
  

Abstract—This study uses two-dimensional standard fuzzy sets 

to enhance multiple criteria decision-making analysis for passenger 

aircraft selection, allowing decision-makers to express judgments 

with uncertain and vague information. Using two-dimensional fuzzy 

numbers, three decision makers evaluated three aircraft alternatives 

according to seven decision criteria. A validity analysis based on 

two-dimensional standard fuzzy weighted geometric (SFWG) and  

two-dimensional standard fuzzy weighted average (SFGA) 

operators is conducted to test the proposed approach's robustness 

and effectiveness in the fuzzy multiple criteria decision making 

(MCDM) evaluation process.  

 

Keywords—Standard fuzzy sets (SFSs), aircraft selection, 

multiple criteria decision making, intuitionistic fuzzy sets (IFSs), 

SFWG,  SFGA, MCDM.  

I. INTRODUCTION 

he civil aviation industry delivers orders to customers 

with various configuration options such as engines, 

design types, and avionics in aircraft, in line with 

customers' demands and expectations. Customers must make 

accurate decisions and act prudently against potential 

negative situations, especially considering the high cost and 

investment aspect. Aircraft selection is a difficult decision-

making process that requires multidimensional evaluations 

containing conflicting multiple criteria.  

Therefore, aviation can be divided into three separate 

groups for aircraft selection: general aviation, military 

aviation, and commercial aviation. In addition to this 

classification, it is also possible to divide it into another 

classification according to motor type, range, and seating 

capacity. Choosing the wrong aircraft type can lead to critical 

loss or even bankruptcy. There are many different types and 

models of aircraft in the aviation sector, and as the aircraft 

size decreases, the number of manufacturers increases 

globally. 

Aviation industry customers pay attention to certain 

decision criteria in order of importance when selecting an 

aircraft. These criteria can be evaluated as direct operating 

costs, aircraft purchase price, and performance, ease of 

maintenance of the aircraft, low maintenance, and operating 

costs, operational flexibility, comfort, and the aircraft's ability 

to maintain its future value.  

Especially airlines determine their fleet plans and aircraft 

selection with numerous criteria. Along with these criteria, 

they aim to meet customer expectations at the highest level 

and increase market share and profitability. As the size and 

number of aircraft decrease, the selection criteria may differ.   
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As expectations, purposes, and functions vary, it is 

naturally inevitable that the selection criteria for aircraft also 

differs.Therefore, in this situation where there are numerous 

conflicting criteria and alternatives in individual aircraft 

selection, multiple criteria decision making (MCDM) 

approach is proposed to select the passenger aircraft. In the 

capital-intensive aviation industry, where investment costs 

are high, selecting the right aircraft enables companies or 

individuals to make informed decisions. 

The AHP and TOPSIS methods were used in the selection 

of combat aircraft. Based on 21 sub-criteria among 5 aircraft 

alternatives, an MCDM ranking order was reached. 

Maximum speed, altitude, range, takeoff weight, usability in 

all types of air operations, durability, ability to fly in all types 

of weather conditions and day and night conditions, 

maximum flight sortie, all types of air firing ability, 

maximum ammunition carrying capacity, electronic warfare 

capability, radar system capability, compatibility with all 

types of weapons firing and communication systems, 

auxiliary flight indicator systems, emergency rescue systems, 

pilot support systems in all types of operations, purchase cost, 

maintenance and sustainment costs, economic life and 

equipment continuity criteria were used [1]. 

MCDM methods were used in the aircraft selection 

problem based on 10 criteria among 5 aircraft alternatives. 

Direct operating cost, price, performance, technology level, 

maintenance ease, operational flexibility, comfort and value 

preservation, external noise, technical support, and cargo 

capacity criteria were studied [2]. 

Fuzzy MCDM method was used in the selection of training 

aircraft. The study was conducted based on 16 criteria among 

7 aircraft alternatives used for training purposes. Fuel 

capacity, power, service ceiling, maximum and minimum g-

limits, maximum speed, cruise speed, the maximum speed 

with landing gear down, usage speed with flaps open, stall 

speed with engine off, maximum cruise speed, maximum 

climb rate at sea level, landing distance, takeoff and 50ft 

reach distance, and full stop distance for landing were 

considered [3]. 

The Analytic Network Process (ANP) was used for aircraft 

selection for Turkish Airlines. The study was conducted 

based on 10 criteria among 3 aircraft alternatives. The sub-

criteria included purchase cost, operating and spare parts cost, 

maintenance cost, reliability, depreciation cost, delivery time, 

useful life, dimensions, conformity to safety, reliability, and 

service quality [4].  

The Novel Approach to Imprecise Assessment and 

Decision Environments (NAIADE) method, which is one of 

the MCDM methods, was used to select an aircraft for a local 
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company. The study was conducted based on 11 criteria 

among 8 aircraft alternatives. Purchase cost, operating costs, 

flexibility, cruising speed, availability of spare parts, landing 

and takeoff distance, comfort, and avionics were the criteria 

studied [5]. 

The Analytic Hierarchy Process (AHP) method was used 

for aircraft selection for regional flights in Europe. The study 

was conducted based on 6 criteria among 7 aircraft 

alternatives, including seat capacity, price, total baggage 

capacity, and payment conditions [6]. Also, fuzzy AHP 

approach to passenger aircraft type selection was applied to 

evaluate the alternatives [7]. 

Also, four aircraft alternatives were evaluated using the 

AHP and TOPSIS methods based on 9 criteria, including 

airport capacity, take-off distance, fuel tank capacity, engine 

power, length to wingspan ratio, climbing rate, wing dihedral 

angle, wingspan, and fuel consumption [8]. 

The AHP method was used on aircraft selection problem 

for airlines. The study was conducted with 3 aircraft 

alternatives based on 4 main criteria and 8 sub-criteria, 

including economic and technical performance, internal 

quality, and environmental impact [9]. 

In the business jet selection process, the MCDM methods 

were used and evaluated 5 aircraft alternatives based on 9 

criteria, including initial purchase cost, fuel consumption, 

maintenance cost, range, speed, passenger capacity, flight 

safety, CO2 emissions, and comfort [10].   

The aircraft selection process was evaluated using MCDM 

methods, and four aircraft alternatives were assessed based 

on five criteria, including range, price, speed, passenger 

capacity, and fuel consumption [11]. 

The aerobatic aircraft selection process was structured 

using the Stochastic Multiple Criteria Acceptability Analysis 

(SMAA) method. The study was conducted based on 5 

criteria among 5 aircraft alternatives, including aircraft 

performance, international prestige, pilot adaptation, logistics 

performance, and economy [12]. 

In their studies, the authors evaluated military training 

aircraft using various methods such as combining multi-

criteria decision making processes with fuzzy logic [13], 

applying Fuzzy Reference Ideal Method (FRIM) for military 

advanced training aircraft selection [14], and using a double 

fuzzy multi-criteria analysis to evaluate international high-

performance aircrafts for defense purposes [15]. 

In the aircraft selection process in airlines, the Analytic 

Hierarchy Process (AHP) method supported by the Social 

Choice Theory was used. The study was conducted based on 

9 criteria among 3 aircraft alternatives, including fuel 

consumption, environmental impact, maintenance and repair 

costs, passenger capacity, and operating costs [16]. 

MCDM methods for aircraft selection in the education fleet 

were used. They conducted their study based on 25 criteria 

among 3 aircraft alternatives. Criteria such as aircraft 

suitability for training, maintenance and operational 

sustainability, school budget adequacy, number of students to 

be trained, similarity to existing aircraft, status of schools in 

the country, suitability of physical features for aircraft, 

region's meteorological conditions, aircraft stability and 

durability, climb capability and maximum climb height, 

stopping speed, minimum take-off distance, cockpit 

ergonomics, aircraft power in case of an accident, 

qualifications and licenses of teacher pilots, operational 

characteristics, aircraft procurement cost, spare parts supply 

time and convenience, location and ease of operation, 

operation and insurance costs, oil and fuel expenses, 

suitability of flight personnel and related equipment, 

technical support, maintenance and repair costs, ease of 

maintenance and repair, and technical and service life of the 

aircraft were evaluated in their study [17]. 

The cargo aircraft selection decision was analyzed using 

fuzzy MCDM methods. They conducted their study based on 

16 criteria among 4 aircraft alternatives. Criteria such as 

initial cost, maintenance cost, scrap value, spare parts cost, 

financing options, unit fuel cost, range, noise class, type 

compatibility, compatibility with the airports where the 

operation will be carried out, loading capacity, maintenance 

times, aircraft door size, flight speed, delivery time, and 

economic life were considered [18]. 

The integration of spherical fuzzy AHP-TOPSIS methods 

has been applied to the aircraft type selection process for 

regional airlines in Türkiye [19]. Also, the aircraft selection 

problem was investigated using both classical MCDM and 

non-classical MCDM methods such as fuzzy sets, 

determinate fuzzy sets, intuitionistic fuzzy sets, and 

neutrosophic sets [20-50].  

In the literature review [51-75], it has been found that many 

studies apply a number of MCDM methods, including AHP, 

MAUT, TOPSIS, VIKOR, ELECTRE, ORESTE, and 

PROMETHEE, to the analysis of multiple criteria decision 

making problems. The MCDM methodology is adopted in 

these studies to address the challenges that arise when dealing 

with uncertain and vague information [76-125]. 

The paper is organized as follows: Section 2 provides a 

brief review of the standard fuzzy sets. In Section 3, the 

proposed decision-making approach is applied to solve a 

problem that involves the assessment of three passenger 

aircraft alternatives based on seven decision criteria. Finally, 

Section 4 presents a formal conclusion along with future 

suggestions. 

II. METHODOLOGY 

Standard fuzzy sets (SFSs) [76] can be categorized based 

on dimensionality, such as one-dimensional, two-

dimensional, and multiple-dimensional sets. Two-

dimensional intuitionistic fuzzy sets (IFSs) [80] represent a 

generalization of SFSs. In the present study, SFSs have been 

extended into two dimensions by defining two independent 

membership functions, namely membership degree and non-

membership degree, for each element within the range of 

[0,1].  

This extension permits the definition of independent 

membership functions with larger values, in contrast to IFSs 

that require the sum of the degree of membership and the 

degree of non-membership for each element to be at most 1. 

 

Definition 1. Let X be a non-empty set. A standard fuzzy set 

A in X is given by 

 

 , ( ) |AA x x x X=                                                          (1) 
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where the functions ( ) : [0,1]A x X →  and 

( ) (1 ) : [0,1]A Ax X = − → define the degree of membership 

and the degree of non-membership of an element to the set A, 

respectively, with the condition that   

 

( ) ( ) 1,A Ax x x X + =                                                     (2)          

 

The degree of hesitancy is calculated as follows: 

 

( ) 1 ( ) ( ) 0A A Ax x x  = − − =                                                      (3) 

 

Definition 2. Let X be a non-empty set. An intuitionistic fuzzy 

set I in X is given by 

 

 , ( ), ( ) |I II x x x x X =                                                 (4) 

 

where the functions ( ) : [0,1]I x X →  and 

( ) : [0,1]I x X → define the degree of membership and the 

degree of non-membership of an element to the set 𝐼, 
respectively, with the condition that   

 

0 ( ) ( ) 1,I Ix x x X  +                                                      (5)          

 

The degree of hesitancy is calculated as follows: 

 

( ) 1 ( ) ( )I I Ix x x  = − −                                                      (6) 

 

Definition 3. Let X be a non-empty set. A two-dimensional 

standard fuzzy set F in X is given by 

 

 , ( ), ( ) |F FF x x x x X =                                               (7) 

 

where the functions ( ) : [0,1]F x X →  and 

( ) : [0,1]F x X → define the degree of membership and the 

degree of non-membership of an element to the set F, 

respectively, with the condition that   

 

0 ( ) ( ) 2,F Fx x x X  +                                                (8)          

 

In sequel, ( , )A AA =    denotes a two-dimensional 

standard fuzzy number (SFN).  

 

Definition 4. Let ( , )A AA =    and ( , )B BB =    be two 

SFNs, then the addition and multiplication operations are 

defined as follows 

 

( , )A B A B A BA B =  +  −                                              (9) 

 

( , )A B A B A BA B =    +  −                                            (10) 

 

( , )C

A AA =                                                                        (11) 

 

Definition 5. Let ( , )A AA =   be an SFN, then the score 

function ( )S A and accuracy function ( )H A of 𝐴 can be 

respectively defined as follows 

 

( ) A AS A =  −                                                                    (12) 

 

( ) A AH A =  +                                                                    (13) 

 

Definition 6. Let ( , ) ( 1,2,..., )
i ii A AA i n=   =  be a set of 

SFNs and 
1 2( , ,..., )T

n =     be weight vector of 
iA  

1
1

n

ii


=
= , then a two-dimensional standard fuzzy weighted 

average (SFWA) operator is 

 

( )( )1 2 1 1
( , ,..., ) 1 (1 ) ,i i

i i

n n

n A Ai i
SFWA A A A

 

= =
= − −      (14) 

 

Definition 7. Let ( , ) ( 1,2,..., )
i ii A AA i n=   =  be a set of 

SFNs and 
1 2( , ,..., )T

n =     be weight vector of 
iA  

1
1

n

ii


=
= , then a two-dimensional standard fuzzy weighted 

geometric (SFWA) operator is 

 

( )( )1 2 1 1
( , ,..., ) , 1 (1 )i i

i i

n n

n A Ai i
SFWG A A A

 

= =
=  − −     (15) 

 

Definition 8. Let ( , )
i ii A AA =    and ( , )

i ii B BB =   be two 

SFNs. The distance between these two SFNs is obtained by 

normalized Minkowski distance family as follows.  

 
1/

1

1
( , ) ( ) ( ) ( )

2 İ İ İ İ İ İ

n

A B A B A Bi
d A B

n



  

=

 
=  −  +  −  +  −  

 
          (16)        

 

where (1,2,3,..., ) =  , 1 = denotes Manhattan distance, 

2 =  denotes Euclidean distance, 3 =  denotes Minkowski 

distance,  and  =   denotes Chebyshev distance. 

 

A. Multiple Criteria Decision-Making (MCDM) Analysis  

 

In decision making theory, a multiple criteria decision-

making analysis problem is characterized by a set of 

alternatives  1,...,i iA A A= ( 2)i   which the best decision 

must be made, according to a given set of criteria 

 1,...,j jC C C= ( 1)j  and the score i x j  [ ]ijX X=  whose 

component 
ijX  is the score of the alternative 

iA  based on 

criterion 
jC . Each criterion has an importance normalized 

weight  0,1j  with 
1

1
J

jj


=
= .  

The MCDM problem is considered by using all criteria 
jC  

and all alternatives
iA  as well as all their related score values 

ijX expressed quantitatively and the weighting factor 
j  of 

each criteria 
jC . The set of normalized weighting factors is 
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denoted by  1,...,j j  = . Depending on the context of the 

MCDMA problem, the score can be interpreted either as a 

cost or as a benefit. The score matrix [ ]ijX X=  is sometimes 

also called benefit or payoff matrix in the literature. The 

classical MCDM problem aims to select the best alternative
*A A  given X and the weighting factors 

j  of criteria. 

B.Aircraft Selection Problem    

 

The multiple criteria decision-making (MCDM) methods 

can be effectively applied to determine the most suitable 

aircraft selection. Therefore, in this study, a suggested 

MCDM approach is used to evaluate and select the best 

aircraft among several alternatives. To evaluate the aircraft 

alternatives, a set of criteria is determined based on a 

comprehensive literature review and expert opinions.  

The identified decision criteria include benefit type and 

cost type criteria for evaluation of the aircraft alternatives. 

Benefit criteria are flight range (C1), number of seats (C2), 

maximum takeoff weight (C3), luggage volume (C4), and 

payload (C5), cost criteria are fuel consumption (C6) and 

purchase cost (C7). The potential narrowbody aircraft 

considered are A1, A2, and A3, which are evaluated 

according to the determined criteria. The steps of the two-

dimensional standard fuzzy MCDM the problem are 

presented as follows: 

 

Step 1. The decision matrix is established. 

 

The initial decision matrix [ ]ij mxnX x=  for the alternatives  

( iA ), the decision criteria ( jC ),  and the criteria weights  

( j ) is constructed. 

 

Step 2. The decision matrix is normalized. 

 

 
 ,

,

A A B

ij

A A C

x
  −  

= 
 −  

 

 

where  
B  denotes benefit type criteria, and 

C  denotes 

cost type criteria,   

 

Step 3. The criteria weights are computed.  

 

The importance weights 
j of decision criteria are 

assessed by the DMs using two-dimensional standard fuzzy 

weighted geometric (SFWG) operator. 

 

Step 4. Weighted normalized matrix is computed. 

 

The two-dimensional standard fuzzy weighted geometric 

(SGWG) and (SFWA) operator are used to compute the 

weighted normalized matrix. 

 

Step 5. The alternatives are ranked according to their score 

function ( ) [ 1,1]S A  −  values in decreasing order.  The 

bigger value * argmax ( )ii S A=  corresponds to the best 

MCDM solution *A , that is *

iA A= .                                                        

C. Standard Fuzzy Set Application  

 

The solutions of the defined problem through the proposed 

standard fuzzy method are presented in the following 

algorithm.  

 

Step 1. The proposed approach is applied to the most 

appropriate aircraft selection among three alternatives in 

MCDM problem. These alternatives (A1, A2, and A3) are 

evaluated according to seven criteria determined based on 

comprehensive literature review and expert opinions.  

A team of experts are formed to evaluate the suppliers 

using the proposed approach. Three decision-makers are 

selected, consisting of aircraft experts and expert academics 

on multiple criteria decision making in a fuzzy environment 

and are abbreviated as DM1, DM2, and DM3 respectively.  

 

Step 2. The evaluations of the aircraft by the decision-makers 

in accordance with the defined objectives and criteria, using 

two-dimensional standard fuzzy set values are presented in 

Table 1. 

 
Table 1. Two-dimensional standard fuzzy decision matrix for each 

decision maker 

 
Criteria DMs A1 A2 A3 

C1 

DM1 0,6 0,7 0,3 0,9 0,7 0,9 

DM2 0,8 0,9 0,5 0,6 0,4 0,7 

DM3 0,4 0,8 0,3 0,7 0,7 0,5 

C2 

DM1 0,2 0,6 0,8 0,9 0,5 0,8 

DM2 0,7 0,4 0,6 0,5 0,6 0,3 

DM3 0,5 0,4 0,7 0,9 0,7 0,8 

C3 

DM1 0,4 0,7 0,5 0,7 0,9 0,3 

DM2 0,5 0,3 0,8 0,4 0,6 0,7 

DM3 0,6 0,3 0,7 0,6 0,6 0,4 

C4 

DM1 0,5 0,4 0,6 0,3 0,5 0,3 

DM2 0,9 0,7 0,6 0,5 0,7 0,5 

DM3 0,4 0,5 0,7 0,4 0,5 0,3 

C5 

DM1 0,6 0,8 0,6 0,4 0,7 0,5 

DM2 0,3 0,9 0,5 0,8 0,6 0,3 

DM3 0,5 0,4 0,6 0,7 0,5 0,4 

C6 

DM1 0,6 0,7 0,9 0,4 0,7 0,4 

DM2 0,3 0,6 0,5 0,9 0,8 0,5 

DM3 0,4 0,7 0,8 0,6 0,4 0,7 

C7 

DM1 0,6 0,3 0,9 0,7 0,8 0,3 

DM2 0,9 0,4 0,8 0,5 0,7 0,8 

DM3 0,8 0,5 0,7 0,3 0,6 0,7 

 

Steps 3. Original two-dimensional standard fuzzy set 

numbers are converted to their corresponding normalized 

numbers as shown in Table 2.  

 
Table 2. Normalized two-dimensional standard fuzzy decision 

matrix for each decision maker 

 
Criteria DMs A1 A2 A3 

C1 

DM1 0,6 0,7 0,3 0,9 0,7 0,9 

DM2 0,8 0,9 0,5 0,6 0,4 0,7 

DM3 0,4 0,8 0,3 0,7 0,7 0,5 

C2 

DM1 0,2 0,6 0,8 0,9 0,5 0,8 

DM2 0,7 0,4 0,6 0,5 0,6 0,3 

DM3 0,5 0,4 0,7 0,9 0,7 0,8 
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C3 

DM1 0,4 0,7 0,5 0,7 0,9 0,3 

DM2 0,5 0,3 0,8 0,4 0,6 0,7 

DM3 0,6 0,3 0,7 0,6 0,6 0,4 

C4 

DM1 0,5 0,4 0,6 0,3 0,5 0,3 

DM2 0,9 0,7 0,6 0,5 0,7 0,5 

DM3 0,4 0,5 0,7 0,4 0,5 0,3 

C5 

DM1 0,6 0,8 0,6 0,4 0,7 0,5 

DM2 0,3 0,9 0,5 0,8 0,6 0,3 

DM3 0,5 0,4 0,6 0,7 0,5 0,4 

C6 

DM1 0,7 0,6 0,4 0,9 0,4 0,7 

DM2 0,6 0,3 0,9 0,5 0,5 0,8 

DM3 0,7 0,4 0,6 0,8 0,7 0,4 

C7 

DM1 0,3 0,6 0,7 0,9 0,3 0,8 

DM2 0,4 0,9 0,5 0,8 0,8 0,7 

DM3 0,5 0,8 0,3 0,7 0,7 0,6 

 

D.IFWG operator was applied to the aircraft selection 

problem     

 

Step 4. The aggregated two-dimensional standard fuzzy 

decision matrix, which was obtained by combining the 

individual decision matrices consisting of two-dimensional 

standard fuzzy numbers are displayed in Table 3. 

 
Table 3. Aggregated two-dimensional standard fuzzy decision 

matrix 

 
Criteria A1 A2 A3 

C1 0,577 0,818 0,356 0,771 0,581 0,753 

C2 0,412 0,476 0,695 0,829 0,594 0,696 

C3 0,493 0,472 0,654 0,584 0,687 0,499 

C4 0,565 0,552 0,632 0,406 0,559 0,374 

C5 0,448 0,771 0,565 0,670 0,594 0,406 

C6 0,665 0,448 0,600 0,785 0,519 0,670 

C7 0,391 0,800 0,472 0,818 0,552 0,712 

 

Steps 5. The standard fuzzy evaluations of the criteria, which 

were assigned by the decision makers using two-dimensional 

standard fuzzy numbers are displayed in Table 4. Meanwhile, 

the aggregated two-dimensional standard fuzzy criteria 

weights that were obtained by using their equal weights, and 

the importance rankings (
iR ) of the criteria are shown in 

Table 5. 

 
 Table 4. The two-dimensional standard fuzzy evaluations of the 

criteria for each decision maker  

 
Criteria DM1 DM2 DM3 

C1 0,7 0,1 0,8 0,3 0,7 0,6 

C2 0,8 0,2 0,7 0,3 0,5 0,3 

C3 0,9 0,3 0,7 0,5 0,8 0,5 

C4 0,6 0,3 0,7 0,4 0,6 0,2 

C5 0,8 0,4 0,5 0,4 0,9 0,3 

C6 0,7 0,3 0,6 0,3 0,8 0,3 

C7 0,6 0,3 0,7 0,1 0,9 0,4 

 

Table 5. Aggregated criterion weights  

 

Criteria A  
A  ( )jS   

iR  

C1 0,732 0,368 0,363 4 

C2 0,654 0,268 0,386 3 

C3 0,796 0,441 0,355 5 

C4 0,632 0,305 0,327 7 

C5 0,711 0,368 0,343 6 

C6 0,695 0,300 0,395 2 

C7 0,723 0,277 0,446 1 

Step 6. The weighted decision matrix is created using the 

weight vectors obtained in Table 5. The weighted decision 

matrix is as in Table 6. 

 
Table 6. Weighted decision matrix 

 
Criteria A1 A2 A3 

C1 0,669 0,534 0,469 0,581 0,672 0,597 

C2 0,560 0,841 0,788 0,005 0,712 0,726 

C3 0,570 0,755 0,713 0,012 0,742 0,738 

C4 0,697 0,783 0,748 0,026 0,693 0,867 

C5 0,565 0,581 0,666 0,001 0,691 0,826 

C6 0,753 0,837 0,701 0,046 0,634 0,717 

C7 0,508 0,640 0,581 0,182 0,651 0,709 

 

Step 7. The rankings (
iR ) of the alternatives, which were 

obtained after aggregating the score values for each two-

dimensional standard fuzzy number in the weighted decision 

matrix are presented in Table 7. 

 
Table 7. The rankings of the alternatives 

 
Criteria C1 C2 

iA  A  
A  ( )iS A  

iR  

A1 0,032 0,917 -0,885 2 

A2 0,054 1,000 -0,946 3 

A3 0,070 0,884 -0,814 1 

 

E. IFWA operator was applied to the aircraft selection 

problem   

 
Step 8. The aggregated two-dimensional standard fuzzy 

decision matrix, which was obtained by combining the 

individual decision matrices consisting of two-dimensional 

standard fuzzy numbers are displayed in Table 8. 

 
Table 8. Aggregated two-dimensional standard fuzzy decision 

matrix 

 
Criteria A1 A2 A3 

C1 0,840 0,796 0,738 0,723 0,661 0,680 

C2 0,726 0,756 0,745 0,740 0,654 0,577 

C3 0,650 0,577 0,700 0,552 0,824 0,438 

C4 0,853 0,458 0,679 0,391 0,766 0,356 

C5 0,655 0,482 0,694 0,607 0,779 0,391 

C6 0,709 0,438 0,757 0,711 0,605 0,607 

C7 0,631 0,398 0,802 0,796 0,664 0,695 

 

Step 9. The weighted decision matrix is created using the 

weight vectors obtained in Table 5. The weighted decision 

matrix is as in Table 9. 

 
Table 9. Weighted decision matrix 

 
Criteria A1 A2 A3 

C1 0,880 0,557 0,801 0,623 0,738 0,657 

C2 0,811 0,685 0,825 0,697 0,758 0,794 

C3 0,710 0,685 0,752 0,702 0,857 0,776 

C4 0,904 0,830 0,783 0,860 0,845 0,875 

C5 0,740 0,785 0,771 0,709 0,837 0,833 

C6 0,787 0,841 0,824 0,689 0,705 0,755 

C7 0,717 0,869 0,853 0,644 0,744 0,720 
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Step 10. The rankings (
iR ) of the alternatives, which were 

obtained after aggregating the score values for each two-

dimensional standard fuzzy number in the weighted decision 

matrix are presented in Table 10. 

 

Table 10. The rankings of the alternatives 

 

iA  A  
A  ( )iS A  

iR  

A1 0,191 0,876 -0,684 2 

A2 0,211 0,918 -0,707 3 

A3 0,178 0,840 -0,662 1 

 

The comparison between two-dimensional standard fuzzy 

sets based on SFWA and SFWG operators demonstrates that 

they produce identical ranking order patterns. This finding 

provides validation for the proposed MCDM methodology in 

ranking the alternatives for the aircraft selection problem. 

The alternatives have been ranked based on a two-

dimensional standard fuzzy sets approach using the SFWA 

and SFWG operators, and the resulting order is as follows: 

 

2 1 3( ) ( ) ( )S A S A S A   

 

3 1 2A A A   

 

Finally, according to the fuzzy multiple criteria decision-

making (MCDM) analysis conducted for the aircraft selection 

problem, alternative
3A  has been identified as the optimal 

choice. 

 

The proposed fuzzy multiple criteria decision-making 

(MCDM) methodology and the steps involved in the two-

dimensional standard fuzzy MCDM problem can be 

summarized as follows: 

 

Step 1. Identify the decision-making problem. Identify the 

criteria and alternatives for the decision-making problem. 

The decision-making problem pertains to the selection of an 

aircraft and involves identifying the criteria that are used to 

evaluate the available alternatives. 

 

Step 2. Construct a fuzzy group decision matrix. Determine 

the fuzzy values of each alternative for each criterion.  

 

Step 3. Normalize the fuzzy decision matrix. This involves 

transforming the cost type criteria values into the benefit type 

criteria values in the matrix. 

 

Step 4. Determine the criteria weights. Construct a fuzzy 

group decision matrix for criteria evaluation. The criteria 

weights are computed by using the SFWG or SFWA operator. 

 

Step 5. Calculate the fuzzy weighted values of each 

alternative. This is done by multiplying the value of each 

alternative for each criterion by the weight of that criterion by 

using the SFWG and SFWA operator. 

 

Step 6. Defuzzify the fuzzy weighted values. This involves 

converting the fuzzy weighted values into crisp values. This 

can be done using the score function. 

 

Step 7. Select the alternative with the highest defuzzified 

fuzzy weighted value. This is the alternative that is the best 

overall, according to the criteria that have been defined. 

III. CONCLUSION 

This study introduces the concept of two-dimensional 

standard fuzzy sets, which share similarities with 

intuitionistic fuzzy sets in incorporating fuzziness in 

membership functions. The independent membership 

functions of two-dimensional standard fuzzy sets are also in 

the range of [0,1].  

These two-dimensional standard fuzzy sets were utilized to 

solve an aircraft selection problem, and a comparative 

analysis was conducted with SFWA and SFWG operators to 

obtain ranking results. The comparison results validate the 

effectiveness of the proposed method. Further research can 

explore the development of different MCDM methods based 

on two-dimensional standard fuzzy sets to compare with the 

proposed approach. 

 

REFERENCES 
[1] Çelikyay, S. (2002). Çok Amaçlı Savaş Uçağı Seçiminde Çok Ölçütlü 

Karar Verme Yöntemlerinin Uygulanması, (Yayımlanmamış Yüksek 

Lisans Tezi), İstanbul Teknik Üniversitesi, İstanbul. 

[2] Yılmaz S. (2006). Uçak Seçim Kriterlerinin Değerlendirilmesinde 
AHP ve Bulanık AHP Uygulaması, (Yayımlanmamış Yüksek Lisans 

Tezi). Yıldız Teknik Üniversitesi Fen Bilimleri Enstitüsü, İstanbul. 

[3] Wang, T. C., Chang, T. H. (2007). Application of TOPSIS in 
Evaluating Initial Training Aircraft Under a Fuzzy Environment. 

Expert Systems with Applications, 33(4), 870880. 

[4] Özdemir, Y., Basligil, H.,  Karaca, M. (2011). Aircraft Selection Using 
Analytic Network Process: A Case for Turkish Airlines. In 

Proceedings of the World Congress on Engineering (WCE), 8, 9-13. 

[5] Gomes, L. F. A. M.; de Mattos Fernandes, J. E., de Mello, J. C. C. S. 
(2012). A Fuzzy Stochastic Approach to the Multicriteria Selection of 

an Aircraft for Regional Chartering. Journal of Advanced 

Transportation, 48(3), 223-237. 
[6] Dožić, S., Kalić, M. (2014). An AHP Approach to Aircraft Selection 

Process. Transportation Research Procedia, 3, 165-174.  

[7] Dožić, S., Lutovac T., Kalić, M. (2018). Fuzzy AHP Approach to 
Passenger Aircraft Type Selection, Journal of Air Transport 

Management, 68, 165-175. 
[8] Schwening, G. S., Abdalla, A.M. (2014). ICAS2014_0875: Selectıon 

of Agrıcultural Aırcraft Usıng Ahp and Topsıs Methods in Fuzzy 

Envıronment. 29th Congres of the International Council of the 
Aeronautical Sciences, St. Petersburg, Russia, 7(12), 4221-4224. 

[9] Bruno, G., Esposito, E., Genovese, A. (2015). A model for Aircraft 

Evaluation to Support Strategic Decisions, Expert Systems with 
Applications, 42(13), 5580-5590. 

[10] Gürün, A. (2015). Sivil Havacılık Sektöründe Iş Jeti Modeli Seçimi: 

AHP yöntemi uygulaması. (Yayımlanmamış Yüksek Lisans Tezi), 
Anadolu Üniversitesi, Eskişehir. 

[11] Kiracı, K.,   Bakır, M. (2018). Application of Commercial Aircraft 

Selection in Aviation İndustry Through Multi-Criteria Decision 
Making Methods. Manisa Celal Bayar Üniversitesi Sosyal Bilimler 

Dergisi, 16(4), 307-332. 

[12] Durmaz, K. İ., Gencer, C. (2018). JSMAA Tabanlı Yeni Bir Eklenti: 
SWARA-JSMAA ve Akrobasi Uçağı Seçimi, Journal of the Faculty of 

Engineering and Architecture of Gazi University, 35(3), 1487-1498. 

[13] Sanchez-Lozano, J.M., Serna, J., Dolón-Payán, A. (2015). Evaluating 
military training aircrafts through the combination of multi-criteria 

decision making processes with fuzzy logic. A case study in the 

Spanish Air Force Academy. Aerospace Science and Technology, 42, 
58-65. 

World Academy of Science, Engineering and Technology
International Journal of Computer and Information Engineering

 Vol:17, No:4, 2023 

304International Scholarly and Scientific Research & Innovation 17(4) 2023 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 C
om

pu
te

r 
an

d 
In

fo
rm

at
io

n 
E

ng
in

ee
ri

ng
 V

ol
:1

7,
 N

o:
4,

 2
02

3 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/1
00

13
06

2.
pd

f



[14] Sánchez-Lozano, J. M., Naranjo Rodríguez O. (2020). Application of 

Fuzzy Reference Ideal Method (FRIM) to the military advanced 

training aircraft selection. Appl. Soft Comput. 88: 106061. 
[15] Sánchez-Lozano, J. M., Correa-Rubio, J. C., Fernández-Martínez, M. 

(2022). A double fuzzy multi-criteria analysis to evaluate international 

high-performance aircrafts for defense purposes. Eng. Appl. Artif. 
Intell. 115: 105339. 

[16] Semercioğlu, H.,Özkoç, H. H. (2019). Analitik Hiyerarşi Proses ile 

Desteklenmiş Sosyal Seçim Teorisi: Havayollarında Uçak Seçim 
Süreci. Sosyal ve Beşeri Bilimler Araştırmaları Dergisi, Journal of 

Social Sciences and Humanities Researches, 20(44). 

[17] Başar, S. Yilmaz, A.K. Karaca, M. Lapçın, H. T. ,  Başar, S. İ. (2020). 
Fleet Modelling in Strategic Multi-Criteria Decision-Making of 

Approved Training Organization from Capacity Building and Resource 

Dependency Theory Perspective: Risk Taxonomy Methodology. 
Aircraft Engineering and Aerospace Technology, 92(6), 917-923. 

[18] Akyurt, İ. Z., Kabadayı, N. (2020). Bulanık AHP ve Bulanık Gri 

İlişkiler Analizi Yöntemleri ile Kargo Uçak Tipi Seçimi: Bir Türk 
Havayolu Firmasında Uygulama. Journal of Yaşar University, 15(57), 

38-55. 

[19] Kocakaya, K., Engin, T., Tektaş, M., Aydın, U. (2021). Türkiye’de 

Bölgesel Havayolları için Uçak Tipi Seçimi: Küresel Bulanık AHP-

TOPSIS Yöntemlerinin Entegrasyonu. Akıllı Ulaşım Sistemleri ve 

Uygulama Dergisi, 4(1), 27-58. 
[20] Ardil, C. (2023). Aircraft Selection Process Using Reference Linear 

Combination in Multiple Criteria Decision Making Analysis. 

International Journal of Aerospace and Mechanical Engineering, 
17(4), 146 - 155. 

[21] Ardil, C. (2023). Aerial Firefighting Aircraft Selection with Standard 

Fuzzy Sets using Multiple Criteria Group Decision Making Analysis.  
International Journal of Transport and Vehicle Engineering, 17(4), 

136 - 145. 

[22] Ardil, C. (2023). Aircraft Supplier Selection Process with Fuzzy 
Proximity Measure Method using Multiple Criteria Group Decision 

Making Analysis.International Journal of Computer and Information 

Engineering, 17(4), 289 - 298. 
[23] Ardil, C. (2023). Aircraft Supplier Selection using Multiple Criteria 

Group Decision Making Process with Proximity Measure Method for 

Determinate Fuzzy Set Ranking Analysis. International Journal of 
Industrial and Systems Engineering, 17(3), 127 - 135. 

[24] Ardil, C. (2023). Determinate Fuzzy Set Ranking Analysis for Combat 

Aircraft Selection with Multiple Criteria Group Decision Making. 
International Journal of Computer and Information Engineering, 

17(3), 272 - 279. 

[25] Ardil, C. (2019). Fighter Aircraft Selection Using Technique for Order 
Preference by Similarity to Ideal Solution with Multiple Criteria 

Decision Making Analysis. International Journal of Transport and 

Vehicle Engineering, 13(10), 649 - 657.             
[26] Ardil, C. (2019). Aircraft Selection Using Multiple Criteria Decision 

Making Analysis Method with Different Data Normalization 

Techniques. International Journal of Industrial and Systems 
Engineering, 13(12), 744 - 756. 

[27] Ardil, C. (2019). Military Fighter Aircraft Selection Using 
Multiplicative Multiple Criteria Decision Making Analysis Method. 

International Journal of Mathematical and Computational Sciences, 

13(9), 184 - 193. 
[28] Ardil, C. (2020). A Comparative Analysis of Multiple Criteria Decision 

Making Analysis Methods for Strategic, Tactical, and Operational 

Decisions in Military Fighter Aircraft Selection. International Journal 
of Aerospace and Mechanical Engineering, 14(7), 275 - 288. 

[29] Ardil, C. (2020). Aircraft Selection Process Using Preference Analysis 

for Reference Ideal Solution (PARIS). International Journal of 
Aerospace and Mechanical Engineering, 14(3), 80 - 93. 

[30] Ardil, C. (2020). Regional Aircraft Selection Using Preference 

Analysis for Reference Ideal Solution (PARIS).  International Journal 
of Transport and Vehicle Engineering, 14(9), 378 - 388. 

[31] Ardil, C. (2020). Trainer Aircraft Selection Using Preference Analysis 

for Reference Ideal Solution (PARIS). International Journal of 
Aerospace and Mechanical Engineering, 14(5), 195 - 209. 

[32] Ardil, C. (2021). Advanced Jet Trainer and Light Attack Aircraft 

Selection Using Composite Programming in Multiple Criteria Decision 
Making Analysis Method. International Journal of Aerospace and 

Mechanical Engineering, 15(12), 486 - 491. 

[33] Ardil, C. (2021). Airline Quality Rating Using PARIS and TOPSIS in 
Multiple Criteria Decision Making Analysis. International Journal of 

Industrial and Systems Engineering, 15(12), 516 - 523. 

[34] Ardil, C. (2021). Comparison of Composite Programming and 

Compromise Programming for Aircraft Selection Problem Using 

Multiple Criteria Decision Making Analysis Method. International 
Journal of Aerospace and Mechanical Engineering, 15(11), 479 - 485. 

[35] Ardil, C. (2021). Fighter Aircraft Evaluation and Selection Process 

Based on Triangular Fuzzy Numbers in Multiple Criteria Decision 
Making Analysis Using the Technique for Order of Preference by 

Similarity to Ideal Solution (TOPSIS). International Journal of 

Computer and Systems Engineering, 15(12), 402 - 408. 
[36] Ardil, C. (2021). Military Combat Aircraft Selection Using Trapezoidal 

Fuzzy Numbers with the Technique for Order of Preference by 

Similarity to Ideal Solution (TOPSIS). International Journal of 
Computer and Information Engineering, 15(12), 630 - 635.         

[37] Ardil, C. (2021). Freighter Aircraft Selection Using Entropic 

Programming for Multiple Criteria Decision Making Analysis. 
International Journal of Mathematical and Computational Sciences, 

15(12), 125 - 132. 

[38] Ardil, C. (2021). Neutrosophic Multiple Criteria Decision Making 
Analysis Method for Selecting Stealth Fighter Aircraft. International 

Journal of Aerospace and Mechanical Engineering, 15(10), 459 - 463. 

[39] Ardil, C. (2022). Aircraft Selection Problem Using Decision 

Uncertainty Distance in Fuzzy Multiple Criteria Decision Making 

Analysis. International Journal of Mechanical and Industrial 

Engineering, 16(3), 62 - 69. 
[40] Ardil, C. (2022). Aircraft Selection Using Preference Optimization 

Programming (POP).International Journal of Aerospace and 

Mechanical Engineering, 16(11), 292 - 297. 
[41] Ardil, C. (2022). Fighter Aircraft Selection Using Fuzzy Preference 

Optimization Programming (POP). International Journal of Aerospace 

and Mechanical Engineering, 16(10), 279 - 290. 
[42] Ardil, C. (2022). Fighter Aircraft Selection Using Neutrosophic 

Multiple Criteria Decision Making Analysis. International Journal of 

Computer and Systems Engineering, 16(1), 5 - 9. 
[43] Ardil, C. (2022). Military Attack Helicopter Selection Using Distance 

Function Measures in Multiple Criteria Decision Making Analysis. 

International Journal of Aerospace and Mechanical Engineering, 
16(2), 20 - 27. 

[44] Ardil, C. (2022). Multiple Criteria Decision Making for Turkish Air 

Force Stealth Fighter Aircraft Selection. International Journal of 
Aerospace and Mechanical Engineering, 16(12), 369 - 374. 

[45] Ardil, C. (2022). Vague Multiple Criteria Decision Making Analysis 

Method for Fighter Aircraft Selection. International Journal of 
Aerospace and Mechanical Engineering, 16(5),133-142. 

[46] Ardil, C. (2022).Fuzzy Uncertainty Theory for Stealth Fighter Aircraft 

Selection in Entropic Fuzzy TOPSIS Decision Analysis Process. 
International Journal of Aerospace and Mechanical Engineering, 

16(4), 93 - 102. 

[47] Ardil, C. (2023). Fuzzy Multiple Criteria Decision Making for 
Unmanned Combat Aircraft Selection Using Proximity Measure 

Method. International Journal of Computer and Information 

Engineering, 17(3), 193 - 200. 
[48] Ardil, C. (2023). Unmanned Combat Aircraft Selection using Fuzzy 

Proximity Measure Method in Multiple Criteria Group Decision 
Making. International Journal of Computer and Systems Engineering, 

17(3), 238 - 245. 

[49] Ardil, C. (2023). Using the PARIS Method for Multiple Criteria 
Decision Making in Unmanned Combat Aircraft Evaluation and 

Selection. International Journal of Aerospace and Mechanical 

Engineering, 17(3), 93 - 103. 
[50] Ardil, C. , Pashaev, A. , Sadiqov, R. , Abdullayev, P. (2019). Multiple 

Criteria Decision Making Analysis for Selecting and Evaluating 

Fighter Aircraft. International Journal of Transport and Vehicle 
Engineering, 13(11), 683 - 694. 

[51] Ghodsypour, S. H., O’Brien C. (1998). A decision support system for 

supplier selection using an integrated analytic hierarchy process and 
linearprogramming.International Journal of Production Economics, 5

6-57, 199-212. 

[52] Weber, C. A., Current, J. R., , Benton, W. C. (1991). Vender selection 
criteria and methods. European Journal of Operational Research, 50, 

2-18. 

[53] Degraeve, Z., Labro, E., Roodhooft, F. (2000). An evaluation of 
supplier selection methods from a total cost of ownership perspective. 

European Journal of Operational Research, 125(1), 34-59.  

[54] De Boer, L., Labro, E., Morlacchi, P. (2001). A review of methods 
supporting supplier selection European Journal of Purchasing . 

& Supply Management, 7, 75-89.  

World Academy of Science, Engineering and Technology
International Journal of Computer and Information Engineering

 Vol:17, No:4, 2023 

305International Scholarly and Scientific Research & Innovation 17(4) 2023 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 C
om

pu
te

r 
an

d 
In

fo
rm

at
io

n 
E

ng
in

ee
ri

ng
 V

ol
:1

7,
 N

o:
4,

 2
02

3 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/1
00

13
06

2.
pd

f



[55] Ho, W., Xu, X. D., Prasanta K. (2010). Multi-criteria decision making 

approaches for supplier evaluation and selection: A literature review. 

European Journal of Operational  Research, 202, 16-24. 
[56] Sanayei, A., Mousavi, S. F., Yazdankhah, A. (2010). Group decision 

making process for supplier selection with VIKOR under fuzzy 

environment. Expert  Systems  with  Applications, 37, 24-30. 
[57] Chen,C. T.,  Lin, C. T., Huang, S. F.(2006). A fuzzy approach for 

supplier evaluation and selection in supply chain management, 

International Journal of Production Economics, vol. 102(2), 289–301. 
[58] Min, H. (1994). International supplier selection: a multi-attribute utility 

approach, International Journal of Physical Distribution and Logistics 

Management, vol. 24(5), 24–33. 
[59] Boran, FE., Genç, S., Kurt, M., Akay, D., (2009). A Multi-Criteria 

Intuitionistic Fuzzy Group Decision Making For Supplier Selection 

With TOPSIS Method”, Expert Systems with Applications, 36(8), 
pp.11363-11368, 2009. 

[60] Izadikhah, M. (2012). Group Decision Making Process for Supplier 

Selection with TOPSIS Method under Interval-Valued Intuitionistic 
Fuzzy Numbers, Advances in Fuzzy Systems, vol. 2012, Article ID 

407942. 

[61] Saaty, T. L. (1990). How to make a decision: The Analytic Hierarchy 

Process. European Journal of Operational Research, 48(1), 9-26.  

[62] Saaty, T. L. (2008). Decision making with the analytic hierarchy 

process. International Journal of Services Sciences, 1(1), 83-98.  
[63] Buckley,J.J. (1985). Fuzzy hierarchical analysis, Fuzzy Sets and 

Systems, 17, 233–247. 

[64] Dyer, J.S. (2016). Multiattribute Utility Theory (MAUT). In: Greco, S., 
Ehrgott, M., Figueira, J. (eds) Multiple Criteria Decision Analysis. 

International Series in Operations Research & Management Science, 

vol 233. Springer, New York, NY. https://doi.org/10.1007/978-1-4939-
3094-4_8. 

[65] Hwang, C.L.; Yoon, K. (1981). Multiple Attribute Decision Making: 

Methods and Applications. New York: Springer-Verlag. 
[66] Chu, T.C. (2002. Facility location selection using fuzzy TOPSIS under 

group decisions, International Journal of Uncertainty, Fuzziness and 

Knowledge-Based Systems, Vol. 10 No. 6, pp. 687-701. 
[67] Opricovic, S. (2007). A fuzzy compromise solution for multicriteria 

problems. International Journal of Uncertainty, Fuzziness and 

Knowledge-Based Systems, 15(3), 363–380. 
[68] Opricovic, S., Tzeng, G.-H. (2004). Compromise solution by MCDM 

methods: A comparative analysis of VIKOR and TOPSIS. European 

Journal of Operational Research, 156(2), 445–455. 
[69] Roy, B. (1991). The outranking approach and the foundation of 

ELECTRE methods. Theory and Decision, 31(1), 49–73. 

[70] Fei, L., Xia, J., Feng, Y., Liu, L. (2019) An ELECTRE-Based Multiple 
Criteria Decision Making Method for Supplier Selection Using 

Dempster-Shafer Theory. IEEE Access, 7, 84701-84716. 

[71] Brans JP., Mareschal B. (2005). Promethee Methods. In: Multiple 
Criteria Decision Analysis: State of the Art Surveys. International 

Series in Operations Research & Management Science, vol 78, pp 163-

186. Springer, New York, NY. https://doi.org/10.1007/0-387-23081-
5_5. 

[72] Brans, J., Ph. Vincke. (1985). A Preference Ranking Organisation 
Method: (The PROMETHEE Method for Multiple Criteria Decision-

Making). Management Science, 31(6), 647-656. 

[73] Brans, J.P., Macharis, C., Kunsch, P.L., Chevalier, A., Schwaninger, 
M., (1998). Combining multicriteria decision aid and system dynamics 

for the control of socio-economic processes. An iterative real-time 

procedure. European Journal of Operational Research 109, 428-441.  
[74] Brans, J.P., Vincke, Ph., Mareschal, B., (1986). How to select and how 

to rank projects: the PROMETHEE method. European Journal of 

Operational Research, 24, 228-238. 
[75] Taherdoost, H., Madanchian, M. (2023). Multi-Criteria Decision 

Making (MCDM) Methods and Concepts. Encyclopedia, 3(1), 77–87.  

[76] Zadeh, L. A. (1965). Fuzzy sets. Inf. Control. 8(3), 338–353.  
[77] Zadeh, L. A. (1975). The concept of a linguistic variable and its 

application to approximate reasoning. Inf. Sci. 8(3), 199–249.  

[78] Zadeh, L. A. (1975). The concept of a linguistic variable and its 
application to approximate reasoning-II. Inf. Sci. 8(4), 301–357.  

[79] Zadeh, L. A. (1975).The concept of a linguistic variable and its 

application to approximate reasoning-III. Inf. Sci. 9(1), 43–80.  
[80] Atanassov, K. (1986).Intuitionistic fuzzy sets. Fuzzy Sets Syst. 20(1), 

87–96. 

[81] Awasthi, A., Chauhan, S.S., Omrani, H. (2011). Application of fuzzy 
TOPSIS in evaluating sustainable transportation systems. Expert Syst. 

Appl., 38, 12270-12280. 

[82] Ecer, F., Pamucar, D. (2021).MARCOS technique under intuitionistic 

fuzzy environment for determining the COVID-19 pandemic 

performance of insurance companies in terms of healthcare services. 
Appl. Sof Comput. 104, 107199. 

[83] Verma, R. (2021). On intuitionistic fuzzy order-alpha divergence and 

entropy measures with MABAC method for multiple attribute group 
decision-making. J. Intell. Fuzzy. Syst. Appl. Eng. Technol. 40(1), 

1191–1217.  

[84] Ilbahar, E., Kahraman, C., Cebi, S. (2022). Risk assessment of 
renewable energy investments: A modifed failure mode and efect 

analysis based on prospect theory and intuitionistic fuzzy AHP. Energy 

239, 121907.  
[85] Verma, R. , Merig, J. M. (2020). A new decision making method using 

interval-valued intuitionistic fuzzy cosine similarity measure based on 

the weighted reduced intuitionistic fuzzy sets. Informatica 31(2), 399–
433. 

[86] Wang, Z., Xiao, F. , Ding, (2022).W. Interval-valued intuitionistic 

fuzzy Jenson–Shannon divergence and its application in multi-attribute 
decision making. Appl. Intell. 1–17.  

[87] Verma, R. , Merigó, J. M. (2021). On Sharma-Mittal’s entropy under 

intuitionistic fuzzy environment. Cybern. Syst. 52(6), 498–521.  

[88] Zhao, M., Wei, G. , Wei, C. (2021). Extended CPT-TODIM method 

for interval-valued intuitionistic fuzzy MAGDM and its application to 

urban ecological risk assessment. J. Intell. Fuzzy Syst. 40(3), 4091–
4106.  

[89] Liu, P., Pan, Q., Xu, H. (2021). Multi-attributive border approximation 

area comparison (MABAC) method based on normal q-rung orthopair 
fuzzy environment. J. Intell. Fuzzy Syst. Appl. Eng. Technol. 5, 40.  

[90] Atanassov, K. , Gargov, G. (1989).Interval-valued intuitionistic fuzzy 

sets. Fuzzy Syst. 31(3), 343–349.  
[91] Hajiagha, S. H. R., Mahdiraji, H. A., Hashemi, S. S. , Zavadskas, E. K. 

(2015).Evolving a linear programming technique for MAGDM 

problems with interval valued intuitionistic fuzzy information. Expert 
Syst. Appl. 42(23), 9318–9325. 

[92] You, P., Liu, X. H. , Sun, J. B. (2021).A multi-attribute group decision 

making method considering both the correlation coefficient and 
hesitancy degrees under interval-valued intuitionistic fuzzy 

environment. Inf. Sci. 104, 107187.  

[93] Ye, F. (2010).An extended TOPSIS method with interval-valued 
intuitionistic fuzzy numbers for virtual enterprise partner selection. 

Expert Syst. Appl. 37(10), 7050–7055.  

[94] Chen, X., Suo, C. F. , Li, Y. G. (2021). Distance measures on 
intuitionistic hesitant fuzzy set and its application in decision-making. 

Comput. Appl. Math. 40(3), 63–84.  

[95] Hou, X. Q. et al. (2016).Group decision-making of air combat training 
accuracy assessment based on interval-valued intuitionist fuzzy set. 

Syst. Eng. Electron. 38(12), 2785–2789.  

[96] Liu, Y., Jiang, W. (2020).A new distance measure of interval-valued 
intuitionistic fuzzy sets and its application in decision making. Sof. 

Comput. 24(9), 6987–7003.  

[97] Garg, H., Kumar, K. (2020).A novel exponential distance and its based 
TOPSIS method for interval-valued intuitionistic fuzzy sets using 

connection number of SPA theory. Artif. Intell. Rev 53(1), 595–624.  
[98] Zhang, Z. M. , Chen, S. M. (2021).Optimization-based group decision 

making using interval-valued intuitionistic fuzzy preference relations. 

Inf. Sci. 561, 352–370.  
[99] Atanassov, K. (1994).Operator over interval-valued intuitionistic fuzzy 

sets. Fuzzy Syst. 64(2), 159–174. 

[100] Xu, Z. S. ,Yager, R. R. (2006).Some geometric aggregation operators 
based on intuitionistic fuzzy sets. Int. J. Gen. Syst. 35(4), 417–433. 

[101]  Xu, Z. S. , Chen, J. (2007).An approach to group decision making 

based on interval–valued intuitionistic judgment matrices. Syst. Eng. 
Theory Pract. 27(4), 126–133.  

[102] Kong, D. P. et al. (2019).A decision variable-based combinatorial 

optimization approach for interval-valued intuitionistic fuzzy 
MAGDM. Inf. Sci. 484(5), 197–218.  

[103] Yao, R. P. (2019).An Approach to variable weight group decision 

making based on the improved score function of interval-valued 
intuitionistic sets. Stat. Decis. 35(11), 36–38.  

[104] Xu, Z. S. (2007).Method for aggregating interval-valued intuitionistic 

fuzzy information and their application to decision making. Control 
Decis. 22(2), 215–219.  

[105] Da, Q. , Liu, X. W. (1999).Interval number linear programming and its 

satisfactory solution. Syst. Eng. Teory Pract. 19(4), 3–7.  
[106] Liu, H. C., Chen, X. Q., Duan, C. Y. , Wang, Y. M. (2019). Failure 

Mode and Effect Analysis Using Multi Criteria Decision Making 

World Academy of Science, Engineering and Technology
International Journal of Computer and Information Engineering

 Vol:17, No:4, 2023 

306International Scholarly and Scientific Research & Innovation 17(4) 2023 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 C
om

pu
te

r 
an

d 
In

fo
rm

at
io

n 
E

ng
in

ee
ri

ng
 V

ol
:1

7,
 N

o:
4,

 2
02

3 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/1
00

13
06

2.
pd

f



Methods; A Systematic Literature Review. Computers and Industrial 

Engineering, 135, 881-897. 

[107] Chen, M., Tzeng, G. (2004). Combining grey relation and TOPSIS 
concepts for selecting an expatriate host country. Math. Comput. 

Model., 40, 1473-1490. 

[108] Gupta, R., Kumar, S. (2022). Intuitionistic fuzzy scale-invariant 
entropy with correlation coefficients-based VIKOR approach for multi-

criteria decision-making. Granular Computing, 7, 77-93. 

[109] Tuğrul, F. (2022). An Approach Utilizing The Intuitionistic Fuzzy 
TOPSIS Method to Unmanned Air Vehicle Selection.Ikonion Journal 

of Mathematics 4(2) 32-41. 

[110] Altuntas,G.,Yildirim, B.F. (2022).Logistics specialist selection with 
intuitionistic fuzzy TOPSIS method, International Journal of Logistics 

Systems and Management, vol. 42(1), 1-34. 

[111] Yao, R., Guo, H. (2022). A multiattribute group decision-making 
method based on a new aggregation operator and the means and 

variances of interval-valued intuitionistic fuzzy values. Sci Rep 12, 

22525.  
[112] Wang, Y., Lei, Y.J. (2007). A Technique for Constructing intuitionistic 

Fuzzy Entropy. J. Control Decis. 12, 1390–1394. 

[113] Fu, S., Xiao, Yz., Zhou, Hj. (2022). Interval-valued intuitionistic fuzzy 

multi-attribute group decision-making method considering risk 

preference of decision-makers and its application. Sci Rep 12, 11597. 

[114] Liu, P., Gao, H. (2018), An overview of intuitionistic linguistic fuzzy 
information aggregations and applications. Marine Economics and 

Management, Vol. 1 No. 1,55-78. 

[115] Yager, RR. (2013. Pythagorean fuzzy subsets. Joint IFSA World 
Congress and NAFIPS Annual Meeting (IFSA/NAFIPS) 57–61 6.  

[116] Yager, R. R. (2013). Pythagorean membership grades in multi-criteria 

decision making. IEEE Trans Fuzzy Syst 22(4):958–965. 
[117] Yager, R. R. (2017). Generalized orthopair fuzzy sets. IEEE 

Transactions on Fuzzy Systems, 25(5), 1222– 1230. 

[118] Tian, X., Niu, M., Zhang, W., Li, L., Herrera-Viedma, E. (2021). A 
novel TODIM based on prospect theory to select green supplier with q-

rung orthopair fuzzy set. Technological and Economic Development of 

Economy, 27(2), 284-310. 
[119] Cuong, B. C., Kreinovich, V. (2013). Picture Fuzzy Sets - a new 

concept for computational intelligence problems. Departmental 

Technical Reports (CS). 809. In Proceedings of the Third World 
Congress on Information and Communication Technologies 

WICT'2013, Hanoi, Vietnam, December 15-18, 2013, pp. 1-6. 

[120] Cuong, B. C. (2014). Picture Fuzzy Sets. Journal of Computer Science 
and Cybernetics, V.30, N.4 (2014), 409–420. 

[121] Gündogdu, FK, Kahraman, C. (2019). Spherical fuzzy sets and 

spherical fuzzy TOPSIS method. J Intell Fuzzy Syst 36(1):337–352. 
[122] Mahmood, T.; Ullah, K.; Khan, Q.; Jan, N. An approach toward 

decision-making and medical diagnosis problems using the concept of 

spherical fuzzy sets. Neural Comput Appl. 2018, 1–13. 
[123] Ullah, K., Mahmood, T., Jan, N. (2018). Similarity Measures for T-

Spherical Fuzzy Sets with Applications in Pattern Recognition. 

Symmetry, 10(6), 193. 
[124] Smarandache, F. (2003). A unifying field in logics neutrosophic logic. 

Neutrosophy, neutrosophic set, neutrosophic probability. (3rd ed.). 
Xiquan, Phoenix: American Research Press. 

[125] Smarandache, F. (2003).Neutrosophic Logic - Generalization of the 

Intuitionistic Fuzzy Logic. https://arxiv.org/abs/math/0303009 
 

 

 
 

 

World Academy of Science, Engineering and Technology
International Journal of Computer and Information Engineering

 Vol:17, No:4, 2023 

307International Scholarly and Scientific Research & Innovation 17(4) 2023 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 C
om

pu
te

r 
an

d 
In

fo
rm

at
io

n 
E

ng
in

ee
ri

ng
 V

ol
:1

7,
 N

o:
4,

 2
02

3 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/1
00

13
06

2.
pd

f


