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

Keywords: 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 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 (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 appli-
cation in areas such as artificial intelligence (Pokorni, 2021) and (Milošević 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 qualifica-
tions is various types of fuzzy numbers: type 1 (Dubois & Prade, 1978; Dubois & Prade, 1979) and (Zim-
mermann, 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, 
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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 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 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 0 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 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 (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 appli-
ances (Goker, 2021), a model 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 (Šmidovnik & Grošelj, 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 (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 prob-
lems 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 Kilić Pamuković (Rogulj 
et al, 2021) 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 (Komsiyah et al, 2019), for the evaluation of 
the criteria of public transport projects (Jacek & Kruszyński, 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 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. 
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The intuitive fuzzy set 𝐴̃𝐴𝑢𝑢𝑢𝑢 = {𝑥𝑥}, (Atanassov, 1983; Atanassov, 1986) is represented by the following 
expression: 

(1) 𝐴̃𝐴 = { 𝑥𝑥, 𝜇𝜇𝐴𝐴�(𝑥𝑥), 𝜈𝜈𝐴𝐴�(𝑥𝑥)|𝑥𝑥 ∈ 𝑋𝑋} 

where: μ𝐴𝐴�(𝑥𝑥) → [0,1] and ν𝐴𝐴�(𝑥𝑥) → [0,1], and where the following condition applies:  

0 ≤ μ𝐴𝐴�(𝑥𝑥) + ν𝐴𝐴�(𝑥𝑥) ≤ 1        ∀ 𝑥𝑥 ∈ 𝑋𝑋. 

The value μ𝐴𝐴�(𝑥𝑥), ν𝐴𝐴�(𝑥𝑥) ∈ [0,1] denote the degree of affiliation and the degree of non-affiliation x for 𝐴̃𝐴. 

For each intuitive fuzzy set X, valid: π𝐴𝐴�(𝑥𝑥) = 1 − μ𝐴𝐴�(𝑥𝑥)− ν𝐴𝐴�(𝑥𝑥), where 𝜋𝜋𝐴𝐴�(𝑥𝑥) is the intuitive index x in 
𝐴̃𝐴, that is, the degree of indecision. 

The intuitive index 𝜋𝜋𝐴𝐴�(𝑥𝑥) indicates the degree of indecision of decision makers in making an assess-
ment. 

For 𝜋𝜋𝐴𝐴�(𝑥𝑥) the following conditions also apply: 0 ≤ π𝐴𝐴�(𝑥𝑥) ≤ 1       ∀ 𝑥𝑥 ∈ 𝑋𝑋, 

as well as π𝐴𝐴�(𝑥𝑥) = 1 − μ𝐴𝐴�(𝑥𝑥)− [1 − μ𝐴𝐴�(𝑥𝑥)] = 0     ∀𝑥𝑥 ∈ 𝑋𝑋 non-affiliation x for 𝐴̃𝐴. 

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 𝐴̃𝐴. 

The intuitive fuzzy set 𝐴̃𝐴 = { 𝑥𝑥, μ𝐴𝐴�(𝑥𝑥), ν𝐴𝐴�(𝑥𝑥)|𝑥𝑥 ∈ 𝑋𝑋} 𝑤𝑤hich belongs to the set of real numbers is called 
the intuitive fuzzy number if: 

- there are at least two points  𝑥𝑥0,𝑥𝑥1 ∈ 𝑋𝑋 𝑠𝑠uch that μ𝐴𝐴�(𝑥𝑥0) = 1 and ν𝐴𝐴�(𝑥𝑥1) = 1, 

- affiliation function 𝜇𝜇𝐴𝐴� is fuzzy convex, and the function of non-affiliation ν𝑎𝑎 is fuzzy concave, 

- 𝜇𝜇𝐴𝐴�  is semi-continuous from above, and 𝜈𝜈𝑎𝑎 is semi-continuous from below, 

- 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = {𝑥𝑥 ∈ 𝑋𝑋, ν𝐴𝐴�(𝑥𝑥1) < 1} is located in a confined space.  

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

𝐴𝐴′ = (𝜇𝜇𝑎𝑎 ,𝜗𝜗𝑎𝑎,𝜋𝜋𝑎𝑎) 𝑎𝑎𝑎𝑎𝑎𝑎 𝐵𝐵′ = (𝜇𝜇𝑏𝑏 ,𝜗𝜗𝑏𝑏 ,𝜋𝜋𝑏𝑏)              

1) 𝜇𝜇𝑎𝑎 ≥ 𝜇𝜇𝑏𝑏 𝑎𝑎𝑎𝑎𝑎𝑎 𝜗𝜗𝑎𝑎 ≤ 𝜗𝜗𝑏𝑏 ,  𝑡𝑡ℎ𝑒𝑒𝑒𝑒 𝐴𝐴 ≥ 𝐵𝐵; 
2) 𝜇𝜇𝑎𝑎 = 𝜇𝜇𝑏𝑏 𝑎𝑎𝑎𝑎𝑎𝑎 𝜗𝜗𝑎𝑎 = 𝜗𝜗𝑏𝑏 ,  𝑡𝑡ℎ𝑒𝑒𝑒𝑒 𝐴𝐴 = 𝐵𝐵; 

𝑆𝑆𝑎𝑎 = 𝜇𝜇𝑎𝑎 − 𝜗𝜗𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎 𝐻𝐻𝑎𝑎 = 𝜇𝜇𝑎𝑎 + 𝜗𝜗𝑎𝑎;                                                                                                      (2) 
3) 𝑆𝑆𝐴𝐴 > 𝑆𝑆𝐵𝐵,  𝑡𝑡ℎ𝑒𝑒𝑒𝑒 𝐴𝐴 > 𝐵𝐵; 
4) 𝑆𝑆𝐴𝐴 = 𝑆𝑆𝐵𝐵 𝑎𝑎𝑎𝑎𝑎𝑎 𝐻𝐻𝐴𝐴 = 𝐻𝐻𝐵𝐵,  𝑡𝑡ℎ𝑒𝑒𝑒𝑒 𝐴𝐴 = 𝐵𝐵; 
5) 𝑆𝑆𝐴𝐴 = 𝑆𝑆𝐵𝐵 𝑎𝑎𝑎𝑎𝑎𝑎 𝐻𝐻𝐴𝐴 ≤  𝐻𝐻𝐵𝐵, 𝑡𝑡ℎ𝑒𝑒𝑒𝑒 𝐴𝐴 ≤ 𝐵𝐵; 

If 𝐴𝐴′ 𝑎𝑎𝑎𝑎𝑎𝑎 𝐵𝐵′are intuitive fuzzy numbers, then the following rules apply (Atanassov, 1983): 

(3) 𝐴𝐴′ + 𝐵𝐵′ = {(𝑥𝑥, 𝜇𝜇𝑎𝑎(𝑥𝑥) + 𝜇𝜇𝑏𝑏(𝑥𝑥)− 𝜇𝜇𝑎𝑎(𝑥𝑥) × 𝜇𝜇𝑏𝑏(𝑥𝑥), 𝜇𝜇𝑎𝑎(𝑥𝑥) × υ𝑏𝑏(𝑥𝑥)|𝑥𝑥 ∈ 𝐸𝐸}; 

𝐴𝐴′ − 𝐵𝐵′ = {�𝑥𝑥,𝑚𝑚𝑚𝑚𝑚𝑚�μ𝑎𝑎(𝑥𝑥),υ𝑏𝑏(𝑥𝑥)�,𝑚𝑚𝑚𝑚𝑚𝑚�υ𝑎𝑎(𝑥𝑥),μ𝑏𝑏(𝑥𝑥)��𝑥𝑥 ∈ 𝐸𝐸�; 
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𝐴𝐴′ ⊗ 𝐵𝐵′ = {(𝑥𝑥, μ𝑎𝑎(𝑥𝑥) × μ𝑏𝑏(𝑥𝑥),υ𝑎𝑎(𝑥𝑥) + υ𝑏𝑏(𝑥𝑥)− υ𝑎𝑎(𝑥𝑥) × υ𝑏𝑏(𝑥𝑥)|𝑥𝑥 ∈ 𝐸𝐸}; 

𝐴𝐴′ ⊂ 𝐵𝐵′,∀ 𝑥𝑥 ∈ 𝐸𝐸, 𝜇𝜇𝑎𝑎(𝑥𝑥) ≤ μ𝑏𝑏(𝑥𝑥), υ𝑎𝑎(𝑥𝑥) ≥ υ𝑏𝑏(𝑥𝑥); 

A′ = 𝐵𝐵′,∀ 𝑥𝑥 ∈  𝐸𝐸, μ𝑎𝑎(𝑥𝑥) = μ𝑏𝑏(𝑥𝑥),υ𝑎𝑎(𝑥𝑥) = υ𝑏𝑏(𝑥𝑥); 

𝐴𝐴′: 𝐴𝐴𝑐𝑐 = {(𝑥𝑥, 𝜐𝜐𝑎𝑎(𝑥𝑥), 𝜇𝜇𝑎𝑎(𝑥𝑥)|𝑥𝑥 ∈ 𝐸𝐸}; 

𝐴𝐴′ ∩  𝐵𝐵′ = {(𝑥𝑥,𝑚𝑚𝑚𝑚𝑚𝑚(𝜇𝜇𝑎𝑎(𝑥𝑥),𝜇𝜇𝑏𝑏(𝑥𝑥)),𝑚𝑚𝑚𝑚𝑚𝑚(𝜐𝜐𝑎𝑎(𝑥𝑥), 𝜐𝜐𝑏𝑏(𝑥𝑥))|𝑥𝑥 ∈ 𝐸𝐸}; 

𝐴𝐴′ ∪  𝐵𝐵′ = {(𝑥𝑥,𝑚𝑚𝑚𝑚𝑚𝑚(𝜇𝜇𝑎𝑎(𝑥𝑥),𝜇𝜇𝑏𝑏(𝑥𝑥)),𝑚𝑚𝑚𝑚𝑚𝑚(𝜐𝜐𝑎𝑎(𝑥𝑥), 𝜐𝜐𝑏𝑏(𝑥𝑥))|𝑥𝑥 ∈ 𝐸𝐸}; 

If two intuitive fuzzy sets are observed 𝐴̃𝐴 = {𝑥𝑥,𝜇𝜇~
𝐴𝐴

(𝑥𝑥), 𝜈𝜈~
𝐴𝐴

(𝑥𝑥),𝜋𝜋~
𝐴𝐴

(𝑥𝑥)|𝑥𝑥 ∈ 𝑋𝑋} and 𝐵𝐵� =

{𝑥𝑥,𝜇𝜇~
𝐵𝐵

(𝑥𝑥), ν~
𝐵𝐵

(𝑥𝑥),π~
𝐵𝐵

(𝑥𝑥)|𝑥𝑥 ∈ 𝑋𝑋}, where is ∆𝜇𝜇𝑖𝑖 = 𝜇𝜇~
𝐴𝐴

(𝑥𝑥𝑖𝑖) − 𝜇𝜇~
𝐵𝐵

(𝑥𝑥𝑖𝑖),∆𝜈𝜈𝑖𝑖 = 𝜈𝜈~
𝐴𝐴

(𝑥𝑥𝑖𝑖) − 𝜈𝜈~
𝐵𝐵

(𝑥𝑥𝑖𝑖) 

and ∆𝜋𝜋𝑖𝑖 = 𝜋𝜋~
𝐴𝐴

(𝑥𝑥𝑖𝑖) − 𝜋𝜋~
𝐵𝐵

(𝑥𝑥𝑖𝑖), the distance between two intuitive fuzzy sets 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 
Таблица 1. Обзор способов определения расстояние между двумя интуитивно понятными числами 
Табела 1. Преглед начина одређивања дистанце између два интуитивна броја 

Author Analytical expression 

(Atanassov, 
1986) 

Hamming distance 

𝑑𝑑ℎ(𝐴𝐴,𝐵𝐵) =
1
2 × ��(| 𝜇𝜇𝑎𝑎(𝑥𝑥𝑖𝑖

𝑛𝑛

𝑖𝑖=1

) − 𝜇𝜇𝑏𝑏(𝑥𝑥𝑖𝑖)| + |𝜐𝜐𝑎𝑎(𝑥𝑥𝑖𝑖) − 𝜐𝜐𝑏𝑏(𝑥𝑥𝑖𝑖)| + |𝜋𝜋𝑎𝑎(𝑥𝑥𝑖𝑖) − 𝜋𝜋𝑏𝑏(𝑥𝑥𝑖𝑖)|� 𝑧𝑧𝑧𝑧 

𝑋𝑋 = 𝑥𝑥1, … , 𝑥𝑥𝑛𝑛 

(Atanassov, 
1986) 

Normalization of Hamming distance 
 

𝑑𝑑𝑛𝑛−𝐻𝐻(𝐴𝐴,𝐵𝐵) =
1
2 × ��(| 𝜇𝜇𝑎𝑎(𝑥𝑥𝑖𝑖

𝑛𝑛

𝑖𝑖=1

) − 𝜇𝜇𝑏𝑏(𝑥𝑥𝑖𝑖)| + |𝜐𝜐𝑎𝑎(𝑥𝑥𝑖𝑖) − 𝜐𝜐𝑏𝑏(𝑥𝑥𝑖𝑖)| + |𝜋𝜋𝑎𝑎(𝑥𝑥𝑖𝑖) − 𝜋𝜋𝑏𝑏(𝑥𝑥𝑖𝑖)|� 

(Atanassov, 
1986) 

Euclidian distance 

𝑑𝑑𝑒𝑒(𝐴𝐴,𝐵𝐵) = �
1

2𝑛𝑛 × ��(𝜇𝜇𝑎𝑎(𝑥𝑥𝑖𝑖

𝑛𝑛

𝑖𝑖=1

) − 𝜇𝜇𝑏𝑏(𝑥𝑥𝑖𝑖))2 + (𝜐𝜐𝑎𝑎(𝑥𝑥𝑖𝑖) − 𝜐𝜐𝑏𝑏(𝑥𝑥𝑖𝑖))2 + (𝜋𝜋𝑎𝑎(𝑥𝑥𝑖𝑖) − 𝜋𝜋𝑏𝑏(𝑥𝑥𝑖𝑖))2� 

 

(Atanassov, 
1986) 

Normalization of Euclidian distance 

𝑑𝑑𝑛𝑛−𝑒𝑒(𝐴𝐴,𝐵𝐵) = �
1

2𝑛𝑛 × ��(𝜇𝜇𝑎𝑎(𝑥𝑥𝑖𝑖

𝑛𝑛

𝑖𝑖=1

) − 𝜇𝜇𝑏𝑏(𝑥𝑥𝑖𝑖))2 + (𝜐𝜐𝑎𝑎(𝑥𝑥𝑖𝑖) − 𝜐𝜐𝑏𝑏(𝑥𝑥𝑖𝑖))2 + (𝜋𝜋𝑎𝑎(𝑥𝑥𝑖𝑖) − 𝜋𝜋𝑏𝑏(𝑥𝑥𝑖𝑖))2� 

(Park et al, 
2013) 𝐷𝐷𝑝𝑝 = 1 −

1
𝑛𝑛� | △ 𝜋𝜋𝑖𝑖(𝑥𝑥𝑖𝑖

𝑛𝑛

𝑖𝑖=1

)|,𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒 △ 𝜋𝜋𝑖𝑖 = 𝜋𝜋~
𝐴𝐴

(𝑥𝑥𝑖𝑖)  −  𝜋𝜋~
𝐵𝐵

(𝑥𝑥𝑖𝑖) 

(Chen, 2016) 
𝐷𝐷(

~
𝐴𝐴,

~
𝐵𝐵) = 1 −

|2(𝜇𝜇𝐴𝐴(𝑥𝑥𝑖𝑖) − 𝜇𝜇𝐵𝐵(𝑥𝑥𝑖𝑖)) − (𝜈𝜈𝐴𝐴(𝑥𝑥𝑖𝑖) − 𝜈𝜈𝐵𝐵(𝑥𝑥𝑖𝑖))|
3 × (1 −

𝜋𝜋𝐴𝐴(𝑥𝑥𝑖𝑖) − 𝜋𝜋𝐵𝐵(𝑥𝑥𝑖𝑖)
2 )

−
|2(𝜈𝜈𝐴𝐴(𝑥𝑥𝑖𝑖) − 𝜈𝜈𝐵𝐵(𝑥𝑥𝑖𝑖)) − (𝜇𝜇𝐴𝐴(𝑥𝑥𝑖𝑖) − 𝜇𝜇𝐵𝐵(𝑥𝑥𝑖𝑖))|

3 × (1 −
𝜋𝜋𝐵𝐵(𝑥𝑥𝑖𝑖) − 𝜋𝜋𝐴𝐴(𝑥𝑥𝑖𝑖)

2 ) 



Milovanović, V. et al. 

(Luo and 
Ren, 2016) 

𝐷𝐷(
~
𝐴𝐴,

~
𝐵𝐵) = 1 −

1
3𝑛𝑛�(|𝜇𝜇𝐴𝐴2

𝑛𝑛

𝑖𝑖=1

(𝑥𝑥𝑖𝑖) − 𝜇𝜇𝐵𝐵2(𝑥𝑥𝑖𝑖)| + |𝜈𝜈𝐴𝐴2(𝑥𝑥𝑖𝑖) − 𝜈𝜈𝐵𝐵2(𝑥𝑥𝑖𝑖)|

+
|𝑚𝑚𝐴𝐴

2(𝑥𝑥𝑖𝑖) −𝑚𝑚𝐵𝐵
2(𝑥𝑥𝑖𝑖)|

2 ,𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒: 𝑚𝑚𝐴𝐴(𝑥𝑥𝑖𝑖) =
𝜇𝜇𝐴𝐴(𝑥𝑥𝑖𝑖) + 1 −  𝜈𝜈𝐴𝐴(𝑥𝑥𝑖𝑖)

2 , 𝑡𝑡ℎ𝑎𝑎𝑎𝑎 𝑚𝑚𝐵𝐵(𝑥𝑥𝑖𝑖)

=  
𝜇𝜇𝐵𝐵(𝑥𝑥𝑖𝑖) + 1 −  𝜈𝜈𝐵𝐵(𝑥𝑥𝑖𝑖)

2  . 
 

(Zhang and 
Fu, 2006) 

𝐷𝐷(
~
𝐴𝐴,

~
𝐵𝐵) = 1 −

1
2𝑛𝑛�(|𝛿𝛿𝐴𝐴

𝑛𝑛

𝑖𝑖=1

(𝑥𝑥𝑖𝑖) − 𝛿𝛿𝐵𝐵(𝑥𝑥𝑖𝑖)| + |𝛼𝛼𝐴𝐴(𝑥𝑥𝑖𝑖) − 𝛼𝛼𝐵𝐵(𝑥𝑥𝑖𝑖)|),𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒: 𝛿𝛿𝐴𝐴(𝑥𝑥𝑖𝑖)

= 𝜇𝜇𝐴𝐴(𝑥𝑥𝑖𝑖) + 𝜋𝜋𝐴𝐴(𝑥𝑥𝑖𝑖)𝜇𝜇𝐴𝐴(𝑥𝑥𝑖𝑖), 𝑡𝑡ℎ𝑎𝑎𝑎𝑎 𝛿𝛿𝐵𝐵(𝑥𝑥𝑖𝑖) = 𝜇𝜇𝐵𝐵(𝑥𝑥𝑖𝑖) + 𝜋𝜋𝐵𝐵(𝑥𝑥𝑖𝑖)𝜇𝜇𝐵𝐵(𝑥𝑥𝑖𝑖),𝛼𝛼𝐴𝐴(𝑥𝑥𝑖𝑖)
= 𝜈𝜈𝐴𝐴(𝑥𝑥𝑖𝑖) + 𝜋𝜋𝐴𝐴(𝑥𝑥𝑖𝑖)𝜈𝜈𝐴𝐴(𝑥𝑥𝑖𝑖), 𝑡𝑡ℎ𝑎𝑎𝑎𝑎 𝛼𝛼𝐵𝐵(𝑥𝑥𝑖𝑖) = 𝜈𝜈𝐵𝐵(𝑥𝑥𝑖𝑖) + 𝜋𝜋𝐵𝐵(𝑥𝑥𝑖𝑖)𝜈𝜈𝐵𝐵(𝑥𝑥𝑖𝑖) 

 

 

 

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 (ÉLimination et Choix Traduisant la REalité) developed by Bernard Roy and his collabora-
tors (Roy & Bouyssou, 1986), 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 (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 𝑋𝑋𝑖𝑖𝑖𝑖 = �𝜇𝜇𝑖𝑖𝑖𝑖 ,𝜈𝜈𝑖𝑖𝑖𝑖�. 

(4) 𝑋𝑋 =

⎣
⎢
⎢
⎡

(μ11,𝑣𝑣11) (μ12,𝑣𝑣12) … (μ1𝑛𝑛,𝑣𝑣1𝑛𝑛)
(μ11,𝑣𝑣11) (μ22,𝑣𝑣22) … (μ2𝑛𝑛,𝑣𝑣2𝑛𝑛)
(μ31,𝑣𝑣31) (μ32,𝑣𝑣32) … (μ3𝑛𝑛,𝑣𝑣3𝑛𝑛)

(μ𝑚𝑚1,𝑣𝑣𝑚𝑚1) (μ𝑚𝑚2,𝑣𝑣𝑚𝑚2) … (μ𝑚𝑚𝑚𝑚,𝑣𝑣𝑚𝑚𝑚𝑚)⎦
⎥
⎥
⎤
 

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: ∑ 𝑊𝑊𝑗𝑗 = 1𝑛𝑛

𝑗𝑗=1 , where 0 ≤ ω𝑗𝑗 ≤ 1. 

Step 3. Defining sets: 

A) consent 𝐶𝐶𝑘𝑘𝑘𝑘: 

(5) 𝐶𝐶𝑘𝑘𝑘𝑘 = �𝑗𝑗 � μ𝑘𝑘𝑘𝑘 ≥ μ𝑖𝑖𝑖𝑖 ,𝑣𝑣𝑘𝑘𝑘𝑘 < 𝑣𝑣𝑖𝑖𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 π𝑘𝑘𝑘𝑘 < π𝑖𝑖𝑖𝑖� 



Uncertainty modeling using intuitionistic fuzzy numbers 

𝐶𝐶𝑘𝑘𝑘𝑘′ = �𝑗𝑗 � μ𝑘𝑘𝑘𝑘 ≥ μ𝑖𝑖𝑖𝑖 ,𝑣𝑣𝑘𝑘𝑘𝑘 < 𝑣𝑣𝑖𝑖𝑖𝑖  𝑎𝑎𝑎𝑎𝑎𝑎 π𝑘𝑘𝑘𝑘 ≥ π𝑖𝑖𝑖𝑖� 

𝐶𝐶𝑘𝑘𝑘𝑘′′ = �𝑗𝑗 � μ𝑘𝑘𝑘𝑘 ≥ μ𝑖𝑖𝑖𝑖 ,𝑣𝑣𝑘𝑘𝑘𝑘 < 𝑣𝑣𝑖𝑖𝑖𝑖� 

B) discrepancy 𝐷𝐷𝑘𝑘𝑘𝑘: 

(6) 𝐷𝐷𝑘𝑘𝑘𝑘 = �𝑗𝑗 � μ𝑘𝑘𝑘𝑘 < μ𝑖𝑖𝑖𝑖 ,𝑣𝑣𝑘𝑘𝑘𝑘 ≥ 𝑣𝑣𝑖𝑖𝑖𝑖  𝑎𝑎𝑎𝑎𝑎𝑎 π𝑘𝑘𝑘𝑘 ≥ π𝑖𝑖𝑖𝑖� 

𝐷𝐷𝑘𝑘𝑘𝑘′ = �𝑗𝑗 � μ𝑘𝑘𝑘𝑘 < μ𝑖𝑖𝑖𝑖 ,𝑣𝑣𝑘𝑘𝑘𝑘 ≥ 𝑣𝑣𝑖𝑖𝑖𝑖  𝑎𝑎𝑎𝑎𝑎𝑎 π𝑘𝑘𝑘𝑘 < π𝑖𝑖𝑖𝑖� 

𝐷𝐷𝑘𝑘𝑘𝑘′′ = �𝑗𝑗 � μ𝑘𝑘𝑘𝑘 < μ𝑖𝑖𝑖𝑖 ,𝑣𝑣𝑘𝑘𝑘𝑘 < 𝑣𝑣𝑖𝑖𝑖𝑖� 

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

(7) 𝑔𝑔𝑘𝑘𝑘𝑘 = ω𝑐𝑐 × ∑ ω𝑗𝑗𝑗𝑗∈𝐶𝐶𝑘𝑘𝑘𝑘 + ω𝑐𝑐
′ ×∑ ω𝑗𝑗𝑗𝑗∈𝐶𝐶′𝑘𝑘𝑘𝑘 + ω𝑐𝑐

′′ × ∑ ω𝑗𝑗𝑗𝑗∈𝐶𝐶′′𝑘𝑘𝑘𝑘  

𝐺𝐺 = �

− 𝑔𝑔12 … 𝑔𝑔1𝑚𝑚
𝑔𝑔21 − … 𝑔𝑔2𝑚𝑚

𝑔𝑔(𝑚𝑚−1)1 . . . . − 𝑔𝑔(𝑚𝑚−1)𝑚𝑚
𝑔𝑔𝑚𝑚1 𝑔𝑔𝑚𝑚2 𝑔𝑔𝑚𝑚(𝑚𝑚−1) −

� 

Where 𝑊𝑊′ = {ω𝑐𝑐 ,ω𝑐𝑐
′ ,ω𝑐𝑐

′′,ω𝐷𝐷 ,ω𝐷𝐷
′ ,ω𝐷𝐷

′′} is the relative importance of the criteria that decision makers can 
subjectively determine, so that the consent matrix can be written: 

 

(8)𝐾𝐾 =

⎣
⎢
⎢
⎡

− 𝑘𝑘12 … 𝑘𝑘1𝑚𝑚
𝑘𝑘21 − … 𝑘𝑘2𝑚𝑚

𝑘𝑘(𝑚𝑚−1)1 . . . . − 𝑘𝑘(𝑚𝑚−1)𝑚𝑚
𝑘𝑘𝑚𝑚1 𝑘𝑘𝑚𝑚2 𝑘𝑘𝑚𝑚(𝑚𝑚−1) − ⎦

⎥
⎥
⎤
𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑘𝑘𝑘𝑘𝑘𝑘 = 𝑔𝑔∗ − 𝑔𝑔𝑘𝑘𝑘𝑘 

𝑔𝑔∗ is the maximum consensus index. 

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

(9) ℎ𝑘𝑘𝑘𝑘 =
𝑚𝑚𝑚𝑚𝑥𝑥𝑗𝑗∈𝐷𝐷𝑘𝑘𝑘𝑘ω𝐷𝐷

∗ ×𝑑𝑑�𝑋𝑋𝑘𝑘𝑘𝑘,𝑋𝑋𝑋𝑋𝑋𝑋�

𝑚𝑚𝑚𝑚𝑥𝑥𝑗𝑗∈𝐽𝐽×𝑑𝑑�𝑋𝑋𝑘𝑘𝑘𝑘,𝑋𝑋𝑋𝑋𝑋𝑋�
,  ω𝐷𝐷

∗ = {ω𝑑𝑑 ,ω𝐷𝐷
′ ,ω𝐷𝐷

′′} 

𝐻𝐻 =

⎣
⎢
⎢
⎡

− ℎ12 … ℎ1𝑚𝑚
ℎ21 − … ℎ2𝑚𝑚

ℎ(𝑚𝑚−1)1 . . . . − ℎ(𝑚𝑚−1)𝑚𝑚
ℎ𝑚𝑚1 ℎ𝑚𝑚2 ℎ𝑚𝑚(𝑚𝑚−1) − ⎦

⎥
⎥
⎤
 

The discrepancy matrix is: 

 

(10)𝐿𝐿 =

⎣
⎢
⎢
⎡

− 𝑙𝑙12 … 𝑙𝑙1𝑚𝑚
𝑙𝑙21 − … 𝑙𝑙2𝑚𝑚

𝑙𝑙(𝑚𝑚−1)1 . . . . − 𝑙𝑙(𝑚𝑚−1)𝑚𝑚
𝑙𝑙𝑚𝑚1 𝑙𝑙𝑚𝑚2 𝑙𝑙𝑚𝑚(𝑚𝑚−1) − ⎦

⎥
⎥
⎤

,𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑙𝑙𝑘𝑘𝑘𝑘 = ℎ∗ − ℎ𝑘𝑘𝑘𝑘 , 



Milovanović, V. et al. 

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: 

(11) 𝑅𝑅 = �

− 𝑟𝑟12 … 𝑟𝑟1𝑚𝑚
𝑟𝑟21 − … 𝑟𝑟2𝑚𝑚

𝑟𝑟(𝑚𝑚−1)1 . . . . − 𝑟𝑟(𝑚𝑚−1)𝑚𝑚
𝑟𝑟𝑚𝑚1 𝑟𝑟𝑚𝑚2 𝑟𝑟𝑚𝑚(𝑚𝑚−1) −

� ,𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝑟𝑟𝑘𝑘𝑘𝑘 =  𝑙𝑙𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘+𝑙𝑙𝑘𝑘𝑘𝑘

 

Ranking of alternatives is realized in accordance with the following: 

(12) 𝑇𝑇𝑘𝑘𝑘𝑘���� = 1
𝑚𝑚−1

∑ 𝑟𝑟𝑘𝑘𝑘𝑘𝑚𝑚
𝑖𝑖=1,𝑙𝑙≠𝑘𝑘 ,  𝑘𝑘 = 1,2, … . ,𝑚𝑚, 

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

(13) 𝐴𝐴 = 𝑚𝑚𝑚𝑚𝑚𝑚{𝑇𝑇𝑘𝑘���} 

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 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 (Ta-
nasijević 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 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 (Lootsma, 1993), 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. 

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 A1 to A6) applied for the tender. The decision makers selected four most 
important criteria in their opinion, such as: business (K1), customer relations (K2), 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 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', 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 𝐴̃𝐴 = (μ𝑖𝑖,ϑ𝑖𝑖 ,π𝑖𝑖) and presented at intervals 0 ≤ μ𝑖𝑖 ≤ 1,0 ≤ ϑ𝑖𝑖 ≤ 1,0 ≤ π𝑖𝑖 ≤ 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. 

Table 2. Decision matrix modeled by intuitive fuzzy numbers 
Таблица 2. Матрица решений, смоделированная интуитивно понятными фаззи-числами 
Табела 2. Матрица одлучивања моделована интуитивним фази бројевима 

K/A 
K1 K2 K3 K4 

μi ʋi πi μi ʋi πi μi ʋi πi μi ʋi πi 

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 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 0.42 0.29 0.39 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 𝐶𝐶𝑘𝑘𝑘𝑘 and the noncompliance conditions 𝐷𝐷𝑘𝑘𝑘𝑘 based on ex-
pressions (5) and (6): 

b)  

𝐶𝐶𝑘𝑘𝑘𝑘 =

⎣
⎢
⎢
⎢
⎢
⎡
− 4 − − 2,4 2,4
1 − 3 3 3 1,3
− − − 4 2 −
− − 3 − − −
− 4 − − − 4
1 4 − − − − ⎦

⎥
⎥
⎥
⎥
⎤

,𝐷𝐷𝑘𝑘𝑘𝑘 =

⎣
⎢
⎢
⎢
⎢
⎡
− 1,3 − − − 1
4 − − − 4 4
2 3 − 3 − −
2 3 2,4 − − −

2,4 3 2 − − −
2,4 1,3 − − 4 −⎦

⎥
⎥
⎥
⎥
⎤

 

𝐶𝐶𝑘𝑘𝑘𝑘′ =

⎣
⎢
⎢
⎢
⎢
⎡
− 2 2,4 2,4 − −
3 − − − − −

1,3 2 − 2 − 1
3 2 − − − −

1,3 1,2 3,4 1,4 − 1
3 − 3,4 4 − −⎦

⎥
⎥
⎥
⎥
⎤

,𝐷𝐷𝑘𝑘𝑘𝑘′ =

⎣
⎢
⎢
⎢
⎢
⎡
− − 1,3 3 1,3 3
2 − 2 2 1,2 −
4 − − − 3,4 3,4
4 − − − 1,4 4
− − − − − −
− − 1 − 1 − ⎦

⎥
⎥
⎥
⎥
⎤

 

𝐶𝐶𝑘𝑘𝑘𝑘′′ =

⎣
⎢
⎢
⎢
⎢
⎡
− – – − − −
– − 1 − − 2
– 4 − − − 2
1 1,4 1 − 2,3 1,2,3
− − 1 − − 2,3
– − − − − − ⎦

⎥
⎥
⎥
⎥
⎤

,𝐷𝐷𝑘𝑘𝑘𝑘′′ =

⎣
⎢
⎢
⎢
⎢
⎡
− − − 1 − −
− − 4 1,4 − −
− 1 − 1 1 −
− − − − − −
− − − 2,3 − −
− 2 2 1,2,3 2,3 −⎦

⎥
⎥
⎥
⎥
⎤

 

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

 𝐺𝐺 =

⎣
⎢
⎢
⎢
⎢
⎡

− 0.5332 0.3996 0.3996 0.6 0.6
0.2998 − 0.3333 0.3 0.3 0.4666
0.2664 0.2664 − 0.5332 0.2 0.1332
0.2331 0.2997 0.3333 − 0.1665 0.1998
0.2664 0.5998 0.4995 0.333 − 0.6331
0.2998 0.4 0.4662 0.2664 0 − ⎦

⎥
⎥
⎥
⎥
⎤

 

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

𝐻𝐻 =

⎣
⎢
⎢
⎢
⎢
⎡

− 0.25587 0.49638 0.15055 0.66 0.63561
1 − 0.40553 0.33 1 1

0.66 0.99089 − 0.33 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 − ⎦

⎥
⎥
⎥
⎥
⎤

 

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

𝐾𝐾 =

⎣
⎢
⎢
⎢
⎢
⎡

− 0.0999 0.2335 0.2335 0.0331 0.0331
0.3333 − 0.2998 0.3331 0.3331 0.1665
0.3667 0.3667 − 0.0999 0.4331 0.4999

0.4 0.3334 0.2998 − 0.4666 0.4333
0.3667 0.0333 0.1336 0.3001 − 0
0.3333 0.2331 0.1669 0.3667 0.6331 − ⎦

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

𝐿𝐿 =

⎣
⎢
⎢
⎢
⎢
⎡

− 0.7441 0.5036 0.8495 0.34 0.3644
0 − 0.5945 0.67 0 0

0.34 0.0091 − 0.67 0.34 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 (11): 

𝑅𝑅 =

⎣
⎢
⎢
⎢
⎢
⎡

− 0.8816 0.6832 0.7844 0.9113 0.9167
0 − 0.6648 0.6679 0 0

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 (12) and (13), Table 3. 

The final obtained results showed that the best ranked alternative is A1, i.e. the worst ranked alternative 
is A2. The alternative A5 is, in the decision-maker's opinion, extremely close to the alternative A1, which 
gives the possibility that the alternative A purchase of an unmanned aircraft. The alternatives A2 and A6 
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 A3 and A4 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 
Таблица 3. Обзор полученных результатов 
Табела 3. Преглед добијених резултата 

 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 A5 2 

T6 0.3649 A6 5 
 

 

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 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 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 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 A2 and A6 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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Моделирование неопределенности с помощью 
интуиционистских нечетких чисел 

 

 

 

Резюме:  
Введение/цель: В статье обсуждается выбор наиболее оптимального поставщика на 
примере беспилотного летательного аппарата, в тех случаях, когда ответственное 
лицо, принимающее решение, владеет данными качественного характера. Про-
блемы, возникающие на практике при выборе поставщиков, связаны с выбором со-
ответствующих критериев, а также с тем, как они оцениваются лицом, принимающим 
решения. Одним из способов оценки критериев качественного характера является 
использование лингвистических средств, предоставляющих лицам, принимающим 
решения, свободу выражать свою позицию и мнение методом описательной оценки. 
Так как данный метод оценки не самый точный, он может внести неопределенность 
при принятии решения. Методы: Для решения проблемы неопределенности в данной 
статье предлагается метод моделирования данных с использованием интуитивно 
понятных фаззи-чисел. Интуитивно понятные фаззи-числа приемлемы для решения 
проблемы неопределенности в ситуациях, когда необходимо проанализировать без-
опасность оценивания. Для ранжирования поставщиков используется метод 
ELECTRE, адаптированный к интуитивно понятным фаззи-числам (IF ELECTRE). Метод 
IF ELECTRE был выбран благодаря его четкости в представлении потенциала всех 
поставщиков, то есть их преимуществ и недостатков по отношению к требуемым кри-
териям. Результаты: Используя IF ELECTRE, конечные результаты демонстрируют вза-
имное предпочтение или безразличие между поставщиками. Ранжирование четко 
выявляет потенциал всех поставщиков, который в будущих закупках может послу-
жить ориентиром при принятии решений. Выводы: Научный вклад данной статьи 
заключается в предложенной модели, которая может применяться на практике для 
решения не только проблемы выбора поставщика, но и аналогичных задач, решение 
которых принимается на основании неточных данных. Применение представленных 
моделей спосубствует снижению нерешительности и субъективности при принятии 
решений. 
 
Ключевые слова: нечеткая логика, фаззи-числа, интуитивно понятные фаззи-числа, IF 
ELEKTRE 
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Uncertainty modeling using intuitionistic fuzzy numbers 

Моделовање неизвесности применом интуитивних  
фази бројева 

 

 

 

Сажетак:  
Увод/циљ: У раду је разматран избор најповољнијег добављача на примеру беспо-
садне летелице, у случају када доносилац одлуке располаже подацима квалитативног 
карактера. Проблеми који се јављају у пракси при избору добављача односе се на из-
бор адекватних критеријума, као и начин на који их доносилац одлуке оцењује. Један 
од начина оцењивања критеријума квалитативног карактера јесте коришћење лингви-
стичких израза, који доносиоцу одлуке дају слободу да свој став и мишљење искаже 
помоћу описних оцена. Овакав начин оцењивања није најпрецизнији, што доносиоцу 
одлуке може изазвати одређену дозу неизвесности. Методе: За решавање проблема 
неизвесности, у раду је предложена метода моделовања података применом интуи-
тивних фази бројева. Они су погодни за решавање проблема неизвесности у ситуаци-
јама када је потребно да се преиспита сигурност приликом оцењивања. За рангирање 
добављача у раду се користи метода ELEKTRE која је прилагођена интуитивним фази 
бројевима (ИФ ELEKTRE). Метода ИФС ELEKTRE одабрана је због тога што јасно пре-
зентује потенцијал свих добављача, односно њихове предности и недостатке у односу 
на захтеване критеријуме. Резултати: Коришћењем ИФ ELEKTRE коначни резултати 
пружају слику о међусобној преферентности, односно индиферентности између до-
бављача. Рангирањем су јасно приказани потенцијали свих добављача, што у некој на-
редној набавци може послужити као референца за доношење одлуке. Закључак: 
Допринос овог рада огледа се у предложеном моделу који у пракси може послужити 
за решавање проблема избора добављача, али и сличних проблема када се одлука 
доноси на основу непрецизних података. Коришћењем наведених модела смањује се 
неодлучност и субјективност при доношењу одлуке. 
 
Кључне речи: фази логика, фази број, интуитивни фази број, ИФ ELEKTRE 
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