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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.
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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.e. 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 seeks to reduce indecision
and subjectivity in decision making.

Key words: fuzzy logic, fuzzy set, intuitionistic fuzzy set, IF ELECTRE
method.

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 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 (MiloSevic 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-
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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 aircratft.

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
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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 O to 1.

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
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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 (Tavana et al, 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 Kilic Pamukovi¢ (Rogulj et al, 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
& Kruszyhski, 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 efficient
modeling of hesitation and uncertainty of the decision maker, i.e. 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
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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.

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 Au X ={x}, (Atanassov, 1983: Atanassov,
1986) is represented by the following expression:

A:{x,y;\(x), v;\(x) ‘ X € X} (1)
where: ,uA(X)—>[0,1] and VA(X)—> [0,1], and where the following
condition applies: 0< ﬂA(X)Jr VA(X)S]. vxeX.

The value y;\(x), v;\(x)e [0,1] denote the degree of affiliation and the

degree of non-affiliation X for A.
For each intuitive fuzzy set X, valid: 7. (X):l—yN (X)—vN (X)
A A A
where 7Z(X) is the intuitive index X inA, that is, the degree of
A

indecision.
The intuitive index 7. (X) indicates the degree of indecision of
A

decision makers in making an assessment.
For z.(x) the following conditons also  apply:
A

0<z (x)<1  W¥xeX,
A
as well as 7_(x)=1— . (x)—[l— . (x)} =0 VxeX non-affiliation
A A A

x forA.
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 A.
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The intuitive fuzzy set A :{X, M (x) v, (x)

XEX}

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 and VA(X1):1’

A
- affiliation function . is fuzzy convex, and the function of non-
A
affiliation v, is fuzzy concave,

- WM. is semi-continuous from above, and v, is semi-continuous
A
from below,

- SUp A= {x eX, v_(x) <1} is located in a confined space.
A

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

A'=(u,, 8, 7,) and B'= (1,9, 7,)

Dp, 2y and g, <4, then A> B;

2)u, = u,and 9, =9, then A=B;

S,=u,—% andH, =, +9, (2)
3)S, >S;, thenA> B;

4)S,=Sgand H, =H;, then A=B;

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

If A'and B' are intuitive fuzzy numbers, then the following rules
apply (Atanassov, 1983):
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A B = (% 1, (X) + 41, (0) — 1, (X) % 1, (0, 0, () <0, ()| X € E};
A= B = {(x,min(4, (), 1, (x)), max( v, (), 4, () | X € E};
A®B" = {(x, 1, (X)x 4, (), 1, (%) +0,() ~0, (X) x 3, (%) | X € E};
A" B, WX e E, 4,(X) < 14, (), 0,(X) 2 0, (X);

A'=B' WX E, 1,(X) = (), 0,(X) = 0, () ©
A AT ={(% 0,0, 1,(X) | x € E;
AN B = {(x,min(, (), 4, (x)), max( v, (x), 0, (x)) | x € E};
A'UB' = {(x,max(, (X), 4, (x)), min( v, (x), 0, (x)) | x € E};
If two intuitive fuzzy sets are observed

A:{x,yA(x), v;\(x), ﬁA(X)‘ X e X} and B={x,yé(x), vé(x),né(x)‘ X e X},

where is Az, :ﬂA(Xi)—ﬂé(Xi)’ Av, :VA(Xi)_Vé(Xi)

and Az, =7_(%)—7.(x), the distance between two intuitive fuzzy sets
A B

can be calculated according to the following expressions given in Table
1.

Table 1 — An overview of how to determine the distance between two intuitive numbers
Tabnuya 1 — O630op criocobos onpedeneHusi paccmosiHue Mexoy 08yMsi UHMYUMUBHO
MOHAMHbIMU Yucnamu
Tabena 1 — lNpeaned Ha4uHa odpehusara ducmaHuye usmehy dea uHmyumueHa 6poja

Author Analytical expression
Hamming
(Atanassov, | distance
1986) 173 B ) ) i
dh(A,B)fzx 30 () = () [+ 103(%) =0, () | +] 2, (%) =, (}) ) | 22 X = {Xgy0 %, }
i=1

Normalization of Hamming distance
(Atanassov,

1986) d, (A B)=21n{i(| ua(xi)—ﬂt,(xi)|+|va(xi)—ub(xi)|+|fra(xi)—zzb(xi)n}
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Author Analytical expression

E'uclidean
(Atanassov, distance
1986) R ) ) ,

d.(AB)= EX Z(:ua(xi)_:ub(xi)) + (0, (%) =0, (X)) + (7, (%) — 7, (%))

i=1

Normalization of Euclidean distance
(Atanassov, 1 .
1986) d,.(AB)= \/2n><|:2(ﬂa(xi) = 14,(6))° + (0, 06) =0, (%)) + (7, (%) _ﬂ-b(xi))zJ

i=1

Park et al 19 _ _
(Zoeirs)eta. Dp zl—ﬁg‘Aﬂi(xi) , Where AT, —ﬂA(Xi) 7Z'l_3 (Xi)

D(A, é) —1_ ‘z(ﬂA(Xi)fﬂB(Xi)) 7(VA(X|) 7VB(Xi))‘ X(l— ﬁA(Xi)—ﬂB(Xi) j_
(Chen, 3 2
2016) [2(vA00) = Ve (%)) = (10 (%) — 5 () X[l_ 25 (%)~ (%) J

3 2
A B)— 13 2 2 2 2 ‘mi(xi)—mé(xi)
(Luo & Ren, | DAB) —1—%§[yA(xi)—yB(xi) +HvA) —vE (%) +2J,
2010) where: m,(x,) =M that m (x,) :M
. 1@

hangs, | DD 720 Z (000 =8 00l (x) e (1))
Fu, 2006) where: 8, (%) = 22, (%) + A (%) 14 (%), that 05 (%) = 245 (%) + 75 (%) 25 (%)

a\ (%) =VA(X) +ma(X)Va(X), that g (%) =va (%) + 75 (X)Ve (%)

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, 1986), is used. The ELECTRE method
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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 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; = (:uij ,vij).

(/*Lulvn) (/'ﬁz’vlz) (luln’vln)

X = (/*‘111\/11) (:uzz’vzz) (/UZH'VZH) 4)
(/u31’V31) (/uszivsz) (:u3n'v3n)
(/umllvml) (:umZ’VmZ) ( mn'an)

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

n
condition must be met so that: ZWJ. =1, where 0< o; <1.
j=1
Step 3. Defining sets:
A) consent C,:

Cu :{j‘,ukj > pi,Vyy <V 1 7 <7rij}
C'kI ={j‘,ukj > 14,V <V iﬂ'kj Z?Z'ij} (5)

C:, :{j‘:ukj = i, Vy 2Vij}
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B) discrepancy D, :
D, :{j‘,ukj < M Vg Z Vi, Ty 27rij}
D, ={j‘ykj <y Vg 2V, 7 <7zij} (6)
D :{j‘ykj < Vg <vij}

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

Ui =@, % D 0+, x Y 0 +o,x Y o, (7)
i<, =3 i<c,
- 01, O
G- 92 - Oom
g(m—l)l - g(m—l)m

gml gm2 gm(m—l)
where W={coca)ca)ca)Da)Da)D} is the relative importance of the

criteria that decision makers can subjectively determine, so that the
consent matrix can be written:

k12 klm
K = ey - Kam where k,; = g* — Oy (8)
Ky - - Kin-m
kml kmz I(m(m—l) -

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

maX-6Dia);><d Xir X . -
hki: — ( J “)’a)D:{a)d’wD'a)D} 9)
max;_,xd (X, X;)
- hlz hlm
H— h,, Py
h(m—l)l h(nH)m
hml hmZ hm(m—l)
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The discrepancy matrix is:

12 I

L - . Ln |, where li =h"—h,, (10)

im

(m-1)m

m(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:

I

Im

_ .
Ro| ™= n |, where r, =X (11)

r(mfl)l - r(m—l)m ki Iki
r r r

ml m2 m(m-1)

Ranking of alternatives is realized in accordance with the
following:

T =L Z i, k=12,...,m, (12)
M—Li 0«
where the best alternative is the one with the maximum value:
A= max {T’k} (13)

Defining criteria and linguistic qualifications

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
guantitative 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
(Tanasijevic 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
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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 (Ks;) and
logistics (K;). 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 ws=0.3, and logistics w,;=0.4,
as well as the relative importance of the criterion W '= [wc, wc', wc ", 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 Z\:(,ui,gi,ﬂi) and presented at intervals
0<4<10<8 <10<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
Tabnuua 2 — Mampuua peweHut, cmModenuposaHHasi UHMyUMUBHO MOHSIMHbIMU ¢ha33u-
qucnamu
Tabena 2 — Mampuua odny4usara ModesiogaHa UHMyumusHuUM ¢hasu b6pojesuma

K1 K2 K3 K4

Hi Ui i Hi Ui i Hi Ui i Hi Ui i
A
Al | 0.23 | 0587 | 0.183 | 0.61 | 0.2 | 0.19 | 0.192 | 0.63 | 0.178 0.75 0.15 0.1
A2 | 0.33 | 0.554 | 0.116 | 0.25 | 0.61 | 0.14 | 0.63 | 0.192 | 0.178 | 0.0984 | 0.45 | 0.452
A3 0.3 0.197 | 0.503 | 0.45 | 0.36 | 0.19 | 0.259 | 0.56 | 0.181 0.31 0.66 | 0.03
A4 | 0.37 0.62 0.01 | 0.36 | 0.45 | 0.19 | 0.337 | 0.484 | 0.179 0.15 0.82 | 0.03
A5 | 0.38 0.2 042 | 029|039 032 032 0.35 0.33 0.5 0.25 | 0.25
A6 | 0.259 | 0.56 | 0.181 | 0.24 | 0.35 | 0.41 0.3 0.28 0.42 0.45 0.28 | 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 C,, and the non-

b)

compliance conditions D,, based on expressions (5) and (6)

o4
1 - 33
Ci= -
- 4 - -
14 - -
- 2 24
3 - -
C. - 13 2 -
3 2 -
13 12 34
'3 - 34

2,4
3
2

2,4

2,4
13

4
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d)

- -1 - - 2
R e 2
Ci=l1 14 1 - 23 123 D67
-~ 1 - - 23

- - - 1 - -
- - 4 14 - -
-1 - 1 1 -
- - - 23 - -
- 2 2123 23 -]

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

- 0.5332 0.3996
0.2998 - 0.3333
0.2664 0.2664 -
0.2331 0.2997 0.3333
0.2664 0.5998 0.4995
102998 0.4  0.4662

Results of the obtained
expression (8):

- 0.25587 0.49638 0.15055 0.66 0.63561

1 - 0.40553 0.33 1 1

Y- 0.66  0.99089 - 033 0.66 0.63802
0.66  0.73435 0.34632 - 0.66 0.66
0.82479 0.77196 0.27357 0.09495 - 0
1 0.97186  0.66 0.1583 0.66 -

0.3996
0.3
0.5332
0.333
0.2664

0.6 0.6 |
0.3  0.4666
0.2 0.1332

0.1665 0.1998
- 0.6331
0 -

own disagreement "H" based on

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

- 0.0999 0.2335
0.3333 - 0.2998
0.3667 0.3667 -

04 0.3334 0.2998
0.3667 0.0333 0.1336
10.3333 0.2331 0.1669

0.2335
0.3331
0.0999
0.3001
0.3667

0.0331 |
0.1665
0.4999
0.4333
- 0
0.6331 -

0.0331
0.3331
0.4331
0.4666

Results of the obtained discrepancy "L" based on expression

(20):
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0.34
0.34
0.1752
0

0.7441
0.0091
0.2657
0.228

0.0281

0.5036
0.5945
0.6537
0.7264
0.34

0.8495
0.67
0.67

0.905

0.8417

0.34 0.3644 |
0 0
0.34 0.362
0.34 0.34
- 1
034 - |

f) Results of the obtained domination "R" based on expression (11):

0.4811

0.4595

0.3233
0

0.8816
0.0242
0.4435
0.8726
0.1077

0.6832
0.6648
0.6856
0.8447
0.6707

0.7844
0.6679
0.8702
0.7510
0.6965

0.9113 0.9167

0 0
0.4398 0.42
0.4215 0.4397

- 1
0.3494 -

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

Table 3 — Review of the obtained results
Tabnuya 3 — O630p Nony4YeHHbIX pe3ynbmarnmos
Tabena 3 — lNpeaned dobujeHux pesynmama

Value Alternative Rank
T1 0.8355 A1 1
T> 0.2665 Az 6
LE 0.4471 Az 4
Ta 0.4899 As 3
Ts 0.7583 As 2
Te 0.3649 As 5

The final obtained results showed that the best ranked alternative is
A;, 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
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purchase of an unmanned aircraft. The alternatives A, and A 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 A
and A, are 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
gualifications 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 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 As showed a low value in terms of
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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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PYBPUKA TPHTW: 27.00.00 MATEMATUKA:
27.47.00 MaTemaTnyeckas KnbepHeTuka;
27.47.19 UccnepoBaHue onepauui,
80.00.00 NMPOYNE OTPACITIN SKOHOMUKMU:
81.88.00 MaTepuanbHo-TexHn4Yeckoe cHabxeHwue.
Jloructuka
BWO CTATbW: opurmHanbHasa Hay4Has cTaTtbs

Pe3some:

BeedeHue/uenb: B cmambe obcyxdaemcsi ebibop Hauboree
onmumasibHo20  focmaswjuka Ha  npumepe  6ecrnuomHoz0
JflemamernbHO20 arnnapama, 8 mex c/y4yasx, koeda omeemcmeeHHoe
JIuyo, npuHuMarwee peweHue, ernadeem OaHHbIMU Ka4yeCcmeeHHOo20
xapakmepa. [lpobriembl, 803HUKarowue Ha rpakmuke rnpu ebibope
nocmaswjukos,  cesisaHbl C  8bI6OPOM  COOMEEMCMEBYHUUX
Kpumepues, a makxe C MeM, KaK OHU OUeHU8almcs JuyoM,
npuHumarouwum peweHusi. OOHUM U3 crocobo8 OUEHKU Kpumepues
KayecmeeHHo20 xapakmepa sensiemcsi ucrionb308aHue
JIUH28UCMUYECKUX cpedcms, npedocmassisrouux nuuyam,
MPUHUMaKOWUM peweHusi, c80600y e6bipaxamb C80K MO3UUUK U
MHeHue MemodoM ornucamesibHolU oueHKU. Tak Kak OaHHbIl mMemod
OUEHKU He camblli MOYHbIl, OH MOXem eHecmu HeorpedesieHHOCMb
MpuU MPUHSIMUU PeweHuUs.

Memodel: [na peweHuss npobrnemsl HeorpedesieHHocmu 8 OaHHOU
cmambe npedrazaemcss Memod ModesupogaHusi OaHHbIX C
ucronb308aHUEM UHMYUMUHO MOHSAMHbIX ¢hassu-yucern.
UHmyumusHo noHsimHble ¢hba33u-dyucna rnpuemsiembsl Onsl peweHus
npobrnems! HeornpederieHHocmu 8 cumyauyusix, kKoeda Heobxodumo
rpoaHasnu3uposame be3onacHocmbe OUeHUB8aHUSs. [ paHXuposaHusi
rnocmasujukos ucronb3yemcsi Memod ELECTRE, adanmupogaHHbIl K
UHMyUmueHoO roHssmHbIM ¢hassu-yucnam (IF ELECTRE). Memod IF
ELECTRE 6bin  ebibpaH 6r5iazo0aps e20 4emKkocmu 8
npedcmasneHuu fMomeHyuana ecex nocmaswjukos, mo ecmb UX
npeumywecme U Hedocmamikoe o OMHOWEHUK K mpebyemMbim
Kpumepusim.

Pesynbmamsi: Wcnonb3ys IF ELECTRE, koHe4YHble pe3ynbmamai
deMOHCMpuUpyrom 83auMHoe npedrnoymeHue unu 6espasnudue mexoy
rnocmaswukamu. PaHxupogaHue 4emko ebisienisiem nomeHyuasn ecex
rnocmaswukos, Komopbil 8 b6yOywjux 3aKyrnkax Moxem MoC/yXumb
OPUEHMUPOM MPU MPUHAMUU peweHud.

Bbigodbi:  HayuyHbili eknad OaHHOU cmambU 3aKnwdaemcsi 8
npedrnoxeHHoU MoOesnu, Komopasi MoXem [PUMEHSIMbCA Ha
npakmuke 0719 peweHusi He MosibKo rpobremMbi 8bibopa nocmasuwjuka,
HO U aHanoz2u4HbiX 3aday, peweHUe KOmMOPbIX MpUHUMaemcs Ha
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OCHOBaHUU HEMOYHbIX OaHHbIX. [lpumeHeHue npedcmasieHHbIX
modenell  criocybcmeyem — CHUXEHUIO — HepewumesnibHocmu U
cybbekmugHoOCMU rpu NPUHAMUU peweHud.

Knwouesble crioga: Hedemkasi fioguka, ¢basdsu-yucrna, UHMyumugHo
rnoHsmHsble ¢pas3u-yucna, IF ELEKTRE.

MOAEJIOBAKE HEM3BECHOCTW NMPUMEHOM UHTYUTUBHNX
®A3 BPOJEBA

Bnadumup P. MunosaHosuh?, ayTop 3a npenucky, AnekcaHdap B. AneKcmhﬁ,
Bniada C. Cokonosuh®, MapjaH A. MuneHkos®,
? YHuBepanTeT ogbpaHe y Beorpagy, BojHa akagemuja, Kategpa noructuke,
Beorpag, Penybnuka Cpbuja,
o YHuepanteT y KparyjeBuy, PakynteT MHXeHepCcKnx Hayka,
Kateppa 3a npon3sogHo mawnHCTBO, Kparyjesau, Peny6nuka Cpbuja

OBJIACT: nHOYCTPWjCKO UHXEHEPCTBO, UHXEHEPCKN MEHALIMEHT
BPCTA YJTAHKA: opruHanHun Hay4Hu pag

Caxxemak:

Yeod/yurb: Y pady je paamampaH u3bop HajrnosorbHuUjez dobasrbaqya Ha
npumepy becriocadHe nemenuue, y crydajy kaba AoHocusnay 0O0ryKe
pacrionaxe nodayuma KeanumamusHoe Kapakmepa. [1pobremu Koju ce
jasrpajy y npakcu npu u3bopy Oobasrbada OOHoce ce Ha u3bop
adekeamHuUX Kpumepujyma, Kao U Ha4yuH Ha Koju ux QoHocuray, o0ryKe
ouerbyje. JedaH 00 Ha4yUHa ouerugaH-a Kpumepujyma KeanumamueHoz
Kapakmepa jecme kopuwhere fTUH28UCMUYKUX u3pa3a, Koju GOHocuouy
odrnyke Oajy crobody Oa ceoj cmae U MullibeHe UCKaxe MoMohy
ornucHux oueHa. Ogakag Ha4yUH ouerUBar-a Huje HajrpeyusHuju, wmo
doHocuouy odnyke Moxe uzasgsamu odpeheHy do3y HeuzgecHOCMU. .

Memode: 3a pewasawe npobriema HeusgecHocmu, y pady je
npednoxeHa memoda moderiogarba nodamaka fMpUMeHOM UHMYUMU8HUX
a3su bpojesa. OHU cy No200HU 3a pewasar-e rpobremMa HeuzgecHocmu
y cumyayujama kala je nompebHo Oa ce npeucriuma cueypHocm
npunuKkoM ouerbusar-a. 3a paHeupar-e 0obaerbaya y pady ce Kopucmu
memoda ELEKTRE «koja je npunazofjeHa uHmMyumueHum ¢hasu
bpojesuma (M® ELEKTRE). Memoda N®OC ELEKTRE odabpaHa je 3602
moaa wmo jacHoO rnpeseHmyje nomexyujan ceux dobaerbaya, 0OHOCHO
Huxoee npedHocmu U Hedocmamke y OOHOCYy Ha 3axmesaHe
Kpumepujyme.

Pesynmamu: Kopuwhersem N® ELEKTRE koHauyHU pe3ynmamu ripyxajy
cruky o mefjycobHoj npeghepeHmHocmu, 0OHOCHO UHAUgepeHMHocmu
usmefly Oobasrpbadya. PaHauparem Cy jaCHO rnpukasaHu romeHuyujanu
csux Oobaerbaya, WMO y HEKOj HapeOHOj Habasuu MOXKe MOCYKUMmU Kao
peghbepeHya 3a OoHOWEH-E 00sTyKe.
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Sakrbyyak: [JonpuHoc ogoe pada oerieda ce y rnpedrioxeHoM MoOesTy Koju
y npakcu Moxe rociyXumu 3a pewaeare rpobrema usbopa
dobasrbaya, anu u crudHux npobnema kada ce odnyka OOHOCU Ha
OCHosy HerpeyusHux rnolamaka. Kopuwhewem HagedeHux Mmodena
CMarsyje ce Heodrny4yHocm u cybjekmugHocm ripu GOHOWEH Y OOITyKe.

KrbyuHe peyu: ¢hasu noauka, ¢hasu 6poj, uHmyumusHu ¢hasu 6poj, N®
ELEKTRE.
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