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ALGORITHM OF FUZZY PRIORITIES FOR ALTERNATIVE SOLUTIONS

ANrOPUTM HEYITKUX NMPIOPUTETIB ANNTbTEPHATUBHUX PILLEHDb

1t is rather problematic to approximate the real decision management process with a math-
ematical model. Most decisions in the economy are complex in structure, multi-criteria tasks
containing a set of descriptive, probabilistic, undefined characteristics. Such problems are solved
by methods of system analysis. One of these methods is the method of analyzing hierarchies,
which is used for models of personnel management, resource allocation, and evaluation of in-
vestment projects. The possibility of practical application of the method of analysis of hierar-
chies is limited by the requirement of complete certainty of alternative evaluations. Practical
situations are characterized by uncertainty and limited information about the object or the de-
cision-making process. Combining a systems approach with elements of fuzzy logic can correct
this situation for the better. System models developed on the basis of the theory of fuzzy sets use
the method of paired comparisons to rank management objects by factors and determine the
importance of factors within the model. The article examines the algorithm for the synthesis
of the vector of weighting coefficients of alternative decisions based on the matrix of pairwise
comparisons with fuzzy estimates of alternatives. The possibility of combining elements of the
theory OOJZ’ fuz;y sets and the method of analysis of hierarchies for the problem of decision-making
is considered.

Key words: alternative, criteria, vector of priorities, relation T. Saati, method of analysis of
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Mamemamuuni mooeni niompumky nPUIHAMMA Pilenb 0OCMAamHb0o epekmuHuil anapam,
AKWO cucmema, npoyec, abo 00’€km NpUUHAMMA piuienHs 0emepmMiHO8aui 3a napamempamu,
SMIHHUMU MA CMPYKMYPHUMU 36 A3Kamu. Peanvnuii npoyec ynpaeninusa anpoxkcumyeamu mame-
MAMUYHOI0 MOOENTI0 00CUmMb npodnemamuyno. binvwicmo piwienv 6 ekoHoMiYi € CKIaoHumu
3a CIMpYKnyporo 6a2amokpumepiarbHuMu 3a0auami, o Micmsams MHONCUHY ONUCOBUX, IMOGID-
HICHUX, a0 YaACMKOBO He BU3HAYEHUX Xapakmepucmuk. Taki 3a0aui po36’a3y10mucs Memooamu
cucmemuoeo auanizy. OOHUM 3 MAKUX MemoOdi6 € Memoo AHANi3y 1€pApPXiu, KU 3aCNOCO8Y-
€MbCsl 018 MoOenell YNPABIiHHA NEPCOHATIOM, POZNOOINY pecypci6, OYIHKU IHBeCMUYIUHUX NPOeK-
mis. Moocnugicms NPaKmMuuHO20 3aCMOCY8AHHL MEMOOY AHANIZY IEPAPXIT 0OMeNCEHA BUMOSOI)
NOBHOI 0emepMiHO8AHOCMI MOYKOBUX OYIHOK anbmepHamus. IIpakmuuni cumyayii xapakmepu-
3y10mbesi 0bmediceHicmio iHgopmayii npo 06 ’exm abo npoyec nputiHamms piuienns. [1oeOHan-
HSL CUCIEMHO20 NIOX00Y 3 eleMeHmMamMu HeuimKoi J02IKU MOice SUNpAsUmu Yo CUumyayio Ha
kpawe. Cucmemui mooeini, po3poobieni Ha OCHOBI MeOPii HeUIMKUX MHONCUH, BUKOPUCHIOBYIONb
MemoO NapHUx NOPIGHAHb OISl PAHNCYBAHHA 00 '€KmMi6 3a (axmopamu ma SU3HAYEHHs 3HAYU-
Mocmi (hakmopis 6 mexcax mooeni. Bekmopu noxanvuux npiopumemie, 6usHaueHi cniegiOHOUIEH-
wamu T. Caami ¢hakmuyno onucyroms QyHKYIIO HATEHCHOCHT 00 '€KMa 00 HeuimKoi MHOJNCUHU
Xapaxmepucmuk, napamempie ma Kkpumepiie. ¥ cmammi 00CHiONCYEMbCS ANOPUMM CUHMESY
6EKMOPA BA20BUX KOCDIYICHMIE ANLIMEPHAMUSHUX PIULEHb HA OCHOGL MAMPUyi NAPHUX NOPIGHSHY
3 HeUimKUMU OYIHKAMU AlbmepHamug. Po32isiHymo Modiciusicms NOEOHAHHS eleMenmie meopii
HeUimKUX MHOMCUH Ma Memooy ananizy iepapxiu 01 3adadi npuinamms piuensb. Bukopucmarno
aneopumm cniggionowterv T. Caami 0 Yopmysanus mampuyb NApPHUX NOPIGHSAHL Kpumepiie
3adayi nputinamms piwennsa. Hasedeno meopemuyune 00IpYHMYBAHHSA MONCIUBOCHI 3ACMOCY-
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BaHHS 3 Yicto Memoro Heuimkoi noziku. Ilpusedeno npuxiad nodyoosu cumempuuroi mampuyi
8I000padicents Kpumepiie Ha MHOMCUHY AIbIMEPHAMUS 3 NOCLIOYIOUUM CUHIME30M 6EKMOPA 8020~
8UX KOehiyieHmi6 anbmepHamueHUx pilieHs.

Knrwwuosi cnosa: aremepnamusa, kpumepii, eexmop npiopumemis, gionowenns T. Caami,
Memoo ananisy iepapxii, HeuimKa MHOMCUHA, NPUTIHAMMSA PilleHHSL.

Formulation of the problem. The problem of developing decision-making support
methods is quite urgent. Traditional deterministic methods and models of mathematical
modeling of management decisions are not effective enough, and methods of mathematical
statistics are not suitable for the analysis of qualitative data and not clearly defined
characteristics of the management object. This significantly narrows the scope of using the
mathematical apparatus for solving practical problems characterized by uncertainty and
incomplete information about the objects or processes being studied.

An example of a mathematical approach to solving complex decision-making problems
is the method of hierarchical composition of decision-making stages — the method of
analysing hierarchies, or the decision tree method, which is often used to solve a wide range
of tasks related to resource allocation, investment evaluation, personnel decision-making,
etc. A classic decision tree is a way of representing a choice algorithm in a hierarchical
decision structure. One of the disadvantages of this method is the possibility of processing
only point estimates of decision-making stages, which are usually the probability distribution
of algorithm directions at a certain level of the hierarchy [1, p. 526]. Point estimates of
prior probability distributions are the result of statistical analysis, lengthy statistical studies,
and cumbersome calculations. This significantly narrows the scope of application of the
specified method for solving practical problems characterized by uncertainty and incomplete
information about the studied objects or processes. The non-determinism of the input data
and qualitative parameters of the decision-making model can be compensated by the use of
fuzzy methods of determining the priority vector — the method of determining the function
of the criterion belonging to a fuzzy set based on the matrix of pairwise comparisons.
The method of paired comparisons is used to find indicators of the preference of objects
according to various factors and indicators of the importance of the factors themselves
[2; 3]. In the decision-making problem, the application of the method of paired comparisons
actually determines the function of the belongingness of the alternatives to a fuzzy set of
characteristics, parameters, and estimates at each decision-making step. The article examines
the algorithm for the synthesis of weighting coefficients of alternative solutions based on the
matrix of pairwise comparisons with fuzzy estimates.

Analysis of recent research and publications. Decision-making is a process of
purposeful selection from a set of alternatives [4-6]. The consequence of the decision is
the achievement of a certain result, which is evaluated according to the selected criteria.
Decisions should be based on reliable current and forecasted information, analysis of all
factors influencing decisions, take into account the possible consequences of choosing an
alternative. Formally, the decision-making problem can be presented as a ratio of three
sets F{A4,8,K}: set of possible alternatives A={4,},/=1+k; set of states of nature
S= {Sj},j =1+m and a set of criteria for evaluating alternatives K = {Ki},i =1l+n.
The degree of certainty of the sets 4, S, K determines the choice of modeling tools.

In situational decision-making problems, the case is quite common when information
regarding the criteria for choosing alternatives is subjective in nature, contains parameters
and structural relationships with significant uncertainty, which have no analogues in
traditional mathematical language. In order to adapt the mathematical tool of analysis of
decision-making systems to such problems, a new mathematical direction was created — the
theory of fuzzy sets, which allows formalizing vague concepts and judgments that a person
uses to describe his desires, goals, ideas about the surrounding world [3; 7]. Introducing
the concept of a fuzzy set is an attempt to mathematically formalize fuzzy information.
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This concept is based on the idea that the element belongs to a fuzzy set, based on the selected
feature, not uniquely defined in the "yes-no" relationship. That is, a fuzzy set is formed from
elements of different belonging ratios (from 0 to 1). According to this approach, belonging to
the type [xl. eX= {xl. } ,i= 1+n] loses its meaning, since it is necessary to indicate "to what

extent" or "with what probability" a specific element x, satisfies the properties of the set X.

The theory of fuzzy sets provides effective means of formalizing uncertainty of various
nature, more adequately reflects the qualitative characteristics of the real world. Mathematical
tools of fuzzy logic [8; 9] allow building an adequate model of reality. Elements of the
theory of fuzzy sets are successfully applied in models of practical management problems,
the characteristic feature of which is the lack of accuracy of information about the object of
research, the non-determinism of criterion evaluations [10; 11]. A fuzzy model of decision-
making better describes the process of human thinking than traditional logical systems [12].
One of the topical directions of the new theory has become the study of the fuzzy decision-
making model.

Formulation of the purpose of the article. The purpose of the article is to study the
algorithm for the synthesis of weighting coefficients of alternative solutions of a decision
with fuzzy criteria.

Presentation of the main material. The complexity of the method of hierarchical
analysis lies in the determination of weighting coefficients for evaluating alternative
solutions. If the problem contains a bounded set K = {Kl.}, then the matrix of pairwise
comparisons (K )l_x_, which reflects the judgment of the decision-maker, regarding the
priorities of the criteria, will be symmetric, i-order (i=j). The criterion in the row of the
matrix K is evaluated in pairs with each criterion of the column in integers from 1 to
9 according to the scale of T. Saati ratios. The comparability of such numerical equivalents

ensures the fulfillment of the condition: if k, =n, then k, = 4 . The eigenvector of

the matrix K determines the ordering of the relative evaluations of priorities. Given that
pairwise comparison matrices are built on the basis of human judgment and assumptions,
some degree of inconsistency between the elements of the K matrix is to be expected. Such
inconsistency is not critical, if it does not go beyond the defined limits [1, pp. 519-521].
The consistency condition of the matrix of pairwise comparisons can be written as follows:
K-V=o-V, ne V — vector of weighting coefficients, o — the maximum eigenvalue of
the matrix K. Taking into account that the matrices of pairwise comparisons are inversely
symmetric, the consistency of such matrices is determined by the maximum eigenvalue of
the matrix, followed by a comparison of the obtained value with the dimension value — the
order of the matrix (o =1+ 7). The closer the value of the maximum eigenvalue of the matrix
is to the order of the matrix, the more consistent the elements of the matrix of pairwise
comparisons are.

If the main eigenvector of the matrix is normalized, then it can be considered a vector of
local priorities, or a vector of weighting coefficients of alternatives. Components v, vector V
can be calculated using an approximate normalization algorithm: .

— for each row of the matrix K, we find the average value of the elements £;;

— we calculate the sum of the average values of the rows of the matrix ZE,

' i-1
— we carry out rationing v, = 72” o
i-1 1

Vectors of weighting coefficients are determined for each element of the set {K,.}.
Next, the synthesis procedure is performed - sequential determination of priority vectors
of alternatives relative to criteria. The calculation of the priority vectors is performed
taking into account the relationships between the criteria belonging to different levels of the
hierarchical structure of the task.
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Let's consider the procedure for building a vector of priorities on the example of
analyzing the quality of the marketing strategy of a trading company selling the same type
of product from three different manufacturers 4, B, C. Suppose that as a result of marketing
research, quality indicators of the product that determine the level of consumer demand are
determined: J — aesthetics, R — reliability, £ — ergonomics. The significance of indicators
was determined according to T. Saati ratio scale. The R component is rated as significantly
more important for quality assessment than £ and does not significantly outweigh J. Then,
the ratio of the hierarchy of criteria can be presented as a matrix of K — pairwise comparisons
with the subsequent calculation of weighting coefficients

1 3 5 0,648)
K=|1/3 1 2,vf=]0,230 ;D =1.
1/5 1/2 1 0,122 ) =

Weighting coefficients of alternatives 4, B, C according to criteria R, J, E, represented by
separate matrices of pairwise relations

1 1/2 1/5 1 3 2 1 2 3
R=[2 1 2/5;J=|1/3 1 2/3];E=[1/2 1 3
5 5/2 1 1/2 3/2 1 1/3 1/3 1
_(on2)  (0,534) (0,523 | \ .
vB=10,179 |:v/ =| 0,150 |; v& =] 0,332 ;ZviRzl;ZviJ:I; va:l.
0,709 0,316 0,145) = =

The procedure for synthesis of vectors of weighting coefficients of alternatives relative
to criteria:
0,112 0,179 0,709

(V—K)T*(AK)=(R J E)=(0,648 0,230 0,122)* 0,534 0,150 0,316 |=
0,523 0,332 0,145

= (0,259 0,191 0,550).

The general algorithm of hierarchical synthesis consists of the following steps:

— the main eigenvectors of the criteria of the higher level of the hierarchy are calculated
(V*) and the principal eigenvectors of the alternative ratio matrices 7y

— vector normalization is performed (V*) ta (V*);

— amatrix of weighting coefficients of alternatives is formed (AK );

— the vector of criterion evaluations of alternatives is calculated as the product of the
matrix of priorities of alternatives and the vector of criteria.

Conclusions. The possibility of combining the elements of the theory of fuzzy sets and
the method of analysis of hierarchies to evaluate the alternatives of the decision-making
problem is considered. A simplified algorithm for determining the weighting coefficients
of alternatives according to the criteria of a descriptive — fuzzy presentation is presented.
To determine the relative coefficients of the importance of alternatives and criteria, the
T. Saati ratio scale was used. The main eigenvectors of the matrices of comparisons of
alternatives and criteria are chosen as vectors of local priorities. The priority vectors are
calculated taking into account the relationships between the criteria belonging to different
levels of the hierarchical structure of the task. An example of the synthesis of weighting
coefficients of alternatives is given. The legality of the combination of fuzzy set theory tools
and system analysis models in the decision-making problem is substantiated.
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