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Introduction/purpose: The paper discusses the selection of the most optimal sup-

Corresponding author: plier using the example of an unmanned aircraft when the decision maker has data
Vladimir R. Milovanovi¢ 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
Correspondence email: the decision maker. One of the ways of assessing the criteria of a qualitative charac-

ter 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 un-
certainty for the decision maker. Methods: To solve the problem of uncertainty, the
paper proposes a method of modeling data using intuitive phase numbers. Intuitive
phase 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 phase 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 sup-
(Cle[€]s, pliers, 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.

fuzzy logic; fuzzy set; intuitionistic fuzzy set; IF ELECTRE method

Making decisions based on a large number of different data and information is a complex and demand-
ing 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 ( ; ; ). 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 appli-
cation in areas such as artificial intelligence ( )and ( ).

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 qualifica-

tions is various types of fuzzy numbers: type 1 ( )and (
), type 2 ( ), Z-numbers ( ), rough numbers ( ),
and intuitive fuzzy numbers ( ; )- The shapes of the mentioned fuzzy

numbers are most often triangular and trapezoidal, and one can also find the shapes of parabolas,
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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 evalu-
ating the alternative by criteria. Wrongly chosen criteria can lead a decision maker in the wrong direc-
tion, which canresult 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 im-
portant 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 to1.

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 pre-
sented the mathematical apparatus. By analyzing the literature, one can find a large number of papers
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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 ( ) 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 ( ), 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 appli-
ances ( ), amodel for outsourcing performance identification has been developed. By apply-

ing 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 ( )- 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 ( ), energy security assessment (

), supplier selection ( ), selection of computer performance ( ), job
selection for investing money ( ), selection of a nuclear power plant site ( ),
and risk analysis of changes in industry ( ).

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
( ) 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 prob-
lems related most often to comparing options and understanding the advantages of one option over
another. Rouyendegh ( ) 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¢ (

) used IF ELECTRE to support decision makers in the process of managing the project of re-
moving construction barriers for schools with children with disabilities. They chose this method be-
cause 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 ( ), for the evaluation of
the criteria of public transport projects ( ), for the selection of the best project
( ), and for the selection of means of transport for logistic systems (

).

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 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.

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.
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The intuitive fuzzy set AuX = {x}, ( ; ) is represented by the following
expression:

(1) A= {xp700,vz(x)|x € X}
where: pz(x) = [0,1] and vz(x) — [0,1], and where the following condition applies:
0<pj(x)+vz(x) <1 VxeX
The value pz(x),vz(x) € [0,1] denote the degree of affiliation and the degree of non-affiliation x for A.

For each intuitive fuzzy set X, valid: z(x) = 1 — uz(x) — vz(x), where mz(x) is the intuitive index x in
A, that is, the degree of indecision.

The intuitive index m4z(x) indicates the degree of indecision of decision makers in making an assess-
ment.

For mz(x) the following conditions also apply: 0 < mz(x) <1 Vx€X,
aswellasmz(x) =1 —pz(x) — [1 —pz(x)] =0 Vx € X non-affiliation x for A.

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 4.

The intuitive fuzzy set 4 = { x, uz(x),vz(x)|x € X} 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 pz(xy) = 1andvz;(x;) =1,
- affiliation function py is fuzzy convex, and the function of non-affiliation v, is fuzzy concave,
- Uz is semi-continuous from above, and v, is semi-continuous from below,
-supA = {x € X,vz(x;) < 1}islocated in a confined space.
To compare the two intuitive fuzzy numbers ( ), the following rules apply:
A" = (g, 94, 7g) and B' = (up, 9p, mp)
1) Uq = Up and 9, < 9y, then A = B;
2) Uq = Upand 9, =9y, then A = B;
Sa = Mg — Vg and Hg = pig + 9g; (2)

3) Sy > Sg, thenA > B;

4) S, =Sgand Hy = Hg, then A = B;

5) Sy =Spand Hy < Hg, then A < B;
If A" and B'are intuitive fuzzy numbers, then the following rules apply (Atanassov, 1983):

B)A + B' = {(x, o (x) + 1 (x) = p1g (%) X 1y (), ttq (x) X vp(X)|x € E};

A'—B' = {(x, min{ua(x),vb(x)), max{va(x), Up (x))|x € E};
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A" ® B" = {(x, na (x) X pp (x),04(x) + vp(x) — Vg (x) X vp(x)|x € E};
A" c B Vx€E, ug(x) < pp(x),v,(x) = v (x);
A'=B' Vx€ E n,(x) = pp(x),0,(x) = vp(x);
A" A% = {(x,v,(x0), ua(X)|x € EY;
A'0 B = {(x, min(ua (x), up (x)), max (v (x), vp (X)) |x € E};
A"U B = {(x,max(uq (x), up (x)), min(vg (x), vy (x)) |x € E};
If two intuitive fuzzy sets are observed A= {x, ,u;(x),v;(x),n; M|x€eX} and B=

{x, - (o), v~ (), - () |x € X, where is Ay = p~(x;) — p~ (), Avy = v~ () — v~ (x;)
B B B A B A B

and Ar; = m~(x;) — m~(x;), the distance between two intuitive fuzzy sets can be calculated according
A B

to the following expressions given in

Table 1. An overview of how to determine the distance between two intuitive numbers
Ta6auua 1. 0630p cnocob0B onpegeneHnsa paccToAHE MeXAY 4BYMA UHTYUTUBHO MOHATHBIMM YUC/IAMK
Tabena 1. lperseg HaunHa ogpehuBara gnctaHue nsmehy ABa MHTyUTUBHA Opoja

Author Analytical expression

Hamming distance

1 n
( dn(4,B) = 5 [Zu Hae) = ()] + 0o () = vp ()| + [aGe) = nb(xi>|] za
i=1

X = X1, ., Xp

Normalization of Hamming distance

( 1 [&
) dp_u(4,B) = 5% [Z(l Ua(xi) = pp ()| + [va () — vp (x| + e (x) — ”b(xi)l]
=1
Euclidian distance
( LINAN . ) ;
) d.(4,B) = o Z(#a(xi) =t (x%))? + (Wa(xi) —vp(x))? + (e (x;) — p(x1))
=1
Normalization of Euclidian distance
( 1IN
) dn_o(4,B) = o % [Z(#a(xi) =ty (x))? + (Wa () — vp(x;))? + (e (%) — T[b(xi))z]
=1
( ) D,=1- %; | A m;(x;)|, where Am; = n;(xi) = TL’;(Xi)
D(Z'E) =g PG = #B(xi))3— Walx) vl - a(%i) ; ”B(xi))
( ) _ 1204000 = v Gi)) = Gea ) = oG _ 7o) = T,

3 2
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-~ il =
D(4p) =1 —§Z(lui () — (x| + Vi () — v (x|
i=1

( , miG) —mi o) BaGe) +1 = vaGx)

) ,where: my(x;) = > ,that mg(x;)
_ ksC) +1 = vp(x)
> :
~~ 1%
( D(yp)=1- %Z(|6A (x:) = 8 (x)| + |aa(x;) — ag(x;)]), where: 64(x;)
) = Ba(x;) + ma(x)pa(x;), that 85 (x;) = pp(x;) + mp (X)) e (1), a (x;)

= V(%) + ma(x)va(xy), that ag(x;) = vp(x;) + mp(x)vp(x;)

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 collabora-
tors ( ), 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 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 (
) and ( ). 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).

(M1, v11) (M12,v12) o My V1n)
@)X = (1, v11) (M2 V22) o (Man V2n)
(M31,V31) (M32,V32) o (M3n,V3p)
(M1 Vm1) (M2 Vm2) o (Monns Vi)

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: Y.7_; W; = 1, where 0 < w; < 1.

Step 3. Defining sets:

A) consent Cy;:

(5) Cry = {J | wej = wij, vij < vyj and my,; < 1y}
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Cia' = U | ij = i, vy < vy and my; = 15}
Ca"" = | mej = wijovij < vy}
B) discrepancy Dy;:
(6) Diy = {J | tij < Wijo vij = vij and T, = 5}
Dy’ = {j | Wij < Wijp Vkj = Vg5 and Ty < nij}
D" = {j | mij < mijp vij < vis)

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

(7) gki = W¢ X ZjECki (D] + (1)2 X ZjEC’ki (1)] + (D:." X ZjEC”ki (D]

- 912 Iim
C = 921 - 9o2m
- Im-1D1 - - I(m-1)m

Im1 Im2  Im(m-1)

Where W' = {w,, w;, 0z, wp, wp, wp} is the relative importance of the criteria that decision makers can
subjectively determine, so that the consent matrix can be written:

- kia kim
k21 - kZm %
@K = "o .. = Kooy Ve = 97 Gui

k1 Kim2 km(m—l) -
g" is the maximum consensus index.

Step 5. Formation of the matrix of discrepancies D, is the result of discrepancies and their weights,
realized in accordance with the following

_ maxjep,0pxd(Xy;Xij)

* 1 "
(9) hyi = maxje,<d(Xe Xif) wp ={wg, wp, wp
- h12 hlm
h - h
H= h 21 _ h 2m
(m-1)1 - (m-1)m

hml hmz hm(m—l) -

The discrepancy matrix is:

- L1z Lim
l21 - l2m «
(10)L = lonetyr - _ lom—1ym ,wherely; = h* — hy;,

lml lmZ lm(m— 1)
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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:

- le Tlm
21 - 2m Ui
(MR = _ ,wherery,; = —%
r(m—l)l r(m—l)m kyi+lki
Tm1 m2 Tm@m-1) -

Ranking of alternatives is realized in accordance with the following:

e 1
(12) Tkl == Ezﬁl;l$k rkl 1] k = 1,2, e .,m,

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

(13) A = max{T}}

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 ac-
count 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.

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 (

), 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 lin-
guistic values (moderate, very, about, more or less, conjunctions "and" and "or", etc.). Linguistic varia-
bles 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. mem-
bership 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 rec-
ommended that a maximum of seven linguistic terms be commonly used ( ), as the human
brain can focus attention on a maximum of seven items at a time. Increasingly, problem-solving soft-
ware writing tools, such as Matlab, are being used to solve problems.
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In this paper, for the purposes of evaluating the criteria, the following linguistic expressions are de-
fined, presented on the interval: very low (VL) on the interval [0, 0.2]; low (L) at interval [0.2,0.4]; me-
dium (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 evalua-
tions based on his/her experience and expertise in the problem to be solved.

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 A1 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 (K,) 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 previ-
ous 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 ex-
isting 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 w1=0.1, customer relations w2=0.2, technology w3=0.3, and logistics w4=0.4, as
well as the relative importance of the criterion W '= [wc, wc', 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 A = (;,9;, ;) and presented atintervals 0 < p; <1,0<9; <1,0<m; < 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. Decision matrix modeled by intuitive fuzzy numbers
Tabauua 2. Matpuua peLleHuii, CMoge/IMPOBaHHaA MHTYMTUBHO MOHATHBIMU Ppa33u-ynciamu
Tabena 2. MaTpuua ogayymBarba MOAe/10BaHa UHTYUTUBHUM $asu 6pojeBruma

K1 K2 K3 K4
K/A

Wi Vi T Wi vi T i Vi T Wi vi T
A1 0.23 0.587 0.183 0.61 0.2 0.19 0.192 0.63 0.178 0.75 0.15 0.1

A2 033 0554 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 0.36 045 0.19 0.337 0.484  0.179 0.15 0.82 0.03
As 0.38 0.2 0.42 029 039 0.32 0.32 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
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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 ex-

pressions (5) and

b)

=
I

, 1,3
Cri

1,3

I
[
[

Cri = 1

[ ==

oW |
w

|
| ¥

|

I _
Dy =

144
» Dy

NN

AN |

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

0.2998
0.2664
0.2331
0.2664
0.2998

0.5332
0.2664
0.2997
0.5998
0.4

0.3996
0.3333
0.3333
0.4995
0.4662

0.3996
0.3
0.5332
0.333
0.2664

Results of the obtained own consent "H" based on expression

1
0.66
0.66

0.82479

1

H =

0.25587
0.99089
0.73435
0.77196
0.97186

0.49638
0.40553
0.34632
0.27357
0.66

0.15055

0.33
0.33

0.09495
0.1583

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

0.3333
0.3667
K =
0.4
0.3667
0.3333

0.0999
0.3667
0.3334
0.0333
0.2331

0.2335
0.2998
0.2998
0.1336
0.1669

0.2335
0.3331
0.0999
0.3001
0.3667

0.6

0.3

0.2
0.1665

0

0.66

0.66
0.66

0.66

0.0331
0.3331
0.4331
0.4666

0.6331

w

1,3 3
1,2
3,4
1,4

| N

2,3
1,23 2,3

0.6
0.4666
0.1332
0.1998
0.6331

0.63561
1
0.63802
0.66
0

0.0331
0.1665
0.4999
0.4333
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e) Results of the obtained discrepancy "L" based on expression

- 0.7441 0.5036 0.8495 0.34 0.3644

0 - 0.5945 0.67 0 0
L= 0.34 0.0091 - 0.67 034 0.362
0.34 0.2657 0.6537 - 0.34 0.34
0.1752 0.228 0.7264 0.905 - 1

0 0.0281 0.34 0.8417 0.34 -
f) Results of the obtained domination "R" based on expression

- 0.8816 0.6832 0.7844 09113 0.9167

0 - 0.6648 0.6679 0 0
R = 0.4811 0.0242 - 0.8702 0.4398 0.42
0.4595 0.4435 0.6856 - 0.4215 0.4397
0.3233 0.8726 0.8447 0.7510 - 1

0 0.1077 0.6707 0.6965 0.3494 -

g) Ranking of the obtained alternatives, based on expressions and (13),

The final obtained results showed that the best ranked alternative is A, i.e. the worst ranked alternative
is A,. The alternative A_is, in the decision-maker's opinion, extremely close to the alternative A, which
gives the possibility that the alternative A 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 procure-
ment 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.

Table 3. Review of the obtained results
Tabsuua 3. 0630p NoNyHeHHbIX pe3y/IbTaToB
Tabena 3. Mperneg aobujeHnx pesyatarta

Value Alternative Rank
T1 0.8355 A1 1
T2 0.2665 A2 6
T3 0.4471 A3 4
T4 0.4899 A4 3
T5 0.7583 Asg 2
T6 0.3649 A6 5

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 gen-
erates 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
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modeling by using intuitive fuzzy numbers reduces the inaccuracy, indecision and hesitation of the de-
cision 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 ex-
cluded, 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 o 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 be-
tween 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 A, showed a low value in terms 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 prob-
lems.
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MogaennmpoBaHMe Heonpeae/IeHHOCTU C MOMOLLbHO
MHTYULMOHUCTCKMX HEYETKUX YNCE

Pe3stome:

BBegeHue/uesb: B cTaTbe 0b6cyKagaeTca Bbibop Hanbosiee onTUMaibHOMO MOCTAaBLLMKA Ha
npumepe 6ecnu/I0THOrO /eTaTe/IbHOroO annapaTa, B TeX C/1y4asx, Korga OTBeTCTBEHHOe
/MU0, NPUHUMaIOLLIee pelleHue, BAageeT AaHHbIMM KayecTBEHHOro xapakrtepa. [lpo-
6/1eMbl, BO3HUKAIOLLME Ha MpaKTHUKe Mpu Bblbope NocTaBLLMKOB, CBA3AHbLI C BbIOOPOM CO-
OTBETCTBYIOLNX KPUTEPUEB, A TaKXKe C TeM, KaK OHM OLL€HUBAIOTCA /IMLLOM, MPUHUMAIOLLIUM
pewenna. OgHMM 13 cnocobOB OLEHKM KPUTEpUEB Ka4yeCTBEHHOrO XapakTepa AB/AAeTCA
MCMO/Ib30BaHME /IMHIBUCTUHECKUX CPeACTB, NPeaOoCTaBAAWNX AULaM, NPUHUMAIOLLUM
peLueHus, ceobogy BblpaxkaTb CBOIO MO3ULMIO U MHEHUE METOA0M ONMUcaTe/IbHOM OLLEeHKMU.
TaK Kak faHHbI MeTO/, OL@HKM He CaMblii TOYHbIW, OH MOXET BHECTU Heomnpeae/1éHHOCTb
NpU NPUHATUM peLLeHna. MeToab!: 1A pelleHua npob/1emMbl Heornpege/1eHHOCTU B AaHHOW
CTaTbe npeAsaraeTca MeTog MOAEe/MPOBaHUA AaHHbIX C MCMO/Ib30BaHUEM MHTYUTUBHO
MOHATHBIX Pa33u-yuces. MHTYUTUBHO MOHATHble $Ha33n-4UC/Ia TIPUEM/IEMDI AR PeLleHus
npo6/embl Heonpeae/IGHHOCTU B CUTYaLMAX, KOrAa He06X04MMO NpoaHannsnposaTth 6es-
OMacHOCTb OLeHMBaHUA. [NA PaHXMPOBAHMA MOCTABLIMKOB WCMO/Nb3YeTCA METO4,
ELECTRE, a£anTUpOBaHHbIi K MHTYUTUBHO MOHATHbIM daz3u-uncnam (IF ELECTRE). MeTog,
IF ELECTRE 6b121 BblOpaH 6/1arogapAa ero YeTKOCTU B MpeACcTaB/eHUM NoTeHLuana Bcex
MOCTaBLLMKOB, TO €CTb UX MPEUMYLLECTB U He40CTATKOB MO OTHOLLIEHUIO K TpebyeMbIM Kpu-
TepuAm. PesyabTtatbl: Mcnonb3ys IF ELECTRE, KOHeYHble pe3y/ibTaTbl A& MOHCTPUPYIOT B3a-
MMHOE npeanoyTeHre nam 6espasinune Mexay nocTaBLMKamMKu. PaHXMpOBaHME 4eTKO
BbIAB/IAET MOTEHLMaN BCeX MOCTaBLYMKOB, KOTOPbIM B ByAyLUMX 3aKyMKax MOXeT noc/ay-
XWUTb OPUEHTUPOM MpU MPUHATUM pelleHui. BbiBoabl: HayuHblll BK/Aag AaHHOM cTaTbu
3aK/104aeTCA B NPe//I0KEeHHOW MOAe M, KOTOPasa MOXeT NPUMEHATLCA Ha NPaKTUKe A4
peLueHuA He TO/IbKO Npo6/1eMbl BbiGOpa NOCTaBLLMKA, HO M @aHa/I0MMYHbIX 3a4ad, peLueHve
KOTOPbIX MPUHUMAETCA Ha OCHOBAHUM HETOYHbIX AAHHbIX. [[pUMeHeHne npeaCcTaB/l1eHHbIX
Mogenen cnocybCcTByeT CHUMKEHUIO HepeLllMTe/IbHOCTU U CYOBEKTUBHOCTU NPU NMPUHATUM
peLueHumit.

K/toueBbie c/10Ba: HEYeTKasA /10rMKa, $pas3n-41cia, UHTYUTUBHO MOHATHbIe $pa3sun-uncaa, IF
ELEKTRE
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MopenoBarbe HEM3BECHOCTU MPUMEHOM UHTYUTUBHUX
¢da3um 6pojesa

CaxkeTak:

YBoa/uwm: Y pagy je pasmatpaH u3bop HajnoBo/bHUjer gobas/bada Ha npumepy bHecro-
cagHe netenuue, y C1y4ajy Kaga A4oHOCUAAL, O4/1yKe pacnoia)ke nogaunma KsaiMTaTuBHOr
KapakTepa. [pobsemu Koju ce jaB/bajy y npakcu npm n3bopy gobas/bava ogHoOCe ce Ha U3-
60p ageKBaTHNX KPUTEPUjYMA, KaO M Ha4YMH Ha KOjW UX fOHOCUAAL, OANYKe oLembyje. JegaH
0/, HA4MHa OLieHMBAHA KPUTEPUjyMa KBA/IMTATUBHOI KapakTepa jecTe KopuLihere AMHrBuK-
CTMYKMX M3pasa, KOju AOHOCUOLLY Oa/1yKe Aajy 10604y Aa CBOj CTaB M MULL/bEHE UCKaXKe
nomohy onucHuMx oueHa. OBaKaB Ha4YMH OLEeHMBakba HUje HajrpeLM3HUjU1, LITO AOHOCHOLLY
0A/1yKe MOKe u3a3BaTu ogpeheHny A03y Hem3sBecHOCTU. MeToge: 3a peluaBame npobsema
Hen3BeCHOCTH, Y pagy je npea/ioxeHa MeToaa MOAe/10Bama Nnogataka NpUMEHOM UHTYH-
TMBHUX $a3un Gpojesa. OHM Cy MOroAHU 3a pellaBare npobiemMa Hen3BeCHOCTU Y CUTyauu-
jama Kaga je noTpebHO Aa ce npencrnmTa CUrypHOCT NPU/MKOM OLietMBatba. 3a paHruparse
A06aB/bava y pagy ce kopuctn metoga ELEKTRE Koja je npuaaroheHa MHTyUTUBHUM dasu
6pojesuma (MP ELEKTRE). MeToga MPC ELEKTRE ogabpaHa je 360r Tora WwTo jacHo npe-
3eHTyje noTeHuMjasn cBUX gobaB/baya, 0AHOCHO HUXOBE NPeAHOCTU U HeA0CTaTKe Y O4HOCY
Ha 3axTeBaHe KpuTepujyme. Pesyatatu: Kopuwherwem MP ELEKTRE KoHauHu pesyaTtaTtu
npy»ajy cimky o mehycobHoj npedepeHTHOCTH, 0AHOCHO UHAUBEpPEHTHOCTU n3mehy ao-
6aB/baya. PaHrnpamem cy jacHO NpuKasaHu NoTeHuujaam cBux Aobas/baya, LUTO Y HEKOj Ha-
peaHOj HabaBLUM MOXKe MOC/AYXKWUTU Kao pedepeHLia 3a AOHOLEHE Og/yKe. 3aK/bydak:
[lonpu1HOC OBOT paga orneaa ce y npeA/soxXeHOM MOAEANY KOju y MPaKkCu MOXe MOCAYXKUTU
3a peluaBame npobsema usbopa gobas/baya, ann n CMHHKMX Npobsema Kaga ce og/iyKa
[,0HOCMK Ha OCHOBY HemnpeLn3H1X nogaTtaka. Kopuwhemwem HaBegeHMX MOgena cmatbyje ce
HeOo//1y4HOCT U CyDjeKTUBHOCT MPU AOHOLLEHY OA/YKe.

K/byune peun: ¢pasm norvka, dpasm 6poj, uHTyutneHu dpasm 6poj, Md ELEKTRE
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