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Urgency of the research. The combination of theory and
empirical experience of management with modern cognitive
tools determines the necessity to use economic and mathe-
matical modeling managerial decision making in conditions of
variability, uncertainty and multidimensionality of the market
environment.

Target setting. The choice of managerial decision on the
set of alternatives is essentially limited to the difficulty of form-
ing a single criterion, which covers different, and in some cas-
es, conflicting requirements. Additional complications are the
need to take into account and formalize the uncertainty of both
source data and purposes. These lead to the need for use of
such models of description of the reality, that allow to process
large amounts of data in conditions of the growth of uncertain-
ty.

Actual scientific researches and issues analysis.
Tools of fuzzy set theory and fuzzy logic are currently an ef-
fective means of formalizing uncertainty in different areas of
manager's activities: finance, economics, risk management,
marketing and many others. These issues are highlighted in
the writings of such scholars as K. Kovalchuk, A. Matviychuk,
W.-Y. Cheng, L in, M. Wen, Z. Qin, T. Korol and many others.

Uninvestigated parts of general matters defining. Is-
sues of description of fuzzy preference relationships based on
the aggregate of values of several criteria measured in differ-
ent scales, and development of scientific and methodological
approach to select on this basis the set of most suitable alter-
natives as a decision currently are not solved enough.

The research objective. The main objective of the paper
is description of approaches to design fuzzy preference rela-
tionships based on the aggregate of values of several criteria
measured in different scales, and development of scientific
and methodological approach to select on this basis the set of
most suitable alternatives as a decision.

The statement of basic materials. The procedure of de-
cision making is considered based on the creation of fuzzy
preference relationship with membership function, which re-
flects the degree of confidence in the superiority of one alter-
native over another. The choice of alternatives carried out
from subset of strictly non-dominated alternatives, based on
fuzzy preference relationship.

Conclusions. Given the availability a lot of criteria of ef-
fectiveness, the choice of decision should be based on fuzzy
preference relationship. The developed scientific and method-
ological approaches are aimed to construct fuzzy preference
relationship for comparison of alternatives on many criteria
simultaneously. It allows to manager to form a set of Pareto-
efficient alternatives and choose from them the best as a de-
cision.

fuzzy preference relationships for managerial decision making
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naxia Ao nosyaoBu HEYITKUX
BIOHOLWUEHb NEPEBAIA B MPUUAHATTI
YNPABNIHCbKUX PILLEHb

AkmyanbHicmb memu 9docnidxeHHs. [ToeOHaHHsI meo-
pii i emnipuyHo2o Ooceidy memodie yrpaeniHHs i3 cy4acHUM
nisHasanbHUM [HCMpyMeHmapieM 3yMoentoe HeobXxiOHicmb
06rpyHMy8aHHs1 €KOHOMIKO-MameMamuyHo20 MOOeso8aHHs
rpouyecie npulHAMMS yrnpasiHCbKUX pileHb 8 yMoeax MiH-
nueocmi, HegsusHayeHocmi ma b6az2amomipHOCMIi PUHKOB020
cepedosuwja.

MocmaHoeka npo6nemu. Bubip ynpaeniHcbko20 piweH-
HS1 3 MHOXUHU aflbmepHamus icmomHo obmexxyembcsi mpyo-
Howjamu chopmyeaHHsI €OUHO20 Kpumepito, SKUU OXOIToE
Pi3Hi, a 8 desikux sunadkax i cynepeuynusi aumoau. [Jodamkosi
ycknadHeHHs1 Hece HeobXiOHicmb ypaxyeaHHs i ¢hopmanisauii
Heeu3HayeHocmi Ik 8UXIOHUX 0aHUX, mak i Uinbosux ycmaHo-
80K. Lli o6cmasuHu npu3eodsimb 00 HeobxiOHocmi euKkopu-
cmaHHs makux modeneu onucy peanbHOCMi, siki 00380/1510Mb
06pobKy senukux obcsieie 0aHuX 3a YMO8 3pOCMaHHS ix He-
8u3HayeHocmi.

AHani3z ocmaHHix docnidxeHb i ny6nikayii. IHcmpy-
MeHmapili meopii He4YimKux MHOXUH ma HeyYimkoi noeiku Ha
daHuli Yac € eghekmusHUM 3acobom ¢hopmanizauii HesusHa-
YeHocmi 8 Pi3HUX 2arny3sax OisilbHocmi MeHeoxepis: ¢hiHaH-
cax, eKOHOMIUj, pU3UK-MeHeOXMeHMmI, MapkemuHaoeil Oisib-
Hocmi ma b6acambox iHwux. Lli numaHHs eucsimreHi e
npaysix makux e4yeHux, sik K. Kosanbuyk, A. Mamsil4yk,
Y. Yene, J1. JliH, M. YeH, 3. KyiH, T. Kopon ma 6azambox iH-
WUX.

BudineHHs1 HedocidXeHUX YacmuH 3a2ajlbHoi npo-
6nemu. [lumaHHs OMpPUMaHHsI HEYimKo20 8iOHOWEHHST nepe-
8a2u Ha OCHO8I CyKyrnHocmi 3Ha4YeHb OeKinlbKOX Kpumepiis,
BUMIPSIHUX Yy  PI3HUX WKanax ma po3pobKu HayKoso-
memoodosioeiyHoeo nidxody 0o subopy Ha ix ocHosi Halbinbuw
MPUUHAMHUX anbmepHamue 8 SKOCMi yrnpassiHCbKo20
piweHHs1 Ha daHull Yac € HeAocmamHbO 8UPILEHUMU.

lMocmaHoeka 3aedaHHs1. Memoio pobomu € onuc nid-
Xx00ie 0711 OMPUMaHHsI HeYimKoao 8iOHOWEeHHS rnepesazu Ha
OCHO8I CyKynHocmi 3HayeHb OEeKifbKOX Kpumepiig, 8UMIpPAHUX
y Pi3HUX wkKanax ma po3pobka HayKoeo-mMemoOos102i4HO20
nioxody 0o subopy Ha ix ocHo8i 8 ssikocmi pileHHs1 Halbinbw
MPUUHAMHUX arnbmepHamus.

BuknadeHHs1 OCHO8HO20 Mamepiany. Po3ansaHymo
rnpouedypy npuliHAMms piweHb Ha OCHosi nobydosu He4im-
KO20 BIOHOWEHHS rnepesacu 3 (hYyHKUIE HanexHocmi, sika
gidobpaxae cmyriHb 8nesHeHocmi 8 nepesasi o0Hiel anbme-
pHamueu Had iHworo. Bubip anbmepHamueu 30ilicHeEMbCS 3
niOMHOXUHU cmpo2o HeAoMiHO8aHUX aribmepHamus, nobydo-
8aHOI Ha OCHOBI HeYimKuX 8iOHOWeHb nepesaau.

BucHoeku gionogidHo do cmammi. 3a ymosu Hasie-
Hocmi 6azambox Kpumepiie egpekmusHocmi 8ubip pilieHHs
nompibHo 30ilicHoeéamu Ha OCHO8i HEYimKUX 8iOHOWEHb re-
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pesazu. Po3pobneHi Haykoso-memodosnoeidHi nidxodu crps-
moeaHi Ha robydosy HedimKkux 6iOHOWeHb nepesazu Ons
3icmaerneHHs1 anbmepHamue 3a bazambma Kpumepismu 00-
Ho4acHo. Lle doseonisie meHedxepy cchopmysamu MHOXUHY
lMapemo-eghekmusHuUXx anbmepHamue | obpamu 3 HUX
HalKkpauwy 8 IKocmi pilueHHsI.

Keywords: Fuzzy set, fuzzy preference relationships; Knroyoei cnoea: Heuimka MHOXUHA; Hevimke 8i0HOWEH-
membership function; decision making; non-dominated alter- | Hs nepeeazu; byHKUisi HamexHocmi; MPUUHAMMS PilieHb;
native; multi-criteria choice. HedomiHosaHa  anbmepHamuea;,  b6azamokpumepianbHull
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Urgency of the research. Decision-making is related to the necessity of analyzing and processing
large volume of heterogeneous data. But data can be inaccurate, incomplete, can have a high degree
of subjectivity in the estimates of the research objects by the respondents and therefore be incon-
sistent as a result of many factors, such as the imperfection of the measurement procedures, rapid
variability of the environment, lack of reliable information on the activities of competitors, consumer
behavior and motivation.

Furthermore, use of classical methods to select decisions in the socio-economic systems is signifi-
cantly limited by the difficulties of forming a single criterion, that includes different, and in some cases
contradictory requirements. The human factor has a key role in decision-making, so designing such
numerical criteria is enough labor-intensive process, even if it is possible, and in practice generally can
be an insoluble issue.

Finally, the most important problem to choice solutions associates with the taking into account and
formalizing the uncertainty of the source data and the goals. It should be noted that a significant part
of these data can be non-available in a well-defined form, be in the form of non-exact values of ob-
jects' attributes, and presented in the form of their approximate or interval estimates, and even can to
have a verbal description of quality, that is, to have properties of uncertainty and fuzziness of descrip-
tion. In our view, these circumstances lead to the need for use of such models of description of the
reality, that allow to process large amounts of data in conditions of the growth of uncertainty.

Target setting. It is known that effective way to formalize uncertainty is the theory of fuzzy sets
and based on it the fuzzy logic, which allow describing imprecise category, views and knowledge, op-
erating them and making appropriate conclusions. It should be noted that elements of human thinking
are not numerical objects, but some constructions of fuzzy classes of objects. Traditional methods are
not very suitable for the analysis of such systems because they are not able to describe the following
features of thinking and behavior. Therefore fuzzy models are more suitable to describe management
processes than classic ones.

Actual scientific researches and issues analysis. Currently fuzzy set models are successfully
used in taking into account of uncertainty in all areas of management: finance, economics, risk man-
agement, insurance, option pricing, investment, marketing, trade, and many others [1-10].

In particular, papers [1-3] considered designing fuzzy regression model to forecast volatility of op-
tion prices, evaluate the risk levels of credit applicants, pre-warn financial distress for investors and
risk supervisors, make decision about loans. The use of fuzzy logic in designing econometric models
to prevent bankruptcy presented in [4-6]. These models are "open" and can be easily used by financial
managers as a decision support tool to assist in assessing the financial situation of enterprises and
consumers.

In paper [7] authors developed a bi-level fuzzy principal-agent model for optimal nonlinear taxation
problems with asymmetric information. This model can be used with the purpose of maximizing the ex-
pected social welfare and the monopolist’s expected welfare under the incentive feasible mechanism.

A fuzzy attractiveness of market entry model was developed in [8] to address the decision-making
problem of product introduction into alternative markets. Model uses expert opinions regarding four
factors: fit of the firm's marketing mix in each market; the fit of its key competitor's marketing mix in
each market; environmental conditions in each market; and the strategic importance of each market to
the firm.
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Designing soft decision making models based on intuitionistic fuzzy sets was proposed in papers
[9; 10]. Authors proposed a model for assessing the relative efficiency of a set of congruent decision
making units in finance and credit institution.

Paying tribute to these and many other studies on the application of fuzzy logic and fuzzy sets to
solve problems in the area of decision-making, it should be noted that some issues related to the se-
lection of an acceptable alternative under multiple criteria remain open.

Uninvestigated parts of general matters defining. The problem of decision-making in the most
common formulation is to choose the best alternative from some of the plural. The selection is based
on the manager's preference relationship defined on a set of alternatives.

We will understand under the preference the estimation of usefulness or quality of the alternative
based on the subjective perception by manager the value and effectiveness of decision. It can be a
result of comparing alternatives by the manager in accordance with a generated system of criteria, his
intuitive reasoning, a result of the recommendations of the expert group or consultants in decision
making. One fairly common approach to estimating the preferences is a paired comparison, having a
high degree of objectivity of expert evaluation and independence from criterion's dimension. Thus it is
possible to use this approach for both scalar and vector criteria.

Fuzzy preference relationships allow, unlike conventional, to take into account the intensity and
force of some preference over other options, therefore the using of such relations as a models of ex-
pert data representation allows to improve the adequacy of the description of the system of manager's
preference and its sensitivity.

The multiplicity of participants which interested in the obtained results, their aims, and multi-variant
of the market environment leads to the possibility of appearance of set of multidirectional criteria for
choosing the best solution. Provided that different participants can use different optimal in their opin-
ion, behavior strategies, there is a need for their comparison. However, the issue of designing fuzzy
preference relationship with presence of several criteria that measured in different scales are not
enough developed.

The research objective. The aim of the article is to describe the procedures for designing fuzzy
preference relationships based on the aggregate values of several criteria measured in different
scales, scientific and methodological approach to choose on this basis most suitable alternatives.

The statement of basic materials. Decision-making is accompanied by a mandatory procedure
for developing and analyzing alternatives.

Taking into account the information uncertainty peculiar to the process, ultimate set of alternatives

A = {Al,Az,...,Am} can be described with a certain degree of precision, where m is a number of al-
ternatives. Assume that the fuzzy set A having membership function z, (A) that describes the extent

of the admissibility of each of the alternative decision given in the original set of A . Then, a rational
decision can be regarded as a one that will be selected from the subset A® of alternatives, with the
maximum degree of admissibility:

A® = iAi [ A eAu,(A)= mjax’uD (A )}’ @

where i, j=1..m.

Alternative corresponded to the maximum of membership function is non-dominated. However, it is
possible to obtain other subset of alternatives to make a choice, if we have more information about
such selection. The presented approach does not lead to the desired result in the case of multi-criteria
choice when the best decision for some criteria is inferior to others. To take into account all available
information on alternatives it is appropriate to consider the preference relation between alternatives.

Fuzzy preference relation can be used to solve this problem of multicriteriality, that have the mem-
bership function displays a degree of confidence in the superiority of one alternative over another. It
will be given in the form:

PZI.AXA'IUIJJ’ (2)
where Ax A is a set of ordered pairs of alternatives;
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u, = u(A,A;) — measure of fuzzy preference relationships showing the extent to which the or-
dered pair (A,A;) corresponds to a clear binary preference relation, consisting in the fact that A is
not worse than A, .

The procedure for choosing an alternative as a decision from a fuzzy subset A """ of strictly non-
dominated alternatives, which is based on fuzzy preference relationships, is investigated in the paper
[11]. Continuing the arguments given in this paper, now we consider procedures for constructing a
fuzzy preference relationships P subject to the availability of several criteria. Let's consider first the
case when these criteria are measured on one of the metric scales, that is, they are expressed in nu-
merical form. Assume that the set Q = {QI,QZ,...,QK} is a set of partial criteria reflects a priori effec-

tiveness of each alternative A, € A®,i=1, 2,..., m. Let none of the alternatives don’t have an abso-

lute preference over other for all criteria simultaneously, that is, one of the alternatives can prevail over
the other according to the values of some criteria, and be worse than values of others ones. Without
loss of generality, assume that the values of each criterion are normalized, that is, are in the interval
[0; 1]. Then the functions of fuzzy preference relationship P is proposed to construct on a method of
maximum difference of the maximum difference, the essence of which is to determine the difference

between A and Aj by the maximum advantage of one of the partial criteria. If i = j then:

k.
maxw, (Q, —Qs,)'ru, Q. -Q, =0;

= { 1sssk
0 Q. —Q, <0.

where Q_, is a value of s-th criterion for t-th alternative,

w_ — weight of s-th criterion,

k, — number of values for i-th and j-th alternatives, for which the condition Q. —Q,; >0 is met,

i,j=1,2,.,m,s=12..k t=1,2,...m.
Value k; reflects the “potential” of preference of A, over A, .

, ®3)

ij

If i=j then value g, =1, which corresponds to natural condition that each alternative is not worse it-

self. That is, we have constructed a fuzzy preference relationships has transitive property.
An alternative method of determining the fuzzy preference relationship P is the average difference

method. If I # ] then:
k k.
— ZWS(QiS _st)'?J7Qis _st 2 07

ij
0 Q. —Q, <0.
wherei,j=1,2,..,m,s=1,2, ..., k.
The weights W of partial criteria, s=1,2,...,k, can be defined by one of the following ways: by ex-

(4)

perts, on the basis of substantive arguments about the relative importance of the criteria using a priori
information.
Now consider the case when each of criteria Q = {Ql,QZ,...,Qk} measured on the rank scale. Let

categories of this scale are ordered by increase of quality. Let = is a sign of relationships preferences
on this scale.
Thatis, Q, = Q,, means that the value of the i-th alternative for s-th criterion is not worse than the

corresponding value of j-th alternatives for the same one, i,j=1, 2, ...,m,s=1,2, ..., k.
We propose to construct for each alternative A, a matrix (5(” with elements determined by the
rule:
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~(|) _ 11 Qsi >_Qsj1 . (5)
* 0, Q. <Q,.
Then the membership function can be determined by the formula:
H;j =W‘Za§) ) (6)

where components of the formula have the same meaning as before.

Separately consider the case where assessment of preference is carried out by one of non-
comparative scales like Likert scale, Stapel scale or semantic differential scale. Then, is it appropriate
to draw an analogy between the degree of intensity of allowable of alternative and its location on the
scale, linking it with the fuzzy preference relationship. Let d is the range of the scale. Then the value of
the function of fuzzy preference relationship is determined by the formula:

2 w.Q, -Q,)
lLllj = #, I ¢ ],' (7)
1 i=j.
Consider practical use presented approach for choice the most appropriate alternatives, provided
there are several criteria.

Example. Let we have a matrix of normalized values for eight alternatives assessing by the five
metric criteria that presented at the Table 1.

Table 1
Normalized values for eight alternatives assessing by the five criteria
. Criteria
Alternatives o o 05 s 0
A1 0,00 0,00 0,00 0,05 0,00
Az 0,70 0,19 0,17 0,00 0,40
As 0,50 0,22 0,67 0,14 0,60
As 0,33 0,25 1,00 1,00 0,20
As 0,55 1,00 0,40 0,56 0,70
As 0,63 0,95 0,20 0,86 0,60
A; 0,55 0,30 0,42 0,77 1,00
As 1,00 0,48 0,33 0,68 0,70

Analysis of table shows that none of the alternatives have clear preference on others that prede-
termines the necessity of additional calculation. Values of membership function of fuzzy preference

relationship ; calculated by the method of maximum difference are presented at the table 2, i, j = 1,
2,.., 8.
Table 2
Values of membership function of fuzzy preference relationship

Alternatives AL Az Az Ay As Ae Az Ag

Ay 0,00 0,01 0,00 0,00 0,00 0,00 0,00 0,00

Az 0,56 0,00 0,04 0,15 0,03 0,02 0,03 0,00

Az 0,67 0,40 0,00 0,16 0,05 0,19 0,05 0,07

A4 1,00 0,60 0,51 0,00 0,24 0,32 0,23 0,27

As 1,00 0,65 0,62 0,45 0,00 0,12 0,28 0,31

As 0,95 0,69 0,58 0,42 0,12 0,00 0,39 0,19

Az 1,00 0,62 0,50 0,48 0,24 0,16 0,00 0,18

As 1,00 0,68 0,43 0,41 0,27 0,23 0,18 0,00
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Using the values of Table 2, in accordance with [11] we calculate a membership function of fuzzy
strict preference relationship ;. Results are shown at the Tab. 3.

Table 3
Values of membership function of fuzzy strict preference relationship
Alternatives A1 AV Az Ay As As A; Ag
Ay 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Az 0,55 0,00 0,00 0,00 0,00 0,00 0,00 0,00
As 0,67 0,36 0,00 0,00 0,00 0,00 0,00 0,00
As 1,00 0,45 0,35 0,00 0,00 0,00 0,00 0,00
As 1,00 0,62 0,57 0,21 0,00 0,00 0,04 0,04
As 0,95 0,67 0,40 0,10 0,00 0,00 0,23 0,00
A7 1,00 0,59 0,45 0,25 0,00 0,00 0,00 0,00
As 1,00 0,68 0,36 0,14 0,00 0,04 0,00 0,00

Further we construct a membership function of fuzzy set of non-dominated alternatives p"°
(Tab. 4) and determine subset of strictly non-dominated alternatives.

Table 4
Values of membership function of fuzzy set of non-dominated alternatives
Alternatives
AL Az Az As As As Az As
0,00 0,32 0,43 0,75 1,00 0,96 0,77 0,96

Tab. 4 shows that in this case subset A" has only single alternative —A,, which should be

choose as a decision. At the same time, it should also be noted high value of membership functions
for the sixth and eighth alternatives. If assessing alternatives have realized by the first four criteria,

then values of membership functions ,, 17, 1'° be in the other form (Tables 5-7)

Table 5
Values of membership function of fuzzy preference relationship for four criteria
Alternatives Ap Ao As Ay As Ag A; Ag
A1 0,00 0,01 0,00 0,00 0,00 0,00 0,00 0,00
Az 0,53 0,00 0,05 0,09 0,04 0,02 0,04 0,00
Az 0,67 0,38 0,00 0,04 0,07 0,12 0,06 0,08
A4 1,00 0,75 0,64 0,00 0,30 0,40 0,29 0,34
As 1,00 0,61 0,58 0,38 0,00 0,10 0,35 0,26
As 0,95 0,64 0,55 0,35 0,15 0,00 0,49 0,23
A7 0,72 0,58 0,47 0,11 0,16 0,05 0,00 0,05
As 1,00 0,68 0,40 0,34 0,23 0,19 0,23 0,00
Table 6
Values of membership function of fuzzy strict preference relationship for four criteria
Alternatives A1 Ao Az As As As A; Asg
As 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Az 0,51 0,00 0,00 0,00 0,00 0,00 0,00 0,00
As 0,67 0,32 0,00 0,00 0,00 0,00 0,00 0,00
Ay 1,00 0,66 0,60 0,00 0,00 0,05 0,18 0,00
As 1,00 0,57 0,52 0,08 0,00 0,00 0,19 0,03
As 0,95 0,62 0,43 0,00 0,05 0,00 0,44 0,05
Az 0,72 0,54 0,41 0,00 0,00 0,00 0,00 0,00
As 1,00 0,68 0,32 0,00 0,00 0,00 0,18 0,00

Analysis results presented in the Table 7 shows that subset A" is empty. Therefore it is need to
define subset of r* - non-dominated alternatives. In this case we have a result: r=0,95;

A™P(095) = {A, A, A, }.
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Table 7
Values of membership function of fuzzy set of non-dominated alternatives for four criteria
Alternatives
A1 Az Az As As As A7 Ag
0,00 0,32 0,40 0,92 0,95 0,95 0,56 0,95

Conclusions. Summing up the presented reasoning, we propose the following methodical ap-

proach to choosing the most suitable alternative.

1. Aninitial set of alternatives A® ={A,A,,...,A, } is constructed.
2. Constructing a set of partial effectiveness criteria Q = {Ql,Qz,...,Qk} is carried out.
3. For each pair of alternatives (A,,A,) value of membership function s, = u(A,A;) of fuzzy

preference relationship is calculated, which reflects the degree of preference alternative A, over alter-
native A, . With that end in view one or some formulas (3)-(7) are used depending on the type of crite-

ria and method their assessment.

4. In accordance with [11], a fuzzy strict preference relationship P°, fuzzy subset of non-
dominated alternatives A“® and fuzzy subset of strictly non-dominated alternatives A“® is construct-
ed. Optimal decision is chosen from this subset as any of its alternatives.

5. If subset A”"" is empty, we define a subset of r-non-dominated alternatives.

This approach allows, in practice, to design the set of Pareto-effectiveness alternatives and to
choose the best one of them as a decision. If we have several alternatives of this kind, we should
make a choice based on additional reasoning, in particular, using expert judgments, analysis of non-
price indices of effectiveness, applying the criterion of minimization of charges and so on.
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