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ABSTRACT

Context. The mechanism of decision-making during limited number of fuzzy experiments with multiple criteria are considered.
The investigation object is process decision-making for project or control in complex systems with multiple criteria.

Objective. It is necessary to determine optimal (most preferred) parameters of the systems with multiple criteria. It is no the
mathematical model of the system, there is limited number of fuzzy experiments only.

Method. experimental study of a process with several criteria (functions) depending on its parameters; the use of expert fuzzy
evaluation to build a matrix of preferences for individual implementations; building a function of choosing preferred solutions based
on a preference matrix by constructing a mathematical model of preference recognition, formulation and solving the problem of gen-
eralized mathematical programming as the final step in building the selection mechanism. The decision-making mechanism depends
on the expert assessment procedure when comparing a limited set of results with each other, as well as on the statement of conditions
when solving the problem of generalized mathematical programming. Comparison of a finite number of fuzzy experiments is con-
venient for expert evaluation. Presentation of the final choice as a result of solving the problem of generalized mathematical pro-
gramming is convenient for using such a mechanism in automatic control systems already without human intervention. The proposed
scheme of decision-making during limited number of fuzzy experiments has been applied to decision-making of project management
for pellet burner.

Results. Experimental decision-making fuzzy results are presented in the presence of several criteria for a pellet burner of a tubu-
lar heater, which confirm the acceptability of the developed decision-making mechanism. It was proposed the new scheme for con-
structing a selection mechanism for decision-making in systems with several criteria where there is a sample of fuzzy experimental
results.

Conclusions. The scheme of decision-making is includes the solving the generalized mathematical programming as the final step
in building the selection mechanism. For the problem of generalized mathematical programming it may be applied the evolutionary
search with choice function in form of preference or in form of lock.

KEYWORDS: decision-making, multiple criteria, fuzzy experiments, function of choosing, evolutionary search.

NOMENCLATURE Lp is a primary air flow;
ay,, ay; are the choice function parameters; L is a total air flow;
x is a set of inlet system parameters; S, Sp are the square parameters of burner;
x' is a scalar parameters (continuous or discrete); Y4 Yco, Yno are the outlet parameters of burner;
Q is a set of admissible parameters; X is a subset of parameters;
z is a set of outlet system functions (parameters); X, is a set of preferred solutions according to the bi-
7 is a one from output parameters; nary choice relation Ry at the iterate step £;
Ry is a fuzzy binary choice relation; k is an iterate step;
R is a fuzzy generation relation; X1 1s a set of preferred solutions according to the bi-
S(X) is a selection function; nary choice relation Ry at the iterate step k—1;
G(X) is a generation function; Xy is a set of preferred solutions according to the bi-
G(X) is a set of new solutions; nary choice relation Ry at the iterate step k for the branch j
B, is a table of experimental results; of evolutionary search;
B is a matching matrix of experimental results; W is a power of burner.
I'(x) is a choice function;
N,y is a number of experiments; INTRODUCTION
N, is a number of branches for evolutionary search; The basis of the research is a fuzzy experiment in
Ngis a number of new solutions; which the permissible range of parameters determining
N,, is a number of preferred solutions; the state of the system is comprehensively investigated. In
S is a burner area; each experiment, in addition to the input parameters of the
Sj» 1s an useful area for primary air; system, the output functions (criteria) of the system under
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study are measured or calculated. If we confine ourselves
only to the experimental sampling of fuzzy parameters,
then it will not be possible to make decisions about the
preference of the system parameters over the entire allow-
able area. It is advisable to build a mathematical model of
the function of choice, which will allow to extend the rule
of preferences of fuzzy parameters to the entire admissi-
ble region. Having an expression for the function of
choice, we can formulate and solve the problem of finding
the most preferable solutions. The search of the most
preferable solutions can be implemented as a result of
solving a generalized mathematical programming prob-
lem.

The object of study is the process of decision-making
while developing or managing systems with some fuzzy
parameters. The mathematical model of such system is
used to make decisions for the development or manage-
ment of systems. The mathematical model of the system
can be built on the basis of deductive laws of functioning
or on the basis of an experimental study of the system.

The subject of study is the process of decision-
making for project or control in complex systems with
multiple criteria when information about the system is
presented in the form of a limited set of fuzzy experiment
results.

The purpose of the work is to increase the speed the
decision-making process for a system with several criteria
when setting information about the properties of the sys-
tem is a set of fuzzy experimental results.

1 PROBLEM STATEMENT

A system is characterized by a set of parameters
x= {x', .. x"}, xeQ and a set of output parameters
(functions, criteria) z = {z', 2%, ..., Z/}. There are training
set of experimental results: B,, = <x, y,>, ¢ = 1,2, ..., No
and the result of the expert evaluation in the form of the
of the evaluation table B = {b;}, i =12, ..., N, j = 1,2,
..., Nop, which is obtained using expert choice relation R s
where b;;— is the table of fuzzy relation.

It is required to find the choice function C for all set Q

with binary relation R s such that binary relation R ¢ cor-

responds with expert choice relation R , with the table of
fuzzy relation B= {b;},i=12, .., Nop, j= 1,2, ..., Nopy B=
{by},i=12, .., Nop, j= 1,2, ..., Nop,

2 REVIEW OF THE LITERATURE

There is sufficient experience in using binary relations
of choice in constructing a mechanism for choosing deci-
sions, in particular, scientific results [1—4] and other.

If there is a system that does not have a reliable
mathematical model based on deductive laws of function-
ing, then the inductive principles of mathematical model-
ling of such systems are known [5, 6] that have received
significant development. In inductive modelling, accord-
ing Ivakhnenko A. G. and others, various mathematical
models were constructed from experimental data. In this
case, it is possible to build functional dependencies for
each of several output functions of the system. Having

mathematical dependencies for several output functions,
you can solve the decision problem as a multi-objective
optimization problem. There is a fairly large number of
scientific results in the field of multi-optimized optimiza-
tion [7—10].

Most of these results relate to the situation where there
are mathematical models for each of the output functions
— Pareto optimization. In this case, the adoption of the
final decision from the set of Pareto-optimal is an addi-
tional procedure. This scema is fulfil possible.

The formulation of an optimization problem as an op-
timization task with respect to choice relation is an alter-
native approach. Previously, generalized mathematical
programming problems were formulated for which solu-
tion methods were proposed [11, 12] and other. Later
works are also devoted to solving the problem of general-
ized mathematical programming, for example [13].

Effective methods for solving optimization problems
are developed on the basis of evolutionary search algo-
rithms, for example, [14—16]. Including evolutionary al-
gorithms useful for solving problems of generalized
mathematical programming [16, 17] without the convex-
ity condition of choice relation.

The utilization of fuzzy sets and fuzzy relations [18,
19] is a new state of investigations of complex objects.

Multicriteria Fuzzy Decision-Making is presented in
[20] and results today, for example [21].

Previously, it was offered a general scheme for con-
structing a selection mechanism for decision-making in
systems with several criteria where there is a sample of
experimental results only [22]. But constructing a selec-
tion mechanism for decision-making in systems with sev-
eral criteria where there is a sample of fuzzy experimental
results was not presented before. The scheme of decision-
making includes the solving the problem of generalized
mathematical programming as the final step of the selec-
tion mechanism. For the solving the problem of general-
ized mathematical programming may be applied the evo-
lution search algorithm with choice function in form of
preference or in form of lock [23, 24].

3 MATERIALS AND METHODS

The system is characterized by the set of parameters
x= {x', x’,..., x"} and there are the set of output parame-
ters (functions, criteria) z = {z', 22, ..., Z/}.

After experimental investigation it was obtained the
set of experimental results: B,, = <x, ¥,>, ¢ = 1,2, ..., Ny,
In This results will be called presentation according to
terminology of the theory of decision making [2-4]. We
assume that according to expert evaluation it was formed
the result of the expert evaluation in the form of the of the
evaluation table B = {b;}, i = 1,2, ..., Nop, j = 1,2, ..., Ny,
which is obtained using expert choice relation R, where
b;— is the table of fuzzy relation.

It is necessary to find the fuzzy binary relation ﬁs

with membership function ME s (x, x) that taking account
the set of presentations of the training sample B,, by ex-
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pert evaluation of output functions for any pair of presen-
tations, so that the binary relation R §i X R sx; for

i, j=12, .., N, . The result of the expert evaluation for
the comparison of the presentations with each other will
be represented in the form of the matching matrix
B={b;},i=12,..,Noj=12, .., N, where b; € {a,,
0y ,...,0¢ }, 0; — is a possible evaluation of pair preference.

The fuzzy binary relation R s with the choice function

obtained in this way can be used to search for the most
preferable solutions on the entire Q set, taking into ac-
count possible limitations as well.

The methods for solving the problems are based on
the approach to the evolutionary search for Ry — optimal
solutions. For subset X, x < 0 we denote the function of
choice in the form

S(X)z{xeX|Vye[X\S(X)],x§Sy}. (D

We shall assume that set S(X) contains the concrete
number of elements N,,.
We shall that for the set Q it was determined relation
R ith 5 :
G W1 M Rg ()C >y )

membership function

QxQ —[0,1]. Relation ﬁG will be termed generation
relation.

For subset X, X — Q we denote the function of
generation in the form

G(X)=xUGy(X) @)

We shall assume that set G(X) contains the concrete
number of elements Nj.

The algorithm to search Rg — optimal solution can be
represented as

Xy =S(G(X4y)), k=1.2,... 3)

The iterate algorithm (3) — is the general form of evo-
lutionary search.

According to [15-17] we will consider the decomposi-
tion

Ny,
Xp=UXj, Xy NXy =D, i#]. 4)
j=1

The algorithm (3) takes the form

Xy =8(GX 5 4)). j=LN, . k=12,. (5)

These iterate algorithms (3), (5) are the general form
of evolutionary search.

The evolutionary search algorithm converges to the
most preferred solution of choice relation. This position
has been theoretically and experimentally proven for clear
choice relationships. For a fuzzy choice, this position is
based on experimental results.

4 EXPERIMENTS

There are considered tubular gas heater [18]. Tubular
heaters design parameters (inlet system parameters) are
below:

— Burner area, Sj;

— Useful area for primary air passage, Sy

— Primary air flow, L;;

— Total air flow, L,

— Burner power, W.

There are criteria (outlet system functions) of the
heater:

— Ash transfer by the time, 4;

— Concentration CO at exhaust gases, Cc;

— Concentration NO, at exhaust gases, Cyoy.

There are following requirements for parameters that
characterize tubular heaters work: for CO it is less than
130 mg/m* and for NO, — less than 250 mg/m’. Therefore
such tags as CO and NO, are shown at tubular heater
schematically block diagram. Also such parameter as ash
is typical because of strengthened primary air supply cre-
ates unintended carrying out ash from the burner. It leads
to tube clogging, which degrades heat transfer and re-
duces tube efficiency time. Tubular heater pellets burner
principle diagram is shown in Fig. 1.

For expert evaluation the rating scale was used
b; € {0; 0.3; 0.4; 0.5; 0.6; 0.7}; which make sense:
{much worse; worse; slightly worse; comparable; slightly
better; better; much better}.

Secondary air

Figure 1 — Tubular heater pellets burner principle diagram
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Table 1 — Matching matrix for experimental data array 1

Ne S Sp L Lp W Ya Yco Ynox
m’ m’ m’/h mh kw g/min mg/m’ mg/m’
1 0.005 0.00286 572.4 252 33.5 2.1 510 293
2 0.005 0.00286 543.6 234 31.3 2.88 6734 207
3 0.005 0.00286 543.6 21.6 54.7 2.77 43 259
4 0.01 0.00643 633.6 46.8 18 0.21 4500 257
5 0.01 0.00643 651.6 54 32 0.47 694 205
6 0.01 0.00643 684 50.4 35.5 5.5 110 230
7 0.0025 0.00021 201 2.7 6.4 3.57 2765 89
8 0.0025 0.00021 168 4.1 9 7 2902 134
9 0.0025 0.00021 165 4.3 18 10 7214 109
10 0.0025 0.00021 151 5.1 18 7 7844 125
11 0.0025 0.00021 215 2.2 4.7 1.6 1429 146
12 0.0025 0.00021 201 2.8 11.3 4.9 1311 193
13 0.0025 0.00021 196 3 10 5 1019 210
14 0.0025 0.00021 182 3.9 12.8 3.6 779 212
15 0.0025 0.00021 178 2.5 5.3 1.8 812 201
16 0.0025 0.00021 167 2.8 4.5 0.7 2148 160
17 0.0025 0.00021 155 3 6 1.7 722 265
18 0.0025 0.00021 150 3.5 11.2 2.8 617 259
19 0.0025 0.00021 140 4 18 5.4 1144 240
20 0.0025 0.00021 136 4.5 22.5 10.5 853 257
21 0.0025 0.00021 128 7 22.5 11.3 783 261
22 0.0025 0.00021 127 2.5 8.2 1.9 1099 134
23 0.0025 0.00021 123 3 9 1 450 188
24 0.0025 0.00021 111 3.4 11.3 1.9 246 151
25 0.0025 0.00021 105 3.8 15 3 438 190
26 0.0025 0.00021 97 4.1 15 4.8 1225 238
27 0.0025 0.00021 85 5 22.5 10.3 830 203
28 0.0025 0.00021 80 6.5 18 10.8 945 217
29 0.0025 0.00021 210 2.75 3.9 1.3 2926 161
30 0.0025 0.00021 175 4.1 9 3.4 6663 56
31 0.0025 0.00021 172 4.3 7.5 5.6 2845 148
32 0.0025 0.00021 168 5.1 18 35 1986 131
33 0.0025 0.00021 152 2.2 5 5 1826 116

Table 2 — Matching matrix for experimental data array 1. Results of experiments for 33 modes

DATA 0.5,0.3,0.5,0.6,0.7,0.7,0.7,0.5,0.7,0.5,0.7,0.7,0.7,0.4,0.4,0.4,0.5,0.6,0.7,0.7,0.7
DATA 0.7,0.5,0.7,0.7,0.7,0.7,0.7,0.7,0.7,0.7,0.7,0.7,0.7,0.7,0.6,0.6,0.7,0.7,1.0,1.0,1.0
DATA 0.5,0.3,0.5,0.6,0.7,0.6,0.6,0.5,0.7,0.6,0.6,0.6,0.5,0.4,0.3,0.4,0.5,0.6,1.0,1.0,1.0
DATA 0.4,0.3,0.3,0.5,0.7,0.5,0.4,0.4,0.5,0.4,0.4,0.4,0.4,0.3,0.3,0.3,0.3,0.3,0.6,0.6,0.6
DATA 0.3,0.3,0.3,0.3,0.5,0.3,0.3,0.3,0.4,0.3,0.4,0.3,0.3,0.3,0.0,0.3,0.4,0.4,0.5,0.5,0.5
DATA 0.3,0.3,0.4,0.5,0.7,0.5,0.5,0.5,0.6,0.4,0.5,0.4,0.4,0.3,0.0,0.3,0.3,0.5,0.7,0.7,0.5
DATA 0.3,0.3,0.4,0.6,0.7,0.5,0.5,0.5,0.6,0.5,0.5,0.5,0.5,0.3,0.0,0.3,0.5,0.5,0.7,0.7,0.6
DATA 0.5,0.3,0.5,0.6,0.7,0.5,0.5,0.5,0.6,0.5,0.5,0.5,0.5,0.4,0.0,0.3,0.5,0.5,0.7,0.7,0.7
DATA 0.3,0.3,0.3,0.5,0.6,0.4,0.4,0.4,0.5,0.4,0.4,0.4,0.4,0.3,0.0,0.3,0.4,0.4,0.5,0.5,0.5
DATA 0.5,0.3,0.4,0.6,0.7,0.6,0.5,0.5,0.6,0.5,0.6,0.5,0.5,0.3,0.0,0.3,0.5,0.5,0.7,0.7,0.7
DATA 0.3,0.3,0.4,0.6,0.6,0.5,0.5,0.5,0.6,0.4,0.5,0.5,0.4,0.3,0.0,0.3,0.5,0.5,0.6,0.6,0.6
DATA 0.3,0.3,0.4,0.6,0.7,0.6,0.5,0.5,0.6,0.5,0.5,0.5,0.5,0.3,0.0,0.3,0.5,0.5,0.6,0.6,0.6
DATA 0.3,0.3,0.5,0.6,0.7,0.6,0.5,0.5,0.6,0.5,0.6,0.5,0.5,0.3,0.0,0.3,0.5,0.5,0.6,0.6,0.6
DATA 0.6,0.3,0.6,0.7,0.7,0.7,0.7,0.6,0.7,0.7,0.7,0.7,0.7,0.5,0.3,0.5,0.6,0.7,1.0,1.0,1.0
DATA 0.6,0.4,0.7,0.7,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,0.7,0.5,0.6,0.7,0.7,1.0,1.0,1.0
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DATA 0.6,0.4,0.6,0.7,0.7,0.7,0.7,0.7,0.7,0.7,0.7,0.7,0.7,0.5,0.4,0.5,0.6,0.6,1.0,1.0,1.0
DATA 0.5,0.3,0.5,0.7,0.6,0.7,0.5,0.5,0.6,0.5,0.5,0.5,0.5,0.4,0.3,0.4,0.5,0.5,0.7,0.7,0.7
DATA 0.4,0.3,0.4,0.7,0.6,0.5,0.5,0.5,0.6,0.5,0.5,0.5,0.5,0.5,0.3,0.3,0.4,0.5,0.6,0.6,0.6
DATA 0.3,0.0,0.0,0.4,0.5,0.3,0.3,0.3,0.5,0.3,0.4,0.4,0.4,0.0,0.0,0.0,0.3,0.4,0.5,0.5,0.5
DATA 0.3,0.0,0.0,0.4,0.5,0.5,0.4,0.3,0.5,0.3,0.4,0.4,0.4,0.0,0.0,0.0,0.3,0.4,0.5,0.5,0.5
DATA 0.3,0.0,0.0,0.4,0.5,0.5,0.4,0.3,0.5,0.3,0.4,0.4,0.4,0.0,0.0,0.0,0.3,0.4,0.5,0.5,0.5

Table 3 —Matching matrix for experimental data array 2

DATA 0.5,0.5,0.0,0.3,0.5,0.3,0.3,0.3,0.3,0.3,0.5,0.3
DATA 0.5,0.5,0.0,0.5,0.6,0.3,0.3,0.3,0.3,0.3,0.6,0.4
DATA 1.0,1.0,0.5,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0
DATA 0.7,0.5,0.0,0.5,0.6,0.3,0.3,0.3,0.4,0.4,0.6,0.6
DATA 0.5,0.4,0.0,0.4,0.5,0.3,0.3,0.3,0.3,0.3,0.5,0.4
DATA 0.7,0.7,0.0,0.7,0.7,0.5,0.5,0.4,0.5,0.5,0.6,0.5
DATA 0.7,0.7,0.0,0.7,0.7,0.5,0.5,0.5,0.5,0.6,0.7,0.5
DATA 0.7,0.7,0.0,0.7,0.7,0.5,0.5,0.5,0.5,0.4,0.7,0.6
DATA 0.7,0.7,0.0,0.6,0.5,0.5,0.5,0.5,0.5,0.5,0.6,0.6
DATA 0.7,0.7,0.0,0.6,0.7,0.5,0.4,0.6,0.5,0.5,0.6,0.5
DATA 0.5,0.4,0.0,0.4,0.5,0.4,0.3,0.3,0.4,0.4,0.5,0.3
DATA 0.7,0.6,0.0,0.4,0.6,0.5,0.5,0.4,0.4,0.5,0.7,0.5

5RESULTS
There are presented results with choice function in the
form (10).

T(x) =15, - (I+ay, - (az; —1;)%) (10)

_ 1 1, _ .2 2, _ .3 3.
N=Xp —X2 ;=X —X2 ;i3=X1 —X2

classify the studies into three groups: The first group de-
velops new fuzzy methodologies or modifies the existing
approaches; second group uses the existing approaches in
a specific problem area. Third group integrates different
MCDM techniques. It also presents expected future trends
on fuzzy MCDM.

Step 1: Determine key criteria and sub-criteria for a

S S T (11)  comprehensive assessment of the potential supplier. At
Ta= X1 — X T5T X =X this stage, the identification of key criteria and sub-
- criteria is based on a review of the literature, SCOR met-
I'(x))2T(xy)=x-R-x;. (12)  rics and scientific reports related to the content of the re-

Parameters a,;, a,; were obtained after evolutionary
search the choice function for array 1 of experimental
data and for array 2 of experimental data.

The choice function in the form (10) with specific val-
ues of parameters Aj, A, ,..., Aag was used to solve the
problem of generalized mathematical programming: to

find maximum MAX MES (x,y) of choice function with

restrictions: 0.002<x,<0.1; 0.0002<x,<0.007;
80<x3 £650;2< x4 £50;4< x5 <55

The aim of this paper is to summarize the present po-
sition of fuzzy MCDM research area. This summary in-
cludes the classification of a mathematical decision-
making model, the distributions of publications with re-
spect to their subject areas, publication years, citation
frequencies, authors, and publishing journals. We also

search to determine the necessary criteria for the topic.

Step 2: Hybrid fuzzy set theory into the ANP model is
the most effective tool for addressing complex problems
of decision-making, which has a connection with various
qualitative criteria. There are ten suppliers that are highly
effective for providing plastic raw materials. In this step,
an FANP is proposed to identify the weight of all criteria.

Step 3: For ranking potential suppliers list, VIKOR
model is used in the final stage. VIKOR ranks alternatives
and determines the solution named compromise that is the
closest to the ideal.

Evolutionary search for solving the problem of gener-
alized mathematical programming is illustrated at Table 5
and results of evolutionary search for three branches of
evolution are presented in Table 6.

Table 4 — Evolutionary search the choice function

Iteration step of evolutionary search Error at the training array 1 Error at the test array 2

1 0.3822
2 0.3679
4 0.2774
8 0.1612

15 0.1612

20 0.1552

25 0.1433

35 0.1432

75 0.1430

500 0.1401 0.1646
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Table 5 — Evolutionary search for solving the problem of generalized mathematical programming

Iteration step Maximum function Maximum function Maximum function
of evolution Branch 1 of evolution Branch 2 of evolution Branch 3 of evolution
1 0.7462 0.7247 0.5972
2 0.8294 0.9682 0.7936
3 0.9727 0.9721 0.9353
10 0.9727 0.9721 0.9691
300 0.9839 0.9837 0.9787

Table 6 — Result of evolutionary search for solving the problem of generalized mathematical programming

Branches of evo- Parameter 1 Parameter 2 Parameter 3 Parameter 4 Parameter 5
lution x! X X x* X
Branch 1 0.00517 0.000508 251.6 5.297 16.73
Branch 2 0.00499 0.000537 273.0 6.809 15.98
Branch 3 0.00524 0.000525 186.5 2.000 8.192
6 DISCUSSION of experimental results using the approach of fuzzy ex-

Matrix of conformity (Table 3 and Table 4) is the re-
sult of expert assessment and is subjective. For expert
assessment, it is obviously possible to use the whole vari-
ety of available pair-wise comparison methods and use a
different scale for such an assessment. The choice func-
tion given in the article in the form of an algebraic func-
tion is certainly not the only possible one, here you can
use the whole variety of pattern recognition methods.

At Literature Review [20] are presented different
methods of mathematical decision-making models among
them: Multicriteria decision-making (MCDM), fuzzy
multiattribute decision-making (MADM), fuzzy multiob-
jective decision-making (MODM).

In [21] are presented the detail realisation of Fuzzy
Multicriteria Decision-Making Model (MCDM). There
are three stages of the mathematical modelling:

Step 1: At this stage it was determine key criteria and
sub-criteria for a comprehensive assessment of the poten-
tial supplier. The identification of key criteria and sub-
criteria is based on a review of the literature, SCOR met-
rics and scientific reports related to the content of the re-
search to determine the necessary criteria.

Step 2: At this stage are applied hybrid fuzzy set the-
ory into the ANP model for the most effective tool, which
has a connection with various qualitative criteria. In this
step, an FANP is proposed to identify the weight of all
criteria.

Step 3: At the final stage the VIKOR model is used.
VIKOR ranks alternatives and determines the solution
named compromise that is the closest to the ideal.

As you can see, in the set of multicriteria decision-
making methods (MCDM), the results of the experimental
study of the object and their expert assessment are not
used directly. The resulting compromise solution gives
the final solution, but if the requirements for the compro-
mise solution change, then the sequence of steps 1-3 must
be repeated, that is, the resulting model is difficult to use
in the research process. The proposed decision-making
approach based on evolutionary search algorithms allows
not only obtaining a model, but also makes it possible to
solve new problems on its basis, using evolutionary
search as a solution to a stochastic programming problem.

Comparison of the results of the development of a
mathematical decision-making model based on a finite set

periments and without this approach showed that using
the approach of fuzzy experiments it is possible to in-
crease the adequacy of the mathematical decision-making
model and reduce the error of erroneous recognition of
results for the verification (control) sequence.

At this stage it was determine key criteria and sub-
criteria for a comprehensive assessment of the potential
supplier. The identification of key criteria and sub-criteria
is based on a review of the literature, SCOR metrics and
scientific reports related to the content of the research to
determine the necessary criteria.

At this stage are applied hybrid fuzzy set theory into
the ANP model for the most effective tool, which has a
connection with various qualitative criteria. In this step,
an FANP is proposed to identify the weight of all criteria.

At the final stage the VIKOR model is used. VIKOR
ranks alternatives and determines the solution named
compromise that is the closest to the ideal.

As you can see, in the set of Multicriteria decision-
making (MCDM) methods, the results of the experimental
study of the object and their expert assessment are not
used directly. The resulting compromise solution gives
the final solution, but if the requirements for the compro-
mise solution change, then the sequence of steps 1-3 must
be repeated, that is, the resulting model is difficult to use
in the research process. The proposed decision-making
approach based on evolutionary search algorithms allows
not only obtaining a model, but also makes it possible to
solve new problems on its basis, using evolutionary
search as a solution to a stochastic programming problem.

CONCLUSIONS

Thus, the selection mechanism extends to the entire
allowable range of input parameters. The constructed se-
lection function is determined already on the whole ad-
missible space of input parameters, and not only on the
set of experimental points.

The decision-making includes the following proce-
dures: an experimental study of a technical system with
several fuzzy criteria (functions) depending on its pa-
rameters; the use of expert evaluation to build a matrix of
preferences for individual implementations; building a
function of choosing preferred solutions based on a pref-
erence matrix by constructing a mathematical model of
preference recognition, formulation and solving the prob-
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lem of generalized mathematical programming as the fi-
nal step in building the selection mechanism.

The scientific novelty is result presented as a holistic
decision-making mechanism for a fuzzy system based on
inductive modelling of complex systems, in which the
following steps can be distinguished: an experimental
study of a process with several fuzzy criteria (functions)
depending on its parameters; the use of expert evaluation
to build a matrix of preferences for individual implemen-
tations; building a function of choosing preferred solu-
tions based on a preference matrix by constructing a
mathematical model of preference recognition, formula-
tion and solving the problem of generalized mathematical
programming as the final step in building the selection
mechanism.

The practical significance of obtained results is that
the stated decision-making mechanism can be used for a
wide range of complex fuzzy systems with several crite-
ria.

Prospects for further research are to the improvement
of methods and means for constructing a function of
choice for a limited number of fuzzy experimental results.
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YK 519.816
NPUMHSATTA PIIIEHG TPY EBOJIIOIIMHOMY IOMIYKY ITPH OBMEXEHINA KIJIBKOCTI HEUITKHAX
EKCHHEPUMEHTIB 3 KITbKOMA KPUTEPISIMUA

IponoB B. ®. — 1-p TexH. Hayk, npodecop, npodecop kadenpu iHGopMaLiiHUX TeXHOIOTIH J[HITIPOBCHKOTO TEXHOJIOTTYHOTO
yniBepcurery «Ilar», [{ninpo, Ykpaina.

HlanTana M. B. — kaHA. TeXH. HayK., IOLEHT, peKTOp HIMPOBCHKOTO TEXHONOTIYHOTO yHiBepcuTeTy «lllar», JIHinpo, YkpaiHa.

Hynkin K. B. — xang. Texs. Hayk, qupekrop TOB «KB-aBromaruzamis», Kuis, Ykpaina.

MlanTana [I. E. — xauj. TexH. HayK, JOIEHT Kadeapu iHGopMarifHIX TeXHOJIOTiH JIHIMTPOBCHKOTO TEXHOJIOTIYHOTO YHIBEPCHUTE-
Ty «Ilar», Jxinpo, Ykpaina.

Yupin /1. A. — acnipaHT Kadeapy CHCTEMHOTO aHaJIi3y Ta MOJCIIOBAaHHS B TeILIONOCTa4YaHHi, [IpuiHInpoBchKka qep)kaBHa aKa-
JeMist OyIiBHHMIITBA Ta apXiTekTypH, JHinpo, Ykpaina.

AHOTANIA

AKTyaJbHicTb. PO3TIISIHYTO MeXaHi3M NPUHHATTA PIllIeHb MiJ 9ac 0OMEXEHOI KITBKOCTI HEUITKUX EKCIIEPUMEHTIB 3 KiTbKOMa
kputepismMu. O0’€KTOM IOCHTIHKEHHS € MPOIec MPUUHATTS PIlICHb MO0 MPOEKTY ab0 YNPaBJiHHA B CKIAJAHUX CHCTEMax 3 JCKilb-
KOMa KpUTEPisIMU.

Meta. Heo6xinHo BU3HAYUTH ONTHMaJbHI (HAHOLIBII IepeBaXkHi) MapaMeTpH CUCTEM 3 KUIbKOMa KPHUTEPisIMH, KOPUCTYIOUHCH
HE MaTeMaTHYHOIO MOJIEIUTIO0 CUCTEMH, a JIMIIEe 0OMEXEHOIO KiJIbKICTIO HEYITKUX €KCIIEPUMEHTIB.

Metoa. ExcriepumeHTansHe JOCITIKEHHS POLECy 3 KiIbKOMa KpUTepisMH ((YHKLISIMH) 3aJIe)KHO Bil HOrO mapaMeTpiB; BUKO-
pHCTaHHS €KCHEePTHOI HEeYiTKOI OIHKK sl OOyJOBH MaTpHLi yrnmogo0aHb Ui OKpeMUX peainisauiil; noOynoBa GyHKUii BUOOpY
KpaIlUX pillleHb Ha OCHOBI MaTpHLIi HepeBar LUIIXoM 00YyZ0BH MaTeMaTH4HOI MOZEIi PO3Ii3HaBaHHS MepeBar, pOopMyJIIOBaHHS Ta
BHPIIICHHS MPOOJIEMHU y3arajlbHEHOTO MAaTEMaTHYHOTO MPOTpaMyBaHHS SK 3aBEPIIANBFHOTO €Taly MOOYZOBH MEXaHi3My BiIOopy.
MexaHi3M TPUAHATTA pillieHb 3aJICKUTH BiJ MPOLEIYypH SKCIIEPTHOI OIIHKH MPH TMOPiBHIHHI 00MEXEHOT0 Habopy pe3yIbTaTiB Mixk
c00010, a TaKOXX Bifl IIOCTAHOBKY YMOB IIPU BHPINICHHI 3a[a4l y3aralbHEHOT0 MaTeMaTHYHOTO IporpaMyBaHHsl. [1opiBHSHHS KiHIIe-
BOI KiJIbKOCTI HEUITKHX €KCIEPUMEHTIB 3pydYHO JUIS eKCIIEPTHOI OIiHKH. [Ipe3eHTanis ocTaTouHOT0 BUOOPY B pe3yIbTaTi BUPIIICHHS
3a7advi y3araJlbHEHOr0 MaTeMaTHYHOIO IPOrpaMyBaHHs 3py4yHa JUIl BUKOPHCTaHHS TaKOrO MEXaHi3My B CHCTEMax aBTOMAaTHYHOIO
YIpaBIIiHHA BXe 0€3 y4acTi JIIOIMHU. 3alpOoIOHOBaHa CXeMa MPUHHSTTS pillleHb i Yac 0OMEXeHO! KiJIbKOCTI HeUiTKUX eKCIepH-
MEHTIB OyJia 3aCTOCOBaHA [I0 NPUHHATTS PIlICHb 3 YIPABJIIHHA IPOSKTAMH MAIIMBHUX TPaHYI.

PesyabraT. HeuiTki pe3ynbTaTti eKCIIepUMEHTAIbHOIO NPHUHSTTS PillleHb MPEACTABICHI 32 HAsIBHOCTI KiJIbKOX KPUTEPIilB ist
MEJIETHOTO TMAJIbHUKA TPyO4YacToro HarpiBaya, sIKi HMiATBEPMKYIOTh NMPHUHATHICTH PO3POOJICHOTO MEXaHi3My MPUHHATTS PillleHb.
3anponoHOBaHO HOBY cXeMy HOOYAOBH MEXaHi3My BiIOOpY IS MPUAHATTS PIillIeHb B CUCTEMAaXx 3 JEKUIbKOMa KPUTEPIIMH, [Ie € BH-
0ipKa HEWITKUX €KCIIePUMEHTAIBHHUX Pe3yIbTaTiB.

BucnoBkn. Cxema NpUHHATTS pillleHb BKIIIOYAa€ BUPIMIEHHS y3araJbHEHOTO MaTEMAaTHYHOTO MPOrpaMyBaHHS SIK 3aBepIIAbHUMA
eTan mo0yIoBH MexaHi3My Binoopy. s npobieMu y3araJbHEHOTO MaTeMaTHIHOTO MPOrpaMyBaHHS MOXKe OyTH 3aCTOCOBaHHUIT €BO-
JIOLiHHMI NOIYK 3 QyHKLiE0 BHOOpPY y (opMi nepeBaru abo y hopMi O10KyBaHHS.

KJIFOUOBI CJIOBA: npuifHATTS pillleHb, MHOXWHHI KPHUTEpii, HEUiTKi €KCIIepUMEHTH, QyHKIis BHOOpY, €BONIOLIHHUN TO-
LIYK.

YK 519.816
NPUHSITUE PEIHEHUANA TP 3BOJIIOIIMOHHOM ITOMCKE IIPH OTPAHUYEHHOM KOJUYECTBE
HEYETKHX SKCIIEPUMEHTOB C HECKOJIbBKUM KPUTEPUSAMH

Hpoaos B. ®. — n1-p TexH. Hayk, npodeccop, npodeccop kadeapsl HHPOPMAITMOHHBIX TEXHOJIOTHI J[HETPOBCKOTO TEXHOJIOTH-
yeckoro yHuBepcurera «lllary, [{nenp, YkpauHa.

IHanrana M. B. — kaHj. TexH. HayK, JOLEHT, pekrop [lHempoBckoro texHojorudeckoro yHuepcutera «lllar», [lnemp,
VYkpauna.

Hynxun K. B. — xaun. texs. Hayk, nupexrop OOO «KB-aBromaruzamus», Kues, Ykpanna.

Manrana [. E. — kana. TexH. HayK, ZOIEHT Kadeapbl HHPOPMAIMOHHBIX TEXHOJIOTHHA J[HETTPOBCKOTO TEXHOJIOTUIECKOTO YHH-
Bepcurera «lar», {nenp, Ykpauna.

Yupun . A. — actiupaHT Kadeapsl CHCTEMHOTO aHaM3a M MOJEIHPOBAHUS B TeIUIocHaOkeHuy, [IpuaHenpoBckas rocynapcr-
BEHHAsI aKaJIeMHUs CTPOUTENIECTBA U apXUTEKTYpEl, J[Hemnp, YkpanHa.

AHHOTAIUA

AKTYyaIbHOCTB. PacCMOTpEH MeXaHU3M NPUHATHS PELICHUI BO BpeMsl OrpaHUYECHHOTO KOJIMYECTBA HEYETKHUX IKCIEPUMEHTOB C
HECKOJIBKMMH KpUTepusaMu. OOBEKTOM HMCCIIEI0BaHHS ABISETCS MPOLECC NPUHATHS PELICHUH [0 IPOEKTY WIIM YIIPaBJICHUS B COCTAB
HBIX CHCTEMaX C HECKOJIBKUMH KPUTEPHAMHU.

Iean. Heo0x0MMO ONpeAenTh ONTHMAIbHbIE (Hanbosee IPEANOYTUTEIbHBIC) HapaMeTPbl CUHCTEM C HECKOJIBKUMH KPHTEPHUS-
MH, HCHOJIB3Ys HE MaTEMaTHUECKYIO MOJENIb CHCTEMBI, a JIMIIb OrPAHMYEHHOE KOJIMIECTBO HEUETKUX IKCIIEPUMEHTOB.

MeTtoa. DKCrIepUMEHTAIBFHOE UCCIIEI0BAHHE TIPOIIEcCa C HECKOJIBKAM KPUTEPHsIM ((DYHKIMIMH) B 3aBUCUMOCTH OT €T0 IapaMeT-
POB; HUCIIOJIb30BAaHUE IKCIICPTHON HEUETKOH OLEHKH JUIsl IIOCTPOSHMST MATPHILIBI IIPEIIOYTEHHH ISl OTEIbHBIX PEasI3aLiii; II0CTPO-
eHre QyHKIUK BBIOOpA Jy4IINX PEIICHNI Ha OCHOBE MaTPHIBI IIPEUMYIIECTB ITyTEM ITOCTPOSHUSI MAaTEMaTHYECKONH MOJISIH PacIo3-
HaBaHUS [IPEUMYLIECTB, GOPMYJIMPOBAHUS U PEIICHUs IPOOIEeMbI 000OIIEHHOTO MaTEMAaTHYECKOrO IIPOrPAMMHUPOBAHUS KaK 3aKIIIO-
YUTEJIBHOTO 3Tala MOCTPOSHUS MEXaHU3Ma 0TOOpa. MeXaHu3M NMPUHATHUS PELICHUT 3aBUCHT OT IPOLIEAYPbI SKCIEPTHOMH OLEHKH IIPH
CpaBHEHHHU OTPaHWYEHHOTO HabOpa pe3yIbTaTOB MEKIY COOOM, a TakKe OT IOCTAHOBKH YCIOBHUHA MPU PEIICHUH 331a91 0000IEHHO-
ro MaTeMaTH4ecKOro nporpaMmupoBanus. CpaBHEHHE KOHEYHOTO YMCIIA HEYETKHX SKCIIEPUMEHTOB yJOOHO /Ul SKCHEPTHOMN OLeH-
ku. Ilpe3eHTarys OKOHYATENFHOTO BHIOOpA B pe3yibTaTe pelIeHHs 3afadyn oOOOMIEHHOTO MaTeMaTHYecKOro MpOrpaMMHPOBAHUS
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yIoOHa I UCTIONB30BAaHUS TAaKOrO MEXaHHW3Ma B CHCTEMaX aBTOMAaTHYECKOTO yIpaBieHHs yxe 6e3 ydacTus udenmoBeka. [Ipemo-
JKEHHasl CXeMa IPHHSATHS PEIICHUH BO BPEMsl OFPaHUYESHHOT0 KOJIMUECTBA HEUSTKUX IKCIICPHMEHTOB OblIa MPUMEHEHA K IPHHATHIO
pellIeHnH 110 yNPaBICHUIO IPOEKTaMU TOIUIUBHBIX IPaHyII.
PezynbTathl. HeueTkne pesynbTaTel SKCIEPUMEHTANBHOTO MPUHSATHUS PEIECHUH MPeACTaBIEHbI IPU HATMYUU HECKOIBKUX KpH-
TEpHEB JUIS MEJUIETHOTO TOPEKH TPyO4aTOro HarpeBaTens, HOATBEPKAAIONINE MPUEMIIEMOCTh Pa3pab0OTaHHOTO MEXaHU3Ma MPUHS-
T perrennii. [Ipemmoxena HOBast cxeMa MOCTPOCHUSI MEXaHU3Ma 0TOOPA AJISI IPUHATHS PEIICHUH B CHCTEMaxX C HECKOJIBKUMH KPH-
TEpHSAMH, TJ€ €CTh BBIOOPKA HEUETKMX SKCIEPHMEHTAIBHBIX Pe3yIbTaToB. BeiBombl. CxeMa IPHHATHS PeIIeHUH BKIIIOYAeT PEIIeHNne
0000IIIEHHOr0 MaTeMaTHYECKOro IPOrPaMMUPOBAHMS KaK 3aBEpIIAIONIMI STall IOCTPOCHUS MeXaHu3Ma ordopa. s mpoGiieMbr
0000IIIEHHOI0 MaTEeMaTHIECKOTO MPOrPaMMHUPOBAHUSI MOXKET OBITh IIPUMEHEH HBOJIIOIMOHHEIA MOUCK ¢ (YHKIMEH BEIOOpa B hopme
NpEeUMYILIEeCcTBa WU B hopMe OITOKHPOBKH.
KJUIIOUEBBIE CJIOBA: npunsitie pelieHnil, MHOKECTBEHHbIE KPUTEPUH, HEUETKHE IKCIIEPUMEHTHI, QyHKIHUs BBIOOpa, IBO-
JIFOLIMOHHBIN TTOMCK.
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