
 

 

  

Abstract—Being effective in every organizational activity has 

become necessary due to the escalating level of competition in all 

areas of corporate life. In the context of supply chain management, 

aircraft supplier selection is currently one of the most crucial 

activities. It is possible to choose the best aircraft supplier and 

deliver efficiency in terms of cost, quality, delivery time, economic 

status, and institutionalization if a systematic supplier selection 

approach is used. In this study, an effective multiple criteria 

decision-making methodology, proximity measure method (PMM), 

is used within a fuzzy environment based on the vague structure of 

the real working environment. The best appropriate aircraft 

suppliers are identified and ranked after the proposed multiple 

criteria decision making technique is used in a real-life scenario. 

 

Keywords—Aircraft supplier selection, multiple criteria 

decision making, fuzzy sets, proximity measure method, Minkowski 

distance family function, Hausdorff distance function, PMM, 

MCDM.  

I. INTRODUCTION 

ircraft  supplier selection can be considered as one of 

the most crucial actions of purchasing management in a 

supply chain. Supply chain management is a process 

that involves planning, organizing, implementing, and 

controlling the activities of the supply chain network in the 

most effective manner. In other words, it covers all activities 

connected to the movement and transformation of goods and 

services from the place of origin to the site of use. 

The aircraft supplier selection process is occasionally 

viewed as a highly complex phase because there are so many 

uncontrollable and unpredictable factors influencing the 

decisions. In contrast to conventional cost-based techniques, 

supplier selection is not carried out solely based on cost. In 

reality, it is considered a multiple criteria decision making 

(MCDM) challenge. 

In the literature, two types of supplier selection issues are 

mentioned.In the first, one supplier can meet all requirements. 

In contrast, the supplier in the second scenario can partially 

meet the requirements. That is, no single supplier can meet 

all the needs. These two problem categories are also known 

as single sourcing and multiple sourcing [1]. 

There have been numerous studies employing various 

criteria and approaches, depending on its significance 

practical applications. A comprehensive literature review 

study was made, and net price, delivery, and quality were 
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selection factors for ranking of alternatives [2].The research 

methodology was primarily divided into three categories: 

linear weighing techniques, mathematical programming 

models, and probabilistic and statistical methodologies. 

Further significant literature review investigations were 

completed in the supplier selection problems [3-5]. 

There have been previous studies that completed thorough 

literature reviews, In the literature, the approaches used to 

solve supplier selection issues have been broadly categorized, 

albeit slightly differently [6]. There are six classes according 

to the classification methodology.  

These include statistical/probabilistic approaches, 

intelligent approaches (neural networks, case-based 

reasoning, expert systems), mathematical programming (LP, 

GP, MIP, DEA), hybrid approaches (AHP-LP, ANP-MIP, 

ANP-TOPSIS, Fuzzy-QFD, and others), multiple attribute 

decision making techniques (MADM) (AHP, ANP, MAUT, 

TOPSIS, VIKOR) and outranking methods (ELECTRE, 

PROMETHEE, ORESTE) [7-25]. 

The selection criteria and procedures employed were 

primarily utilized to categorize the research in the literature 

reviews [26-53]. Given the multiple criteria nature of the 

aircraft supplier selection problem and the ambiguity in the 

actual environment, fuzzy proximity measure method (PMM) 

is an effective method for choosing the best aircraft supplier. 

Therefore, the proposed MCDM process is used to select the 

best aircraft supplier for an airline company [26-27].  

Multiple criteria decision-making methods have grown in 

popularity recently and are routinely used in a wide variety of 

real-life circumstances. It is becoming less practical for one 

decision maker to consider all of the pertinent components of 

the choice problems due to the increasing complexity of the 

decision problems. As a result, a group of decision-makers 

examine a variety of real-life problems. 

The objective of this study is to propose a novel MCDM 

method for exploiting fuzzy data to rank alternatives for 

group decision-making using the PMM method.The proposed 

method ranks the alternatives and chooses the best one after 

considering all the decision makers' unique decision 

information.  

For situations involving collective decision-making, an 

expanded PMM technique based on fuzzy numbers has been 

given in this study. Using arithmetic mean, geometric mean, 

or their variants, most studies in the literature combine the 

individual decision matrices produced by the decision makers 
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into a collective decision matrix as the basis for ranking the 

alternatives or choosing the best one. The proposed 

methodology is demonstrated using a numerical example.  

The numerical example has demonstrated that the 

suggested method can produce a comparable result, both in 

terms of rating the alternatives and choosing the best one. 

The rest of the paper is organized as follows. In Section 2 

basic definitions and notations of fuzzy numbers are 

introduced. The PMM method and its fuzzy extension PMM 

are presented. Section 3 presents fuzzy PMM application for 

aircraft supplier selection process. In Section 4, concluding 

remarks were presented with future research directions. 

II. METHODOLOGY 

In this section, although fuzzy PMM is used in this study, 

both PMM (proximity measure method) and Fuzzy PMM 

theoretical information is provided. In many real-life 

scenarios, multiple criteria decision making (MCDM) 

techniques are extensively used in complex decision-making 

environments. 

The proximity measure method (PMM), developed by 

Ardil [26-27], is one of the most effective and commonly 

used MCDM methods. The fundamental concept of this 

method is quite straightforward. It makes use of the ideal 

solution as a benchmark as a point of comparison. The 

alternative that is ultimately selected is the one that deviates 

the least from the ideal solution. The best option is one that 

maximizes every benefit criterion and reduces every cost 

criterion. 

The information provided by the decision maker (DM) or 

expert as precise numerical values forms the basis of the 

traditional PMM technique. However, in some real-life 

circumstances, the DM might not be able to articulate the 

value of the ratings of alternatives regarding criteria 

accurately or else he / she may utilize linguistic terms. In such 

situations, when evaluations are based on unquantifiable, 

incomplete, or unobtainable information, the DM may use 

other data formats, such as: interval numbers, fuzzy numbers, 

ordered fuzzy numbers, hesitant fuzzy sets, intuitionistic 

fuzzy sets and other. 

On the other hand, it is becoming less practical to analyze 

all the pertinent parts of a decision problem by a single DM 

due to the decision problems' growing complexity. Hence, a 

group of DMs consider a variety of real-life problems. In 

these circumstances, the individual decisions made by each 

DM are frequently combined to create a collective decision 

(typically in the form of an individual decision matrix) (also 

in the form of a collective decision matrix). This collective 

choice serves as the foundation for rating the options and 

choosing the best one. 

Arithmetic mean is one of the most frequently used ways 

of aggregation in MCDM methods like PMM. It is also 

common practice to combine several decisions in this way. A 

set of referees (called DMs) evaluate each alternative, and the 

average of their scores is used to determine each alternative's 

final score. 

The purpose of this study is to introduce a novel way for 

alternative ranking with fuzzy data for group decision making 

utilizing the PMM method. The proposed method involves 

ranking the alternatives and choosing the optimal one based 

on each DM's individual decision information. The 

transformation of the choice matrices provided by the 

decision makers into aggregated matrices of alternatives is 

the crucial step in this methodology. The evaluations of each 

alternative regarding each criterion made by each decision 

maker are organized into a matrix that corresponds to each 

alternative. 

The optimal decision matrix / ideal solution vector in this 

approach is a matrix made up of maximal assessments since 

all individual decision matrices are earlier normalized 

regarding the type of criterion. In contrast to the traditional 

PMM and the technique based on the accumulation of the 

individual decisions made by each DM, the distances of 

alternatives from the ideal solution are the distances between 

matrices. The best alternative is identified after a ranking of 

the alternatives is made using the proximity measure value of 

each to the ideal solution. 

 

A. Fuzzy Sets 

Fuzzy sets (FS) were introduced to address imprecision 

and uncertainty in real-life problems, and many extensions of 

fuzzy set theory were developed and used in decision making 

processes [54-103].   

 

Definition 1.[54] A fuzzy set A on a universe 

 1 2, ,..., nX x x x=  is an object of the form: 

 

 , ( ) |i A i iA x x x X=                                                      (1)                                                                                            

 

where ( ) [0,1]A ix   is called the degree of membership of  

an element 
ix  to X,  ( ) 1 ( ) [0,1]i A iA

x x = −  is called the 

degree of nonmembership of an element 
ix  to X, and 

( ) [0,1]A ix  , and ( ) 1 ( ) [0,1]i A iA
x x = −   satisfy the 

following condition: 

 

 , ( ),1 ( ) |i A i A i iA x x x x X =  −                                   (2)  

                                                                                                             

( ) 1 ( ) 1 |A i A i ix x x X + − =                                             (3)                                                                                                 

 

In a fuzzy set, the degree of indeterminacy or hesitation of 

element 
ix X to set A is ( ) 1 ( ) ( ) 0A i A i A ix x x  = − − = . 

 

Definition 2. The support of a fuzzy set A is the ordinary 

subset of X  supp A  ( ) 0 |A ix x X=   . 

 

Definition 3. A fuzzy set A is normalized 

| ( ) 1A iiff X x = . 

 

Definition 4. A fuzzy set A is convex 

 

1 2 1 2 1 2, , [0,1] ( ) (1 ) ) min( ( ), ( )).A A Aiff x x x x x x        + −   

 

Definition  5. A fuzzy number A is a convex, normalized 

fuzzy subset of the real line  such that: 
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a) there exists exactly one 
0 0, ( ) 1Ax x =  (

0x is called the 

mean value of  A, 

 

b) ( )A ix  piecewise continuous. 

 

If fuzzy subset  A of the real line is convex and 

normalized, its membership function is piecewise continuous, 

and there exists more than one element 
0 0, ( ) 1Ax x =

then A is called a flat fuzzy number. 

In many practical applications of fuzzy numbers, positive 

triangular fuzzy numbers are used. Fig. 1 shows the 

characteristic points of such numbers, which describe them 

uniquely. A triangular fuzzy number is represented as a triplet 

A positive triangular fuzzy number A is represented as a 

triplet ( , , )A A AA a b c= , and 0 A A Aa b c   , and its 

membership function is of the form. 

 

0

( )

0

A

A

A A

A A

A

A
A A

A A

A

for x a

x a
for a x b

b a
x

c x
for b x c

c b

for x c






−  
 −

= 
−  

 −




                                     (4) 

( , , , ) max min , ,0A A

A A A

A A A A

x a c x
f x a b c

b a c b

  − −
=    − −  

 

 
 

Fig. 1 A triangular positive fuzzy number A 

 

Definition 6. [59] Let  
1 2 3( , , )ia a a a= , and 

1 2 3( , , )ib b b b=  be 

the two triangular fuzzy numbers. The main arithmetic 

operations between two triangular fuzzy number are 

described as  

 

Addition 

 

1 1 2 2 3 3 1 1( , , ), 0, 0a b a b a b a b a b+ = + + +    

 

Multiplication 

 

1 1 2 2 3 3 1 1( , , ), 0, 0a xb a xb a xb a xb a b=    

 

Subtraction 

 

1 1 2 2 3 3 1 1( , , ), 0, 0a b a b a b a b a b− = − − −    

 

Division 

 

1 1 2 2 3 3 1 1/ ( / , / , / ), 0, 0a b a b a b a b a b=    

 

Inverse of a triangular fuzzy number 

 
1

1 2 3 1(1/ ,1/ ,1/ ), 0a a a a a− =   

 

Scaler Multiplication 

 

1 2 3( , , ), 0, 0xa xa xa xa a    =    

 

Symmetric image  

 

1 2 3 1( , , ), 0a a a a a= − − −   

 

Definition 7. Let  1 2, ,..., nX x x x= be a non-empty set in the 

unit interval [0,1] and fuzzy sets 

 , ( ) |i A i iA x x x X=     and 

 , ( ) |i B i iB x x x X=       are of the form. Then, fuzzy 

set aggregative operators are defined as  

 

Union:  max ( ), ( )A i B iA B x x  =  

Intersection:  min ( ), ( )A i B iA B x x  =  

Complement: ,( ) 1 ( )A iA
x x = −  

 

Definition 8. Given any real number k and a triangular fuzzy 

number a, the operations of the two numbers are given as 

 

 (1) Multiplication of a triangular fuzzy number by a constant 

 

 
1 2 3 1* ( , , ), 0, 0k a ka ka ka a k=    

 

(2) Division of a triangular fuzzy number by a constant  

 

1 2 3 1/ ( / , / , / ), 0, 0a k a k a k a k a k=    

 

(3) Division of a constant by a triangular fuzzy number  

 

1 2 3 1/ ( / , / , / ), 0, 0k a k a k a k a a k=    

 

Definition 9. Given two triangular fuzzy numbers (a, b) and 

any real number k, the commutative operations of these two 

numbers are expressed as  

 

, 0, 0, 0a b b a a b k+ = +     

 

, 0, 0, 0a xb b xa a b k=     

 

, 0, 0, 0a b b a a b k− = −     

 

* * , 0, 0k a a k a k=    

( )A x
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Definition 10. Let  
1 2 3( , , )ia a a a= , and 

1 2 3( , , )ib b b b=  be the 

two triangular fuzzy numbers (Fig.2). The distance between 

them using the vertex method is given as 

 
1/2

2 2 2

1 1 2 2 3 3

1
( , ) [( ) ( ) ( ) ]

3
d a b a b a b a c

 
= − + − + − 

 
              (5) 

 

 
                                                                             

 
Fig. 2 Two triangular fuzzy numbers 

 

Definition 11.  The defuzzification of a triangular fuzzy number 

1 2 3( , , )ia a a a= is given as  

 

3 1 2 1

1

[( ) ( )]
( )

3
i

a a a a
J a a

− + −
= +                                            (6) 

 

B. Linguistic variables and fuzzy set theory 

 

In fuzzy set theory, conversion scales are applied to 

transform the linguistic variables into fuzzy numbers. The 

conversion scales are used to rate the criteria and the 

alternatives. Table 1 presents the linguistic variables and 

fuzzy ratings used for the criteria and Table 2 presents the 

linguistic variables and fuzzy ratings used for the alternatives. 
 

Table 1. Linguistic variables for criteria ratings 

 

Linguistic variable Fuzzy number 
Very Low (VL) (0.0, 0.0, 0.1) 

Low (L) (0.0, 0.1, 0.3) 

Medium Low (ML) (0.1, 0.3, 0.5) 

Medium (M) (0.3, 0.5, 0.7) 

Medium High (MH) (0.5, 0.7, 0.9) 

High (H) (0.7, 0.9, 1) 

Very High (VH) (0.9, 1, 1) 

 

Table 2. Linguistic variables for alternative ratings 

 
Linguistic variable Fuzzy number 
Very Poor (VP) (0, 0, 1) 

Poor (P) (0, 1, 3) 

Medium Poor (MP) (1, 3, 5) 

Fair (F) (3, 5, 7) 

Medium Good (MG) (5, 7, 9) 

Good (G) (7, 9, 10) 

Very Good (VG) (9, 10, 10) 

 

C. PMM (Proximity Measure Method) 

PMM (proximity measure method) is an effective MCDM 

method for multiple criteria decision making. The technique 

determines the optimum alternative based on proximity 

measure value to the ideal solution. The following are the 

steps of the PMM methodology [26-27]: 

 

Step 1. Decision matrix is established. 

 The decision matrix [ ]ij mxnX x=  for the alternatives (
ia ), 

the decision criteria (
jc ),  and the criteria weights (

j ) is 

constructed as 

  

MCDM 

Model 

1  
2   j   

n  

1c  
2c   jc   

nc  

1a  
11x  

12x   1 jx   
1nx  

2a  
21x  

22x    2 jx   
2nx  

       

ia  
1ix  

2ix   ijx   
inx  

       

ma  
1mx  

2mx   mjx   
mnx  

 

 

Step 2. Decision matrix is normalized.  

  

The raw data are normalized using vector scale 

transformation to bring the various criteria scales into a 

comparable scale. The normalized decision matrix 

[ ]ij mxnR r=  is given as 

 

( )
1/2

2

1

ij

ij
m

iji

x
r

x
=

=


                                                                    (7) 

 

where
ijr represents the normalized criteria rating. 

 

Step 3. Weighted normalized decision matrix is determined. 

 

 The weighted normalized matrix [ ]ij mxnV v= for criteria is 

computed by multiplying the weights ( j ) of evaluation 

criteria with the normalized decision matrix 
ijr  

 

, 1,..., ; 1,...,ij jr i m j n = = =                                               (8) 

 

Step 4. Ideal solution is obtained.  

 

The ideal solution of the alternatives is computed as 

follows: 

 

   * * *

1 ,..., max | ,min |n ij b ij c
ii

v v  = =                             (9) 

     

( )A x
1

0
1a

1b 2a
2b 3b3a
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 where 1,..., ; 1,...,i m j n= = , 
b denotes the benefit type 

criterion, whereas 
c denotes the cost type criterion. 

 

Step 5. The distance of each alternative from ideal solution is 

determined. The distance *( , )i ij jd    of each weighted 

alternative 1,2,..,i m=  from the ideal solution is computed 

as  

 
* *

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

n

i ij j ij ijj
d d v i m  

=
= =                               (10) 

 

where *( , )ij ijd v  is the distance measure between two 

fuzzy numbers 
ij  and *

ijv . The Minkowski distance family 

is given as 

 
1/

*

1

1
| | , 1,..., ; 1,...,

n

i ij jj
d i m j n

n



 
=

 
= − = = 

 
                 (11) 

 

where  1,2,3, =  , 1 =  denotes Manhattan distance,  

2 =  denotes Euclidean distance, 3 =  denotes 

Minkowski distance. Hausdorff distance is the maximum 

distance of a set to the nearest point in the other set.Hausdorff 

distance from set A to set B is a maximin function, defined as 

where a and b are points of sets A and B respectively, and 

( ),d a b  is any metric between these points. The Hausdorff 

distance is given as 

 

( )  ( , ) max min ,i
b Ba A

d A B d a b


=                                             (12) 

 

Step 5. Compute the proximity measure value 
id  of each 

alternative. The alternative having the least proximity 

measure value of 
id  is identified as the best alternative 

*

id . 

 
* min (arg min )i i i

i I
d d d d


= =                                             (13)                                                  

 

Step 6. Correlation analysis of the ranking orders of 

alternatives is carried out using the Spearman correlation 

coefficient that is defined as the Pearson correlation 

coefficient between the rank variables. The n raw scores  

{
ix ,

iy } are converted to ranks { ( )iR x , ( )iR y }, and 
sr is 

computed as  

 

( ) ( )

( ) ( )

cov( ( ), ( ))
,

,i i

i i

i i
s R x R y

R x R y

R x R y
r  

 
= =                                     (14) 

 

where  denotes the Pearson correlation coefficient 

applied to the rank variables; cov( ( ), ( ))i iR x R y  is the 

covariance of the rank variables, ( ) ( ),
i iR x R y   are the standard 

deviations of the rank variables.  

 

D. Fuzzy PMM (Proximity Measure Method)   

 

The steps of fuzzy PMM can be expressed as follows: 

 

Step 1. The importance of criteria and the ratings of 

alternatives with respect to the criteria are evaluated. The 

decision makers  1 2 3, ,kD D D D= evaluate each criterion 

 1 2, ,..,j jC C C C= by using linguistic variables as shown in 

Table 1 and rate the alternatives according to Table 2. 

 

Step 2. Linguistic terms are transformed into triangular fuzzy 

numbers by benefiting from the Table 1. Rating of 

alternatives (
ijx ) and the importance of the criteria (

j ) are 

obtained as 

 

( ) ( )1 21
... , , ,K

ij ij ij ij ij ij ij ijx x x x x a b c
K

= + + + =                             (15) 

 

( ) ( )1 2

1 2 3

1
... , , ,K

j j j j j j j j
K

       = + + + =                  (16) 

 

Step 3. Normalization of fuzzy decision mattix is performed 

by using the linear scale transformation [ ]ij mxnR r= . The 

related linear data transformations are shown as 

 

If criterion is benefit 
b , then * max ij

i
c c=  is used for data 

transformation. 

 

* * *
, ,

ij ij ij

s

j j j

a b c
r

c c c

 
=   

 

                                                                    (17)                

 

if criterion is cost 
c , and maxj ij

i
a a− =  is used for data 

transformation. 

 

, ,
j j j

s

ij ij ij

a a a
r

c b a

− − − 
=   

 

                                                               (18) 

 

Step 4. Firstly, aggregated weight matrix is obtained then the 

weighted normalized fuzzy decision matrix is found as 

 

[ ] , 1,2,..., ; 1,...,ij mxnV v i m j n= = =  

 

ij ij jv r =                                                                               (19) 

 

Step 4. Fuzzy ideal solution is obtained.  

 

The fuzzy ideal solution of the alternatives is computed as  

 

   * * *

1 ,..., max | 1,..., ; 1,...,n ij
i

v i m j n  = = = =                 (20) 

 

where * max (1,1,1)j ij
i

v v= = . 

 

Step 5. The distance of each alternative from fuzzy ideal 

solution is determined. The distance *( , )i ij jd    of each 
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weighted alternative 1,2,..,i m=  from the fuzzy ideal 

solution is computed as  

 
* *

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

n

i ij j ij ijj
d d v i m  

=
= =                               (21) 

 

where *( , )ij ijd v  is the distance measure between two 

fuzzy numbers 
ij  and *

ijv . The Minkowski distance family 

is given as 

 
1/

*

1

1
| | , 1,..., ; 1,...,

n

i ij jj
d i m j n

n



 
=

 
= − = = 

 
                (22) 

 

where  1,2,3, =  , 1 =  denotes Manhattan distance,  

2 =  denotes Euclidean distance, 3 =  denotes 

Minkowski distance. Hausdorff distance is the maximum 

distance of a set to the nearest point in the other set.Hausdorff 

distance from set A to set B is a maximin function, defined as 

where a and b are points of sets A and B respectively, and 

( ),d a b  is any metric between these points. The Hausdorff 

distance is given as 

 

( )  ( , ) max min ,i
b Ba A

d A B d a b


=                                           (23) 

                                        

 * * *

1

1
max | |,| |, | |

n

i ij j ij j ij jj
d a a b b c c

n =

 
= − − − 

 
              (24) 

 

Step 5. Compute the proximity measure value 
id  of each 

alternative.The alternative having the least proximity 

measure value of 
id  is identified as the best alternative 

*

id . 

 
* min (arg min )i i i

i I
d d d d


= =                                             (25)  

                                                 

Step 6. Correlation analysis of the ranking orders of 

alternatives is carried out using the Spearman correlation 

coefficient that is defined as the Pearson correlation 

coefficient between the rank variables. The n raw scores  

{
ix ,

iy } are converted to ranks { ( )iR x , ( )iR y }, and 
sr is 

computed as  

 

( ) ( )

( ) ( )

cov( ( ), ( ))
,

,i i

i i

i i
s R x R y

R x R y

R x R y
r  

 
= =                                    (26) 

 

where  denotes the Pearson correlation coefficient 

applied to the rank variables; cov( ( ), ( ))i iR x R y  is the 

covariance of the rank variables, ( ) ( ),
i iR x R y   are the standard 

deviations of the rank variables.  

III. APPLICATION 

In this section, the fuzzy PMM approach is applied to the 

MCDM problem. The proposed framework for evaluating 

aircraft supplier selection under uncertainty consists of three 

steps. 

1. Selection of evaluation criteria. 

2. Evaluation and selection of best alternative using selected 

criteria. 

3. Conduct sensitivity analysis to determine the influence of 

criteria weights on decision making. 

 

These steps are presented in detail as follows. 

 

a) Criteria selection 

 

The first step involves selection of criteria for evaluating 

aircraft supplier selection problem. The criteria were 

identified from literature review [27], discussion with 

transportation experts and practical experience with supply 

chain management. The final list contains five criteria Cost 

(C1), Quality (C2), Delivery Time (C3), Economic Status 

(C4), and Institutionalization (C5). The criterion C1 is the 

cost (
c ) category criteria that is, the lower the value, the 

more optimal the alternative (or aircraft supplier). The 

remaining criteria are benefit (
b ) type criteria, that is, the 

higher the value, the more sustainable the alternative (or 

aircraft supplier).  

 

b) Alternatives evaluation and selection using fuzzy PMM 

 

  The second step involves allocation of linguistic ratings to 

the five criteria and the potential alternatives for each of the 

criteria by the decision makers or experts. The criteria ratings 

are provided from Table 2 and the alternative ratings for each 

of the criteria from Table 1. The linguistics terms are then 

transformed to fuzzy triangular numbers. Then, fuzzy PMM 

is applied to aggregate the criteria and the alternative ratings 

to generate an overall score for assessing the performance of 

the alternatives (or aircraft suppliers). The alternative with the 

lowest score is selected as the best alternative for the fleet 

planning and recommended for airline acquisition. 

 

c) Validity analysis 

 

To determine the value of different distance measures in 

choosing the best option among the various options, the 

validity analysis uses Hausdorff and Minskowski distance 

family measures (or aircraft suppliers). The validity analysis 

examines the overall decision to several distance metrics in 

the individual alternative comparison process to determine its 

validity. Changing the distance measures and analyzing how 

they impact the decision will reveal the solution to this 

MCDM problem. This is helpful when there are uncertainties 

surrounding the relative importance of various distance 

measures. A validity analysis is carried out in this instance to 

determine the significance of distance measures in choosing 

the best alternative from the given alternatives (or aircraft 

suppliers). 

 

d) Numerical illustration 

 

Let us assume that an airline fleet planning group is 

interested in implementing an enlargement of the fleet 

capacity. The aircraft supplier alternatives provide short, 
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medium, and long-haul aircraft types in the civil aviation 

sector. 

Let us assume that an expert committee of three decision 

makers D1, D2 and D3 is formed to select the best aircraft 

supplier alternative. The five criteria used for evaluation are 

already identified. The committee used linguistic assessments 

(Tables 1 and 2) to rate the five criteria and the three aircraft 

supplier alternatives (
iA ): (A1), (A2), (A3). The assessment 

results are shown in Tables 3 and 4 respectively. 

 

The steps of the fuzzy PMM are performed as follows: 

 

Step 1. Evaluation of the criteria and alternative ratings with 

respect to the criteria assessed by the decision makers are 

shown in the Tables 3 and 4. 

 
Table 3. The evaluation of decision makers for the importance 

weight of the criteria 

 
Criteria D1 D2 D3 

C1(Cost) H VH H 

C2(Quality) VH H VH 

C3 (Delivery Time) M M VH 

C4(Economic Status) MH VH MH 

C5(Institutionalization H M H 

 

Table 4.The evaluation of decision makers for alternative ratings 

 
  C1 C2 C3 C4 C5 

D1 

A1 MG VG VG MG MP 

A2 VG MP G G MG 

A3 MP MG MP VG G 

D2 

A1 VG MG VG G VG 

A2 MG VG G F MP 

A3 G MP MP MP F 

D3 

A1 VG F MG G MP 

A2 MG MG G MP G 

A3 MP G MG G MG 

 

Step 2. Linguistic terms are transformed into triangular fuzzy 

numbers, and fuzzy decision matrix and fuzzy weights of 

criteria are, respectively, shown as in Table 5 and Table 6.  

 
Table 5. Fuzzy weights of criteria 

 

Criteria D1 D2 D3 J  

C1 0.7, 0.9, 1 0.9, 1, 1 0.7, 0.9, 1 0.77,.93,1.00 

C2 0.9, 1, 1 0.7, 0.9, 1 0.9, 1, 1 0.83,0.97,1.00 

C3  0.3, 0.5, 0.7 0.3, 0.5, 0.7 0.9, 1, 1 0.50,0.67,0.80 

C4 0.5, 0.7, 0.9 0.9, 1, 1 0.5, 0.7, 0.9 0.63,0.80,0.93 

C5 0.7, 0.9, 1 0.3, 0.5, 0.7 0.7, 0.9, 1 0.57,0.77,0.90 

 

Table 6. Fuzzy decision matrix 

 
  C1 C2 C3 C4 C5 

D1 

A1 5, 7, 9 9, 10, 10 9, 10, 10 5, 7, 9 1, 3, 5 

A2 9,  10, 10 1, 3, 5 7, 9, 10 7, 9, 10 5, 7, 9 

A3 1, 3, 5 5, 7, 9 1, 3, 5 9, 10, 10 7, 9, 10 

D2 

A1 9, 10, 10 5, 7, 9 9, 10, 10 7, 9, 10 9, 10, 10 

A2 5, 7, 9 9, 10, 10 7, 9, 10 3, 5, 7 1, 3, 5 

A3 7, 9, 10 1, 3, 5 1, 3, 5 1, 3, 5 3, 5, 7 

D3 

A1 9, 10, 10 3, 5, 7 5, 7, 9 7, 9, 10 1, 3, 5 

A2 5, 7, 9 5, 7, 9 7, 9, 10 1, 3, 5 7, 9, 10 

A3 1, 3, 5 7, 9, 10 5, 7, 9 7, 9, 10 5, 7, 9 

 

 

Step 3. Normalization of fuzzy decision matrix is performed 

as shown in Table 7.  

 
Table 7. Normalized fuzzy decision matrix 

 
  C1 C2 C3 C4 C5 

D1 

A1 0.2, 0.14, 0.11 0.9, 1, 1 0.9, 1, 1 0.5, 0.7, 0.9 0.1, 0.3, 0.5 

A2 0.11, 0.10, 0.10 0.1, 0.3, 0.5 0.7, 0.9, 1 0.7, 0.9, 1 0.5, 0.7, 0.9 

A3 1, 0.33, 0.20 0.5, 0.7, 0.9 0.1, 0.3, 0.5 0.9, 1, 1 0.7, 0.9, 1 

D2 

A1 0.56,  0.5, 0.5 0.5, 0.7, 0.9 0.9, 1, 1 0.7, 0.9, 1 0.9, 1, 1 

A2 1, 0.71, 0.56 0.9, 1, 1 0.7, 0,9, 1 0.3, 0.5, 0.7 0.1, 0.3, 0.5 

A3 0.71, 0.56, 0.5 0.1, 0.3, 0.5 0.1, 0.3, 0.5 0.1, 0.3, 0.5 0.3, 0.5, 0.7 

D3 

A1 0.11,  0.1, 0.1 0.3, 0.5, 0.7 0.5, 0.7, 0.9 0.7, 0.9, 1 0.1, 0.3, 0.5 

A2 0.20, 0.14, 0.11 0.5, 0.7, 0.9 0.7, 0.9, 1 0.1, 0.3, 0.5 0.7, 0.9, 1 

A3 1,  0.33, 0.2 0.7, 0.9, 1 0.5, 0.7, 0.9 0.7, 0.9, 1 0.5, 0.7, 0.9 

 

Step 4. The weighted normalized fuzzy decision matrix  is 

calculated as shown in Table 8. 

 
Table 8. Weighted normalized fuzzy decision matrix 

 
  C1 C2 C3 C4 C5 

D1 

A1 0.15, 0.13, 0.11 0.75, 0.97, 1.00 0.45, 0.67, 0.80 0.32, 0.56, 0.84 0.06, 0.23, 0.45 

A2 0.09, 0.09,0.10 0.08, 0.29, 0.50 0.35, 0.60, 0.80 0.44, 0.72, 0.93 0.28, 0.54, 0.81 

A3 0.77, 0.31,0.20 0.42, 0.68, 0.90 0.05, 0.20, 0.40 0.57, 0.80, 0.93 0.40, 0.69, 0.90 

D2 

A1 0.43, 0.47, 0.50 0.42, 0.68, 0.90 0.45,0.67, 0.80 0.44, 0.72, 0.93 0.51, 0.77, 0.90 

A2 0.77, 0.67, 0.56 0.75, 0.97, 1.00 0.35, 0.60, 0.80 0.19, 0.40, 0.65 0.06, 0.23, 0.45 

A3 0.55, 0.52, 0.50 0.08, 0.29, 0.50 0.05, 0.20,0.40 0.06, 0.24, 0.47 0.17, 0.38, 0.63 

D3 

A1 0.09, 0.09, 0.10 0.25, 0.48, 0.70 0.25, 0.47, 0.72 0.44, 0.72, 0.93 0.06, 0.23, 0.45 

A2 0.15, 0.13, 0.11 0.42, 0.68, 0.90 0.35, 0.60, 0.80 0.06, 0.24, 0.47 0.40, 0.69, 0.90 

A3 0.77, 0.31, 0.20 0.58, 0.87, 1.00 0.25,0.47, 0.72 0.44, 0.72, 0.93 0.28, 0.54, 0.81 

 

Step 5. Aggregated weighted normalized decision matrix for 

the alternatives is shown in Table 9. 

 
Table 9. Aggregated weighted normalized decision matrix for 

the alternatives 

 
 C1 C2 C3 C4 C5 

A1 0.22, 0,23, 0.24 0.47, 0.71, 0.87 0.38, 0,60, 0.77 0.40, 0.67, 0.90 0.21, 0.41, 0.60 

A2 0.20, 0.22, 0.23 0.25, 0.48, 0.70 0.35, 0.58, 0.77 0.44, 0.72, 0.93 0.28, 0.51, 0.72 

A3 0.31, 0.28, 0.25 0.36, 0.58, 0.73 0.32, 0.56, 0.77 0.36, 0.61, 0.84 0.13, 0.33,0.57 

 

Step 6. The fuzzy ideal solution vector * is determined as 

shown in Table 10. 

 
Table 10.  Fuzzy ideal solution vector 

 
 C1 C2 C3 C4 C5 
*  0.31, 0.28, 0.25 0.47, 0.71, 0.87 0.38, 0.60, 0.77 0.44, 0.72, 0.93 0.28, 0.51, 0.72 

 

Step 7. The fuzzy proximity measure 
id  for all the 

alternatives is calculated and shown in Table 11. The 

distances from fuzzy ideal solutions are calculated.  

Proximity measure values 
id  and ranking order patterns 

iR of aircraft supplier alternatives are shown in Table 11. 

Regarding the proximity measure values 
id , the best aircraft 

supplier 
*

id is A1.   
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Table 11. The distances from fuzzy ideal solutions * . Proximity 

measure values 
id and ranking order patterns 

iR  of aircraft 

supplier alternatives 

 
 

1d  
iR  2d  

iR  3d  
iR  d

 
iR  Hd  

iR  

A1 0.194 1 0.206 1 0.214 1 0,033 1 0,088 1 

A2 0.290 2 0.307 2 0.317 2 0,068 3 0,124 2 

A3 0.416 3 0.427 3 0.432 3 0,053 2 0,162 3 

 

Step 8. The correlation analysis of the ranking order patterns 

of alternatives is given as shown in Table 12 and the graphical 

representation of the ranking order patterns of aircraft 

supplier alternatives is given as shown in Fig. 3.  
 

Table 12. Correlation analysis of the ranking order patterns of 

alternatives 
 

  1d  
2d  

3d  d
 

Hd  

1d  1     

2d  1 1    

3d  1 1 1   

d
 0,50 0,50 0,50 1  

Hd  1 1 1 0,50 1 

 
 

 

 
 

Fig. 3 Ranking order patterns of aircraft supplier alternatives 

 

Evaluating the fuzzy PMM - MCDM ranking analysis of 

aircraft supplier alternatives, it is seen that the best aircraft 

supplier is alternative A1, which is ranked as first by five 

distance functions. The aircraft supplier  A2 is selected as the 

second alternative, while  aircraft supplier  A3 is selected as 

the worst alternative.  Finally,  the effectiveness and viability 

of the proposed method was validated in fuzzy ranking 

analysis.  

IV. CONCLUSION 

The supplier selection process is one of the most crucial 

supply chain management processes. Using a sound supplier 

selection approach is essential for creating a sustainable 

system. The proposed fuzzy MCDM technique considers 

several variables, as opposed to traditional methods that 

simply consider cost, such as cost, quality, delivery time, 

economic status, and institutionalization.  

Based on the triangular fuzzy numbers for linguistic 

variables, a Minkowski distance family function and 

Hausdorff distance function on fuzzy set have been 

constructed in this study. Numerical example is used to 

demonstrate the distinctiveness and benefit of the proposed 

distance metrics in the challenge of choosing an aircraft 

supplier. Comparing ranking order patterns of the alternatives 

is made easier by the provided distance measures. 
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