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Annotation: This paper presents the application of intuitionistic fuzzy sets and aggregation
operators in solving multi-criteria decision-making problems. The study focuses on the use of the
intuitionistic fuzzy Choquet integral operator, which effectively handles the interdependencies
among criteria while aggregating linguistic evaluations expressed as intuitionistic fuzzy values.
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HAJIEKHBIA IOJIXO0J K MHOTOKPUTEPUAJIBHOMY NMIPUHATHUIO PEINIEHUIA
HA OCHOBE UHTYUIIUOHUCTCKOI'O HEYETKOI'O OIIEPATOPA HHTEI'PAJIA
IIOKE

AHHoOTanusi: B cratbe paccMarpuBaceTcs NPUMEHEHHE MHTYMIIMOHUCTCKUX HEUETKUX
MHOXECTB U arperupyrolux OepaTopoB Ul PEUICHUS 3a4a4 MHOTOKPUTEPUAILHOTO IIPUHATHUS
pemieHnii. OCHOBHOE BHUMAaHHUE YJIE€JIEHO HCIONb30BAHUIO HMHTYMIIMOHUCTCKOTO HEYETKOIO
uHTerpanbHoro omneparopa llloke, KoTopblii 3(QQPEKTUBHO YUUTHIBAET B3aUMOCBSI3U MEXKIY
KPUTEPHUSAMH IIPH arperUpOBAaHUN JIMHTBUCTUYECKUX OLEHOK, BBIPAKEHHBIX HHTYHIIMOHUCTCKAMHU
HEYETKUMHU 3HAYCHUSMU.

KiroueBble ciaoBa: MHTYMIIMOHUCTCKHE HEYETKHME MHOXECTBA, arperupyrouiue
OIlepaToOpbl, MHOTOKpPUTEpPHAJIbHOE NpuHsATHE pemieHuil, nHterpan llloke, mnTerpan CyreHo,
YIOPAI0YEHHOE B3BELIEHHOE YCPEAHEHHE.

INTUITSION NORAVSHAN CHOQUET INTEGRAL OPERATORIGA ASOSLANGAN
KO‘P MEZONLI QAROR QABUL QILISH UCHUN ISHONCHLI YONDASHUV

Annotatsiya: Mazkur maqolada ko‘p mezonli qaror qabul qilish masalalarini yechishda
intuitsionistik noravshan to‘plamlar hamda agregatsiya operatorlaridan foydalanish imkoniyatlari
tadqiq etiladi. Asosiy e’tibor mezonlararo o‘zaro bog‘ligliklarni samarali hisobga oluvchi
intuitsionistik noravshan Choquet integral operatoriga qaratilgan bo‘lib, u lingvistik baholash
natijalarini intuitsionistik noravshan qiymatlar ko rinishida ifodalash imkonini beradi.

Kalit so‘zlar: intuitsion noravshan to‘plam, agregatsiya operatori, ko‘p mezonli qaror
qabul qilish, Choquet integrali, Sugeno integrali, tartiblangan vaznli o‘rtacha.

Introduction. Decision-making processes often involve multiple criteria, where alternatives
must be evaluated based on various attributes or factors. In many practical situations, such
evaluations are inherently uncertain and imprecise due to the subjective nature of human judgment.
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To address this challenge, Zadeh's fuzzy set theory has been widely adopted, but it only considers
membership degrees. Atanassov's intuitionistic fuzzy sets (IFS), which incorporate both
membership and non-membership degrees alongside hesitancy margin, provide more
comprehensive framework for modeling uncertainty [1].

Aggregation operators play a pivotal role in combining these evaluations into a unified result
that reflects the overall performance of each alternative. Traditional aggregation operators like
arithmetic mean, weighted sum, and ordered weighted averaging (OWA) have been extended to
fuzzy environments. However, when criteria exhibit interdependencies, advanced tools such as
fuzzy integrals — particularly the Choquet integral — prove indispensable.

These are generally used in computational intelligence where linguistically expressed pieces
of information are used together. Some well-known examples are arithmetic mean [2], weighted
minimum and maximum [3], weighted sum [4], median [5], and ordered weighted averaging
(OWA) operators [6]. Also, fuzzy integrals such as Choquet and Sugeno integrals are used as
aggregation operator. We will discuss some of the well-known fuzzy aggregating operators.

Methods and results. Multi-criteria decision-making (MCDM) problem is a method for
finding the best alternative among all the alternatives evaluated using a set of attributes/criteria.
Alternatives are evaluated on the basis of criterion or attribute. Let B = {b,, b,, b3, ..., b;;,;} be a
set of attributes and C = {c;,c,,¢3,...,c,} be a set of alternatives. Partial evaluation of the
alternatives, c;(i =1,2,3,...,n), is carried out with respect to the attributes or criteria,
b;(j = 1,2,3, ..., m). Partial evaluation, c;;, is expressed using intuitionistic fuzzy values, c;; =
(mij, vij), where p;; is the satisfaction degree which means that ¢; satisfies the criterion b; and v;;
is the dissatisfaction degree which means that c; does not satisfy the criterion b; with the condition
0=<u; <1, 0=<v; <1 A multi-attribute decision-making problem is expressed in matrix
form:

b1 bZ b3 bm ]

[ 1 (ui1,vi1)  (ui2,v12) (U13,v13) o (M1n Vim) |
D=1c, (uz1,v21) (U22,v22) (M23,V23) o (H2n,Vam)
Cn (.unll an) (.Un2: Vnz) (.unBr Vn3) (.unmr Vnm)

Score function, S(cl-j), of the partial evaluation c;; of the alternative c; is evaluated to rank
c;;. If there is no difference between the two score functions, then accuracy function, I-I(cij), is
used to rank c;; based on the accuracy.

Example of decision-making problem to find an expert supplier based on supplier's
competencies in making a machine is given. Suppose there are three suppliers and their ability is
judged by the attributes of the machine such as (i) innovative level, (ii) longevity, and (iii) cost.
We are to take a decision, which supplier is to be selected for ordering a machine. Attributes are
denoted as (b4, b,, b,) and the three suppliers, which are the alternatives, are denoted as
(¢4, ¢y, c3). To evaluate the competencies of the experts, 10 candidates are invited. Suppose there
are six candidates who judge the attribute b, of the expert c, as strong and other three candidates
who judge the attribute b, of the expert c; as not strong and the remaining one candidate does not
judge the candidate as strong or not strong. Then, evaluating value of the attribute b, of c; may be
expressed using an intuitionistic fuzzy value ¢;; = (0.6, 0.3), where c;; is the partial evaluation of
any alternatives, c¢; with respect to attributes, b;. Likewise, the results of 10 candidates to the 3
experts according to the 3 criteria (attributes) together are performed and an intuitionistic fuzzy
decision matrix of the experts is formed:
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by b, bs
c; (0.6,03) (0.50.4) (0.7,0.2)
c, (0.4,03) (0.6,0.2) (0.50.2)
c; (04,0.3) (0.3,0.5) (0.6,0.3)

Partial evaluation c;; of candidate supplier ¢; with respect to the attributes or criteria, b;, is
reordered such that ¢;jy < ¢;(j11)-

Reordering is done on the basis of score function [6,7]. As has been said, the partial
evaluation of the alternatives ¢; with respect to the attributes b; is made by intuitionistic fuzzy
values ¢;; = (p;j,v;;) and the decision matrix (D) is formed:
€11 €12 C13
€21 C22 (23
C31 €32 (33

Then, score on ¢;; is given as: S(c;;) = peaj) — Vejy and S(c) € [-1,1].

It represents the difference of membership and non-membership values. If the score values
are similar, the accuracy degree is evaluated.

H(c;) = M + Ve, where H(c) € [0,1].
After reordering, which is done on the basis of score function c¢;;y < c¢;j+1), We get:
Ci(1) = (0.5,0.4), Ci(2) = (0.6,0.3), C1(3) = (0.7,0.2)
Co) = (0.4,0.3), C2) = (0.5,0.2), Cr3) = (06,02)
C3() = (0.3,0.5), C3(2) = (0.4,0.3), C3(3) = (06,03)

Let the fuzzy measure of the criterion by, b,, b; or group of criteria i.e, the importance of
each criterion, be given as: u(b;) = 0.4, u(b,) = 0.2, u(b;) = 0.3.

Using equation 2 + 1 = []%,(1 + Ag;), we obtain the value of 2 and we get,

u(by,by) = 0.63, u(by, bs) =0.52, u(by,bs) = 0.7445, u(by, by, b3) =1,
where u is a fuzzy measure.

Using intuitionistic fuzzy Choquet integral operator:

D =

n n
¢; = IFCy(ciy, Cizy Cizy s Cin) = | 1= 1_[ (1 _ 'uci(j))u(Aj)_u(AHl)'l_[ 'V:Egj)_ﬂ(/lj+1)

j=1 j=1
where A¢jy = {b(j), ...,b(3)}, Ai41) = @. We are to aggregate c;; corresponding to the supplier
c;(i = 1,2,3).

For computing ¢;, we require to compute p(A¢;)). We have cy3y = (0.5, 0.4), c1(z) =
(0.6, 0.3), cy3y = (0.7, 0.2).So, (1) =2,(2) =1,(3) = 3.
Hence, we get. u(Acy) =1, u(A)) = 0.7445, u(Ag)) = 0.3,
3

3
w(Ag)-n(Ag+n) w(A)-u(Aen)
€1 = IFCu(ery rp613) = (1= | l (1 _“Cm')) , | | ch‘)m )
j=1 j=1

= ¢ = [(1— (1 —0.5)170745 x (1 — 0.6)*744503 x (1
_ 0.7)0.3 0.41_0'74X 0.30.74—0.33 X 0203)]
= (1 — 0.5%255 x 0.404445  0.3%3, 0.40-255x 0.304%45 x 0.203) = (0.6115, 0.2964).
Likewise, for computing c,, we have
Co1) = (0.4,0.3), C202) = (0.5,0.2), C23) = (06,02)
Proceeding as above, we obtain u(4,) =1, u(4,) = 0.52, u(43) =0.2.
c, = (0.4781,0.2430)

Likewise, for computing c5, we have
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C3(1) = (0.3, 0.5), C3(2) == (0.4’, 0.3), C3(3) = (0.6, 0.3)

Thus, we get u(4;) = 1, u(A,) = 0.7445, u(A3) = 0.3; c3 = (0.4474, 0.3418).

So, ¢; = (0.6115,0.2964), ¢, = (0.4781,0.2430), c; = (0.4474,0.3418)

Using the score function (difference between membership and non-membership values),
ranking is done as: ¢; > ¢, > c¢3. Thus, ¢, supplier is the best.

Conclusion. The application of intuitionistic fuzzy sets and aggregation operators
provides a powerful framework for addressing multi-criteria decision-making problems under
uncertainty. The results underscore the importance of considering both membership and non-
membership degrees in decision-making, as well as the need to account for interactions among
criteria. The proposed methodology not only enhances the precision of decisions but also
accommodates the inherent subjectivity and ambiguity in human judgments.
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AnHoranusi: CoOBpeMEHHBIN JTall pa3BUTUSA COLIMYMa XapaKTepU3yeTcs BIUSHUEM
KOMITHIOTEPHBIX TEXHOJIOTHH Ha BCE CQepbl YEIOBEUECKOW AESITCIBHOCTU. 3a TMOCIECIHUE JIBa
NECATUIICTUSI YPOBEHb TIPUMEHEHHUS KOMIIBIOTEPOB B MEAMIIMHE 3HAYUTEIBHO BO3POC.
MenunuHckas nHGOpMaTHKa - TPUKJIAAHAS JUCITUTUIMHA, PEIIaroIiasi mpoOIeMbl TUIAHUPOBAHUS
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