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ABSTRACT:

Introduction/purpose: The paper discusses the selection of the most optimal supplier using the example of an unmanned aircraft
when the decision maker has data of a qualitative nature. Problems that arise in practice in the selection of suppliers relate to the
selection of adequate criteria as well as the way they are evaluated by the decision maker. One of the ways of assessing the criteria of
a qualitative character is the usage of linguistic expressions, which gives decision makers the freedom to express their position and
opinion through descriptive assessments. This method of assessment is not the most accurate and can introduce a certain amount
of uncertainty for the decision maker.

Methods: To solve the problem of uncertainty, the paper proposes a method of modeling data using intuitive fuzzy numbers.
Intuitive fuzzy numbers are suitable for solving the problem of uncertainty in situations when it is necessary to review safety during
the assessment. To rank suppliers, the ELECTRE method is used, which is adapted to intuitive fuzzy numbers (IF ELECTRE). The
IF ELECTRE method was chosen because it clearly presents the potential of all suppliers, i.c. their advantages and disadvantages
in relation to the required criteria.

Results: Using IF ELECTRE, the final results provide a shape of mutual preference or indifference between suppliers. The ranking
clearly shows the potential of all suppliers, which in a future procurement can serve as a reference for decision making.
Conclusion: The contribution of this paper is reflected in the proposed model that can be used in practice to solve not only the
problem of supplier selection, but also similar problems where the decision is made based on inaccurate data. Using these models
secks to reduce indecision and subjectivity in decision making,

KEYWORDS: fuzzy logic, fuzzy set, intuitionistic fuzzy set, IF ELECTRE method.
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Pe 3m0oM e:

Beeaenue/ueas: B cratse 0bcyxaaetcs Bibop HanboAce ONTHMAABHOTO [OCTABIINKA Ha IIPUMEPEe GECIIMAOTHOIO ACTATEABHOTO
anmapara, B TeX CAy4YasX, KOTAQ OTBETCTBEHHOE AMIIO, IIPHHUMAIOLIEE PEIIEHNE, BAAACET AAHHBIMH Ka4E€CTBEHHOTO XapaKTepa.
[Tpob6aeMbl, BOSHUKAIOLHE HA IPAKTHKE IPU BbIOOPE MOCTABLINKOB, CBS3aHbI C BHIOOPOM COOTBETCTBYIOIMX KPHTEPHEB, 4 TAKXKE C
TeM, KaK OHU OLICHUBAIOTCS AULIOM, IPUHUMAWUM peiteHus. OAHUM U3 coCOGO0B OLICHKU KPHTEPUEB KA4eCTBEHHOTO XapaKTepa
SIBASIETCS HCTIOAB3OBAHHE AMHTBUCTHYCCKUX CPEACTB, IPEAOCTABASIOLINX AULIAM, IPHHUMAIOLINM PELICHHs, CBOOOAY BBIPAXKATH
CBOIO MTO3UIIUIO U MHEHHE METOAOM OIHCATEALHOH OLIEHKH. 1aK KaK AAHHBII METOA OLIEHKHU HE CaMblil TOYHBIH, OH MOXKET BHECTH
HEOIPEACACHHOCTD IPH IPHHATUHU PELICHUA.

Meroast: Aasi peureHuss mpobAeMbl HEOIPEACACHHOCTH B AAHHOH CTaTbe IMPEAAATACTCS METOA MOACAHPOBAHHS AAHHBIX
C HCIOAB30BAHHEM MHTYUTHUBHO MOHATHBIX (assu-yuceA. VIHTyHTHBHO MOHATHBIE (a33U-9MCAA IPUEMAEMBI AASL PEIEHHUS
IpOOAEMBI HEONPEACACHHOCTH B CHTYALMAX, KOIAZ HEOOXOAUMO IIPOaHAAMSHPOBATh 0E30IACHOCTh OLeHHMBaHHA. Aas
parkupoBaHus mocTaBIKKoB Hcoabsyercs Metop ELECTRE, apanTupoBaHHbIA K HHTYUTHBHO IIOHATHBIM (Ga3sH-4HcAaM (IF
ELECTRE). Meroa IF ELECTRE 6514 BBIOpaH 6AaroAapﬂ €ro YeTKOCTH B MPEACTABACHUH MOTEHIIHAAA BCEX IIOCTABIIMKOB, TO
€CTb UX IIPEUMYLIECTB U HEAOCTATKOB [10 OTHOLICHUIO K TPeOyeMbIM KPUTECPUSIM.

Pesyabrarsr: Micmoassyst IF ELECTRE, koHeuHbI€ pe3yABTATBI ACMOHCTPHPYIOT B3AUMHOC HPEAIOYTCHHE HAH 6€3paaAane MEXAY
nocTaBKKaMy. PAHXHPOBaHME 9ETKO BBLIBASICT ITIOTCHIIMAA BCEX IIOCTABIIMKOB, KOTOPBIH B GYAYIIMX 3aKyIIKaX MOXKET IIOCAY>KUTb
OPHMEHTHPOM NPU NPUHATHU PEIICHHIM.

Brisoabr: Hayunblit BKAaA AQHHOI CTATHU 3AKAKOYAETCS B IIPEAAOKEHHOM MOAEAH, KOTOPAsI MOXKET IPUMEHATHCS Ha TPAKTUKE AAS
PCLICHHUSI HE TOABKO IPOGAEMBI BHI6OpA TOCTABIINKA, HO  AHAAOTHYHBIX 32Aa4, PELICHUE KOTOPbIX IIPHHUMACTCS HA OCHOBAHHUH
HETOYHBIX AaHHBIX. [ [pUMeHeHNE IPEACTABACHHBIX MOACACH CIIOCYOCTBYET CHIOKEHHIO HEPELIUTEABHOCTH H CYyObeKTUBHOCTH IPH
HOPUHATUH PELIEHUI.

KnwodueBbo e CcJl 0B a: HeYeTKas AOTHKA, Pa33U-UHCAA, UHTYUTHBHO ITOHATHBIE Ppasau-uucaa, IF ELEKTRE.

ABSTRACT:

YBoa/uum: Y paay je pasmaTpad u3bop HajroBosHUjer A00aBsada Ha IPUMEpPY 6ECIIOCAAHE ACTEAMIIE, Y CAYHajy KaAd AOHOCHAALL
OAAYKE PACIIOADKE MOAALIMMA KBAAUTATHBHOT Kapakrepa. [Ipobaemu Koju ce jaBmajy y mpakcu npu usbopy aobaBmada opAHOCE
ce Ha M300p AACKBATHUX KPUTEPHjyMa, KA0 M HAYMH HA KOJU HX AOHOCHAALL OAAYKE OLiCHyje. JeAaH OA HAYMHA OLCHUBAHA
KPHUTEPHjyMa KBAAUTATUBHOT KapaKTepa jecTe Kopnmhcme AMHTBUCTHYKMX H3Pa3a, KOjH AOHOCHOITY OAAYKE AQJY CA060,A,y Aa CBOj
CTaB M MHLIACHE HCKaKe moMohy onmcHux onena. OBakaB HauKH OLCHHBAbA HUjE HAIPELU3HU]H, IITO AOHOCHOLY OAAYKE MOXKE
U3a3BaTH OAPeleHy A0Sy HEM3BECHOCTH.

Meroae: 3a pemaBate mpobaeMa HEM3BECHOCTH, Y PaAY je IPEAAOKEHA METOAL MOACAOBAHA [IOAATAKA IPUMECHOM HHTYUTUBHUX
¢asu Opojea. OHU Cy MOrOAHM 3a pelIaBambe MPOGAEMA HEU3BECHOCTH y CHTYyalHjaMa Kapa je IOTPEOHO Aa ce Mpeucnura
CHI'YPHOCT NPMAMKOM OLICHUBAA. 32 paHrupame aobaBmada y papy ce kopuctu meropa ELEKTRE koja je mpuaarofyena
unrtyutusHuM $asu 6pojesuma (P ELEKTRE). Meroaa MPC ELEKTRE oaabpana je 36or Tora WITO jacHO IpeseHTYje
IIOTCHLIMjaA CBUX AO00aB»>a4a, OAHOCHO BHXOBE PEAHOCTU M HEAOCTATKE Y OAHOCY Ha 3aXTEBAHE KPUTEPHjyMe.

Pesyaratn: Kopumhewem @ ELEKTRE koHaunu pesyaratu npysxajy cauky o MehycoGHOj mpedepeHTHOCTH, OAHOCHO
uHandepentHocT u3Mehy AobaBmada. PaHrupameM cy jacHO NpHKasaHU MOTCHUMjAAM CBHX AO0aB»>aYa, IITO Y HEKOj HAPEAHO]
HabaBIIM MOXE IIOCAYKHTH Kao pedepeHIia 32 AOHOILCHE OAAYKE.

3akaydak: AOIPHHOC OBOT PaAd OTACAA CE Y IIPEAAOKECHOM MOACAY KOjH Y IIPAKCH MOXKE IIOCAY>KUTH 32 peliaBatbe 1pobaema usbopa
A06aBmada, aau 1 cCAMMHKX TpobAEMa Kaaa Ce OAAYKA AOHOCH Ha OCHOBY HenpenusHux nopataka. Kopumhemem HaBepennx moacaa
CMambyje ce HEOAAYHYHOCT U Cy0jeKTUBHOCT IIPH AOHOLICHY OAAYKE.

KEYWORDS: ¢asu aoruka, pasu 6poj, naryntusau dasu 6poj, F1d ELEKTRE.

INTRODUCTION

Making decisions based on a large number of different data and information is a complex and demanding
process. The decision-making process is further complicated when different views and opinions of experts
are included in it or incomplete information about the decision-making problem is available. In order to
overcome the problems of uncertainty, subjectivity and uncertainty, the theory of fuzzy logic is developed
Lotfi Zadeh (Zadeh, 1965; Zadeh, 1975a; Zadeh, 1975b). The fuzzy logic theory has proven useful in
complex systems where there is uncertainty about the input data needed to make certain decisions as well as in
situations when a decision is made based on experience, intuition and subjective assessment of parameters by
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the decision maker. Initially, logic was applied mainly in engineering with the aim of solving various practical
engineering problems, but so far it has evolved and found its application in areas such as artificial intelligence
(Pokorni, 2021) and (Milosevié et al, 2021).

The fuzzy approach to solve a problem provides simple and clear linguistic qualifications that describe
the problem more relevantly. One of the methods most commonly used to model linguistic qualifications is
various types of fuzzy numbers: type 1 (Dubois & Prade, 1978; Dubois & Prade, 1979) and (Zimmermann,
1996), type 2 (Mendel, 2003), Z-numbers (Zadeh, 2011), rough numbers (Zheng et al, 2019), and intuitive
fuzzy numbers (Atanassov, 1983; Atanassov, 1986). The shapes of the mentioned fuzzy numbers are most
often triangular and trapezoidal, and one can also find the shapes of parabolas, logistic curves, etc. Another
way to model inaccurate data is to use intervals. The interval is defined by decision makers where they allocate
linguistic qualifications to a specific domain.

Problems that often occur in practice are problems of choosing the most favorable option. Whether it is
a problem related to a process, activity or task, the decision maker makes judgments and decisions based on
the available data. By the nature of the decision that is made, it contains a subjective attitude and opinion,
regardless of whether the decision maker is biased or not in one of the offered options.

The motivation for the research stemmed from the need to minimize or eradicate the problems that
occur when choosing the most optimal supplier. The most common problems that can be noticed when
choosing a supplier are: wrongly chosen criteria and the presence of uncertainty or hesitation in evaluating
the alternative by criteria. Wrongly chosen criteria can lead a decision maker in the wrong direction, which
can result in a high ranking of a supplier who does not have the potential to meet all defined requirements.
The presence of uncertainty and uncertainty in the assessment is very difficult to remove, but in some way
a solution to this problem must be found.

A novelty in this paper is the definition of criteria for the procurement of an unmanned aircraft from
the point of view of military logistic support, as well as the use of the IF ELECTRE method to model the
uncertainty of data that occur during the procurement of armament.

Therefore, the aim of this paper is to propose adequate criteria to be considered for the procurement of
unmanned aircraft, as well as for finding ways to model and minimize uncertainty in decision making, based
on the example of choosing a supplier for unmanned aircraft.

To meet this goal, the research questions to be answered in this paper are: What criteria to choose as the
most appropriate for the selection of suppliers of unmanned aircraft, how to model inaccurate and unclear
data, how to reduce uncertainty and hesitation in decision making, as well as which method to use to rank
suppliers without seeing a clear picture of the preferences of all suppliers?

The topic - the choice of suppliers - has been important lately. A large number of published papers deal
with it using the fuzzy approach to model uncertainty, while the most common methods of multicriteria
decision making are used for ranking. Hence the need to define adequate criteria, with price not being the
main and decisive factor, as in most other cases. So in this case, price does not play such an important role
although it is in correlation with all the criteria. Nowadays, unmanned aerial vehicles are widely used for
various military tasks, so it is necessary to look at the criteria from the point of view of logistical support.

In order to apply the mentioned methods of uncertainty modeling as well as to make a decision on the most
favorable option, the paper analyzes the basics settings and algorithms of intuitive fuzzy numbers and fuzzy
Electre methods. Based on an example in practice, the solution of the problem of choosing the most favorable
supplier of unmanned aircraft is presented. The selection is realized by evaluating all options (alternatives) in
linguistic terms based on defined criteria, which are of a qualitative nature. Linguistic expressions are modeled
by intuitive fuzzy numbers whose domain is defined in the interval from 0 to 1.
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LITERATURE REVIEW

Bearing in mind that the aim of the paper is to model uncertainty using intuitive fuzzy numbers, as well as
to use the ELECTRE method extended by intuitive fuzzy approach (IF ELECTRE) to rank suppliers, this
section of the paper presents a review of the literature.

The creator of intuitive fuzzy numbers is the researcher Atanassov, who defined the fuzzy set and presented
the mathematical apparatus. By analyzing the literature, one can find a large number of papers where intuitive
fuzzy numbers were used. For modeling uncertainty using intuitive fuzzy numbers, the idea was found by
analyzing a large number of papers where the results applied in practice justified the expectations of the
authors. Choosing a dream home (Shureshjani, 2021) used the Best-Worst method extended with intuitive
fuzzy numbers to make a decision with a large number of criteria, because the input data was unclear since
decision makers were uncertain when evaluating alternatives. To purchase a smartphone (Arunodaya et al,
2020), he used an intuitive fuzzy approach combined with the MABAC method. Due to the impact of the
COVID-19 pandemic on the agile choice of external suppliers of appliances (Goker, 2021), a model for
outsourcing performance identification has been developed. By applying the intuitive fuzzy approach, the
need for more agile providers was solved. The influence of the unclear numbers on the final results is presented
using the example of risk assessment in construction projects (Smidovnik & Groselj, 2021). In addition to
the above analyzes of the application of the intuitive fuzzy approach, there are a number of papers from which
the following solutions to the problem stand out: slow supply in the supply chain (Tavanaetal, 2016), energy
security assessment (Alipour et al, 2018), supplier selection (Kaur, 2014), selection of computer performance
(Nirmala & Uthra, 2017), job selection for investing money (Zeng et al, 2014), selection of a nuclear power
plant site (Das et al, 2017), and risk analysis of changes in industry (Kushwaha et al, 2020).

There are a number of methods and approaches for ranking alternatives. This paper uses a multi-criteria
model of Electre (Elimination and Choice Translating Reality) developed by Bernard Roy and Bouyssou
(Roy & Bouyssou, 1986) with their collaborators. In the literature review so far, the method of intuitive fuzzy
ELECTRE (IF ELECTRE) has been used in a large number of studies that have solved certain problems
related most often to comparing options and understanding the advantages of one option over another.
Rouyendegh (2018) preferred intuitive fuzzy numbers over ordinary fuzzy numbers due to the complexity of
problem solving as well as the indecision of decision makers in assigning values to the considered alternatives.
Also, the original ELECTRE method cannot be efficiently managed due to the lack of precise data, so it
is necessary to use the IF ELECTRE method. Rogulj and Kili¢ Pamukovi¢ (2021) used IF ELECTRE to
support decision makers in the process of managing the project of removing construction barriers for schools
with children with disabilities. They chose this method because the results of applying the model clearly
reflected the difference in the annihilated options. Also, it was used for the selection of suppliers of raw
materials (Komsiyah et al, 2019), for the evaluation of the criteria of public transport projects (Jacek &
Kruszynski, 2015), for the selection of the best project (Rouyendegh & Serpil, 2012), and for the selection
of means of transport for logistic systems (Sokolova & Chernov, 2016).

The advantages of applying IF ELECTRE is the most efhicient modeling of hesitation and uncertainty of
the decision maker, i.c. its reliability in relation to other methods that are sensitive to the confidence of the
decision maker in the assessment. By applying IF ELECTRE, a comparison of alternatives can be achieved
even in situations where there is no clear preference for one of the alternatives. The results clearly present
the potential of suppliers, and the method provides insight into how preferential some suppliers are over
others and vice versa.

The limitation of the application of this method is a very complex mathematical apparatus, which makes
it difficult to apply. For a larger number of alternatives and criteria, i.e. a large number of input data, it is
necessary to apply the method by programming in certain software packages. Other methods need to be used
to determine the weights of the criteria because the IF ELECTRE method does not provide this possibility.
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INTUITIVE FUZZY NUMBER ANALYSIS

The intuitive fuzzy number is suitable for modeling inaccurate data where the decision maker is unsure of
the evaluation of a particular criterion, so that this uncertainty can be presented quantitatively.

The intuitive fuzzy set 4 x-(, (Atanassov, 1983: Atanassov, 1986) is represented by the following
expression:

A= x,;:_(x), V_(x) xeX
y y 0

where: »©-p1 and + »-01, and where the following condition applies: o=x01v 01 vrex.

The value « 0 ©<01 denote the degree of affiliation and the degree of non-affiliation x for 4.

For each intuitive fuzzy set X, valid: =0--x0--0, where = is the intuitive index x in i, that is, the degree
of indecision.

The intuitive index -« indicates the degree of indecision of decision makers in makingan assessment.

For - the following conditions also apply: v=r@=1 wer,

as well as -@-1-u@[i-u¢-0 wer non-affiliation x for j.

For intuitive fuzzy sets, it is important that they give the function of belonging and the function of non-
belonging of a point at the same time x in the fuzzy set i.

The intuitive fuzzy set«ie-v--} which belongs to the set of real numbers is called the intuitive fuzzy number
if:

- there are at least two points x,.x € X, such that « -1 a ),

- affiliation function #, is fuzzy convex, and the function of nonaffiliation v, is fuzzy concave,

-#, is semi-continuous from above, and v, is semi-continuous from below,

- sup «pvv- is located in a confined space.

To compare the two intuitive fuzzy numbers (Chen, 2019), the following rules apply:

A'=(u,,8,.7,) and B'=(14,,8,,7,)
Duw,2u and 8, <9, , then A= B;
D)u, =u,and 3 =39, then A = B;
S,=u,—8, and H, =y, + 8,
3)S,>S,. then A> B;
4)S,=S,and H = H ,, then A= B;

5)S,=S;and H, < H,, then A< B; )

If A' and B' are intuitive fuzzy numbers, then the following rules apply (Atanassov, 1983):
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If two intuitive fuzzy sets are observed ool m o

A+ B = {(%, 11, () + 4,(¥) = 1, (X)X 11,(3), 0, (x) x0, () | x € E};
A'=B'= {(x,min(, (x), v, (x)), max( 0, (x), 4, (x)) | x € E};
A'®B'= {(x,,uﬂ(x)pr(x), v, (x)+u,(x)-u,(x)xv,(x)| x € E};
A'cB"\VxeE, u(x)< p,(x),0,(x) 2 0,(x);

‘=B VxeE, 4,(x) = 4,(x), 0, (x) =0, (x);
A A = {(x, v,(x),1,(x)|xe E};
A'n B ={(x,min(u, (x), 4, (x)), max( v, (x),0,(x)) | x € E};
A'UB' = {(x.max(s, (x), 1, (x)). min v, (x).0,(x)) | x € E};

3)

nominleely, Where 18- () (). an=v. (5)-v.(s) and an=r ()= (),

the distance between two intuitive fuzzy sets can be calculated according to the following expressions given

in Table 1a and Table 1b.

TABLE 1A
An overview of how to determine the distance between two intuitive numbers

Author

Analytical expression

Hamming

(Atanassov, | distance

] n
1986) d,,m,m:E{Zu,u“fx.)—;r,,m 0,0 =0y |+ (1)~ (x) 1]::1 X ={xx,}
i=1
Normalization of Hamming distance
(Atanassov, 1 n
1986) dl'j H(A’ B] = EX|:Z{| ﬂa{x.i] _Jij.b{xl) | + | Uu(xj) -Ub(xa'} | + | "Ta[x.i] -Eﬁ(x{) |)}
i=]
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TABLE 1B
An overview of how to determine the distance between two intuitive numbers

Author Analytical expression
Euclidean
(Atanassov, distance I —
1986 - : 1 |
) d (4.8)= J?x[zil.u___{:r._]—,u,,ix__i]' 0, (2 ) - (x)) + 0 (x ) —m x|
= = =

Mormalization of Euclidean distance

(Atanassov, " ” - - -
1986) d _(A8)= J—x [Z(,uﬂ{.r_ V= 60 + e (x = (200 +|i.rr,_,|:x|]—:r,,|:x|]]']
=1

2n

Park et al, IR _ _
I::Ei'_'l1:":l} D, = ‘;?Mﬁ-‘:ﬂ' where AT, _"r__] (x) ‘TH (x)
|22 () = s (2 ) = (v (x) = vax) ) (%) - m,(x,)
DA By=1- w - - - -
(Chen, HAE = 3 [l 3 ]
2‘016} |2-[||'|.If.'|.-I Y=gl = (o (x ) — ,u"le}]| :-r[ - wa(x)—m (%) ‘1|

3 \ 2 J

1 & X . . . Inr:r{.r__]- nrii.r__]l}
D(AB)=1-—3| |} 2o+ 2 ) = v | e "B 5 |
(Luo & Ren, l: ) In = .|.U|Ifx.fl H {x}|1|1 x ) —vilx ]I+ 5
16) Axy+l=v,(x)

Hplx )4+ l=vg(x)
5 T

3

where:m (x, )= L that mg(x )=

| w .
A By=1-— () =g (x W+ e (x )= arglx )| ).
(Zhang & ol |+ )

Fu, 2008) where: & (1) = g (x, )4, (x ), (x, ), that &, (x,) = g (x )+ mglx, g (x)

i (xy=v (x )+, (x v, (x) that g (x)=v(x )+ mx0x Wylx)

ANALYSIS OF THE FUZZY ELECTRE ALGORITHM EXTENDED WITH AN INTUITIVE FUZZY
NUMBER

There are a number of methods and approaches for ranking alternatives. In this paper, the multi-criteria
model Electre (ELimination et Choix Traduisant la REalité) developed by Bernard Roy and his collaborators
(Roy & Bouyssou, 1995), is used. The ELECTRE method allows the decision maker to choose the best choice
with maximum advantage and minimum conflicts in the function of different criteria, i.e. it clearly provides
a picture of the value of each alternative. The method is based on pairwise comparisons of alternatives, which
means that each alternative is compared with all other alternatives, based on which final recommendations
can be made. The main advantage of this method is that it avoids compensation between the criteria and any
normalization procedure, which distorts the original data. The method is based on pairwise comparisons of
alternatives, which means: if the alternative "a" is better than the alternative "b" for most criteria and there
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is no criterion according to which the alternative "a" is strictly worse than the alternative "b", it can be said
that the alternative "a" is better than the alternative "b".
This section presents the fuzzy Electre method extended with intuitive fuzzy numbers (Rouyendegh,
2018) and (Wu & Chen, 2011). The algorithm of the extended method is further presented through six steps.
Step 1. Formation of a decision matrix, where the decision maker evaluates the alternatives according to
all criteria. Grades are expressed using intuitive fuzzy numbers x,=(u.).

P'[s”m“ll) (#h2v12) - (.Umlm)
v (t40v1)  (Ho2evn) oo (H5p075,)
(ﬂs]a"’sl) (.ngs"az) (ﬂsns ::r)
() (asves) (i) \

Step 2. Different methods can be used for determining the weight or importance of the criteria: usually the
decision maker decides which method will determine the importance of each criterion, where the condition
must be met so that sy

Step 3. Defining sets:

A) consent Cy:

C,, ={j My 2 5V <V 1T c:.?rﬂ.}

C ={j My 2,V <V 1T E}rg}

C Z{J' Hy; 2 sV vaj}

(5)
B) discrepancy Dy
Dﬁ_,:{jy <My sV 2V Jr;gi_"*.?r}
D;Jz{j,u <MV 2V, T -::fz'}
D, Z{f Hiy < Hip>Viy "‘:"’u‘} »

Step 4. Formation of the consent matrix Cpq is the result of approvals and their weights; it is realized in

accordance with the following:
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Cu=0.X ) O +0 XY O +D, XY o

jeCy j&(“;l j&("L
o g2 Eim
£ o Eom
g{m—l]] - g{m—]]m
i g gwr  Emim)

- 7)

where w-{o.0.0.0,0,0} is the relative importance of the criteria that decision makers can subjectively
determine, so that the consent matrix can be written:

D N
K= kz] B - kim where k!ﬁ = g* _g!ﬁ
k[m—l!] e o k{m_”m
i km'[ kmj JIEIfzrm[m—ll - i (8)

g" is the maximum consensus index.
Step 5. Formation of the matrix of discrepancies Dypq is the result of discrepancies and their weights,
realized in accordance with the following

L MaXep, w,, Xd(Xﬂj,Xg)
ki ma}{jejxd(xwxg)

*

, O = {ﬂ"d*wmmﬂ}

i

- h]l im
H hll - - hlm
JIF1\[:::—1“ - - h[m—l]m
hm 1 hmE hm{m—l )

The discrcpancy matrix is:
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[
[

ml

{m—1)1

[

m2

mi{m—1)

h* is the maximum discrepancy index.
Step 6. Forming a dominance matrix R which represents the aggregation of the safety matrix and the
uncertainty matrix, and it has the following form:

r
R=|

rl[.r.l.l—1 i

1

-
nil

s

"'?wE

r

mif m—1)

!

frlm
l

<M

{m—1)m

Iy

Im

FE n

-

(m—1)m

,where [ =h —h,,

, where r, =

Ranking of alternatives is realized in accordance with the following:

Tﬂ'{ =

1
-1

m

> ry k=12,..,m,

i=1J0=k

where the best alternative is the one with the maximum value:

A=maxqT,

DEFINING CRITERIA AND LINGUISTIC QUALIFICATIONS

(10)

I,

ki + 1y

(11)

(12)

(13)

When procuring funds, the decision maker is guided by the criteria that the asset should meet. The criteria are
usually of technical and tactical nature. In most cases, the price criterion is taken into account when choosing
a supplier. In this paper, the price criterion is not directly considered, bearing in mind that it indirectly
influences the formation of other criteria that are interesting when it comes to the selection of suppliers of
unmanned aircraft. It is known that in most papers, criteria of quantitative and qualitative nature are used.
Quantitative criteria are easier to process, more understandable and acceptable to the decision maker, and as
such cannot be changed. In this paper, the decision maker used criteria of a qualitative nature, which greatly
complicates the decision-making process, given that qualitative evaluation criteria use linguistic variables.
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Defining linguistic variables is one of the first steps in forming a fuzzy model, so it is necessary to first name
the linguistic variable, determine the number, shape and area of affiliation. According to (Tanasijevi¢ et al,
2007), there are no explicit recommendations on how to name the appropriate linguistic variables.

Linguistic variables are represented through linguistic expressions (small, medium, large, etc.) and
linguistic values (moderate, very, about, more or less, conjunctions "and" and "or", etc.). Linguistic variables
are words from natural language. In order for linguistic variables to be used as qualitative values in fuzzy logic,
it is necessary to translate them in the fuzzy number which has its own domain, i.e. membership function.

Defining the domains of each fuzzy number is the task of the decision maker, so that it corresponds to
the physical boundaries of the variable. If the variable is not of physical origin then the domain is defined on
a set of real numbers belonging to a predetermined domain such as a standard scale of measures. The next
parameter that is very important in modeling is granulation.

Granulation represents the number of fuzzy sets that describe uncertainty, i.e. the number of linguistic
statements by which the considered uncertainty can be described in a sufficiently good way. It is
recommended that a maximum of seven linguistic terms be commonly used (Lootsma, 1993), as the human
brain can focus attention on a maximum of seven items at a time. Increasingly, problem-solving software
writing tools, such as Matlab, are being used to solve problems.

In this paper, for the purposes of evaluating the criteria, the following linguistic expressions are defined,
presented on the interval: very low (VL) on the interval [0, 0.2]; low (L) at interval [0.2,0.4]; medium (eng.
Medium - M) on the interval [0.4,0.6]; High (H - H) at interval [0.6, 0.8] and Very high (VH) at interval
[0.8, 1]. The values on the interval are determined by the decision maker who gives evaluations based on his/
her experience and expertise in the problem to be solved.

APPLICATION OF THE PROPOSED ALGORITHM

This section will show the application of the model for the selection of suppliers using an example of
the procurement of an unmanned aircraft. To select the most suitable supplier, the fuzzy Electre method
described above and extended by an intuitive fuzzy number is used. An intuitive fuzzy number is used to
model the uncertainty and inaccuracy in the evaluation of the criteria. The importance of the criteria and
the relative importance of the criteria are determined subjectively by the decision makers based on their
knowledge, experience and their own assessments.

Six suppliers (suppliers from Al to A6) applied for the tender. The decision makers selected four most
important criteria in their opinion, such as: business (K;), customer relations (K,), technology (K3) and
logistics (K4). The "business” criterion is assessed on the basis of the reputation, financial stability and
management capacity of the supplier. The criterion of "customer relations” is observed through previous
experiences, business references and ease of communication with the supplier. The criterion of "technology”
is observed through capacity, the possibility of developing new products, improving existing products and the
ability to solve problems. The criterion "logistics" is observed through delivery time, maintenance support,
flexibility in changing orders, and reliability of delivery.

The decision maker determined the importance of W=[w1,w2,w3,w4] for each criterion according to the
following: business w.=0.1, customer relations w.=0.2, technology w.=0.3, and logistics w.=0.4,

as well as the relative importance of the criterion W '= [we, we', we ", wd, wd ', wd"] in accordance with
the following W' = [1,0.66,0.33,1,0.66,0.33].

Determining the evaluation of each criterion observed for each alternative (supplier) is based on
knowledge, experience and assessment of decision makers. Grades are modeled by an intuitive fuzzy number
i-(u.9.7) and presented at intervals o<y <10<4 <to<x <1,

Based on the collected data and research, the decision maker evaluated all alternatives according to all
criteria and presented the results in Table 2.
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TABLE 2
Decision matrix modeled by intuitive fuzzy numbers

K1l Kz K3 K4

koA Hy Vi m Hi vy k! Hy L m Hi Vi L

Al 0.23 |0.587 |0183 |06l |02 [019 0182 063 |0178 |075 015 |01
AZ 0.23 |0.554 |0.116 |0.25 |0B]1 [0.14 |0ES |0.1892 0178 | 00384 |0.45 | 0.452
A3 0.2 01397 |0.503 045 (036 [0.19 |0.259 |056 (0181 |031 DEE |003
A4 0.37 |0EZ |0.01 036 |045 [0.19 |0.337 |0.484 0179 |0.15 082 |0.02
AS 0328 |02 04z 0239|038 |0.32 |0.32 |0.35 |033 |05 025 |0.25
AE 0.2583 |0.56 |0.181 |0.24 (035 [0.41 |03 023 042 |0.45 028 |0.27

Following the steps applied in the fuzzy Electre method extended by an intuitive fuzzy number, the

following results are obtained:

a) Results of the obtained consent conditions Cy and the noncompliance conditions Dy based on

expressions (5) and (6)
b)
1
Cy= j
|1
3
. L3
C,. =
I
L3
|3
Cf:f = 1

c) Results of the obtained own consent "G" based on expression (7):

1,2

2

2,4

3.4
3.4

4

-

1,3

2,4

2,4

- 1,3 -
4 - _
12 3 -
12 3 2.4
24 3 2
12,4 13 -
2 _

p =%~

kK 4 _

B S |

' DM:
- 2

— 4
3 —
- 4
L3 3
2 2
_]_ -
— 1

1,4
- 1

2,3
1,2,3

L3
1,2
3.4
1.4

2,3




VeADpIMIR R. MILOVANOVI#, ET AL. UNCERTAINTY MODELING USING INTUITIONISTIC FUZZY NUMBERS

0.2998
0.2664
0.2331
0.2664

0.2998

0.5332 0.3996
- 0.3333
0.2664 —
0.2997 0.3333
0.5998 0.4995
0.4  0.4662

0.3996
0.3
0.5332
0.333
0.2664

0.6 0.6 |
03  0.4666
0.2 0.1332
0.1665 0.1998
~  0.6331
0 _

Results of the obtained own disagreement "H" based on expression (8):

1
0.66
0.66

0.82479

1

0.99089 —
0.73435
0.77196
0.97186  0.66

0.34632
0.27357 0.09495
0.1583

" 025587 0.49638 0.15055
— 040553

0.33
0.33

d) Results of the obtained consent "K" based on expression (9):

0.3333
0.3667
0.4
0.3667
03333

0.0999 0.2335
— 0.2998
0.3667 —
0.3334 0.2998
0.0333 0.1336
0.2331 0.1669

0.2335
0.3331
0.0999
0.3001
0.3667

0.66 0.63561 |
1 1
0.66 0.63802
0.66  0.66
- 0
0.66 -

0.0331]

0.1665

0.4331 0.4999

0.4666 0.4333
— 0

0.0331
0.3331

0.6331 —

e) Results of the obtained discrepancy "L" based on expression (10):

0
0.34
0.34

0.1752

0

0.7441 0.5036
— 0.5945
0.0091 —
0.2657 0.6537
0.228 0.7264
0.0281 0.34

0.8495
0.67
0.67

0.905

0.8417

0.34 0.3644
0 0
0.34 0.362
034 0.34
- |
0.34 —

f) Results of the obtained domination "R" based on expression (11):
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 —  0.8816 0.6832 0.7844 09113 0.9167]
0 - 0.6648 0.6679 0 0
0.4811 0.0242 -  0.8702 04398 042
K= 0.4595 0.4435 06856 — 04215 04397
0.3233 0.8726 0.8447 0.7510  — 1
| 0 01077 0.6707 0.6965 0.3494  — |

g) Ranking of the obtained alternatives, based on expressions (12) and (13), Table 3:

TABLE 3
Review of the obtained results

Walue Alternative | Rank
08355
0.2665
0.4471
0.4899
0.7583
g 05643

-

1

-2
(=]

=

A
Lo

e
LAk}

o I e R B T
ol

faz] [=8
LI I O LW Y e I I

The final obtained results showed that the best ranked alternative is Ay, i.e. the worst ranked alternative
is A,. The alternative As is, in the decision-maker's opinion, extremely close to the alternative A,, which
gives the possibility that the alternative As could compete for the purchase of an unmanned aircraft. The
alternatives A, and Ag do not meet the required criteria because their value is extremely low, so their
further role in procurement is not to be considered. The alternatives A3 and A4are also not shortlisted for
the procurement of an unmanned aircraft, but in the next procurement they could apply if they work on
improving the set criteria. The decision maker specifically focused on the criterion of "logistics” because
the assumption is that all other criteria indirectly affect the criterion of "logistics", such as: price, warranty,
delivery time, and technical documentation.

CONCLUSION

In this paper, one of the methods to model uncertainty using intuitive fuzzy numbers is presented. Bearing
in mind that the evaluation criteria are of qualitative nature, it automatically implies that the evaluation is
realized based on linguistic qualifications. The use of linguistic qualifications by nature generates a problem
of subjectivity in assessment. In order to solve or reduce this problem, intuitive fuzzy numbers are proposed
in this paper. The analysis of the literature cited in the paper showed that modeling by using intuitive fuzzy
numbers reduces the inaccuracy, indecision and hesitation of the decision maker when evaluating the offered
options.

The criteria based on which the alternatives were evaluated were proposed from the point of view of
logistic support. In relation to a large number of random works, the criterion of price and costs is excluded,
because when one looks at the proposed criteria, it could be seen that they indirectly affect them. In the
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paper, intuitive fuzzy numbers are presented at intervals from 0 to 1, with specific domains for each linguistic
qualification.

To select the most favorable option, a multicriteria fuzzy ELECTRE model extended with an intuitive
fuzzy number (IF ELECTRE) is proposed in the paper. The reason is that it gives the decision maker the
opportunity to choose the best choice with maximum advantage and minimum conflicts as a function of
different criteria, which clearly provides a picture of the value of each alternative, or preference between
alternatives.

The models and algorithms applied in selecting the most favorable option (supplier) for an unmanned
aircraft clearly show the differences between suppliers, which can help the decision maker in future
procurement. The options A, and Ag showed a low value in terms of references and previous experience,
which is guidance to the decision maker not to consider them in future procurement.

It can be concluded that such a model of combined models and algorithms can be used in selecting the
most favorable supplier because it clearly shows the differences between all options, as well as their values.
Indecision and hesitation in assessment are minimized by applying an intuitive approach.

Depending on the problem to be solved, there is a need to generate hybrid models to make the best use
of them in practice. In further research, it is necessary to use other methods to determine the weight of the
criteria, such as the Best-Worst method, AHP and other methods extended with intuitive fuzzy numbers. It
is also necessary to use other methods of multicriteria decision making extended by intuitive fuzzy numbers
to compare alternatives. It is necessary to compare the obtained results and suggest the alternatives that are
best ranked, and to suggest the used models for solving similar problems.
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