e-ISSN 1607-3274 Pagioenexrponika, inpopmaTuka, ynpasminss. 2022. Ne 1
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2022. Ne 1

UDC 004.827:519.816

DEVELOPMENT OF MATHEMATICAL MODELS OF GROUP DECISION
SYNTHESIS FOR STRUCTURING THE ROUGH DATA AND EXPERT
KNOWLEDGE

Kovalenko I. I. — Dr. Sc., Professor, Professor of Department of Software Engineering, Petro Mohyla Black Sea
National University, Mykolayiv, Ukraine.

Shved A. V. — Dr. Sc., Associate professor, Associate professor of Department of Software Engineering, Petro Mo-
hyla Black Sea National University, Mykolayiv, Ukraine.

Davydenko Ye. O. — PhD, Associate professor, Head of Department of Software Engineering, Petro Mohyla Black
Sea National University, Mykolayiv, Ukraine.

ABSTRACT

Context. The problem of aggregating the decision table attributes values formed out of group expert assessments as the classifi-
cation problem was solved in the context of structurally rough set notation. The object of study is the process of the mathematical
models synthesis for structuring and managing the expert knowledge that are formed and processed under incompleteness and inac-
curacy (roughness).

Objective. The goal of the work is to develop a set of mathematical models for group expert assessments structuring for classifi-
cation inaccuracy problem solving.

Method. A set of mathematical models for structuring the group expert assessments based on the methods of the theory of evi-
dence has been proposed. This techniques allow to correctly manipulate the initial data formed under vagueness, imperfection, and
inconsistency (conflict). The problems of synthesis of group decisions has been examined for two cases: taking into account decision
table existing data, only, and involving additional information, i.e. subjective expert assessments, in the process of the aggregation of
the experts’ judgments.

Results. The outcomes gained can become a foundation for the methodology allowing to classify the groups of expert assess-
ments with using the rough sets theory. This make it possible to form the structures modeling the relationship between the classifica-
tion attributes of the evaluated objects, the values of which are formed out of the individual expert assessments and their belonging to
the certain classes.

Conclusions. Models and methods of the synthesis of group decisions in context of structuring decision table data have been fur-
ther developed. Three main tasks of structuring decision table data gained through the expert survey has been considered: the aggre-
gation of expert judgments of the values of the decision attributes in the context of modeling of the relationship between the universe
element and certain class; the aggregation of expert judgments of the values of the condition attributes; the synthesis of a group deci-
sion regarding the belonging of an object to a certain class, provided that the values of the condition attributes are also formed
through the expert survey. The proposed techniques of structuring group expert assessments are the theoretical foundation for the
synthesis of information technologies for the solution of the problems of the statistical and intellectual (classification, clustering,
ranking and aggregation) data analysis in order to prepare the information and make the reasonable and effective decisions under
incompleteness, uncertainty, inconsistency, inaccuracy and their possible combinations.

KEYWORDS: theory of evidence, rough set theory, aggregation, classification, inaccuracy, experts’ judgments.

ABBREVIATIONS B#*"is a set of profiles of group expert preferences in
bpa is a basic probability assignment; relation to the decision attributes values;
DST is the Dempster-Shafer theory; H®" is a set of profiles of group expert preferences in
RST is the rough set theory; relation to the condition attributes values;
DT is a decision table; Bel() is a belief function of corresponding subset;
EP is an expert profile. PI() is a plausibility function of corresponding subset;
B; is a profile of the assessments of the i-th expert;
) NOMENCLATURE ) B; is a set of expert judgments for the j-th object;
U is a non-empty, finite set of objects (the universe); -
A is a set of primitive attributes; B is a set of unique expert judgments for the j-th
C is a set of classification attributes; .o
. object;
E is a set of experts; b . ) )
P is a set of profiles of expert preferences; B is a combined set of experts’ evidences for j-th

B is a set that reflects the judgments of all experts re-  gbject by all experts;

garding the affiliation of the j-th object to a given class; M” is a vector of mass functions (bpa’s) formed on

O is a set that reflects the preferences of all experts re- J
garding the affiliation of the j-th object to a given class; the judgments of all experts for j-th object;
H is a set that reflects the judgments of all experts re- Mj_omb is a vector of mass functions formed through

garding the values of condition attributes for all objects;
I' is a set of condition attributes values formed based
on subjective and objective data for all objects;

the combination of corresponding mass functions by all
experts for j-th object;

© Kovalenko I. I., Shved A. V., Davydenko Ye. O., 2022
DOI 10.15588/1607-3274-2022-1-11

93



e-ISSN 1607-3274 Pagioenexrponika, inpopmaruka, ynpasminss. 2022. Ne 1
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2022. Ne 1

N is a maximum limit value of using scale;

R j 1s a vector that contains a number of identical ex-

pert preferences regarding the belonging of the j-th object
to a certain class;

Y, b’/- contains a number / name / marker of some

class, to which j-th object was referred by the i-th expert
in case when expert can refer the j-th object either to sev-
eral classes or subgroups of classes with different degree
of preference;

Xy is a subsets of the universe;

Z; is a degree of preference of Y, bj- , Y- a, de-
fined by the i-th expert for the j-th object;
a; (u;) is a value of relevant condition attribute

formed by i-th expert in relation to j-th object;

a, is a set of numbers, definitions, markers of the giv-
en classes;

af'(u) is a group assessment regarding the belonging
of the j-th object to a certain class;

b;- contains a number / name / marker of some class

k,, to which j-th object was referred by the i-th expert;

d is a total amount of the subsets (groups of elements)
highlighted by the i-th expert for the j-th analyzed object;

d; is the distance measure between its arguments;

k, is a certain class, to which the j-th object was re-
ferred by the i-th expert;

m() is a bpa of corresponding subset;

mj* is a vector that contains the values of bpa’s of

corresponding subsets;

n is a total number of experts;

oj
value) proving that the element j-th object can be referred
to a class &, or a group of classes;

¢ is a total number of condition attributes;

z is a total number of the elements of the universe;

Q is the frame of discernment;

0; is weighting coefficient (competence coefficient) of
the i-th expert;

[w] is some operator for processing the composite
(group) expert assessment such as methods, algorithms;

2 is a power-set of all possible subsets of Q, includ-
ing the empty set;

agr is an aggregation operator;

min is the function that gives the minimum value of its
arguments;

|'| is a cardinality of the corresponding subset.

is the expert’s subjective assessment (numeric

INTRODUCTION
The basic elements of the artificial intelligence sys-
tems such as pattern recognition systems, expert systems,
decision support systems, etc. are knowledge bases
formed out of such two approaches as object-oriented
approach and object-structural approach [1, 2].
It is worth mentioning that, besides, the basic opera-

tion, which is realized as both above-mentioned ap-
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proaches are used, is structuring the knowledge through
their adjustment and classification as well as the typifica-
tion of the highlighted classes. The currently mentioned
procedures based on the generating specifications (func-
tions) such as sum, difference, product, augmentation,
etc., allow to form the families of subsets {X;, X»,..X,}
that X;cX, X;z20, X;nX;=0

such and

VX; =X (i#, i, j=Ln), which are based on the initial
set of elements of knowledge X. Therefore, that allows to
describe the knowledge by highlighting their properties
and attributes or criteria. The currently described abstrac-
tion makes a base for choosing the basic concepts of
knowledge processing such as production rules, predicate
logic, and so on, as the artificial intelligence system de-
sign is done.

As a matter of fact, in the circumstances of real life, we
quite often have to tackle the problems of getting the knowl-
edge out of arrays of unstandardized, unprocessed, rough
data and knowledge. The knowledge gained in the currently-
mentioned process cannot be considered accurate, so it is not
able to accurately classify them and to define a category of
classification. Thus, it is connected, first of all, with the fact
that the inflexibility of the existing models of knowledge
presentation makes the analysts either unify or abridge the
factual knowledge of the experts.

Thereupon, it is advisable to use the RST, the mathemati-
cal mechanism of which makes an inaccurate classification
possible, which can be more factual than an accurate classifi-
cation is, in practice [3]. Thus, according to the RST, a
classification problem is formed as it is described beneath
[4]. There are a set of multiple samples such as, for in-
stance, a set of expert assessments of various types of
objects, phenomena, events, and so on. Such initial set is
called a learning set or universe. It is widely known that
each sample belong to a class highlighted out of the given
set of classes. Each sample possesses a typical set of clas-
sification attribute values. Taking that into account, the
RST allows to model the relationship between the sample
classified attribute values and sample membership in a
certain class.

The object of study is the process of the mathemati-
cal models synthesis for structuring and managing the
expert knowledge that are formed and processed under
incompleteness and inaccuracy (roughness).

The subject of study is the models and methods of
the group expert assessment analysis and structuring in
the context of multi-alternative, incompleteness and inac-
curacy (roughness).

The purpose of the work is to develop a set of math-
ematical models for group experts’ assessments structur-
ing for classification inaccuracy problem solving, based
on the system application of methods of evidence theory
and rough set theory.

1 PROBLEM STATEMENT
Assume that the given bounded set of analyzed objects
(universe elements) is U # . On the basis of U, it is pos-
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sible to highlight the subset of universe elements Xg
Xs < U (a concept or category in U). Then, any family of
concepts in U is considered to be abstract knowledge on
U. Thus, the concepts form the division or classification
of the currently-mentioned universe U. To put it in other
words, in U, it is possible to highlight the family

C={X|s=Ln}, XcU X,#@,
X;NX;, =0 fors#t, s,t :1,_n. A family of classifica-

whereas

tions in U form a knowledge data base in U. Such knowl-
edge data base is a set of aspects in the classification of
universe objects.

Therefore, the existing knowledge system can be pre-
sented in a form of knowledge data base K= (U, R),

whereas U ={u; | j= l,_z} is a nonempty bounded set of

elements (universe), R is equivalence relation, on the base
of which one can form the equivalence classes (catego-
ries) of U-elements. Each category contains the elements
possessing the common properties (attributes); within
each category, the elements are considered indiscernible.
The goal set Xy U is R-definite (R-accurate) if it is a
unification of categories highlighted in U on the basis of
R-relation. Otherwise, Xyc U can be considered R-
indefinite (R-inaccurate, R-rough).

The random knowledge data base K can correspond to
the information system S=(U,4,V,f), whereas

A={a;|l=1,q} is a nonempty bounded set of primitive
attributes; V = U Val , Va/ is a set of attribute values a;;
a,eA
fAUxA—V is an data
Vajed,xeU, f(x,a)) eV, .

To model the situation in which the element ueU can
belong to a preliminarily-defined class based on the given
set of attributes, the information system can be repre-
sented in a form of a DT T'= (U, A), whereas A=CuUD
is a set of multiple condition attributes C (|C|>1,
C=A\{a,} (classification attribute set) and a single-
element subset D (ID| =1, D ={a,} ) is a set of multiple

function such that

decision attributes, the value of which describes the pos-
sible classes (a, is a set of numbers, definitions, markers
of the given classes), to which one can refer the elements
of the initial universe. The relevant initial data of the in-
formation system and DT can be gained in different ways,
i.e. both on the basis of objective and subjective initial
information.

In the process of the analysis and partitioning the DT,
during the group expertise, one can highlight the prob-
lems given below:

1) the problem of the aggregation of the appropriate
values of the relevant decision attributes, i.e. the subjec-
tive expert values in relation to the values of a,(u),

ag €D formed out of the given set a/u), a; € C, and

synthesis of the group assessment in relation to the values
of a* (), u; €U ;
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2) the problem of the aggregation of the appropriate
values of the relevant condition attributes, i.e. the subjec-
tive expert values in relation to the values a/u), a; € C,

and synthesis of the group assessment in relation to the
values of a' (), u; €U ;

3) the problem of the group decision synthesis in rela-
tion to the membeship of the element u; €U in the cer-

tain class: u; -k, , k, € a, provided the relevant val-

ues of a/u), (a;€C, uj eU ) are also formed on the

basis of the group expertise.

2 REVIEW OF THE LITERATURE

The RST, which was introduced by Z. Pawlak [5], al-
lows to manipulate the initial data, which are considered
rough as far as they are inaccurate and vague. The cur-
rently mentioned theory is for modeling the vagueness
related with the universe elements belonging to the given
goal set. To quantify such vagueness in [4, 5] measures of
approximation accuracy and quality has been defined.

The theory is peculiar due to its mathematical mecha-
nism helping to process the implicit arrays of unstandard-
ized, i.e. inaccurate, rough, or unprocessed data and knowl-
edge, and, thus, get the new knowledge. The theory is based
on the fact that the knowledge is deeply involved in the
human capability of classifying the subjects, phenomena,
objects, situations, and so on, and so forth. They are re-
flected in the division (classification) of the relevant ele-
ments [3, 4, 5]. Such kind of division can be considered
the knowledge presentation semantics. As a matter of fact,
knowledge consists of the classification patterns of the
application environment that is examined [3].

At the same time, knowledge is a kind of systematized
information (objective or expert data) gained provided
meeting the set criteria and structured for the solution of
the set problem. In case if a sufficient amount of objective
data, i.e. statistical, analytical, experimental, and empiri-
cal information, which can be gained my means of the
methods of observation (registration), measurements (ex-
periments, tests), is missing, it is advisable to involve a
group of specialists (experts) in the certain application
environment who form their judgments on the basis of the
opinions and personal experience based on the interview,
survey, focus-group with the methods of expert assess-
ments. In such case, we can face a problem of aggregated
expert assessment obtaining.

The analysis of a number of conventional methods of
obtaining the expert assessments helps to arrive at the con-
clusion that different techniques of direct expert assessment
averaging as well as the methods based on the various pro-
cedures of the comparison of the analyzed objects such as
pairwise and multiple comparisons have become the most
spread [6-9]. However, they are not deprived of a number
of disadvantages. Obtaining the averaged assessment will
be justified only if there is a high expert assessment con-
sistency (proximity). In case if, there are several group
supporting different opinions in the expert commission, it
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will be no use simply averaging all the expert assess-
ments. The main disadvantage of the methods based on
the procedures of pairwise comparison is that they can be
used for a small amount of compared elements. As the
number of the latter grows, it is quite often difficult to
achieve a high level of consistency of local priorities.

A favourable decision for the problems mentioned
above should be provided by applying the advanced
methods of the management of the indeterminacies, which
have appeared in the last years. Therefore, we refer DS7,
i.e. evidence theory [10—12], and Theory of Plausible and
Paradoxical Reasoning [13] to such methods. The mathe-
matical apparatus of those theories allows to get the ag-
gregated expert assessments using the technique of their
combination. The choice of the combination rule depends
on the study model (Dempster-Shafer model or Dezert-
Smarandache model); the information on the conflicts
between the expert evidence, which are combined; a
structure of expert evidence; degree of consistency of
expert evidences. In the works [13, 14], a number of rec-
ommendations for the choice of combination technique
has been proposed.

3 MATERIALS AND METHODS

Let us consider the problem of aggregation of group
expert assessments of decision attributes. Let us assume
that the values of the C-subset elements are formed on the
basis of the data gained through the objective studies
based on the independent measurements, calculations and
so on (objective data), and the values of the attribute a,
are formed out of the subjective data, i.e. data gained
through the expert surveys.

Let, a group of experts E ={E; \izl,_n} , taking into
consideration the data of the given DT based on the val-
ues of the given set of C-tokens, formed the profiles of

expert preferences P=<B >, whereas B={B, |i= I,_n} .
B-profile formed by the expert reflects its priorities in
relation to the u; eU (/=1 z) element’s membership

in the given class k), ea, (p:l,_r, r<z). Thus,

B; = {bj |j=1z}, whereas b’ contains

J
ber / name / marker of some class k,e€a, to which the

a num-

object u ; €U was referred by the expert £;.
The task is to synthesize the composite (group) profile

BY =¥ | j=1z}, agr(bh)—>b¥, each b¥
i=l,n
element of which reflects a group solution, has a number,

name or marker of some class kp €a,, to which the
object u ; €U was referred.

On the basis of the gained values of the B®" composite
profile for each object u; € U that is examined, it will be

able to set a class, to which it belongs:

Vu, eU,j:I,_z:(uj,b_]gr) . The pair (u;,k,) sets the i
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object appurtenance to some class &, €a, , the marker of

which is preserved in b fr .
A generalized scheme of the synthesis of the compos-
ite profile B ={b¥" | = 1,z} can be represented as

follows, i:l,_n;j=l,_z:

-1

B (b b} (bE
B=| B |=|bf .. bl |=[p¥| =BT (D)
B,) b ... »")ml b

For the synthesis of group (composite) expert assess-
ments in modeling the relation “the element of the uni-
verse — the defined class”, the mathematical notation of
DST was used. While modeling the dependence “U-
element — the D7-class”, the following situations were
studied:

1. Vu; €U whereas u; element belongs to the only

one class: uj— kp ;

2. Ju jeU, which, according to the expert choice,

can be referred to several classes: u; —{k,,...k},

pP#ES, p,szl,r* , P <r, Vp,s:l,/k :{kp ~kg}; in
the result of modeling, u; €U can be referred only to
one class.

3. Ju j € U , for which E; cannot define a reference to

j > ag, ‘v’p,s=l,r:{kp ~kg};

asaresult, u; eU can be referred to the only one class.

any of the set classes: u

The constraints, which are imposed on, and the condi-
tions of the procedure of the expert survey can result in
the following:

1. Using only the existing data and knowledge of the
DT in the process of the expert assessment aggregation.

Let us examine the set a, as the DST regards it. Let us
assume, a, is a frame of discernment, then, in the result of

the expert survey, a system of subsets B; = {b; |j= 1,_2}

will be formed, whereas b;- reflects E; judgments in rela-

tion to the u; € U -membership either in some &, €a,

class, or in several classes (provided the expert defines a
subgroup of classes, to one of which the u; €U -object

can be referred; the classes are equivalent inside the men-
tioned group). Thus, taking into account the DST-

notation, bj- shall be regulated by a system of rules:

1. b} =1{D}; )
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2. ‘b}‘ =1 — the expert has chosen and evaluated

one element & p €4y

3. ‘b}‘ =h. h<|a,| — the expert has highlighted
h of the elements k, €a, .

4. bl] =a, — it was difficult for the expert to as-
sess / choose as far as all the elements of the set a,
are equivalent.

Aggregating the expert judgments is done according
to the following suggested procedure:
1.1 Problem structuring. Let us highlight a subset of

expert judgments B; = {b;}, i=Ln for each u; eU
and form a subset of the unique elements on the basis of

those values: B;* ={b/}, 1<n.

1.2 Define the vector Rj- :{rt*}, whereas for

**‘

Vi=1|B; rt* = count(Bj (b,* )) corresponds the num-
ber of the Bj- -component that are equal to some value of
bt* € B;*.

1.3 Calculate the bpa masses for each subset B;* , tak-

ing into consideration the equation (formula):
mib; ) =1 [1B}. 3)

Thus, for each B;* -subset, it is possible to draw a

vector m;* = {m: |t=1,|B;* |}, the elements of which
are in accord with the following constraints [10—12]:

0<m(X)<1, m(@)=0, Y m(X;)=1, @
XjeA

whereas A corresponds to 20 ;m:A—[0,1].
1.4 The calculation of the upper and lower limits of
the probability for each k, €a,, which correspond the

values of the belief function Bel: A —[0,1],[10-12]:

Bel(B) = Zm(Xj)

Xj CB, XjeA (5)
and plausibility function P/: A —[0,1]:

PIB)= D m(X)) ©)

X, NB#D, X ;eA

1.5 Forming the intervals [Bel({k,}), PI({k,})] for

the subsets kp €a,.
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1.6 Choosing the optimal solution b:p, €a, is done

by means of the comparison of the intervals
[Bel(ik,}), PI(tk,})], Vp=1]a, | formed through the

belief function and plausibility functions. The maximal
interval, in which the lower value and upper value of the
interval limits are the highest among the similar values of
all the other intervals, corresponds the optimal solution:

b:p, =k, :m;lx[Bel({kp}), Pi({k, 1], Vp =1,r,

*

b}gr = b,y - Comparing all the embedded intervals, one
can go from the interval values to crisp values. Thus,
b = b:p, , on the assumption that bzp, ca,.

2. Involving the additional information, i.e. subjective
assessments, in the process of the expert judgment aggre-
gation.

Situation 2.a. Expert E; can refer the object u; eU

only either to a single class k, € a, or one subgroup of

q
classes (the classes are considered equivalent within a
highlighted subgroup, so the object u; €U can be re-
ferred only to one of those classes).

Let us assume that, a group of experts
E={E; \izl,_n} , based on the data of a given DT, con-
structed on the basis of the values of the organized set of
C-tokens, formed the set of EP’s P=<B,0 >. The P-set
forms a tuple consisting of two components such as:

l)a set B={B; \izl,_n} , each element of which is

B; = {bj- | j= L_z} reflecting the reference mentioned by

expert E; regarding the affiliation of the element u ; €U

(Jj :L_z) either to a class k, e a, or several classes pro-

q
vided the expert can define a subgroup of classes, to one
of which one can refer the object u; €U :

u;>k,eca
Vu; eU expert E;:q

q>
kg}cay.

(M

P

2)a set O={0;|i :L_n}, each element of which is
0; = {oj- | j :1,_2} reflecting the assessment of the Ei-

expert’s belief in the fact that the element u; eU

(j :1,_2) can be referred either to a class k, ea, ora

q
subgroup of classes.

Thus, under the DST notation, b;- shall meet the stan-

dards of a system of rules (2); in its turn, 0’}-

subjective assessment (probability) proving that the ele-

ment u; eU can be referred to a class kp €a, or a

is expert’s

q

group of classes. The assessment of 0; can be repre-
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sented within a set scale with using a range from 0 to N
(N> 0). Under the assumption that N # 1, then the value
oj- shall be normalized to a unit interval, i.e. o; e[0;1].

Aggregating the expert judgments is done according
to the following suggested procedure:

2.1 Problem structuring (partitioning). For each
ujeU, let us highlight a set of expert judgements

B; = {bj-} , i:l,_n and a set of assessments O; = {0}},
izl,_n ; let us form a subset of unique elements
B;* ={b/}, t<n of the B; = {bj-} on the basis of the

obtained values.
2.2 According to the DST-notation, let us consider a
set, i.e. the frame of discernment Q = {®w;,®,}, whereas

o; for each E; corresponds to the value of b’}- eB’;;

®, =a, represents a complete lack of knowledge of the

expert as to his choice. Under the assumption that m(w;)
is the probability of the fact that the element u; €U

really belongs to the mentioned class, m(a)l):ol}-, in case

of oj e[0;1], 05 € O;; then the probability of the fact
that the element can belong to some other class can be
represented as m(m,)=1-m(w;).

Thus, for each Bj-, one will be able to get a set

M ={m’ |i=1n}, whereas m’ = {m(w|),m(w,)} is a
bpa vector of, as the expert E; thinks, either right or
wrong classification of the element u ; €U , the elements
of m’ satisfy (4).

2.3 Defining a procedure of the expert evidence ag-
gregation (combination). For combining, one should

choose a pair of expert evidences b;,b;‘ € B; , such that

under i# h: mind; (m_i]-,mﬁl-) €[0;1] in compliance to
one of the metric [15-18].

2.4 Aggregation of expert assessments is done through
a combination of corresponding mass functions (bpa’s)

* i T g
M; ={m; [i=Ln} and B; ={b;}, by all the experts E;,

(i :I,_n) for each u; €U individually. In the result of

the combination, a vector B;omb :{b; li=1,v},

sk

J

v=2 and a vector M;omb :{mij |i=1,v} can be

obtained accordingly.

2.5. Calculation of the upper and lower bound of the
plausibility for each &, € a, in compliance with (5) and
(6) on the basis of the obtained B;omb and M;omb.
Forming the intervals [Bel({k ,}), PI({k,})] for the sub-

sets kp €ay.
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2.6. The choice of an optimal b:p, €a, is done

through  the
[Bel({k, 1), PI({k )], Vp =1,

lief and plausibility functions. The maximal interval cor-

q

comparison  of  the intervals

aq| formed with the be-

responds the optimal solution. Thus, b¥" = b:p, under the

assumption that b:pt €ag.

Situation 2.b. Expert E; can refer the object u; e U

either to several classes k, € a, or subgroups of classes

q
with different degree of confidence (belief) in one’s own
choice. As far as the classes are considered equivalent
within a highlighted subgroup, the object u; €U can be

referred only either to one class or a group of classes.
Let us assume that, analyzing the data of a given DT,
constructed on the basis of the values of the organized set

of C-tokens, a group of experts E = {FE; |i:1,_n} formed
the set of EP’s P=<B,0 >. A set of the EP’s creates a
tuple consisting of two components.

The first tuple component is B ={B; |i:1,_n}, each

B; = {b;- | j=1,z} element of which reflects the priorities

mentioned by the expert E; as to the membership of the

or several

element u; eU (j=Lz)inaclass k, ea,,

classes. At the same time, b;- ={Y; |k :I,_d} , d< 2‘”"‘

is more than one value (several aimed classes or groups of
classes). = The second tuple component is
0={0,; |i:1,_n}, each O; = {o_’}- | J :L_z} element of
which reflects the assessment of the E;-expert belief in the
fact that u; eU (J :1,_2) is a member of the certain

class k, € a, or asubgroup of classes. At the same time,

q

o ={Z; |k=1.d}, a<2l, vl',j:‘o;‘z‘b}‘, i=ln,

j=Lz.
Thus, taking into consideration, the DST notation,

each element Y gbj shall meet the standards of the

system of rules (2); in its turn, each element Z; € oj» can

create a probability, according to the expert’s subjective
assessment / belief), that the element u ; e U belongs to

the certain class k, € a, or a group of classes. The as-

q
sessment Z; € 03 can be represented within the first giv-

en scale, using a range from 0 to the certain given N
(N>0).
Aggregation of the expert judgements is done in com-
pliance with the suggested procedure, such as
2.1. Problem  structuring (partitioning).

highlight a set of the expert’s judgments B; Z{bj'}»

Let us
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_ . .
i=Ln, and a set of expert’s assessments O; = {0;-},

i=1,_n for each ujel.
2.2 Defining the mass functions that correspond the
highlighted subsets Y; < bj- , Vbj- € B; . For each formed

system of subsets bll ={Y, |k :I,_d} , it will be possible

to get a vector m; ={my |k=1,d +1}, the elements of

which correspond (4) and are calculated by the formulae,
such as [10]:

Z;-0;

my (V) = ——*——,
k=1

8

Ja @®)

md+1(aq):d—

ZZk -6,- +\/;
k=1

The value equaling m;(a,) can reflect a degree of
complete ignorance of E; in relation to the membership of
the object u; €U inany class k, €a, .

2.3. Defining the aggregation (combination) procedure
of the expert judgments. For the combination, one can
choose a pair of b},b;’ € Bj- such that under i#h:
mind ; (mi-,rn]}-) €[0;1] in accordance with one of met-

rics [15-18].
2.4. The aggregation of the EP’s is done by the com-

bination of the obtained bpa’s Mj = {mij i=l,_n} and
B; ={bj~}, by all the experts E, (izl,_n), for each

u; €U individually, as well. The combination results are

- a
a vector B;omb = {kamb lk=1v}, v< 2‘ 4 and vector

Mj.om” = {m(chomb) | k= Ly, accordingly.

2.5. The calculation of the upper and lower bound for
each k, €a, is done in compliance with (5) and (6), and
on the basis of the obtained Bj-"mb and M‘}OM , as well.
The formation of the intervals [Bel({k ,}), PI({k ,})] for
the subsets &k, € a, .

2.6. Choosing an optimal solution b:p[ €a, is done
through  the

[Bel(tk ,}), PICik 1)1, Vp:1,|aq|. The maximal inter-

comparison  of  the intervals

*

val corresponds to the optimal solution. Thus, b%" =b,,,

(bopr € a)-
Let us consider the problem of aggregation of group

expert assessments of condition attributes. For the DT, it
© Kovalenko I. I., Shved A. V., Davydenko Ye. O., 2022
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is supposed that a A-set of primitive attributes is a union

of two subsets A={a;|/=1,q-1}va,, ie. subsets of

q b

independent condition attributes C={a; |/ =1, -1} and
one-element set of decision attribute D ={a,}. Let us
assume that, on the set C, it is possible to highlight a sub-

set C" c C, the elements of which are formed on the
basis of the subjective data, i.e. data obtained by means of
the expert survey. Let us enter the token ¢ =| C : .

Let us assume that, examining the universe of

discourse, a group of experts E={E;|i=1,n} has
formed the set of EP’s suchas P=<H > or P=<H,0 >,
whereas H ={H; |i=1,_n}, 0 ={0; |i:1,_n}. Each ele-
ment H; ={H'|j=1z}, H}={a](u;)|l=11} of the

first component of the E-profile reflects its preferences in
relation to the values of the relevant condition attributes

a; (u;) of the element u; eU (jzl,_z). The second
component O ={0; |i :I,_n} of the E-profile represents

the expert’s assessment of the belief in the correctness of

his / her judgements, 0; = {Oj- | j :1,_2},

O =tol(u;)|l= L#}, whereas

assessment of the degree of confidence of the E; in the set
value of the attribute g; for the element u jeu.
The synthesize a

HE ={HY |j=1z}, each element of which, i.e.

o; (u;) is the

task is to group profile

H f’r ={af (u;)|l= 1,¢}, represents a group solution and

contains the aggregated values of the condition attributes

af (u;) of the u; eU (,j=1,z), which are formed on
the basis of the individual EP’s H;={H ; | J :L_z} ,

Vi=1n,Fig. 1.

Taking into account the values of the H¥" composite
profile, one can do the further examination and D7-data
structuring.

The synthesis of the group decision is done according
to the following procedure:

1. Problem structuring. Let a set of judgements

Hj ={H’|i=1n}, Yu; €U will be formed.
2. Aggregation of the group expert assessments
i *
The aggregation of the group expert’s assessments is

done individually for each attribute a;(u ;) by all the
experts E, i=1,n,ie Vi=1t¢: agr(af(uj)) - H}gr.
i

As an operator for processing the group expert’s as-
sessments of the relevant condition attributes can be one
of the above schemes used.
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C'cCI|C=t
U f:l LR ‘L—':n
a' |l o | By |os| & |l & | H;
Wolal @)l ... [ @)| H) | ... |a @) | ... |a" @)| H]
u. alj (u)| ... a,l(rf_-) H:l Na G| .. fa) (u)| H

The generalized scheme of the aggregation of H i

i=1,n, and construction of H )gr as a group expert as-

sessment of the values of condition attributes @, by the j-th
object, can be represented in the following way:

1 1 gr -1
ay(u;) a; (uj) ap (u;)

Hi=|alw) - a) |=|af ()| =H]. )
af' (u;) af' (uy) JIml\ af" (u;)

Similarly, the formation of the aggregated attribute
values is made for each uj; e U, j=1z.

Let us examine the problem of the group decision syn-
thesis in relation to the membership of the element
u; €U in the given class provided the certain values of

the relevant condition attributes of the u j eU are also

formed on the basis of the group expert evaluation.

In such a case, the expert evaluation shall be divided
in two stages.

Stage 1. Solving the task of aggregation of the group
expert assessments of condition attributes.

At that stage, a group of experts E={F;|i= L_n}
forms the set of EP’s of P=<H > or P =<H, O >—types,
whereas H = {H; |i:1,_n}, 0 ={0; |i:1,_n} . In the first
case, the EP H,; ={H" | j=1z}, H' ={al(u;)|I =11}
formed by E; reflects its preferences in relation to the val-
ues of the relevant condition attributes a; (uj) of the
ujel (j= 1z ). In the second case, the EP formed by
the E; contains an additional set O={0; |i= I,_n} s
0, ={0%|j=1z}, O%={oj(u;)|I=11  whereas
of(u ;) is an assessment of the degree of the E; belief in

the correctness of the fixed value of the attribute a; for the
u;e U.

The synthesis EP’s
ngz{H§r|j=1,_z}, each ngr:{algr(uj)uzﬂ}

of a set of composite

© Kovalenko I. I., Shved A. V., Davydenko Ye. O., 2022
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Figure 1 — The procedure for H*" profile synthesis

(_‘.
U H*
HY = (H7 | =1z, e fet o Lo
. : 5 o il wi laf" | ... [af @) | HY
HY ={af (u,)|1=11}.
u. laf )| ... |a¥ (u)| HY

element of which reflects a group decision and contains
the aggregated values of the relevant condition attributes

af’(u;) of the u; eU (j= 1,z ) obtained on the basis

of the individual EP’s H; ={a}(u;)|I =11}, Vi=lLn,

is carried out in accordance with the above-given scheme,
i.e. a problem of aggregation of group expert assessments
of condition attributes.

Stage 2. Solving the task of aggregation of the group
expert assessments of decision attributes.

At the second stage, taking into account the values

T={y;lj=Lz}, v; ={a;(u;)|I=1]C|} of the given

set of  tokens (attributes) A={a;|l= G} ,

C={a;|l=1,q—-1}, a group of experts E = {E; |i=1,_n}
forms the set of EPs P=<B>
B={B;|i=1n}.

We assume that each subset y; is formed on the basis
of both:

1. The initial subjective data, i.e. under the group ex-

pert evaluation, the subjective values of the y; are formed
out of the obtained at the first stage values of the relevant

ng :{H.]gr |]=1,_Z},

whereas

condition attributes

HY ={af"(u;)|1 =1t}  such that H}gr cv,

Vj:l,_z:

gr
2. The initial objective data. Under the assumption
.1 o\ prer
vj=1z:|HS |<|yj|,

that the

Y :{az(uj)},

vj :L_z:yj \H%", are the values au) formed on the
basis of the objective data.

The E; profile B; = {bj- |j= 1,_2} represents its pref-
erences in relation to the membership of the u; eU

(j=1,_z)inthegivenclass kpea, (p=1,_r,r<z),and

the value bj- contains a number / name / or a marker of

some class k, €a,, to which the object u; eU was

referred by the E;. The set of EP’s can be represented in a
form of P =<B, 0 >. The second tuple component is a set

O:{0i|i:1,_n}, each element of which, ie.
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0; = {0"/'- | j= 1,_2} , represents the degree of the E; belief
in the fact that the u; eU (j = 1,_2) is a member of ei-

ther a certain class k, €a, or a subgroup of classes

q

whereas o;'- ={Z; |k:1,_d}, dS2‘a"‘, Vi,j:‘oé-‘:

bj

B

i=Ln, j=1z.

The task is to synthesize the composite profile
BE = {b}gr | j=1,z} whereas b’ represents a group de-
cision in relation to the u; €U membership in some

k, €a, inaccordance with the above-given scheme.
4 EXPERIMENTS
Let us demonstrate the above-suggested approaches,
taking as a sample the solution of the problem of the
group decisions synthesis in relation to the values of the
relevant decision attributes. Let us assume that, taking
into account the values of the formed set of tokens C, a

group of experts E={E; |i= 1,_5} evaluated the member-

ship of the elements of the universe u; eU (j :1,_3) in

the given set of classes a, ={k, | p= 1,_3} .

Sample 1. In the process of forming a group expert as-
sessment, the only existing DT data and knowledge are
used. The results of the expert survey are given in Ta-
ble 1.

Table 1 — Expert profiles (Sample 1)

Objects E] Ez E3 E4 E5
u tha} th ks} tha} thy ks} ths}
us i} tha} th} th} ki ko}
us tha} th} thi, Ko} s} tho}

Sample 2. In the process of forming a group EP’s, the
embedded additional expert information is used; the ex-

pert E; can refer the object u; €U only to either one

g Oraone subset of classes. The results of

the expert survey are given in Table 2.

Sample 3. In the process of forming a group EP’s, the
embedded additional expert information is used; the ex-
pert E; can refer the u; eU either to several classes

class kp €a

g or several subsets of classes with different de-

gree of belief in one’s own choice. The results of the ex-
pert survey are given in Table 3.

kpea

Table 2 — Expert profiles (Sample 2)

. E Ez E3 E4 ES
Objects 2151 8 [0 0. B, [0.| B [0
231 tha} 6 ko b} 8 tha} 9 th ks} 7 ths} 7
" | 7 (ko 9 | (kY | 7 (k) 7 | thk | 8
U3 {k} 8 {ki} 6 {ki o} 8 {ks} 8 {ka} 9
Table 3 — Expert profiles (Sample 3)
) E, E, E5 E, E.
Objects Yic b]/ Zic 0} Yic bi/zA Zic 012- Yic bj Zic 0? Yic b? Zic 0? Yic bf Zic 0?
{ha} 6 {ho ks} 8 {ka} 9 {ky ks} 7 {hs} 7
uy {ki} 7 {ki} 5 — {ka} 5 {ki} 9
{ks} 3 - - - - - - - -
u {hi} 8 tho} 9 thi} 7 thi} 7 th ko) 8
§ (ks k) 5 - - (ks 4 (ks 9 - -
u (ks 8 (ki } 6 (ki k) 8 (ks 8 (ko 9
Tables 1-3 represents only the subjective judgments  the membership of the element u; €U in a class
made by five experts as to the membership of the ele- k ca
pr =%

ments of the given universe in a fixed set of classes. In
such a case, the values of the classified attributes of the
universe elements are omitted on purpose as far as they do
not matter, by any means, for the problem that is exam-
ined.

The elements of the set O; (Table 2) and set Z; (Table
3) were evaluated according to the ten-point scale (zero
stands for the lowest degree of preference and ten stands
for an absolute degree of preference).

5 RESULTS
Let us examine the practical realization of the above
methods for synthesizing a group decision in relation to

© Kovalenko I. I., Shved A. V., Davydenko Ye. O., 2022
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In the process of analyzing the data from Table 1, it
can be seen that, taking into account a, ={k, | p =13},

for a group of experts formed a set

Bl* ={{}.{f. k), {00 k. k) .{k3} ) on the Dbasis of
which it will be possible to
B = ko) ths) thoks} .kt
R ={2,1LL1}.

Let us calculate the basic probability assignment for

u el,

form a set

and a vector

each element of the set Bl* i according to equation (3):
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miky}=2/5;
m{kl,k3}=1/5;

miky}=1/5;
m{kz,k3}=1/5 .

Let us calculate the value of the functions (5) and (6)
for each element of the set a,:

| Bel({ky}) =m({ky}) = 0;
VP D = 0.2;

| Bel({ky}) =m({ky}) =0.4;
2Pty p =06
fn - Bel({ks3}) =m({k3}) =0.2;
3\ PI({ks}) = 0.6.

After taking a look at the above calculations, one can

see that the b:pt ={k,} is an optimal one. Thus, we ob-

tain u; — kp and b = {k,} , accordingly.
In the process of analysis the data given in Table 2,
one can see that, taking into account a, ={k, [ p=13},

for uyelU, the formed a  set

Bf ={{ky},{kn, 3}, {kr ) {ky ks, {ks} ). On the basis of the
values of the |latter, we
Bl = {tka}ths}, thysks ), e ks
0; ={6,8,9,7,7}, as well.
The bpa’s of the formed focal elements are given in
Table 4.
Let us calculate the combined values of the bpa’s of
the highlighted subsets:
mik,}=0.44;
m{kz,k3} =0.003 N
m{kl ,kz,k?, } =0.0007 5

experts

can form a set

and a set

miky}t =047,
m{kl ,k3} =0.0863.

Let us calculate the values of the functions (5) and (6)
for each element of the set a,:
| Bel({ky})=0;
1' {Pl({kl 1) =0.087;
Bel({ky}) =0.44;
{Pl({kz 1) =0.444;

L[ Bel(iks ) =047:
37\ Pi({ky}) = 0.56.

2 .

Taking into account the above calculations, one can

see that the b:pt ={k3} is an optimum choice. Thus, we

obtain u) — k3 and b = {k3} , accordingly.
In the process of the analysis of the data from Table 3,

one can see that the experts formed a set Bl* = {bf } and a
set of assessments Ol* = {of}, izl,_n for u; €U , on the

basis of a, ={k, | p =13}, whereas

bl = {tky}, {ka ), th3 )} s ol =17,6,3};

b ={{ky}, ko ks )} of =1{5.8};
by ={tka}}; o} ={9};
byt ={{ko} thy ks b} s of ={5.7};
by ={tki b tks ) o} ={9,7}.

The bpa’s of the formed focal elements are given in
Table 5.

Table 4 — The bpa’s of the formed focal elements (Sample 2)

Objects £, £ £ LA Es
! m(@,) | m(ey) | m(@) | m(ey) | m(@) | m(ep) | m(@) | m(@) | m(e) | m(e)
i 0.6 0.4 0.8 0.2 0.9 0.1 0.7 0.3 0.7 0.3
[ 0.7 0.3 0.9 0.1 0.7 0.3 0.7 0.3 0.8 0.2
U3 0.8 0.2 0.6 0.4 0.8 0.2 0.8 0.2 0.9 0.1
Table 5 — The bpa’s of the formed focal elements (Sample 3)
E] E2 E3 E4 E5
Object:
B vieo) my) | Yeb: m(Y,) Yeb) m(¥y) Y b} m(Yy) =y m(Y,)
(ot 034 (e s} 0.55 (et 0.90 (ko s} 0.52 (st 040
. {a} 039 (et 035 okst | 010 (ot 037 {y} 052
! (s 0.17 ko ko) 0.10 - 7 (b Fo) 0.11 (o fo Fo) 0.03
s 0.10 - - - - - - - -
() 055 T} 09 (k) 0.56 (k) 040 (ki fo} 0.89
" (s fes) 035 s 0.1 (k) 032 (ot 052 (ko k) 0.11
(ki ko K3} 0.10 - - {ki ko K3} 0.12 {ki ko ks} 0.08 - -
. (o 0.89 I 0.86 Ty fo) 0.89 (s 0.89 (! 090
; (e s} 0.11 (e e s} 0.14 oo kst | 011 (o s} 0.11 (ko s} 0.10
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Let us calculate the combined values of the bpa’s of
highlighted subsets in compliance with (8):
m{k;} =0.331; miky}=0.438;
miks}=0.217; miky,k3} =0.013;
m{kz,k3} =0.0002 5 m{kl,kz,k3} =0.0008 .

Let us calculate values of the functions (5) and (6) for
each element of the set a,:

[Bel({k})=0.331;
U PI(tky}) = 0.3448.

{Bel({kz}) =0.438;

2| PI(tky ) = 0.439.
| Bel({k3}) =0.217;
37\ Pi({ks}) = 0.231.

Taking a look at the estimations described above, one

can see that the b:pt ={k,} is an optimum. Thus, we ob-
tain u; — ky and b = {k,} , accordingly.

6 DISCUSSION

The problems of the group decisions synthesis while
modeling the relationship between the element of uni-
verse and definite class either in case if one takes into
consideration only the existing DT data or if the addi-
tional information, i.e. subjective expert assessments, is
involved in the process of aggregating the expert judg-
ment, have been studied. In solving the problem of the
aggregation of the relevant DT attributes formed on the
basis of the subjective assessments of the expert group,
the situations are considered when an expert can either
refer a universe object only to one class, i.c. a single sub-
group of classes when the classes are considered equiva-
lent within a highlighted subset, or define that a universe
object can refer to several separate classes, i.e. subsets of
classes, with different degree of confidence in one’s own
choice, i.e. the classes can be considered equivalent
within a highlighted subset.

To make the aggregated expert assessments, a mathe-
matical mechanism of evidence theory has been used.
Unlike the existing techniques of the expert evidence ag-
gregation, that allowed to synthesize the group decisions
in the context of multiple alternatives, incompleteness,
inaccuracy and inconsistency (conflict), as well as to
model the uncertainty and not to strictly restrain the ex-
pert in his / her personal choice. To put it in other words,
the expert can choose not only a single priority but also
can form the clustered ranges of objects, setting a degree
of confidence in his / her own choice.

CONCLUSIONS
The problems, which arise in the process of the analy-
sis and structuring of DT data in the context of the group
expert evaluation have been formulated. A set of mathe-
matical models for structuring the DT data obtained out of
the expert assessments, which are formed and processed

© Kovalenko I. I., Shved A. V., Davydenko Ye. O., 2022
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in the context of inaccuracy (roughness), imperfection,
and multiple alternatives in the process of solving the
inaccurate classification problem, has been proposed.

The scientific novelty of obtained results is that the
models and methods of synthesizing the group decisions
and DT data structuring are received the further develop-
ment. The next problems of synthesizing the group deci-
sions and DT data structuring have been solved: the syn-
thesis of the group assessments of the values of the rele-
vant decision attributes, the synthesis of the group as-
sessments of the values of the relevant condition attrib-
utes, and the synthesis of the group assessments concern-
ing the membership of the universe object in the given
class provided the appropriate values of the relevant con-
dition attributes of the object are also formed on the basis
of the group expert evaluation. The suggested techniques
are based on the mathematical notation of the evidence
theory. That allowed processing the group expert assess-
ments under vagueness, imperfection, and inconsistency
(conflict).

The practical significance of the obtained results im-
plies that the suggested techniques form a theoretical sub-
stratum for plotting the methods, algorithms, and informa-
tion technologies for intelligent support of the decision-
making process, and its implementing in the automated
decision-support systems for an inaccurate classification
problem solving. The obtained results can be helpful in
the formation of the bases of the expert’s knowledge in
different universes of discourse.

The prospects for further research imply the devel-
opment of the procedure of reducing the DT knowledge
formed on the basis of the individual expert judgments,
especially in the context of the incomplete expert data.
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PO3POBKA MATEMATHYHHWX MOJIEJIEM CUHTE3Y I'PYIIOBUX PIIEHDb CTPYKTYPU3AIIIL
I'PYBUX JAHUX TA EKCIIEPTHUX 3HAHb

Kosanenko L. 1. — 1-p TexH. Hayk, npodecop, mpodecop kadeapu imKeHepii mporpamMHoro 3ade3mnedeHHs YoOpHOMOPCHKOTO Ha-
HioHaJbHOTO yHiBepcuTeTy iMeHi [lerpa Mormmmi, Mukomnais, Ykpaina.

IIBex A. B. — 1-p TexH. HayK, JJOIEHT, HOLEHT KadeapH imxeHepii mporpaMHOro 3ade3nedeHHss YOpHOMOPCHKOTO HalliOHAIBHO-
ro yHiBepcurety imeHi [Ilerpa Morunu, Mukosais, Ykpaina.

JaBunenko €. O. — kaHI. TEXH. HayK, JOILCHT, 3aBilTyBady Kadeapu iHXKeHepii mporpamHoro 3abdesneueHHs YopHOMOPCHKOTO
HalioHaJIbHOTO yHiBepcuteTy imMeHi [lerpa Morumm, Mukoinais, Ykpaina.

AHOTAULIA

AKTyaJbHicTb. PO3risHyTI MuTaHHS arperyBaHHs 3HaueHb aTpUOyTiB TaOIMII pilIeHb, CPOPMOBAHUX HA OCHOBI TPYHOBUX €KC-
MEPTHHUX OI[IHOK MW BUPIIICHH] 3a/1a4i HETOYHOI KiIacudikalii B paMKax HOTaLil Teopii rpyOnx MHOKUH. O0’€KTOM IOCITIHKEHHS €
MPOLIECH CHHTE3Y MaTeMaTHYHHX MOJEICH CTPYKTypH3awil Ta yIpaBiliHHS eKCHEPTHUMH 3HaHHSIMH, Ki HOPMYIOThCS Ta 00pOOITIO-
I0ThCSL B yMOBaX HETOYHOCTI (TpyOOCTi) Ta HEMOBHOTH. MeTa po6oTn — po3pobka MaTeMaTHIHUX MOJeENeH CTPyKTypH3allii IpyroBHX
eKCIIePTHUX OLIIHOK TP BUPIILIEHHI 33124l «HETOYHOI Kiacupikarii».

MeToa. 3anpornoHOBaHO KOMILIEKC MaTeMaTHYHUX MOJENEH CTPYKTypH3allii rpyHOBUX SKCIIEPTHUX OLIHOK, B OCHOBY SIKHX IO-
KJIa[ICHO METOIH TEOPii CBIZOUTB, sIKi JO3BOJIAIOTh KOPEKTHO OMEPYBATH 3 BUXiIHUMH JaHUMH, CHOPMOBAHHMH B YMOBaxX HEBU3HA-
YEHOCTi, HETOBHOTH, HEY3TO/PKEHOCTI (KOHGUIIKTY). PO3MIIsHYTI MUTAHHS CHHTE3y TPYIOBHX PIllIeHb IJIsl IBOX BHIQJKIB: TUTBKH Ha
OCHOBI ICHYIOUMX JaHHUX TaOJWIi PillleHb, 1 3 3aIy4eHHSAM J0IATKOBOi iH(popmarii (cy0’eKTUBHHX €KCIIEPTHHX OIIIHOK) B MPOIECi
arperyBaHHS CY/KCHb EKCIICPTIB.

PesyabraTu. OTpuUMaHi pe3ysbTaTd MOXYTh OyTH IMOKJIAJCHI B OCHOBY METOAMKH, IO J03BOJISE BUKOHYBATH KiIacH(ikalliro
IPYIOBUX EKCIIEPTHHUX OLIHOK i3 3aCTOCYBaHHAM Teopii rpyOoux MHOXHUH. 1le 1ae MOXKIMBICTh GOPMYBATH CTPYKTYPH, LIO MOJEITIO-
I0Th 3QJISKHICTh MIXK KJIacu(iKaliitHUMU aTpHOyTaMH OLIHIOBaHUX 00’ €KTiB, 3HAUCHHS SIKMX (POPMYIOThCS Ha OCHOBI 1HIUMBITyasb-
HUX €KCIIEPTHHX OIHOK, 1 X IPUHAJIC)KHICTIO BIINOBITHUM KJIacaM.

BucnoBku. [licTaiy noJanbioro po3BUTKY MOJENI Ta METOAM CHHTE3Y I'PYNOBHX PillleHb Y KOHTEKCTI CTPYKTYPYBaHHS JaHUX
Tabauui pimens. Tpu OCHOBHI 33/1a4i CTPYKTYPYBaHHS JaHUX TaONUI PillieHb, OJICPIKAaHUX y PEe3yJIbTaTi eKCIEPTHOTO OMUTYBAaHHS,
OyJIO pO3TIIHYTO: arperyBaHHs €KCIEPTHHUX CYIKEHBb IOJIO0 3HaYeHb aTPHOYTIB PIlICHh IPH MOJACTIOBAHHI 3aJIC)KHOCTI «EJIEMEHT
YVHIBEpCYyMy — BH3HA4YEHHUH KJIAC»; arperyBaHHs EKCIIEPTHHUX OLIHOK MIOAO 3HAUYEHb aTpHOYTIB YMOB; CHHTE3 TPyHOBOTO PIIICHHS
II0JI0 HAJIEKHOCTI 00'€KTa JI0 TMIEBHOTO KJacy 3a YMOBH, IO 3HAYCHHS aTPUOYTIB YMOB Tak0X (OPMYIOTHCS LUISIXOM E€KCIIEPTHOTO
OIMUTYBAaHHS. 3alPOIIOHOBaHI TEXHIKH CTPYKTypH3aLil IPYyHOBUX EKCIEPTHUX OLIIHOK CTAHOBIISITH TEOPETHYHE MIiAIPYHTS [JIsl CHHTE-
3y iH(pOpManifHUX TEXHOJIOTIH BUPIIICHH 3a1a4 CTATUCTUYHOTO Ta IHTEIEKTyalbHOro (Ki1acudikalis, KiacTepu3allis, paHXyBaHHS,
arperyBaHHs) aHaJi3y JaHHX 3 METOIO IiArOTOBKM iH(opMarlii Ui NpUHHATTS OOIPYHTOBAaHHMX Ta e()EKTHBHUX PillleHb B yMOBax
HETOBHOTH, HEBU3HAYCHOCTI, HEY3TOKSHOCTI HETOYHOCTI Ta X MOXJIMBUX KOMOIHALIH.

KJIFOYOBI CJIOBA: Teopist CBigoUTB, TeOpisi IpyOHX MHOXHH, arperyBaHHs, Kiacu]ikallis, HeTOYHICTh, €KCIEPTHI OL[iHKH.
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PA3PABOTKA MATEMATHYECKHAX MOJEJEN CUHTE3A I'PYIINIOBBIX PEINEHUI
CTPYKTYPH3AIIUM I'PYBBIX TAHHBIX U SKCNIEPTHBIX 3HAHU
KoBanenko U. U. — 1-p TexH. Hayk, mpodeccop, mpodeccop kadeapsl HHKEHEPHH TPOTrpaMMHOT0 obecriedeHus: YepHOMOpPCKO-
ro HaIMOHAJIBbHOTO yYHUBepcuTeTa uMeHu [lerpa Morunsl, Hukonaes, Ykpauna.
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IBex A. B. — 1-p TexH. HayK, IOLEHT, TONEHT Kaeapsl HHXKCHEPUH MPOrpaMMHOT0 obecredeHns: YepHOMOPCKOTO HAI[HOHAITb-
HOro yHuBepcureTa umenu [lerpa Morunsl, Hukonaes, YkpauHa.

JaBbinenko E. A. — xanj. TexH. HayK, JOLIEHT, 3aBeAyIONIMi Kadenpol MH)XEHEPUH MporpaMMHOro obecreueHus: YepHomop-
CKOI'0 HallMOHAJILHOTO yHUBepcuTeTa uMeHu Ilerpa Morunsl, Hukonaes, Ykpauna.

AHHOTAIUA

AKTyaJlbHOCTB. PaccMOTpeHBI BOIPOCH arperHpoBaHusl 3HAYEHHUI aTprOyTOB TaONHMIBI pemieHnH, cOPMUPOBAHHBIX Ha OCHOBE
TPYMIOBBIX SKCIIEPTHBIX OLEHOK MPH PEIICHUH 3a/1ad HETOYHO! KIacCH(HUKAINK B PaMKaX HOTAIIMU TEOPUH IpyObIx MHOXECTB. O0B-
€KTOM HCCIIEZIOBAaHNS SIBISUIMCH IIPOLECCHl CUHTE3a MaTEMAaTHIECKUX MOJENCH CTPYKTYpU3AIlMK U YIIPABICHUS SKCIIEPTHHIMU 3HAHUS-
MH, KOTOpbIe (hOpPMHPYIOTCSI 1 00pabaThIBAIOTCS B YCIOBHUAX HETOUYHOCTH (TpyOocTn) 1 HenoiaHoThL. Llens paboTel — pa3paboTka Mare-
MaTHYECKUX MOZEJIEH CTPYKTYpPH3aLiH IPYIIIOBBIX SKCIEPTHBIX OLICHOK IPH PEIICHNH 3a1a4y «HETOUHOH KiIacCU(UKammy.

Merton. IIpeanoskeHo KOMIIEKC MaTeMaTHYECKUX MOJIeNel CTPYKTypHU3aLUK IPYIHOBBIX SKCIEPTHHIX OLEHOK, B OCHOBY KOTO-
PBIX TOJIOKEHBI METOBI TEOPUH CBHJETENIBCTB, MO3BOJIAIOIINE KOPPEKTHO ONIEPUPOBATH C UCXOJHBIMU AAHHBIMH, CHOPMUPOBAHHBI-
MH B YCIOBHSAX HEONPEAENCHHOCTH, HEMOJTHOTHI, HECOTTIACOBAHHOCTH (KOH(IHKTa). PaccMOTpEeHBI BOMPOCHI CHHTE3a IPYIIIOBBIX
pelIeHui Ui ABYX CITydaeB: TOJBKO HA OCHOBE CYIIECTBYIOIINX AAHHBIX TaOIHI[B! PEIICHUH, W C IPHUBJICUYCHUEM JOMONTHHTEILHON
nHpopmarmy (CyOBEKTHBHBIX IKCHEPTHBIX OIIEHOK) B IIPOIIECCE arpErHPOBAHUS CY>KIACHHI SKCIIEPTOB.

Pe3yabTarsl. [lomyueHHbIe pe3ynbTaTel MOTYT OBITH ITOJIOXKEHBI B OCHOBY METOJMKH, ITO3BOJISIONIEH BEHINTOIHATH KIACCH(UKA-
LU0 IPYIIIOBBIX SKCHEPTHBIX OLEHOK C MPUMEHEHHEM TEOPHH IPpyOBbIX MHOKECTB. DTO MO3BOJISIET POPMHUPOBATH CTPYKTYPBI, MOZIe-
JIPYIOIIHE 3aBUCHMOCTh MEXy KIacCH(HUKAIMOHHBIMU aTpuOyTaMy OLCHHMBAEMBIX OOBEKTOB, 3HAUYEHUSI KOTOPBHIX (hOPMHUPYIOTCS
Ha OCHOBE MHJMBUIYaNbHbBIX SKCIIEPTHBIX OLIEHOK, U UX MPUHAJIEKHOCTHIO COOTBETCTBYIOIIUM KJ1acCaM.

BeiBoabl. [Tomyunny panpHeliee pa3sBUTHE MOJEIN U METOJbl CUHTE3a TPYINIIOBBIX PELIEHUM B KOHTEKCTE CTPYKTYpPHUPOBAHUS
JTAaHHBIX TaOIHIB! penieHuid. Tpu OCHOBHBIE 3a[adX CTPYKTYypPHPOBAHUS JAHHBIX TaONUIBI peLIeHH, TOTyYeHHBIX B PE3YIbTaTe IKC-
MEPTHOTO OMpOca, OBIIM PACCMOTPEHBI: arpeTHPOBAHUE HKCIEPTHBIX OLEHOK 3HAUCHUH aTPHOYTOB pEUICHHH IPH MOAEIUPOBAHUI
3aBUCHMOCTH «DJIEMEHT YHHBEPCYMa — ONPEJeNICHHBIH KIIacC»; arperupoBaHNe SKCIEPTHHIX OLEHOK 3HAUCHUIl aTpuOyTOB yCIOBHI;
CHHTE3 TPYNIOBOTO PEIICHUS O NPHUHAIICKHOCTH 00BEKTa K HEKOTOPOMY KJIACCy HMPH YCJIOBHY, YTO 3HAYEHHS aTPHOYTOB yCIOBHI
TaKke (GOPMHUPYIOTCS 3a pe3yJibTaTaMH IKCIEPTHOrO omnpoca. [IpeuioykeHHble TEXHUKH CTPYKTYPU3alUK IPYIIIOBBIX 3KCHEPTHBIX
OLICHOK COCTaBJIIIOT TEOPETHUECKYIO OCHOBY JUISl CUHTe3a MH(OPMALMOHHBIX TEXHOJOTUH PEIeHHUs 3a1a4y CTaTUCTUYECKOrO M WH-
TEIUIEKTyanbHOro (KIaccu(UKalys, KiIacTepu3alus, paHXUPOBaHHE, arpeTUPOBAHNE) aHAIM3a JAHHBIX C IEJbI0 NMOATOTOBKU HH-
(dbopmanuu 1 IPUHATHA 000CHOBAaHHBIX M 3()(QEKTUBHBIX PELICHHI B yCIOBHUAX HEIOIHOTHI, HEONPEEICHHOCTH, HECOTTIACOBAHHO-
CTH HETOYHOCTH UX BO3MOXKHBIX KOMOMHAIHUI.

KJIIFOYEBBIE CJIOBA: Teopusi CBHICTEIBCTB, TEOPUS TPYOBIX MHOXECTB, arperupoBaHUE, KIacCH(UKAIWS, HETOYHOCTD,
9KCTICPTHBIE OIIEHKH.
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