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INTELLECTUAL DATA ANALYSIS
IN RELATIONAL INFORMATION AND ANALYTICAL SYSTEMS

The subject of the study is the methods of intellectual analysis, namely the construction of a decision tree, associative analysis,
the identification of patterns between related events based on data presented by a relational model. The purpose of the study is to
analyze the features of information units and data structures, using the example of relational systems that affect the technology of
knowledge extraction. Tasks: the article solves the following tasks: to consider the relational data model as the most popular and
effective data structure used in intelligent information systems for data processing and storage; to analyze the operations of relational
algebra, the operational component of the relational data model regarding the application of aggregate functions; to develop a general
formal statement of the problem of knowledge extraction from a relational database; to consider the concept of functional associative
rules; the ID3 decision tree generation algorithm focused on data processing in relational systems is analyzed. The following
methods are implemented: modern view and trends in the field of data mining; features of building information systems based on
relational databases, relational algebra, theory of normalization of relations; analysis of literature on the topic of research; comparative
analysis. Results achieved: the relational data model is considered as the most effective data structure used in intelligent information
systems for data processing and storage. A group of aggregate functions of relational databases is identified and analyzed with respect
to key attributes of the relation, which makes it possible to build logical dependencies between information units of the subject area
being analyzed. The task of extracting knowledge from the database is formally formulated. The concept of functional associative
rules is introduced. The ID3 decision tree generation algorithm focused on data processing in relational systems is carefully analyzed.
The semantic network (SN), built on the basis of the proposed approach, allows to increase the efficiency of decision support systems.
Conclusions: the universal approach proposed in the article to build a relational data model of an information system for searching
for associative patterns in data allows to solve a whole class of typical tasks in which objects are connected by a "many-to-many"
relationship or M —N. The relational database model is proposed as a universal information structure for solving associative analysis
tasks and presenting knowledge in the form of a semantic network. The examples given in the article confirm the effectiveness
of the developed and considered approaches to solving the problem of data mining in the environment of relational systems.
Solving the problem of identifying knowledge in data will allow to improve the quality of management decisions made.

Keywords: relational model, data mining, associative dependencies, database, decision tree, semantic network,
information system.

Introduction a separate field of intensive scientific research.

Over more than 40 years of history, databases have

The main trends in the development of information
systems and databases (DB) are, on the one hand,
decentralization and distribution of information
management resources, and on the other hand,
heterogeneity of data storage structures of information
systems. Thus, distributed automated systems become the
basis of the information structure for data storage,
processing, and management and ensure the
informatization of society — the gradual creation of
a unified information space. Given the expansion
of regional, national, and international integration
processes in the economy and business, the demands
on the performance of distributed intelligent automated
systems are growing [1].

The development of computing technology and
the increase in the volume of stored information have
led to the need to separate database technology into

evolved from automated workstations, so-called ARMs,
file and client-server technologies to information spaces.
Information management is undergoing changes in the
following aspects: storage and access models, the scale
of projected systems — from databases to intelligent
decision support systems. New areas of research are
rapidly developing in this field: integrated information
systems and technologies, information spaces and
communities, systems based on computational
intelligence; issues related to information analysis remain
relevant. The development of effective methods for
analyzing large volumes of primary, or so-called "raw",
data will enable the acquisition of new knowledge
and the making of informed decisions.

There is currently a rapid growth in the number of
software products that use new technologies, as well as
in the types of tasks where their application provides
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significant economic benefits. Elements of automatic data
processing and analysis, known as Data Mining
(knowledge extraction), are becoming an integral part of
the concept of databases, electronic data warehouses,
and the organization of intelligent computing [2, 3].

However, traditional ~mathematical statistics,
which has long claimed to be the main tool for
analyzing information, is effective for solving real-life
complex problems. It operates with averaged sample
characteristics, which are often fictitious values
(such as the average temperature of patients
in a hospital). Therefore, mathematical statistics methods
are mostly useful for testing pre-formulated hypotheses.
Data Mining is increasingly becoming a multidisciplinary
field that has emerged on the basis of achievements
in various sciences [4—6]. Hence, there are a significant
number of methods and algorithms implemented
in various existing Data Mining systems. Many of
them integrate several approaches. However, each
system usually has a key element on which the main
focus is concentrated.

In the development of this direction, the use of such
mathematical apparatus in database technology as
aggregate functions is of interest. Aggregate functions
are functions that determine the number of records
in a table, count the number of values in a column or
find the minimum and maximum values for it, and
also sum up the data. Aggregate functions include
COUNT, SUM, MAX, MIN, AVG, and probably others
that may be offered by the developer of a particular
system. To apply aggregate functions in calculations
of a group of identical values, the GROUP BY parameter
is used. It "compresses” identical values of a given
attribute into a single row of summary results.
For example, to find the average price of a part, you can
formulate a query in SQL [7, 8].

This article is devoted to the study of information
systems that combine relational databases as a source of
primary information and means of intelligent analysis.

The purpose of the study

collaboration with analytical processing systems based
on Data Mining methods.

Relational database as
an information storage environment
in intelligent analytical systems

The purpose of the study is to analyze the relational
data model, namely the impact of the normalization level
of the relational database schema on knowledge
extraction technology using the example of developing
a semantic model of knowledge representation
and associative data analysis. The results achieved will
make it possible to formulate conditions for effective

A relational DB is based on the relational model.
This model is defined by a simple data structure,
a user-friendly tabular representation, and the ability
to use the formal apparatus of relational algebra and
relational calculus for information processing [9-12].

Traditional means of specifying the relational data
model are used to construct the structural diagram
of databases.

The basic structural unit of data in the relational
model is an n -ary relation, which is a finite subset of the
Cartesian product of domains, i.e., sets of atomic values
of data elements — attributes of the relation.

Let R be a finite subset of the names of relations
in the database;

D - {D,...D;} — a set of domains where each
domain is a named set of atomic values of data elements;

A —final set of attribute names of a relation;

dom — reproduction from Ato D, which
determines from which domain the attribute values
are selected.

A pair (A,domA), where A eA, is called
an attribute.

The structural diagram S, of the relation
R (R €R) can be presented in the form R (A,...,A)),
in which all A are different. The relation r, can be
defined as an extension of the
I, < domA x...xdomA, .

Reordering attributes in the schema does not

diagram  S;:

generate a new extension, and the set{A,..A} of

relation attributes R.  defines the

The expression R =A..A
composition of the medium. The structural
schema U of a relational database is a specification

of the form (Rl,...,Rp), where R, eR and all R, are

different [13].

The task of identifying knowledge in relational
databases is considered, the effective solution of which
will improve the quality of management decisions.

relation type.

is used to specify the




Cyuachuil cman HayKogux 00CIIONCeHy ma mexHono2itl 8 npomuciogocmi. 2025. Ne 4 (34)

103

ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Building a decision tree based
on data presented by a relational model

Formally, the task of extracting knowledge from
a DB can be demonstrated as follows. The subject area
is reproduced in the form of a relational model,
presented as a universal relation R, as a subset of
tuples of the Cartesian product

R =(DX,,DX,,..,DX,,DY,,..,DY, ) =

={< X X Yiree Yo >
where X, — values of input attributes X; from the

domain DX;; y; — values of output attributes Y; from

the domain DY, ; P(X,...%,, ¥, Yy, ) — predicate as

a condition for reproducing a specific subject area
in a tuple of attribute values < X,,...,X,, ¥;,.os Yy >

The objective of the study is to develop a set
of rules:

{Xl,.Xz,..., Xn} - {Yl,YZ,...,Ym} ,
which assign a set of target values {yj =DY,, ] :1_m}
to each incoming set of values
{x =DX,i=1n}.
The obtained functional dependencies
Y, =F (X, X500 X, ), j=1m

]
must be correct for relation tuples and can be used
in the process of finding output attributes Y; for new

input attribute values X;,i=1n.

If the database is presented in the form of a strongly
typed relation, for example, in third normal form,
then for subsequent calculations it is necessary to
switch to a universal relation. To transform the model,
you can use the join operation contained in the basic
operations of relational algebra [14].

The join is equivalent to the following sequence
of relational operations:

— renaming of identical attributes in relations A
and B;

— Cartesian product of relations A and B;

—selection by corresponding attribute values
that had the same names in relations A and B;

— projection with the removal of duplicate attributes
from relations A and B;

—renaming attributes of relations A and B,
returning them to their original names.

The universal relation obtained by such
a transformation is a set of facts, each of which
is described by a finite set of discrete attributes [15].

For further data analysis, one of the Data Mining
methods can be applied — building Decision Trees.
Decision Trees are currently the most common approach
to identifying and reproducing logical patterns in data.
Among them are:

« ID3 (Interactive Dichotomizer);

» CART (classification and regression trees);

« CHAID (chi square automatic interaction detection).

Let's take a closer look at the process of building
decision trees using the ID3 system as an example.
The data table fully meets the requirements for
the structure of the relational model discussed
above, namely: the key attribute Day is selected,
the tuples are unique, and the attributes of the relation
are not repeated.

The ID3 decision tree generation algorithm is
an algorithm that builds a tree from the root to the
leaves, selecting the attribute that best classifies the data
at each node. The input parameters of the algorithm are:
Examples — the current training example — the target
attribute, Attributes — a set of candidate attributes.

Let's consider the general scheme of the algorithm's
operation using the example of a universal relation
presented in Table 1. We select the target attribute —
this is Play Tennis.

At this stage, the root node of the tree is formed.
The InformationGain is calculated for each candidate
attribute, and the one with the InformationGain that
best matches expressions (1) and (2) is selected.

S

Gain(S,A)=Entropy(S)- Y| uEntropy(Sv)
veValues(A) |S|

1)

Entropy(S)=-p.log, p,-p_log, p_, (2

where p, — number of positive examples; p_ — number

of negative examples; S — a set of attributes,

S, ={seS|A(S)=v}.

Table 1 presents a sample containing 14 tuples.
To determine the root node, it is necessary to calculate
the entropy of all the parameters under study -
the attributes of the relation. Among all the attributes,
the information threshold is highest in Outlook, which
is defined on the set of values Sunny, Overcast,
and Rain. According to the values of parameters (1)
and (2), a tree letter is formed (Fig. 1).
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Table 1. Weather conditions

Day Outlook Temperature Humidity Wind Play Tennis
D1 Sunny Hot High Weak No
D2 Sunny Hot High Strong No
D3 Overcast Hot High Weak Yes
D4 Rain Mild High Weak Yes
D5 Rain Cool Normal Weak Yes
D6 Rain Cool Normal Strong No
D7 Overcast Cool Normal Strong Yes
D8 Sunny Mild High Weak No
D9 Sunny Cool Normal Weak Yes

D10 Rain Mild Normal Weak Yes

D11 Sunny Mild Normal Strong Yes

D12 Overcast Mild High Strong Yes

D13 Overcast Hot Normal Weak Yes

D14 Rain Mild High Strong No

Outlook

{D1,D2,D8,D9,D11}

Sunny l
/ Overcast

[2+,3-]

?

[4+,0-]

{D3,D7,D12,D13.}

Fig. 1. Example of constructing a decision tree

We perform similar calculations until all the leaves
of the tree are formed.

Fig. 2. Decision tree

As a result, we obtain the desired decision tree,

Rain

{D.D5,D6,D10,D14}
[3+,2-]

¢

shown in Fig. 2.

Outlook

l Overcast

Yes

The above algorithm for extracting and representing

knowledge has a number of advantages, among which

the following can be highlighted:

~ high
process;

speed

of the

knowledge

— generation of rules for subject areas in which it
is not possible to obtain a formal model of knowledge

representation by other methods;

discovery

— intuitively understandable classification model

of the subject area.




Cyuachuil cman HayKogux 00CIIONCeHy ma mexHono2itl 8 npomuciogocmi. 2025. Ne 4 (34)

105

ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

The results obtained can be interpreted in the
form of one of the classical models of knowledge
representation — a semantic network. A semantic network
is a directed graph whose vertices are concepts and
whose edges are the relationships between them.
Concepts are usually abstract or concrete objects,
and relations are connections such as "genus-species”,
"part-whole", "class-subclass", etc. A distinctive feature
of semantic networks is the mandatory presence of
three types of relationships: "class — class element",
"property — value", and "example — class element".

A semantic network provides the following
basic functions:

— storage of information about objects and the
relationships between them;

— search for objects by various properties;

— replenishment and correction of the system's
knowledge during its training;

— implementation of various
generalizing and specifying knowledge.

procedures for

In general, a semantic network is understood as
an expression in the form of S=(O,R), where

R:{Rj,jzl,_k}, O:{Oi,izl,_n}, 0,i=1n a set of

objects in a specific subject area; R;, =1k — a set of
relations between objects; j — type of relationship.

Let's imagine a decision tree obtained by applying
the ID3 algorithm in the form of a semantic network.
The root of the tree, Outlook, is linked to the child nodes
by the relationships Sunny, Overcast, and Rain.
By analyzing all the components of the decision tree —
links and relationships — we can represent a set of
objects in the subject domain as follows:

Outlook (Sunny, Overcast, Rain)

Humidity (Normal, High)

Wind (Strong, Weak)

Thus, for example, the problem situation "how
weather affects tennis" can be described as a semantic
network, the structure of which is shown in Fig. 3.

Sunny
Outlook »|  Overcast
ako \ Rain
Humidity
Humidity |« Weather Wind
o ]
Normal High Strong Weak

Fig. 3. Semantic network

With the help of a semantic network, it is possible
to provide a formal decision-making procedure and
pre-record network elements in the form of predicates.
From the analysis of the decision tree obtained using
the ID3 algorithm, we can draw the disappointing
conclusion that three weather parameters follow from
this decision: Outlook, Humidity, Wind. The predicate
will look like this: let's go play (yes/no) (Outlook,
Humidity, Wind).

So,

If we go play

Yes (Outlook = Sunny, Humidity = Normal)
Yes (Outlook = Rain, Wind = Weak)

Yes (Outlook = Overcast)

If we are not going to play
No (Outlook = Sunny, Humidity = High)
No (Outlook = Rain, Wind = Strong)

Based on the predicates formulated above,
a semantic network can be developed, the appearance
of which is shown in Fig. 4.

It should be noted that the approach to
intelligent data analysis and knowledge representation
in the form of a semantic network proposed in this
article can be applied to large-scale databases,
the schema of which may contain more than
1,000 attributes.
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Yes

ako
Humidity
Outlook Humidity
Sunny Normal

Fig. 4. Semantic network construction

Searching for associative rules
in data represented by a relational model

Most often, the method of evaluating the associative
properties of data is used in the following areas:

— retail (determining which products should be
promoted together; choosing the location of products
in the store; analyzing the consumer basket;
forecasting demand);

— marketing (searching for market segments,
trends in consumer behavior);

— customer segmentation (identifying common
characteristics of the company's customers, identifying
buyer groups);

— catalog design, sales campaign
determining customer purchase sequences
purchase will follow the purchase of product A);

—analysis of web logs.

One of the most frequently cited examples
of associative rule mining is the Market-Basket
Problem. The essence of this problem is to identify
products that people buy together. This is necessary
so that marketing specialists can place these products
in the store in an appropriate manner to increase
sales, as well as make other effective decisions.
It is the ability to discover hidden rules that makes
associative rule mining valuable and contributes
to knowledge discovery.

Let us consider this task in a generalized
form (3)—(11). Let us denote the objects that make up
the sets under study by the set

= {i 0y ydy ) (3)
where i — objects contained in the sets being analyzed;
n — total number of objects.

Transactions are called sets of objects located in

the database that will be analyzed. Let's describe
a transaction as a subset | :

T={ilijel}. )

analysis,
(which

ako
> Wind
Outlook Humidity
High Sunny

The set of transactions for which information
is available for analysis will be presented as a set D

D={T,. T, T, 1o T}, (5)
where m — number of transactions available for analysis.
Set of transactions to which i, -object belongs,

D={Tr|ijgTr;jzl...n;rzl...m}gD. (6)
We will define the general set of objects as follows:
F={ij|ijel;j=1...n}. @
The set of transactions to which the set F belongs

will be represented as
D, ={T,|F<T,;r=1.mjcD. (8)
The ratio of the number of transactions to which

the set F belongs to the total number of transactions
is defined as the support of the set and denoted

by Supp(F):
Supp(F)=|D¢|/|D]. 9)
During the search process, the analyst can
specify the minimum support value for the sets that
interest him Supp,,,, . A set is called large (large itemset)

if its support value exceeds the minimum support
value specified by the user:

Supp(F ) > Supp,,;, - (10)
Therefore, when searching for associative rules,
it is necessary to find a set in the sets:

L ={F|Supp(F) > Supp,,,} - (11)

Development of a database model
for solving associative analysis problems

Let us consider the options for relational database
(RDB) structures that meet the requirements of tasks
(3)-(11) for searching for associative rules [16].
Expression (3) describes the objects of intellectual
analysis. According to the rules of RDB design, the
following model can be considered for representing
objects from different subject areas: the "Objects"
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relation has a key attribute "Object ID" and a list of
attributes  A,..,A,. An example of the relationship

between "Objects" in general terms and the practical
"SUPPLY" is given.

Fig. 5 shows a diagram of the "Objects" relationship.
As an example, a fragment of a database for displaying
a list of goods is given, which in theoretical-set form

looks like this: SUPPLY ={ID, NAME, PRICE} . In the

methodology discussed above (3)-(11), a transaction is
understood to be an object or set of second-level objects
that are determined by the integration properties of
previously located objects. Therefore, the second-level
object relationship diagram will be identical to the
diagram shown in Fig. 6.

"Objects" "SUPPLY”
Object ID ID Name Price
Attribute 1 101101 LG HD Phone 1452
Attribute 2 101102 PCHP321 5687
Attribute 3 101103 PRINTER 540
Attribute n
Fig. 5. Example of the "Objects" relations
Tax invoices
ID N Delivery Supplier
101 10-11-2009 MKS
102 11-11-2009 FOX
103 12-11-2009 EPICENTER

Fig. 6. Relation "Tax invoices"

Let us determine the type of relationships between
first- and second-level objects. Note that a single transaction
may contain several first-level objects and, accordingly,
there cannot be duplicate objects in a single transaction.

The type of relationship considered corresponds

In a relational data model, this type of relationship
is implemented through an additional relation [17].
An example of a transaction is a real second-level
object with integration properties — a delivery note
containing objects (goods). The RDB schema

to the many-to-many multiple type, or M —N. "Waybills_Goods" is shown in Fig. 7.
Waybills Waybills-Goods
1 o 8}

ID_N ° » ID N
o0}
Delivery IDT
Goods -
Supplier Quantity
ID
1
Name
Price

Fig. 7. Database "Waybills_Goods" schema
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The "Waybills_Goods" database schema contains
three relations: "Waybills", "Goods", and "Waybills
Goods". Key attributes are marked in bold. A double
composite key is used for "Waybills_Goods".
This solution allows us to maintain the integrity

Waybills_Goods

constraint formulated at the stage of setting the task
of synthesizing the database schema: one item
can be added twice to one waybill. An example of
the "Waybills_Goods" relation is shown in Fig. 8.

ID N Supplier Goods ID Name Quantity
101 MKS 101102 PC HP321 1
101 MKS 101103 PRINTER 1
102 FOX 101103 PRINTER 2
103 EPICENTER 101101 LG HD Phone 1
103 EPICENTER 101102 PC HP321 1
103 EPICENTER 101103 PRINTER 1
Fig. 8. Database "Waybills_Goods" schema
The above relationship "Invoices_Goods" meets many" relationship, or M — N [18]. Examples of such

the normalization conditions: goods PRINTER and
PC HP321 are added to invoice No. 101, invoice No. 102
contains one item PRINTER, and invoice No. 103 contains
three goods: PRINTER, PC HP321, and LG HD phone.

An arbitrary set of objects added to the analyzed
ones forms a set for associative analysis. This parameter
is variable and is a subset of the set:

| ={LG HD phone, PC HP321, PRINTER} .
Let F={LG HD phone}, then the content of the

associative analysis task (9)—(11) will be as follows:
determine how many times an object LG HD phone

occurs in the total number of goods received according
to all invoices Supp (LG HD phone) =1/6 .

The universal approach to building a relational data
model for an information system that searches for
associative patterns in data, as proposed in this article,
makes it possible to solve a whole class of typical
problems in which objects are related by a "many-to-

tasks include: a polyclinic (this task involves two entities
in a M — N relationship: "Patients” and "Doctors");
library ("Readers" and "Literature"); audio and video
media rental ("Customers" and "Discs"), etc.

As an example, let's take the task of searching
for associative patterns in the subject area
"POSTGRADUATE STUDIES" of a higher education
institution (HEI) in Ukraine. Let's consider one of the
most important tasks performed by this department.
PhD and doctoral dissertations are defended by
applicants in specialized councils, which include
scientists who are leading experts in scientific fields
in their specialties. A specialized council may consist
of 5 (PhD defense) to 25 specialists, if it is a specialized
doctoral council. In addition, according to the
requirements, one scientist-specialist in a specific
field of research cannot participate in the work of more
than two specialized councils. The universal relationship
of the relational database is shown in Fig. 9.

Specialist_Council_Specialty

id

Last Name

HEI

Tel

Council

Address

Specialty

1

Ivchenko

NURE

33-22

J1.01.001

KhPI

05.13.06

1

Ivchenko

NURE

33-22

J1.02.011

KhAI

05.13.06

Petrenko

NURE

33-22

J1.01.001

KhPI

05.13.23

Skidan

KhPI

11-44

J1.01.001

KhPI

05.13.06

2
3
3

Skidan

KhPI

11-44

J1.02.011

KhAI

05.13.23

Fig. 9. Relationship "Specialist_Council_Specialty"
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As a result of normalizing the universal can be transformed and take the form shown
relation shown in Fig. 9, the relational DB schema in Fig. 10.
SPECIALISTS COUNCIL,_SPECIALT COUNCILS
O Y COUNCILS
1 a0 e 1

Id 4 * D Council
Last name o0 Council .'—/. Address

HEI Specialty

1
TELEPHONE
HEI
Telephone

Fig. 10. Schema of the relational DB "Specialist_Council_Specialty"

The

COUNCIL-SPECIALITY

relation

fully

The universal approach to building a relational data

satisfies the requirements for a data structure oriented
towards the application of associative pattern search
technology (3)—(11).

The example considered confirms that normalized
relations of the relational data model, reduced to
3 normal form, containing a double composite key,
allow for the most effective application of associative
data analysis methods [19].

Conclusions

The scientific novelty of the research lies in
a comprehensive analysis of the relational data model,
namely, identifying the impact of the normalization level
of the RDB schema on knowledge extraction technology
using the example of developing a semantic model of
knowledge representation and associative data analysis.
The results obtained make it possible to formulate
conditions for effective collaboration with analytical
processing systems based on Data Mining methods.

The article examines the features of relational
algebra operations regarding the application of aggregate
functions and considers the concept of functional
associative rules, which contributes to the implementation
of the classic ID3 decision tree generation algorithm
focused on information processing in relational systems.
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IHTEJEKTYAJIbHU AHAJII3 TAHUX
V PEJIIIAHUX IHOOPMAIIMHO-AHAJITUYHUX CUCTEMAX

IIpeameToM nOCHIMKEHHSI € METOAM IHTEICKTYaJlbHOTO aHaidy, a came MoOyZoBa JepeBa pillleHb, acOUIaTHBHUI aHai3,
BUSIBIICHHS 3aKOHOMIPHOCTEH MDK TIOB’S3aHMMH HOAIIMH HAa OCHOBI JaHHWX, SKI IIOJaHO pEJFIIHHOI0 MOZEIIIO.
MeTta — mpoaHalizyBaTH pPEJAMiHHY MOJENb NAaHWX, 30KpeMa BIUIMB piBHSA HOpMaii3amii cXeMH pensiiHoi 0a3uW JaHWX Ha
TEXHOJIOT1I0 BUJOOYBaHHS 3HAHb HA MPHUKIAIl PO3POOJICHHS CEMAaHTHYHOI MOJENI MOJAHHS 3HAHb 1 ACOIL[IATUBHOIO aHANi3y AaHUX.
VY craTTi HeoOXiZHO BHKOHATH TakKi 3aBAAaHHSI: PO3MVITHYTH DPEILLIMHY MOZAENh NaHUX SIK HAWOUIbII MOMYJSApHY H e(eKTHBHY
CTPYKTYDY, SIKa BHKOPHCTOBYEThCS B IHTEIEKTYaJIbHUX 1HPOpPMaLiHUX cucTeMax 0OpoOIeHHs Ta 30epiraHHs JaHUX; IIpoaHali3yBaTh
0COOIHMBOCTI OTIeparii pessiitHol anredpu MO0 3aCTOCYBaHHS arperaTHUX QyHKIIH; po3poOUTH 3araibHy (GOpPMaibHY MOCTAaHOBKY
3aBAaHHs BUAOOYBaHHS 3HaHb 3 0a3u JaHUX PEJSILIHHOrO THUITY;, PO3TJISAHYTH MOHATTS (YHKLIOHATBHUX aCOLIATUBHUX IMPABUI,
aNTOpPUTM TeHepailii nepeB pimieHs 1D3, opienToBaHMI Ha 00POOICHHS NaHUX Y PENAIIMHUX cUCTeMaX. YTIPOBAIKCHO TaKi METOMM:
persiniiiHa anreOpa, Teopis HopMali3amii BiXHOIIEHB, MOPIBHSUIBHME aHami3. JocsirHyTi pesyastaTtH. JlOCHiKEHO persLiiHy
MOJIeNIb JaHUX SIK HAWOUTbII e(QEeKTUBHY CTPYKTYpY, LIO BHUKOPHCTOBYETHCS B IHTENEKTYaJbHUX iHGOPMALIHHUX CHCTEMaxX
00pobneHHs Ta 30epiraHHd AaHUX. BHOKpeMieHO Ta MpoaHaTi30BaHO TPYIy arperaTHux (yHKIIH persmiiHux 0a3 ZaHUX OO
KJIFOYOBHX aTPHOYTIB BiIHONICHHS, IO Ja€ 3MOTY OyAyBaTH JIOTiYHI 3aJI©KHOCTI MK iHGOpPMAaLifHUMU ONUHUISAMH IpPEIMETHOL
ramysi, sika aHamizyerbcs. PopManbHO chopMyIbOBaHO 3amady BHIOOYBaHHS 3HaHb 3 0a3M HaHHWX. 3alpONOHOBAHO ITOHSTTS
(yHKIIOHANBHUX AaCOLIaTHBHUX TMpPaBWI. PeTenpHO MpoaHANi30BaHO AITOpPUTM TeHepamii nepeB pimenb |D3, opieHTOBaHUMIt
Ha OOpOoOJIeHHS JaHUX y persuiifHuxX cucremax. CeMaHTHYHA Mepeka, MoOynoBaHa Ha OCHOBI 3alpONOHOBAHOTO MiIXOXy, CHpHSE
IiIBUIICHHIO €(EKTHBHOCTI CUCTEM MiATPUMKH NPUHHATTS pilieHb. BHCHOBKH. 3amporOHOBaHUH y CTaTTi YHiBEpCAJbHUM MiIXil
0 MOOYIOBU PENSINiHHOT MOJeNi JaHuX iHPOPMAIHOI CHCTEMH IOINYKY acOI[laTUBHUX 3aKOHOMIPHOCTEH Yy JaHUX Ja€ 3MOTY
PO3B’sI3yBaTH IUIHIA KJIaC TUIIOBHX 3aB/IaHb, B SKHX 00’€KTH MOB’s13aHi BiqHOMIEHHSM "OaraTo g0 Oarathox", a6o M — N. Pensmiiina
MoJens 0a3W JaHUX 3alpoINOHOBaHA K YHiBepcaibHa iH(OpMaliiiHa CTPYKTypa Ui BHKOHAHHS 3aBJaHb ACOI[IaTUBHOTO aHAJi3y
Ta TOJAHHS 3HaHb Y BUIJIAJI CEMaHTH4HOI Mepexi. HaBermeHi B CTaTTi NMpUKIagM MiATBEPAXKYIOTh ePEKTHBHICTH PO3pPOOICHHX
1 PO3MIISTHYTHX IIAXOMIB O PO3B’SI3aHHS 3a/1adi IHTEJNIEKTYyalbHOTO aHaJi3y JAaHHUX y CepelIOBHUII pelsnidHuX cucTeM. BukoHaHHS
MOCTABJICHOI 3a/1a4i BUSBJICHHS 3HaHb Y IAHHX JACTh 3MOTY Ii/IBUIIUTH SKICTh IPUHHATHX yIPABIiHCHKHX PillICHb.

Kuro4oBi ciioBa: pemnsmiliHa MOJenb; 1HTENCKTyaIbHAI aHaNi3 JaHUX; aCOIIaTUBHI 3aJeKHOCTI; 0a3a JaHHX; IEPEBO PIllICHB;
CceMaHTHYHa Mepexa; iHpopMaliifHa cucrema.
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