules written by different people at different 

times, in different languages and technologies, pow-

ered by different platforms. This is primarily due to 

data heterogeneity. 

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/deed.uk)
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The main factors of heterogeneity of data and 

their sources are [2]: 

– various types of data (logical, integer, real, 

object, etc.); 

– various nature of the data (numeric arrays, 

texts); 

– various database models - relational, hierar-

chical, object-oriented, network, multidimensional, 

etc.; 

– various data presentation formats; 

– differences in the degree of distribution of 

data storage systems; 

– differences in the degree of reliability and 

accuracy of data measured at different scales and 

units of measurement; 

– differences in the degree and form of data 

structuring, etc. 

The use of heterogeneous “components” can 

cause difficulties both in solving problems of en-

terprise management or information exchange and 

in managing these components themselves, their 

support and administration. All this leads to the 

need to resolve the issue of compatibility of differ-

ent systems. 

Research in this area is quite dynamic and 

popular. Their main results are given in [3, 4], [5, 

6], [7, 8], [9-10], [11,12], [13, 14], [15]. Most of 

the researchers suggested various classifications at 

different stages of data integration. 

K.  R. Dittrich [10] proposed a classification 

of data integration technologies. The scheme K. R. 

Dittrich allows to link together the integration of 

data with the integration of information – gradually 

moving upwards; simple elementary data acquire 

semantic content, become accessible to understand-

ing and turn into useful information presented in a 

convenient form. 

In [3], the integration of data at the physical, 

logical and semantic level is considered. The inte-

gration of data at the physical level is reduced to 

the conversion of data from various sources into the 

required uniform format of their physical represen-

tation. Integration of data at the logical level pro-

vides for the possibility of access to data contained 

in various sources in terms of a single global 

scheme describing their joint presentation taking 

into account structural and, possibly, behavioral 

(using object models) data properties. In this case, 

the semantic properties of the data are not taken 

into account. The support of a unified presentation 

of data, considering their semantic properties in the 

context of a unified ontology of the subject do-

mains, is attained through data integration at the 

semantic level. 

A classification, interpretation of uncertainties 

and an ontological approach to the integration of 

incomplete and inaccurate data were proposed in 

[7]. The above-mentioned methods allow avoiding 

possible contradictions in the integration of infor-

mation resources that may arise due to the different 

nature of uncertainties, and also to determine the 

ways and procedures for processing integrated data 

includes the uncertainty. 

P. Ziegler [9] proposed to consider data 

sources as structured, semi-structured and unstruc-

tured, as well as an approach that complements the 

existing integration approaches, suitable for situa-

tions with significant heterogeneity of data. 

One of the general solutions to the integration 

problem is based on the description of the DB 

metadata within the framework of the developed 

methodology and the implementation of the map-

ping of entities and relationships of the databases in 

terms of a common information field, which is de-

fined by the subject domain ontology [16, 17]. 

Conceptual database models are created in ac-

cordance with the standards of XML and Resource 

Description Framework (RDF) Schemas. They are 

then used to create a common metamodel that 

combines the representations of the entities of two 

or more data stores [18]. 

An ontology is a data dictionary that includes 

both terminology and a system behavior model 

[19]. Since each conceptual subject domain model 

is a subset of ontology, the task of combining the 

database is reduced to the task of combining the 

metamodels of the database that is, building map-

pings between these metamodels, in terms of ontol-

ogy. 

When combining database metamodels, simi-

lar problems arise in the search for denoted data to 

be combined in order to avoid their redundancy 

[20]. Analysis of the ontology comparison studies 

proves that the currently proposed methods mainly 

need the improvement for further use in the integra-

tions of databases reflecting other subject domains; 

the task is solved mainly for individual cases and 

requires additional research. 

A number of methods for combining relational 

heterogeneous databases based on data schemas are 

also proposed. 
The method of integrating data schemas is 

based on the semantic description of attributes in 
the form of a set of symbolic patterns, on the basis 
of which the semantic similarity of attributes is as-
sessed, and on the basis of this assessment in its 
turn, a measure of database relations converging is 
calculated [21]. This method assumes that semanti-
cally identical attributes have an equal number of 
occurrences of attribute values matching the criteria 
of a set of patterns. But any character pattern can 
be repeated in semantically different attributes: for 
example, the name of the city and person surname. 
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Also, this method does not describe the approach to 
matching attributes of non-character types.  

The method of detecting previously unknown 
functional dependencies is based on the analysis of 
a variety of relational database data [22]. The first 
step is getting a set of functional dependencies for 
each relationship. In the second step, a similar op-
eration is performed for the universal relationship 
of the given relational database. At this stage, it 
becomes possible to identify functional dependen-
cies between the attributes of various relationships 
i.e. relationships defined during the operation of a 
relational database. A method for determining their 
informational novelty is proposed, which consists 
in checking the membership of the functional de-
pendencies of the universal relation in the closure 
of the sets of functional dependences of the particu-
lar relations. This method does not take into ac-
count the semantics of the data, a high probability 
of obtaining random functional dependencies, and 
also does not consider the problem of comparing 
the universal relations of the combined databases. 

In [23], an object representation was proposed 
that would adequately depict a relational database. 
Using the vocabulary of the subject domain to build 
the object representation of a relational database 
makes it possible to establish a single and under-
standable terminology for naming objects and at-
tributes. The proposed mechanism of identifying 
attributes allows setting up the correspondence be-
tween the elements of the object representations of 
the integrated databases. Development of software 
for the implementation of this method requires con-
siderable material and time costs, and also depends 
on the subject domains being combined and re-
quires studying the structure of each database. At 
the same time, the software is complex and not 
universal. 

There is offered [24, 25] to combine databases 
using the formulation of a universal (standard) data 
model based on the semantic “object-event” data 
model, set theory and logical calculus. The univer-
sal data model, on the one hand, is a set of standard 
mathematical relationships used to describe the da-
ta, the relations between them, and the constraints 
that are imposed on them by any subject domain. 
On the other hand, according to the definition of 
the data model and the selected modelling object, it 
is a modelling tool for any subject domain that is 
easily implemented within the framework of the 
relational data model and can be used, among other 
things, to build a database model. In the “object-
event” model, all objects, processes, and events of 
any subject domain are described using meta-
ontologies. 

In most methods of database combining at the 
semantic level, to confirm the correctness of the 
result, it is necessary to involve experts. Using ex-
isting methods, it is impossible to integrate ontolo-

gies created by different working groups without 
the participation of experts. This is the main disad-
vantage of the proposed methods. 

Therefore, based on the above, when integrat-
ing heterogeneous databases into a single database, 
it is necessary to combine subject domain models, 
and in order to avoid data redundancy, to identify 
both identical subject domain objects and their 
properties. Studies show that the classical subject 
domain model [26], represented by a tuple of ob-
jects sets E and relationships R between them, and 
each object, in turn, with a set of properties A – 
needs to be refined, because it allows to identify 
the same objects of subject domain and their prop-
erties only by name. To implement the operations 
of manipulating the subject domain models [27; 
28], the SD model was expanded by introducing the 
concept of mass problems P [29], solved over the 
subject domain and influencing the model for-
mation of this SD: 

, ,d E R P ,       (1) 

where:  | 1,
j

E e j l  ; ej – j-th object of SD; de-

termined as  | 1, , 1,
j ji j

e a j l i f   ; aji – the 

name of i-th property of j-th object; fj – number of 
properties of j-th object; l – number of objects of 

SD,  | 1,
i

R r i v  ; v – number of relationships, 

 | 1,
i

P p i c  ; c – number of mass problem, 

solved over SD.  
In the framework of the proposed operation of 

combining SD models, the formal definitions of ob-
jects being compared and objects to be combined 
and their properties are not presented. 

The need to create integration models is caused 
by the fact that the use of the classic “entity-
relationship” subject domain model as the basis for 
combining the SD models allows to successively 
match all the objects of the SD to each other only by 
the name of all their properties, taking into account 
the existing relationships. According to the existing 
method of comparing objects based on the “entity-
relationship” model, those are considered similar for 
which there is a direct correspondence between the 
names of objects and their properties or the presence 
of their synonyms in previously created vocabularies 
of such names. 

The analysis of existing approaches to matching 
objects has shown that, in particular, an approach 
based on the creation of vocabularies of synonyms for 
object names and their properties is quite a laborious, 
complicated and nontrivial process, depending on the 
qualifications of experts, since it requires the creation 
of corresponding vocabularies of synonyms and anal-
ysis of all names of objects and their properties.  

The general purpose. The general purpose of 

the study is to increase the reliability of detection of 

systems and technologies
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SD objects and their properties to be combined, 

while simultaneously reducing the number of opera-

tions to comparing them in the process of combining 

relational heterogeneous databases by creating ap-

propriate information technology based on the de-

veloped integration models of subject domains. 

RESEARCH METHODS 

When solving the study issues, methods of non-

parametric mathematical statistics and methods of 

mathematical processing of expert estimates were 

used to determine consistent ranking estimates of the 

SD objects and their properties as well as methods of 

cluster, histogram, correlation and structural analysis 

in the process of determining regular expressions to 

compare the properties of the SD objects with their 

typified values and methods of object-oriented de-

sign and programming in the development of infor-

mation system for the connections of heterogeneous 

relational databases along with the computer simula-

tion methods in the development of the IT compo-

nents. 

DETAILED REPORT OF THE MAIN  

RESEARCH MATTER 

The IT has been developed for combining rela-

tional heterogeneous databases (CRHDB), the block 

diagram of which is presented in Fig. 1. The pro-

posed technology is implemented as an IS CRHDB 

software. 

To develop IT CRHDB the following tasks 

were set and solved: 

– an information model of functioning data-

bases has been developed; 

– a method for identifying the essential proper-

ties of SD objects has been developed; 

– a method for determining the ranking of ob-

jects of the SD has been developed; 

– a method of combining integration models of 

particular SDs has been developed; 

– a common model of the SD and the combined 

database have been developed; 

– the approbation of the developed technology 

carried out. 

As a part of the first task solution, the data 

stored in the functioning combined databases was 

preliminary processed. Preliminary processing of 

data means reducing to the same representation 

(placing data in one or several properties) in both 

databases such properties as person name, surname, 

patronymic, address, ID data, etc. Third-party soft-

ware is used to implement this stage. For example, 

SQL Server Integration Services. 

Next, the information models of both SD are 

built, to be combined in the form of (1), using stand-

ard database management system tools that support 

the corresponding databases. 

The method proposed in the framework of solv-

ing the second task for identifying the essential 

properties of SD objects consists of six steps and is 

implemented as follows [30; 31]. 

Step 1. Data collection using standard tools of 

collecting statistical data for a certain period of da-

tabase functioning to obtain the matrix of scores Ch 

of the statistical characteristics Chi of each property 

ai of each object e of SD: 

 , , , , , , | 1,
i i i i i i i i

wh jn trCh g sl rv p i fw  , (2) 

where: sli, whi, jni are estimates of the number of 

addressing in events implementing relational opera-

tions of projection (select), selection (where) and 

joining (join), respectively;  

tri, vwi, pri are estimates of the number of occurrenc-

es of a property in the body of triggers or trigger 

functions, views, and stored procedures, respective-

ly. 

Step 2. Line by line processing of the Ch score 

matrix to convert the Chi (2) score values into a rank 

scale to obtain 
Ch

i
r : 

 , , , , , , | 1,
Ch g sl wh jn tr vw pr

i i i i i i i i
r r r r r r r r i f   . (3) 

Step 3. Checking the consistency of rank scores 

of 
Ch

i
r  based on the Kendall's W coefficient of con-

cordance for rejecting random estimation results. 
Testing the significance of W using statistics distri-
bution of the Pearson χ2 test. 

Step 4. Processing on the matrix Ch
r columns in 

order to consist the ranks of each property ai using 

the methods of median ranks M

i
cr and Kemeny’s 

median K

i
cr , as well as calculating the generalized 

consistent rank  min ,
M K

i i i
cr cr cr . 

Step 5. Ranking properties ai in order of in-

creasing values M

i
cr , and K

i
cr . Comparison of the 

elements of the ranked sequences M
icr

a  and K
icr

a  and 

the determination of the threshold rank of the essen-
tial properties of z in one of the following options: 

– equal to the made consistent rank, which cor-
respond to different properties; 

– set by an expert in a certain SD in the case of 
impossibility of automated determination. 

Step 6. Clustering the properties into the sets of 
essential Ac and unessential Au, the properties of the 
object: 

| , 1,

| , 1,

i c i

i

i u i

a A cr z i f
a

a A cr z i f

   
  

  

,          (4) 

where: z is the set threshold rank. 
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Fig. 1. Block diagram of information technology CRHDB: 

1 – building information models of functioning databases; 2 – the method for identifying the es-

sential properties of SD objects; 3 – the method for determining the ranking of objects of the SD; 

4 – method of combining the integration models of particular SDs; 5 – building common model of the 

SD and the combined database 
Source: compiled by the author 

In order to make it possible to compare object 

models of an SD in the process of combining them 

not only by property names, but also taking into ac-

count the values of these properties, it is proposed to 

consider the object model e of SD in a tipple which 

components are the set of names of its relational 

properties A and the K values of these properties: 

,e A K ,     (5) 

where:  | 1, , 1,
ib i

K k i f b g   ; kib is b-th value of 

i-th property; gi is a number of values of i-th property. 
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Taking into account the method of analyzing 

the properties of the SD objects, the e (5) object 

model takes the following form: 

 , , ,
с u

e CR A A K ,                (6) 

where:  | 1,
i

CR cr i f  ; cri is made consistent 

rank of the i-th property. 

The method for determining the ranking of ob-

jects of the SD is implemented as follows. 

Step 1. Data collection using standard tools of 

collecting statistical data for a certain period of da-

tabase functioning to obtain a matrix of estimates 

Che of the statistical characteristics Chej of each ob-

ject ej of SD: 

, , , , , , , ,

| 1,

j j j j j j j j

j

j

ct fk sv i up tin tup tf
Che

mp j l

n  
  

  

, (7) 

where: ctj is the number of instances; 

fkj is the number of foreign keys and the following 

estimates of the number of addressing; 

svj – in relational projection operation (“select”) and 

views, in total; 

inj, upj – in the data manipulation operators “insert” 

and “update”, respectively; 

tinj, tupj – in the “insert” and “update” operators that 

activate the trigger, respectively; 

tfj – in the body of the trigger or trigger function, 

mpj – in the materialized view. 

Step 2. Line by line processing of the Che score 

matrix to convert the Chej (7) score values into a 

rank scale to obtain
Che

j
s : 

 , , , , , , , , | 1,
Che ct fk sv in up tin tup tf mp

j j j j j j j j j j
s s s s s s s s s s j t  . (8) 

Step 3. Checking the consistency of rank scores 

of 
Che

j
s  based on the Kendall's W coefficient of con-

cordance for rejecting random estimation results. 

Testing the significance of W using statistics distri-

bution of the Pearson χ2 test. 

Step 4. Processing on the matrix sChe columns in 

order to consist the ranks of each property ej using 

the methods of median ranks 
M

j
s . 

Step 5. Ranking properties ej in order of in-

creasing values 
M

j
s . 

Step 6. Assigning to the objects ej of SD of the 

values of consistent ranking estimates sj, starting 

with one. 

Consequently, taking into account the made 

consistent ranking estimates, the object in model (6) 

has the form
d
js

j
e . 

And the SD model (1), taking into account the 

method for determining the rank estimates of SD 

objects, takes the following form: 

, , ,d E R P S ,            (9) 

where:   | 1,
d

j
S s j l  ; 

d

j
s  is the rank estimate of 

the j-th object in the SD's d. 

The method of combining integration models of 

particular SDs is based on a pair-wise comparison 

of integration models of SD objects. Suppose that 

there are set of objects  1
,...,

n n
j js sn

t
E e e  and 

 1
,...,

m m
q qs sm

l
E e e  in the SD models dn and dm, 

where: j and q are the numbers of the rank rating 

made consistent, t and l are the numbers of objects 

of SD models dn and dm, respectively. 

In order to reduce the number of object compar-

ison operations in the process of combining the SD 

models, it was proposed to choose one of two possi-

ble scenarios С for the detection of objects to be 

compared. Scenario C is selected taking into account 

the mass problems P solved over SD, which models 

are combined. 

When combining the SD models in the first 

scenario, it was proposed to compare all the objects 

that are potentially similar according to the made 

consistent ranking estimates while in the second 

scenario – only the objects that aren’t peculiar to a 

certain SD. 

In order to combine the dn and dm SD models, it 

is necessary to compare only the sets of objects n

i
E  

and т

i
E  corresponding to the scenario, and to sup-

plement the combined model with sets of objects n

a
E  

and m

a
E  that are not to be combined. 

The method of combining the integration mod-

els of particular SDs is implemented as follows. 

Step 1. Definition of the sets of objects n

i
E  and 

m

i
E  for the combining (Fig. 2). 

Step 2. Clustering the set of essential properties 

of Ac in order to increase the assurance of detecting 

the properties of objects to be combined in the pro-

cess of integrating heterogeneous databases into 

subsets of the nominal Anom, numeric Anum and serial 

Aser data type: 

, ,
c nom num ser

A A A A .          (10) 

Sorting the data within objects n

i
E  and m

i
E  by 

nominal Anom  and serial Aser properties. Selection for 

comparing of the sets of instances of the same cardi-

nality with the absence of NULL values within the 

objects n

i
E  and m

i
E . 
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Step 3. Combining objects n

i
E  and m

i
E  (Fig. 3): 

Step 3.1. Pair-wise comparison of objects [32] 

is carried out on the basis of a comparison of the 

corresponding essential properties of objects of each 

data type according to (10): 

a) with the same ranking scores made consistent 

in both SDs 
n
js

j
e  and 

m
qs

q
e ; 

b) with the current ranking estimate made con-

sistent in the SD dn 
n
js

j
e  and one unit greater in the 

SD dm 
( 1)

m
qs

q
e


; 

c) with the current rank estimate made con-

sistent in the SD dm 
m
qs

q
e and one unit greater in the 

SD dn 
( 1)

n
js

j
e


. 

 

 
Fig. 2. The choice of databases and scenario of their combining 

Source: compiled by the author 

 
Fig. 3. The result of the detection of SD objects and their properties to be combined 

Source: compiled by the author 

To implement the operation of comparison the 

properties of each data type, appropriate procedures 

have been proposed. 

To implement the procedure for comparing the 

nominal properties of Anom objects of different SD, it 

was proposed to use the estimates of the structural 

characteristics of the property values obtained by 

using regular expressions [33]: 

,  ,  ,  ,  ,  ,  ,

 | 1, , 1,

ib ib ib ib ib ib ib

і

ib nom i

sp cl dt cm hp ab pt
MD

ps i A b g

  
  

   

,  (11) 

where: 
i

MD  is the set of values of structural charac-

teristics;  
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spib is the number of spaces;  

clib is the number of capital letters;  

number of punctuation marks: dtib of “.”, cmib of 

“,”, hpib of “-“;  

abib is the presence of abbreviations;  

ptib is the presence of quotes;  

psib is part of speech;  

i is the number of the property of the j-th object 

of the SD d;  

b is the number of the value of the i-th property. 

The decision on the similarity of the obtained 

estimates of the structural characteristics of the 

property values is made on the basis of multidimen-

sional statistical processing by the method of “Cor-

respondence analysis”. 

The procedure for comparing the numerical 

properties of Anum consists of the following stages 

[34]: checking the coincidence of the distribution 

law for the values of potentially similar properties, 

their grouping using k-means and histograms, mak-

ing decisions about the similarity of properties based 

on a comparison of the corresponding centers of the 

formed clusters. 

The procedure for comparing the ordinal prop-

erties of Aser involves analyzing properties with the 

data type “date” and primary keys of a numeric type 

containing a semantic characteristic using correla-

tion analysis. Property values with the data type 

“date” are subject to preprocessing by separating the 

year from the property values. 

If several objects have the same consistent 

ranking estimate, Step 3.1 is repeated for each of 

these objects. 

Step 3.2. Comparison of similarity coefficients 

of the objects mapped in Step 3.1. If similar objects: 

a) were: not revealed – transfer of objects 
n
js

j
e  

and 
m
qs

q
e  with the current rank assessment made 

costistent to the SD model dz unchanged; 

b) were: found – combining of objects with the 

maximum coefficient of similarity in the SD model dz. 

Step 3.3. Transition to object comparison (Step 

3.1) with the following ranking estimates made con-

sistent in the SD dn and dm. 

The number of repetitions of Step 3 is equal to 

the cardinality of the set of objects, according to 

which the models of the SD are combined according 

to the selected scenario. 

Step 4. Addition of the integrated integration 

model of the SD dz with sets of objects 
n

a
E  and 

m

a
E  

not subject to combining. 

Step 5. Formation of a set of relationships be-

tween objects Rz of the combined integration model 

of the SD dz by combining the sets of the relation-

ships of both models of the SDs. 

According to the classical object model of the 

SD  | 1,
i

e a i f   and taking into account (6), (10) 

the integration model of the object e of SD takes the 

following form: 

, , , , ,
nom num ser u

e СR A A A A K .        (12) 

And taking into account scenarios С, the inte-

gration model of the SD (9) has the following form: 

, , , ,d E R P S С .            (13) 

Building a combined information model of SD 

dz and creating a combined database. On the basis 

of the obtained combined information model of the 

SD dz, a combined database is created. Tables and 

relationships between them are created by standard 

database building tools based on the resulting model. 

Data transfer is performed in stages: 

1) instances of objects that cannot be combined 

according to scenario C; 

2) by properties that are defined as similar with 

the exception of duplication of instances; 

3) instances are supplemented with values that 

do not match the properties of the database tables 

being combined. 

APPROBATION OF THE RESULTS 

Approbation of the proposed information tech-

nology for combining relational heterogeneous data-

bases has been carried out on existing databases of 

the book and magazine publishing house 

“Politehperiodika”, which uses in its work several 

DB developed at different times to solve various 

problems. The “TDEE” database was created for 

keeping records and data storage of the scientific 

journal “Technology and Design in Electronic 

Equipment” and has a data scheme presented in 

Fig. 4. The “Books” database automates work with 

orders for the production of other printed products. 

The scheme of the “Books” database is presented in 

Fig. 5. The scheme of the combined database is 

shown in Fig. 6. 

To compare the results of combining function-

ing databases on the basis of the proposed and exist-

ing solutions, the definition of the number of opera-

tions of comparison of SD objects and their proper-

ties for the full enumeration method by the name of 

all objects and their properties is formalized – 
1E

Q  

and 
1A

Q , accordingly: 

1

n m

E
Q l l  ,          (14) 

1

1 1

n m
l l

A j j

j j

Q f f
 

   ,             (15) 

where: ln, lm is the number of objects of the SD mod-

el n and m, respectively. 
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Fig. 4. Scheme of the database “TDEE” 

Source: compiled by the author 
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Fig. 5. Scheme of the database “Book” 
Source: compiled by the author 

Also the numbers of operations of comparison 

objects of SD and their properties are determined on 

the basis of the exhaustive search method using pre-

viously created vocabularies of object names and 

their properties – 
2E

Q  and 
2A

Q , accordingly: 

  
2

n m

E e
Q t l l   ,            (16) 

2

1 1 1

n m
st l l

A y j j

y j j

Q th f f
  

 
   

 
   ,        (17) 

where: te is the number of values in the vocabulary 

of synonyms of object names; 

thy is the number of values in the vocabulary of 

synonyms for the names of the properties of the y-th 

object;  

ts is the number of objects in the vocabulary of 

synonyms of object names. 
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Fig. 6. Scheme of the combined database  

                 Source: compiled by the author 
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The reliability of the selection of the SD objects 

and their properties to be combined was calculated 

by [35]: 

1) shares of true-positive rates of object classi-

fications TPRE and object properties TPRA: 

TP
TPR

TP FN



,           (18) 

where: TP is the number of true-positively detected 

objects or their properties; 

FN is the number of false-negatively detected 

objects or their properties; 

2) shares of false-positive rates of object classi-

fications FPRE and object properties FPRA: 

FP
FPR

TN FP



,           (19) 

where: FP is the number of false-positively detected 

objects or their properties; 

TN is the number of true-negatively detected ob-

jects or their properties. 

The numerical values of the indicators for cal-

culating the shares of true positive and false positive 

objects and their properties when integrating the da-

tabase of the publishing house “Politehperiodika” 

are presented in Table 1 and Table 2 for the exhaus-

tive method and the exhaustive method using previ-

ously created vocabularies of object names and their 

properties, respectively, and in Table 3 – using the 

proposed IT CRHDB. 

Table 1. The results of classifications 

for calculating the reliability of detection 

of objects and their properties by the method 

of complete enumeration (units) 

TPE = 2 FPE = 0 

FNE = 2 TNE = 5 

TPA = 6 FPA = 7 

FNA = 12 TNA = 33 

Source: compiled by the author 

 

Table  2. The results of the classification of 

indicators of the reliability of the detection of 

objects and their properties by the method of 

enumeration using previously created vocabular-

ies (units) 

 

TPE = 3 FPE = 2 

FNE = 1 TNE = 3 

TPA = 7 FPA = 3 

FNA = 11 TNA = 37 

Source: compiled by the author 

Table  3. The results of the classification of  

indicators of the reliability of the detection of  

objects and their properties using IT CRHDB 

(units) 
 

TPE = 2 FPE = 0 

FNE = 2 TNE = 5 

TPA = 10 FPA = 0 

FNA = 8 TNA = 40 

Source: compiled by the author 

The calculation of the number of comparison 

operations for objects and their properties and the 

shares themselves for the complete enumeration 

method (1), the enumeration method using previous-

ly created object name dictionaries and their proper-

ties (2) and using the proposed IT CRHDB (3) – in 

Table 4 and Table 5, respectively. 
 

Table  4. The values of the number of operations 

comparison objects and their properties (units) 
 

1 2 3 

QE = 126 QE = 644 QE = 11 

QA = 5510 QA = 21879 QA = 103 

Source: compiled by the author 

Table 5. Values of reliability indicators for detec-

tion of objects and their properties (per-cents) 

1 2 3 

E
TPR = 50 E

TPR = 75 E
TPR = 50 

E
FPR = 0 E

FPR = 40 E
FPR = 0 

A
TPR = 33,3 A

TPR = 38,9 A
TPR = 55,26 

A
FPR = 17,5 A

FPR = 7,5 A
FPR = 0 

Source: compiled by the author 

Conclusions and prospects for further re-
search. The proposed solutions as part of the devel-
oped information technology and the automated sys-
tem of combining subject domain models with the 
integration of databases of functioning distributed 
information systems of the “Politehperiodika” pub-
lishing house made it possible to increase the accu-
racy of detecting objects and their properties to be 
combined, while simultaneously reducing the neces-
sary comparison operations. At the same time, the 
proportion of falsely positively detected objects to 
be combined decreased by 40 %, and the properties 
of such objects – by 7,5 %. The share of truly posi-
tively detected properties of objects increased by 
16,7 %, but the objects themselves decreased by 25 
%. At the same time, the number of object property 
comparison operations decreased by an average of 
18 %, while the number of object comparison opera-
tions decreased by more than five times. 
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АНОТАЦІЯ 

Робота присвячена вирішенню задачі об’єднання реляційних гетерогенних баз даних на основі інтеграційних моделей 

окремих предметних областей. В роботі запропоновано методи аналізу об’єктів та їх властивостей при об’єднанні моделей 

предметних областей, метод об’єднання інтеграційних моделей окремих предметних областей на підставі узгоджених ран-

гових оцінок об’єктів та значень їх типізованих суттєвих властивостей. Удосконалено модель об’єкта предметної області, 

яка на відміну від класичної враховує важливі при об’єднанні інтеграційні складові: множини значень узгоджених рангів 

властивостей та визначені на їх основі множини типізованих суттєвих і несуттєвих властивостей об’єкта та їх значень. Удо-

сконалено модель предметної області, яка на відміну від існуючої враховує визначені сценарій об’єднання та узгоджені 

рангові оцінки об’єктів. На основі запропонованих моделей і методів розроблено інформаційну технологію об’єднання ре-

ляційних гетерогенних баз даних, що дозволила збільшити достовірність визначення об’єктів предметних областей та їх 

властивостей, що підлягають об’єднанню, з одночасним зменшенням кількості операцій їх зіставлення при автоматизовано-

му створенні об’єднаної інтеграційної моделі предметної області. 
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