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MODEL OF SEMANTIC INTEGRATION OF INFORMATION SYSTEMS
PROPERTIES IN RELAY DATABASE REENGINEERING PROBLEMS

The subject of research is methods of semantic integration of subject areas of heterogeneous information systems and distributed
databases. This class of systems are created on the basis of database technologies, are widespread and used in all areas of economic
activity. Such systems are characterized by high complexity of design, maintenance and modification. The purpose of the research is
the development of a subject area model based on the semantic properties and relationships of data elements; development of effective
technology of integration of information resources of heterogeneous computer systems on the basis of technology of management of
database systems; research and formalization of classes of inhomogeneity of data structures aimed at solving the problem of
determining the types of information objects. Development of tools for the design and maintenance of application problems for the
integration of heterogeneous information systems and distributed databases. Results: the analysis of existing methods and models of
integration of subject areas on the basis of semantic properties and connections of data elements is carried out; developed an effective
mathematical model, technology and algorithm for semantic integration of information resources of heterogeneous computer systems
for relational databases; investigated and formalized classes of inhomogeneity of data structures aimed at solving the problem of
determining the types of information objects; the model is developed and means of the logical description of properties of
information objects for definition of border of the considered subject area are investigated. Conclusion: the article considers a
formalized infographic model of the subject area, which focuses on the semantic relationships between information objects of
databases. An axiomatic approach to the description of the subject area is formulated, which allows to consider the problem of
modeling the relations of the elements of the subject area in the form of a set of rules that determine the existence of data elements.
On the basis of the analysis of structures and models of databases of information systems the general approach to construction of the
universal technology focused on the decision of problems of management of heterogeneous information resources of computer

systems is defined.
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Introduction

Database-based information systems have gone from
cumbersome systems organized as shared systems to
flexible distributed intelligent information systems.
Among the many factors that contribute to such progress
are the improvement of the basic tools of database systems
- programming and data management systems. This, in
turn, is based on the achievement of theoretical research in
the field of data modeling, methods of designing logical
and physical structure, non-procedural data processing
languages.

Research conducted by the authors of the article is
aimed at creating systems for integrating and managing
information resources of distributed computing systems.
Integration means the management of heterogeneous
information, which will allow organizing access to
heterogeneous data contained in the generated structures
data files and databases.

The solution to the problem of integrating
heterogeneous information resources begins with attempts
to integrate heterogeneous databases (DB). The direction
of integrated or federated heterogeneous information
systems appeared in connection with the need to share
data based on different models and managed by different
database management systems (DBMS). One of the
options for solving the problem of integrating
heterogeneous databases is to provide users with the
ability to see the global schema of the domain. A global
schema view is usually implemented in some data model,
and supports automatic conversion of global data
manipulation statements to statements understood by the
corresponding local DBMS. With the strict integration of
heterogeneous data, local systems lose their autonomy.

Since users of information systems often do not agree to
lose local autonomy, nevertheless wanting to be able to
work with all local DBMS in one language and formulate
queries with simultaneous indication of different local
databases, recently much attention has been paid to
research in the field of multi-databases. Systems of this
class do not support the integrated database global
schema, and special methods are used to access objects of
local systems. As a rule, in this case, only data sampling is
allowed at the global level, which allows you to maintain
their autonomy.

As a rule, it is necessary to integrate heterogeneous
data distributed in a computer network. This makes
implementation much more difficult. In addition to its
own integration problems, it is necessary to solve all the
problems inherent in distributed DBMS: global
transaction management, network query optimization, etc.
For the external presentation of integrated and multi-
databases, the relational data model is most often used.
Therefore, the inclusion of a local relational DBMS into
an integrated system is much easier and more efficient
than the inclusion of a DBMS based on another data
model.

Features of solving the problem of semantic
integration

Among the reasons leading to the disagreement of
information resources are the following:

1. Heterogeneity, distribution and autonomy of
information resources of the system. The heterogeneity of
resources can be syntactic or semantic (either different
types of semantic rules are used, or different aspects of the
domain are detailed and / or aggregated). A purely
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realizable heterogeneity of information resources is also
possible, due to the use of different computer platforms,
operating systems, database management systems,
programming systems, etc.

2. Needs for the integration of information system
components. Obviously, the most natural way to organize
a complex information system is its hierarchically nested
construction. More complex function-oriented
components are built from simpler components that could
be designed and developed independently, which creates
heterogeneity.

3. System reengineering. After the creation of the
initial version of the information system, the process of its
continuous alterations inevitably follows, due to the
development and change of the corresponding business
processes.

4. Solving the problem of legacy systems. Over time,
any computer system becomes an object of attention for
the organization that operates it, since it constantly has to
solve the problem of embedding outdated information
components into a system based on new technology and
solving new problems.

5. Extension of the life cycle of the information
system. The longer the information system functions, the
more needs arise to change and / or add components
designed and developed to meet new challenges.

There is no problem if from the very beginning the
information system is designed and developed as an open
system, when all components are interoperable.
Unfortunately, in practice, such an implementation is
difficult to achieve. For various reasons, there are needs
for the integration of independently and differently
organized information and computing resources.

The development of views on information resources
is their representation in the form of a set of typed objects
that combine the ability to preserve information content
(their state) and information processing due to the
presence of certain methods applicable to the object.

The main conclusion from the above analysis is that
the problems of integrating heterogeneous information
resources are relevant when considering the functioning of
information resources, and at the same time it is required
to use reasonable combinations of architectural,
information and organizational solutions.

General approach to semantic modeling in data
integration

By a data model we mean a formalized
representation that allows you to implement data
interpretation in accordance with the specified
requirements. The concept of a model is closely related to
the concept of abstraction. The abstraction of a system is a
model of this system, in which some details are
deliberately omitted [1].

The most general and rigorous concept of a model is
defined in mathematics. By the model we mean the basic
set of objects O and the set of relations D on O. Thus,
the model M can be represented by the pair

M =<0O,D>. (1)

In contrast to a mathematical model, models in
information technology must include not only structural
but also operational specification. For modeling a subject
area, the most acceptable abstraction is algebraic systems
that combine, in addition to a set of objects O and
relations between objects D, also a set of operations
(functions) Q defined on the main set O. In this case, the
model views can be specified by three elements

M =<0,D,Q2>. 2)

To formalize the presentation of databases, the term
"model" is usually used, implying a triplet <O,D,Q >
given the definitions introduced. Although, for a more
detailed presentation of data semantics, this model will
include rules describing possible states of the domain. It is
not possible to present a database in a strict mathematical
form, and even more so, some fixed subject area is not
possible due to the severity of abstractions in the
description of the mathematical model. That is, in a
mathematical model it is impossible to express the
meaning of objects from R,D and Q. In reality, when
designing, it is possible to use several types of models.
Each model is defined by different types of relationships
between objects of the subject area [2].

One way to establish links between objects is to
categorize them. Objects of the same category are
considered similar, and the similarity characteristics are
usually specified by the category properties. In accordance
with the level of requirements for data categorization,
models are divided into two types: strongly typed - in
which it is assumed that all objects should be assigned to a
category; weakly typed — not bound by any assumptions
about categories [3—4]. For example, in the TEACHER
category, with a strongly typed model, all objects must
have the same type of structure, which in this case cannot
be true, since full-time, part-time workers, payroll, etc.

Unlike strongly typed models, weakly typed models
provide data and category integration. It is convenient to
provide the realization of such possibilities using the
predicate calculus. Many models use predicate calculus to
represent knowledge that is not implemented by the
underlying means of the model. Modeling using predicate
calculus assumes working with linear texts, and can be
written both in the usual mathematical notation and in
programming languages such as PROLOG or DATALOG.
Thus, predicate calculus is not overly complex and poorly
structured. With this approach, the emphasis is placed on
ensuring the universality of the description tools without
regard to artificial restrictions on the typing and
categorization of data. The model defines the rules
according to which the data is structured. However,
structural specifications do not provide a way to fully
interpret the semantics of the data and how it is used.
Operations on objects and data must also be defined. For
example, the objects of the model, depending on the
allowed operations, can be added, removed or changed,
and also, using operations on data, the values of objects
that are not explicitly specified in the model can be
obtained [5].

Considering the domain model, we define the
properties that it displays. Let's distinguish two classes of
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properties: static and dynamic. Static properties include
properties that are invariant in time, they are always valid
and unchanged. Dynamic properties are characterized by
possible changes in the subject area. Any model must
represent these two classes in some way. We will assume
that the set of objects is determined by the requirements of
the subject area. The choice of acceptable
implementations of objects or links between them is set by
specifying restrictions in the form of a set of rules that
determine the dependencies between objects and possible
extensions of the domain, that is, a set of output
(calculated) objects.

Using the previously introduced designations, we
define a model M as a set of objects O, aset of rules L,
and a set of operations Q. The rules will be set in the
form of implications (the symbol "<« " is read as "if-
then™)

0« 0,0,,..,0,, 3)

where O; are domain objects of i =1+n.
Rules (3) determine that if all objects O; are

included in the set O, then O must also be included in
O. The rules L, generating additional objects O;, with

the help of operations € (in this case, the operation of
adding) specify an extended set of objects S, including
both specified and derived objects. Thus, the model can be
defined as

M =<0,L,5,Q>. (4)
Definition. The database DB(O,L) is a set of

objects O reflecting the properties of the subject area and
a set of integrity L constraints that determine the
acceptable state of the database. In this case, the operating
specification is determined by the data model used in the
development of the database structure. The extension of
the carrier O built according to the given rules L will be
called the semantics of the database in the notation S .
Two databases are equivalent if the rules L; and L,

determine a one-to-one  correspondence  between
semantics S; and S, .

Example 1. Let a set of objects be given:

O = (Full name, Subject, Grade), and a set of rules,

L =(Average mark « Full name, Assessment;
Number of passed exams «— Full name, Subject).

Then, taking into account the fact that the presence
in the S an object "Average mark" depends on the
presence in O the objects "Full name", "Grade", and
"Number of passed exams" depends on the presence in O
the objects "Full name" and "Subject"”, you can build an
extension:

S =(Full name, Subject, Grade, Average mark,
Number of passed exams), reflecting all possible objects,
both static and obtained as a result of performing
operations on a set O. Obviously, to assess the
information state of the subject area, it is necessary to
analyze the set S .

In the considered context of the representation of the
data model, we will define how a set of objects in the
domain O — let's call it a carrier, a set of rules L —

integrity constraints. In this case, such restrictions are
understood as the semantic properties of the carrier, which
adequately reflect the dependencies between the objects of
the subject area.

Example 2. Let the database DB, be defined by the

set O, = (Full name, Subject Grade) and a set of rules:
L, = (Average mark « Full name, Grade; Number

of passed exams « Full name, Subject),
and DB, is defined by the set O, = (Full name,

Mathematics, Physics, History) and a set of rules:
L, = (Average mark « Full name, Mathematics;

Average mark « Full name, Physics; Average mark «
Full name, History; Number of passed exams « Full
name, Mathematics, Physics, History).

Accordingly, the extensions for DB, and DB, will
look like

S; = (Full name, Subject, Grade, Average mark,
Number of passed exams),

And accordingly

S,= (Full name, Mathematics, Physics, History,
Average mark, Number of passed exams).

It is intuitively clear that for DB, and DB, can be
reflected the same information if you detail some objects,
in particular, clarify what is included in the "Subject",
what is a set of objects "Mathematics,” "Physics",
"History" and how to get the "Grade™ object.

If in the rules for DB, and DB, add the rules from

Lll u LIZ.

L, = (Mathematics, Mathematics, Physics, History
<« Subject),

L£= (Subject « Mathematics, Physics, History;
Grade « Full name, Mathematics; Grade« Full name,

Physics; Grade <« Full name, History), then the
extensions S; u S, would be the same, that is,

S, =S,= (Full name, Mathematics, Mathematics,

Physics, History, Subject, Grade, Average mark, Number
of passed exams).

Thus, having carried out the decomposition in the
first case, the "Subject" object, and in the second,
generalized the "Mathematics, Physics, History" object,
performing the aggregation of the "Grade" object, using

the appropriate rules L'l and L'2 for this, we come to the
conclusion about the equivalence of DB, and DB,. In

what follows, we will require that, when defining a set L,
all objects of the subject area be detailed by the rules of
generalization, decomposition or aggregation [6—7].

Research and development of a model for integrating
subject areas of information systems

In the general case, generalization can be represented
as an abstraction, in which a set of objects with common
semantic properties is considered as one generalized
object. In turn, decomposition is an abstraction in which
one object can be replaced by a set of independent objects,
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the totality of which expresses the semantics of the
original object. In addition, an abstraction of the
aggregation type is possible, in which an object is
constructed from other objects and represents a semantic
refinement or extension of the original object. On the
other hand, an aggregate can act as an object that connects
other objects, the semantic individuality of which in the
considered subject area is not obvious [8-10].

Considering such an abstraction, many individual
differences between objects can be ignored. So in the
example, a lot of names of objects can be abstracted as a
generalized object "Subject”. This abstraction neglects
individual differences between subjects, such as the fact
that subjects have different names, are read by different
teachers and listened to by different students. In turn,
"Grade" is an aggregated object that includes semantically
identical values for pairs of objects of the type "Full Name
«» Mathematics", "Full Name «» Physics", "Full Name «»
History", which is expressed by additional rules
(extension rules).

The correctness of operations in the analysis and
construction of the semantics of the database is
determined by the assumption that each representation of
a domain element and a set of requirements are complete
and consistent [11-13]. This means that all objects are
defined and that no additional detail is required within the
views. Thus, the following conditions must be met:

1. The set of objects is complete in terms of the
requirements of the subject area.

2. All objects have unique names (exclusion of
homonymy).

3. Generalization of identical objects is not required
(exception of synonymy).

Data research has mainly dealt only with aggregation
(for example, Codd normal forms), and generalization has
been largely ignored. The reason was that in simple
models, generalization could be dispensed with by
choosing a specific approach each time that was
appropriate for a given case. Artificial intelligence
research on knowledge bases, by contrast, has mainly
dealt with generalization (e.g. Quillian's semantic
networks), while aggregation has not been used. The
opposite abstraction of decomposition was not considered
at all when describing data structures [14].

The combination of the principles of generalization
and aggregation decomposition can extend the data
representation model using the methods used in artificial
intelligence [15, 16].

When analyzing the structure of a database schema,
it is essential to be able to explicitly represent the types of
abstractions. This allows you to ensure that the naming
conventions for objects are consistent with the database
media. In particular, explicit naming of objects provides
the following capabilities:

- applying operations to modified objects;

- replace a set of objects with a generalized or
decomposed representation;

- specify the specification of links between objects

Let's go back to the extension rules from L; and L, .

As a result of applying these rules, objects that were not
explicitly specified, but actually present in the subject area

("Subject”, "Grade", "Mathematics", "Physics", "History")
were included in the semantics. Objects included in the
data carrier, as well as those obtained as a result of object
detailing (generalization, decomposition, aggregation) and
constituent elements of semantics are called extensional
objects.

In addition to the rules expressing generalized,
decomposed, and aggregated objects, when describing a
subject area, rules can be specified that define a set of
calculated objects. Such objects are initially absent in the
medium and are formed as a result of performing final
functions, using simple or complex arithmetic operations,
logical values, etc. [18-21]. An example of obtaining
calculated objects is discussed above.

So the set L contains the rules "Average score «
Full name, Grade", "Number of passed exams ¢« Full
name, Subject”, while the objects "Average score" and
"Number of passed exams" obviously cannot be present in
the DB extension, but they can be obtained as a result of
performing arithmetic operations on the values of the
objects "Full Name", "Grade", "Subject". Objects that are
not explicitly specified in the database media, but obtained
(calculated) based on the rules for expanding the database
and constituting the elements of the database semantics,
are called intensional objects. Thus, when obtaining the
semantics of the database, it is necessary to take into
account two types of rules: generating extensional and
intensional objects. For greater detail of the subject area,
the rules that generate various types of objects will be

divided into two sets L% and L™ extensional and
intensional, respectively [22].

It should be noted that if the division of rules into
extensional and intensional is of practical importance,
namely, during their formation, different construction
logic is used, then the general inference logic is used in
the construction of semantics, after which the operation of

combining elements $* and S™ is performed. The
division of semantics into two types enhances the clarity
of the process and in some special cases may be of
practical importance.

Analyzing the set S, one can draw attention to the
obvious redundancy of objects, that is, the simultaneous

presence in syntactically different S objects expressing
the same semantics, thus, the third condition for the
adequacy of the representation of the semantics of the
subject area is violated, namely the emergence of
synonymy.

Synonymy can arise mainly in the construction of
extensional semantics, since it is during generalization,
decomposition or aggregation that semantically
unambiguous objects can arise, and synonymy can be
between one object and the union of many objects. For
example, the "Supplier" object expresses the same as the
"Address" « "Name" objects.

To exclude such a situation, when forming the rules
for generalization, decomposition and aggregation, we
will add compensating (excluding) rules of the form
{— Supplier «Address, Name}. (Here the symbol "—"
denotes the absence of an element in the set.) Moreover, it
is obvious that the simultaneous presence of mutually
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exclusive objects violates the logic of representing the
subject area.
In this case, it is possible to construct an intensional

semantics S™ for any variant of extensional semantics

S® according to the given intensional rules L™ . This
fact indicates the need to consider separately two types of
rules when building a domain model — extensional and
intensional rules. In turn, the general semantics S in the
model should reflect one state of the subject area at a
particular moment in time. Although during the operation
of the system the ability to dynamically change S
depending on changes in the requirements of the
subject area or users must be taken into account,
this issue is resolved at the stage of managing the
database.

Thus, based on the introduced notation, the
representation of model (4) will be written as

M =(0,L%, ", Q,9). (5)

To confirm the correctness of the considered
examples, describe the subject area, we describe the
formal modeling apparatus based on the logic of first-
order predicates.

Formal model for representing data semantics

Declarative specifications, formulas of propositional
calculus, or first-order predicate calculus can be used as a
means of defining the structural component. Data objects
that meet the specified conditions constitute the valid state
of the database [23-25].

We will consider a database as a set of predicates. In
this case, the predicate will be considered as a functional
statement. In contrast to arithmetic and logical functions,
where the range of values and the range of changes in type
arguments is the same, that is, homogeneous, the range of
values of a function for predicates is logical, and the range
of changes of arguments is subject. Thus, the predicate is
a non-homogeneous function and can be used to simulate
[26].

In predicate logic, an atomic formula is an
elementary object with a truth value. An atomic formula
consists of a symbolic notation for a predicate and a term.
In general, the predicate can be represented as a formula

p(t) , where p is the designation of the predicate, and t

is the term. The number of terms determines the
dimension of the predicate, that is, in this case, the
predicate p is unary. Essentially, a predicate is a function

that returns a Boolean value, true or false, depending on
the value of a term.

In the context of database theory, the predicate will
be considered as an information component that reflects
the value of the corresponding object. In other words, if
A is some data object, then

True,te A
)= —M—M—. 6
P) {False,teA ©)

This representation can be used to describe the
semantics of data. For example, for a relational model,

when the structure of an information component (table) is
defined by a relation of the form

p = DomA x DomA, x...x DomA, , @)

where DomA, — set of valid attribute A, values or attribute
domain A (i=1+n), p represents a set n of tuples in O

(A_1, A 2, .., A n) media expressing the semantics of the
database.

In this case, the predicate model represents the
conjunction of a finite set of predicates corresponding to
the relation scheme of a relational database presented in
the form

P=p(t) &p,(t) &...& py(t,), (8)
where p;(t;) is a predicate corresponding to property (6)
and 1<i<n, P- a set of objects expressing data
semantics. Then the support can be represented as a set of
unary predicates:

O(pi(ty) & po(ty) &... & P, (t,)) 9)

where predicate p;(t;) corresponds to property (6),
1<i<n and displays the values of the corresponding
objects of the subject area. Let’s fix some alphabet 9
containing constants, variables and predicates For a unary
predicate p, a formula p(t) will be called a positive literal

I, and a formula — p(t) a negative literal —1. A base

literal is a positive or negative literal that does not contain
variables. Thus, the set (9) will represent the extension,
and will be written as

o 1y, ly.) - (10)

The semantics of the database will be determined by
a set of rules of the form

L={l<1b.l,.), (12)

.1, are literalsand m>1.

The rule can be read as the expression " if I;,1,,...,1,

where | «I;,1,,..

is executed, then | is executed and expresses the
intensional properties of the data. The condition for
allowing objects in semantics S is that if all literals
L, l5,....1,, are included in O, then | can be included in
S . If this condition is not met and the literal being
defined as | is included in S without defining literals
L. 1,,...1,, then data consistency may be violated. The
main condition for correctness is the compatibility of
objects in S . Compatibility consists in the absence of the
same positive and negative literal.

Thus, for the predicate model, we will also consider
two types of rules defining extensional L®™ and
intensional L™ , and the general set of rules, respectively,
as L=L"UL®™ . Itis assumed that the elements O may
change depending on the data requirements, and it is
necessary to adjust the rules describing the subject area,
no matter what the relationships between objects, their
details, and possible final operations are. However, the
data semantics should automatically change in accordance
with changes in O and L. Modification of a set O is
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defined by the operation of adding or deleting a literal |,
at execution of which S remains the same.

In other words, adding a literal means that | must be
present in the semantics of the modified database, and
deleting means that | should not be included in the
semantics of the modified database, and the simultaneous
presence of positive and negative literals is not allowed
[27-30].

Algorithm for calculating database semantics

Based on the introduced concepts and assumptions,
we can conclude that the information content O can be
expanded in accordance with its semantics S by means of
the given rules L. Thus, the problem of calculating
semantics S arises, and S must be calculated with each
change of O elements. Let’s consider the calculation
algorithm S .

Algorithm:

Input data: Database DB(O,L).

Output data: database semantics S .

Method: calculate the literal sequence S according
to the following rules.

1.s%is 0.
2. s" is s' plus a set of literals I, such as in L
there is a certain rule I« u leS'. As

$=S%c..cS'c..c Aand A of course, finally there

will be achieved such i, that S'=S"'. That is
SI S|+1 S|+2

3. Thus, there is no need to perform calculations
after §',if S' =si*t,

Algorithm is finished.

Let’s consider an example illustrating the above
algorithm.

Let O ={A,B} and

L={A/B«C;C« A B,C«<D:AC,D<«B;
D« E,G; B,E«C; C,G«B,D; C,E <« AG}.
Consider S°=A,B. For calculating S' find rules that

have on the right side either separately literals A or B,
or a pair A, B together. There are two such rules C < A

and A,C,D « B . Attaching literals C and D to S° and
AB,C,D.
To calculate S?, look for the right-hand sides of the

we believe that St =

rules in which the right-hand sides contain literals
A,B,C,D,G either separately or together. These

requirements are met by the rules C,E <— A,/G .
Thus, we have S®=AB,C,D,E,G — the set of all
literals. Therefore, further computation will not change the

semantics, since S*=S*=..=S. As a result, the
semantics of the original database DB(O,L) corresponds

S ={AB,C,E,G}.

Let two databases DB, (0O;,L;) and DB,(O,,L,) are
given. We will say that DB; and DB, are equivalent (in
designation DB, = DB, ) if their semantics S, =S,S are

equal. To check the equivalence, it is necessary for each
rule X <Y from the set of rules L, to check whether the

left parts of these rules are contained in S, ; in this case,

algorithm 1 can be used to calculate the semantics. If it
turns out that some literals in L, do not belong S, , then

obviously S; #S,. If every literal from the left side L;
belongs to S, , then every literal from S; will also belong
S,, and if the converse statement is also true, then the
statement S; =S, is also true.

Thus, when comparing two databases, it is necessary
to compare their semantics. Moreover, if its semantics did

not change during modification, then we can
assume that the information content also remained
unchanged.

Conclusions

The article deals with a formalized infological model
of the subject area, which is focused on semantic relations
between information objects of databases. The main
components of the domain model are highlighted and
formal definitions are given to the basic entities: a set of
information objects, the relationship between information
objects (rules of logical existence), a support system for
structural and information integrity. An axiomatic
approach to the description of the subject area is
formulated, which allows us to consider the problem of
modeling the relations of the elements of the subject area
in the form of a set of rules that determine the existence of
data elements. Based on the analysis of structures and
models of information systems databases, a general
approach to the construction of a universal technology
focused on solving problems of managing heterogeneous

rules contained in S'. We find C,G<« B,D. thus informz_nion resources of computing systems s
) 3 ) determined.

S“=AB,C,D,G. Tocalculate S”, we are looking for
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MOJIEJb CEMAHTUYECKOM MHTETPAIIMA CBOMCTB MH®OPMAIIMOHHBIX
CUCTEM B 3AJJAYAX PEMH) XEHUPUHI'A PEJIALHMOHHbBIX BA3 TAHHBIX

IlpeameTroM  mMCcleOBaHHMsA  SBISAIOTCS  METOIbl CEMAaHTHYECKOH HMHTErpaldd  INPEAMETHBIX 00JacTeil  reTeporeHHBIX
MHGOPMAIIMOHHBIX CHUCTEM U paclpeneleHHbIX 0a3 AaHHbIX. Takoro kjiacca CHCTEMbI, CO3[aBacMble Ha OCHOBE TEXHOJOTMH 0a3
JIAHHBIX, HAlLIM IIMPOKOE pAacHpOCTpaHCHWE M HPUMEHEHHEe BO BceX cdepax XO3gHCTBEHHOI NeATeNbHOCTH. Takue CHCTEMBI
XapaKTepU3yloTcsl OOJBIIONH TPYIOSMKOCTBIO IIPOCKTUPOBAHMSA, CONPOBOXKIACHHA W Moxupukauuu. Ileasl0 IpOBOAMMBIX
HCCIIeIOBaHUH SABISIETCS pa3paboTKa MO MpPEeIMETHOH 00JacTH HAa OCHOBAaHWM CEMAHTHYECKHX CBOWCTB M CBS3€H DIEMEHTOB
JTaHHBIX; pa3paboTKa 3(QPEeKTHBHON TEeXHOJIOTUH MHTETpaIiy HHHOPMAIIMOHHBIX PECYPCOB IeTEPOTCHHBIX BEYHCIUTENBHBIX CHCTEM
Ha OCHOBE TEXHOJIOTWH YTIPaBJICHUs CHCTeMaMH 0a3 JTaHHBIX; MCCIeIOoBaHUe M (opMan3anys KIacCoB HEOTHOPOIHOCTH CTPYKTYP
JTaHHBIX, HAIlPaBJICHHBIX Ha pelleHHe 3aJadd OIpeeleHHs THIOB HH(OpPMAIMOHHBIX 00BEeKTOB. Pa3zpaboTka MHCTPYMEHTAIBHBIX
CPEeICTB TPOCKTHPOBAHUS M CONPOBOXKACHUS INPUKIAIHBIX 337ad WHTETPALMU TETEPOreHHbIX HH(MOPMALMOHHBIX CHCTEM H
pacnpezieNieHHbIX 0a3 JaHHbIX. Pe3yJbTaThl: NPOBEICH aHAIW3 CYLIECTBYIOLIIMX METOJOB M MOJENEH HMHTerpaliu IPeAMETHBIX
00J1aCTH Ha OCHOBAaHMH CEMaHTHYECKHX CBOMCTB U CBSI3eH 3JIEMEHTOB JIaHHBIX; pa3paboTaHa 3 GexTHBHAs MaTeMaTH4ecKas MOJEIb,
TEXHOJIOTHS M ITOPUTM CEMaHTHUYECKOIl MHTErpanuu MHGOPMALHMOHHBIX PECYPCOB TE€TEPOTCHHBIX BBIYMCIMTEIBHBIX CHCTEM UL
PEISINMOHHBIX 0a3 NaHHBIX; HMCCIEIOBaHBI M (pOpMann3oBaHBl KIacChl HEOJHOPOJHOCTH CTPYKTYp AaHHBIX, HAlpaBJICHHBIX Ha
pelieHre 3aady ONpE/CNICHUs] THUIIOB WH(OPMAIIMOHHBIX OOBEKTOB; pa3dpaboTaHa MOJETb M HCCIECAOBAHBI CPEICTB JIOTHYECKOTO
OINMCaHMsl CBOWCTB MH(OPMALMOHHBIX OOBEKTOB JUIS ONpeNeieHHs] TPAaHUIBI paccMaTpuBaeMoi HpenMeTHol obOiactu. BeiBoa: B
cTaThe paccMOTpeHa (GopMaIn3oBaHHAs HH(OIOTHUECKas MOJENb IPEAMETHOIH 00J1aCTH, KOTOpas OPUEHTUPOBAHA HAa CEMaHTHYECKHUE
OTHOIICHUS MEXAy HH(POpPMAIMOHHBIMH OO0BekTamMu 0a3 AaHHBIX. COpMyIHUpOBaH AKCHOMATHYECKHH IMOIXOA K OMHCAHHIO
HPEeIMETHOH 00JIaCTH, KOTOPBIIl O3BOJISIET PACCMOTPETh NMPOOIEMY MOICIMPOBAHUS OTHOIICHHH 3JIEMEHTOB IIPEAMETHOM 00nacTy B
BHJIe HA0Opa MPaBUII, ONPENEIAIONIMX CYLIECTBOBAHHE JIEMEHTOB JaHHbBIX. Ha OCHOBaHMY aHANM3a CTPYKTYp U Mojeeil 6a3 TaHHBIX
UHGOPMAIMOHHBIX CHCTEM OMNPEAECNICH OOLIMiT MOJX0/ K IOCTPOCHHIO YHUBEPCAIBHOI TEXHOJIOTHUH, OPUCHTHPOBAHHOMN Ha pelICHUE
3a1a4 yIpaBieHHUs IT'eTepOreHHBIMU HH(OPMAIHOHHBIMH PECYpCaMH BBIYUCIUTEIBHBIX CHCTEM.

KunioueBsbie c10Ba: MO/ieNIb TaHHBIX; CEMAHTHKA JAHHBIX; 0a3a TaHHBIX; HHTETpalysl JaHHbIX; FeTeporeHHast HHpopMaIoHHas
cucTeMa.

MOJIEJIb CEMAHTUYHOI IHTEIPALIT BIACTHBOCTEN IHOOPMALIAHUX
CHUCTEM B 3AJAYAX PETH)KAHIPUHTY PEJISIIIITHAX BA3 JIAHUX

IIpenMeToM 1OCHIUKEHHS € METOQW CEMAHTHYHOI iHTerpamil NMpeAMETHHX oOacTell reTeporeHHUX iH(OpMamiiHUX CHCTEM i
po3nonineHux 0a3 gaHux. Takoro Kiacy CHCTEMH CTBOPIOIOTHCS Ha OCHOBI TEXHOJIOTiH 0a3 MaHWX, 3HAWIUIK MIHUPOKE TMOIIUPEHHS i
3aCTOCYBaHHA Y BCiX cepax rocnomaapchbkoi AisTbHOCTI. Taki CHCTEMH XapaKTePU3YIOThCS BETUKOIO TPYIOMICTKICTIO TPOSKTYBaHHS,
cynpoBony i moaudikaiii. MeTow NIpOBeAECHUX IOCTIHKEHb € POo3poOka MOAeNi MpeaMeTHoi o0JacTi Ha MiICTaBi CEMaHTHYHUX
BJIACTHBOCTEH 1 3B'SI3KiB €IEMEHTIB JaHHX; po3poOKka edeKTHBHOI TEXHOJNOTIi iHTerpamii iHGopMaLifHUX pecypciB reTeporeHHuX
00YHCITIOBAIBHUX CHUCTEM HA OCHOBI TEXHOJIOTIi yNpaBNiHHA CHCTeMaMH 0a3 JaHWX; MOCIDKeHHS 1 (opMamizamis KiaciB
HEOJHOPITHOCTI CTPYKTYp IaHHX, CHPSIMOBAHUX Ha BHPILICHHs 3aBJaHHS BU3HAYEHHs TUIIB iHpopMauiiHuX 00'ekTiB; Po3pobka Ta
JIOCITiKEHHs 3ac00iB JIOTTYHOTO OMHCY BIACTUBOCTEH iH(OpMaIiifHIX 00'€KTIB AJIsI BU3HAUSHHS KOPAOHY PO3IISIHYTOI MPEAMETHOT
obmacti. Po3pobka iHCTpyMEHTaJIbHMX 3acO0IB IPOEKTYBaHHS 1 CyNpoOBONY MNPHUKIAJAHUX 3a1ad iHTerpamii reTeporeHHHX
iHpopMaLiifHUX cUcTeM i po3nojiTeHHX 0a3 naHuX. Pe3yabTaTH: mpoBeieHO aHali3 iCHYIOUMX METOIIB i Mopenel iHTerpamii
MpeaMeTHHX 00acTi Ha IMiJACTaBi CEMAaHTHYHHX BIACTHBOCTEH i 3B'SI3KiB €JIEMEHTIB JaHWX; PO3poOJcHA e(peKTHBHA MaTeMaTHYHA
MOJIENIb TEXHOJIOTIS 1 alTOPUTM CEMAaHTHYHOI iHTerpamii iHGOPMAaIifHUX pecypciB TeTEpOreHHUX OOYHCITIOBANFHUX CHCTEM IS
pensuiitauX 6a3 TaHuX; JOCHiIKeHi i (hopMali3oBaHi KJIaCH HEOAHOPIAHOCTI CTPYKTYp JaHUX, CIIPSIMOBAHUX Ha BHPIMICHHS 3aBIaHHSI
BU3HAUEHHA THUMIB iH(QOpMamiiHUX 00'€KTiB; po3poOJIeHa MOIENb 1 JOCHIIKEHO 3aco0iB JIOTIYHOTO OIMMCY BIIACTHBOCTEH
iHpopMaLiifHuX 00'€KTiB A8 BH3HAYCHHS KOPJAOHY pO3DIISIHYTOI mpeaMmeTHoi oOiacTi. BHCHOBOK: B CTaTTi po3MIsHyTa
¢dopmanizoBana iH(pOJIOriYHA MOJETh MPEAMETHOI 00JIacTi, sKa OpIEHTOBaHA HAa CEMAHTHUYHI BIIHOCHHHM MK IH(GOpMAIiHHUMU
o0'ektamu 6a3 nanux. CHopMyIp0BaHO aKCIOMAaTHYHMH MiAXiJ] IO ONKCY IPeaMETHOT 00JIacTi, SIKH 103BOJISIE PO3IIISTHYTH NPOOIeMy
MO/ICJTIOBaHHS BiJJTHOCHH €JIEMEHTIB IPEIMETHOI 00J1acTi y BUMIISAI HA0Opy MpaBwIl, [0 BU3HAYAIOTh ICHYBaHHS €IEMEHTIB JaHuX. Ha
MiICTaBl aHaNi3y CTPYKTYp 1 Mozeneii 6a3 naHuxX iH(POpPMAIiifHUX CHCTeM BH3HAYEHO 3arajlbHUN MiAXix 10 moOynoBH yHiIBEpCaAIbHOL
TEXHOJIOT1], Opi€HTOBaHOI Ha BUPINICHHS 3aBJaHb YIPABIiHHSA TE€TEPOTCHHUMH 1HGOPMALIHHUMHU pecypcaMy OOYHMCIIOBATEHUX
CHCTEM.
Kniwouogi cioBa: Mozenb JaHUX; CEMAaHTHKA TaHHUX; 0a3a JaHUX; iHTErpallis JaHUX; TeTeporeHHa iHpopMalliiiHa cucTema.
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