
Indian Journal of Science and Technology, Vol 8(31), DOI: 10.17485/ijst/2015/v8i31/84225, November 2015
ISSN (Print) : 0974-6846

ISSN (Online) : 0974-5645

* Author for correspondence

1.  Introduction

In today’s extremely competitive corporate environment,
the role of suppliers is a key one for the success of the supply
chain and therefore supplier selection is a vital decision
in Supply Chain Management (SCM)1. An efficient
purchasing with flexible participation with suppliers
assures the robustness of competition in markets. Many
researchers have been carried out in Supplier Selection
Problem (SSP). Jiang, et al.2 investigated an empirical
study to examine whether different supplier selection
criteria and integration mechanisms can improve
customer satisfaction and business performance. In the
literature, SSP investigated in terms Of Multi-Criteria
Decision Making (MCDM) and various exact and efficient
heuristic methodologies are proposed for solving SSPs3.

SSP is classified into two classes4: 1. Single source in
which restrictions is not considered in supplier selection
process and the final decision is the best supplier; 2. 

Multiple sources in which some constraints of the supplier
including capacity, quality and lead time are considered.
In the second class, one supplier cannot satisfy whole
requirements of demands; then, remain part should be
provided in others suppliers. Thus, the problem follows
to answer into two questions: the best supplier(s) as well
as the purchasing quantities of supplier(s). In this paper,
we deal with single source class in which suppliers are
prioritized and the best one is chosen. Deboer, et al.1

proposed a well-known framework for analyzing supplier
selection problem consisting 1. Problem definition, 2.
Formulation of Criteria, 3. Qualification and 4. Choice.
The SSP is a typical multi attribute decision making
problem. Several MCDM techniques proposed in SSPs
literature5. 

In SSPs, criteria formulation is one of the most
important steps in supplier selection process. Many
descriptive studies attempt to investigate the criteria
of the Purchasers for selecting the suitable suppliers. 
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Dickson6 presented a seminal study and introduced 
quality, delivery and performance history as three most 
important criteria. Weber, et al.7 analyzed 74 papers on 
supplier selection criteria and identified price as the most 
cited criterion, followed by delivery and quality. Kannan 
and Tan8 presented an empirical study of the importance 
of supplier selection and assessment criteria of American 
manufacturing companies for items to be used in products 
already in production. Out of 30 selection criteria, on-time 
delivery and quality were ranked as the most important. 
Kahraman, et al.9 presented four parts of SSP criteria that 
consist of supplier characteristics, product efficiency, 
service quality and cost. However, in another research 
by Frödell10 reported cost is the most important criterion 
in 12 zones of industries. Ku, et al.11 reviewed literature 
of SSP and summarized supplier selection criteria as 
cost or price, quality, service, supplier’s profile, risk, 
buyer–supplier partnership, cultural and communication 
barriers and trade restrictions. 

One of the prominent features of SSP is uncertainty 
in making decisions because of inherent ambiguity 
in evaluating criteria. Most parameters in real world 
situations are vague, imprecise and incomplete. Fuzzy sets 
theory is most important and applicable approaches in 
facing with uncertainty in supplier selection process12,13. 
Fuzzy theory analyzes inexact criteria to hybridize 
quantitative and qualitative measures in selection process. 
Fuzzy set theory, introduced by Zadeh14, presented to 
deal with this incomplete information and model them. 
In fuzzy logic applications, linguistic variables are applied 
to facilitate rules and facts15. Therefore, in SSP, many 
experts employ linguistic variables as fuzzy numbers in 
order to determine important features and performance 
of alternatives.

Many researches concentrate on SSP in fuzzy 
environment. Carrera and Mayorga16 proposed a modular 
Fuzzy Inference System approach in supplier selection for 
new product development. Wang, et al.17 proposes fuzzy 
hierarchical TOPSIS for solving a SSP. Boran, et al.18 
proposed a TOPSIS method combined with intuitionistic 
fuzzy set to select appropriate supplier in group decision 
making environment. They utilized intuitionistic fuzzy 
weighted averaging operator to aggregate individual 
opinions of decision makers for rating the importance of 
criteria and alternatives. Keskin, et al.19 presented fuzzy 
an adaptive resonance theory to evaluate and select the 
suppliers. Hsu, et al.20 used fuzzy preference relations with 
using fuzzy quality data to rank suppliers and select the 

best one. Büyük Özkan and Cifci21 developed an approach 
based on fuzzy Analytic Network Process (ANP) within 
multi-person decision-making schema under incomplete 
preference relations in Sustainable supply chain. 
Shemshadi, et al.22 proposed fuzzy VIKOR for SSP based 
on entropy measure for objective weighting. Amindoust, 
et al.23 proposed a ranking method based on fuzzy 
interference system for Sustainable supplier selection. 
Buyük Özkan and Cifci24 hybridized three MCDM 
methods including fuzzy DEMATEL, fuzzy ANP and 
fuzzy TOPSIS to evaluate green suppliers. Lima Junior, et 
al.25 presented a fuzzy inference approach for SSP under A 
fuzzy inference and categorization approach for supplier 
selection using compensatory and non-compensatory 
decision rules. Dursun and Karsak26 developed a fuzzy 
multi-criteria group decision making approach that 
makes use of the Quality Function Deployment (QFD) 
concept for supplier selection process. Lima Junior, et al.27 
investigated a comparative analysis of fuzzy TOPSIS and 
fuzzy AHP methods in the context of supplier selection 
decision making. Ai, et al.28 proposed an approach based 
on hesitant fuzzy set to solve SSP. Sultana, et al.29 combined 
Fuzzy Delphi, Fuzzy AHP and Fuzzy TOPSIS for solving 
SSP. Khalilo, et al.30 proposed a method on the basis of the 
computing with words for selection problem. Moayeri, et 
al.31 compared the fuzzy AHP and TOPSIS methods for 
selection problem.

One of the well-known and most recent MADM 
techniques is PROMETHEE method (Preference Ranking 
Organization Method for Enrichment Evaluation). Araz 
and Ozkarahan32 utilized PROMETHEE method to 
evaluate the performance of suppliers by simultaneously 
considering supplier capabilities and performance 
metrics and to provide a preference relation between 
suppliers. Chen, et al.33 proposed fuzzy PROMETHEE, 
a mathematical model for that accounts for the presence 
of vagueness, uncertainty and imprecision of information 
in the SSP. Chai, et al.34 developed a Superiority and 
Inferiority Ranking (SIR) group decision approach for 
SSP under intuitionistic fuzzy environments, in which 
the SIR method can be regarded as an extension of the 
conventional PROMETHEE method.

Some researchers used PROMETHEE method in 
various field of decision making. Dagdeviren35 proposed 
an integrated approach which employs Analytic 
Hierarchy Process (AHP) and PROMETHEE together 
for the equipment selection problem. Taha and Rostam36 
proposed a hybrid approach bade on fuzzy AHP and 
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fuzzy PROMETHEE for machine tool selection in 
flexible manufacturing cell. Behzadian, et al.37 provided 
PROMETHEE group decision support system approach 
that integrates the design preferences of the Quality 
Function Deployment (QFD) team. Hashemian, et 
al.38 proposed a hybrid fuzzy group decision-making 
approach for supplier evaluation based on fuzzy AHP 
and fuzzy PROMETHEE under group decision making. 
Chen39 extended PROMETHEE method using a signed 
distance-based approach within the environment of 
interval type-2 fuzzy sets for multiple criteria decision 
analysis. Ghazinoory, et al.40 used fuzzy PROMETHEE 
for wind turbine in road mapping process. 

In conventional PROMETHEE methods, DM can 
only select predetermined preference function as his/
her preferences while this preference function used 
in traditional methods cannot completely provide 
preferences of DM. Therefore, considering DM’s 
preferences and opinions, to provide aspirations of DM, 
leads to more accurate decision making process. Often in 
real case problems preferences and knowledge of DMs are 
as linguistic terms in form of IF-THEN rules. Therefore, 
as main contribution of this paper, we follow to develop 
conventional PROMETHEE method using Fuzzy Rule 
Based System (FRBS) based on fuzzy logic for modeling 
utility of DM.

This paper presents a SSP model under group decision 
making. As main contribution of our study, a new 
PROMETHEE method based on fuzzy logic is developed 
to select best supplier. The rest of paper is organized as 
follow: Next section is devoted to some Preliminary 
concepts including PROMETHEE method and fuzzy 
logic. In Section 3, we describe our proposed extended 
PROMETHEE for selection process. Section 4 presents 
the application of the proposed method in solving a SSP. 
At end, the summary and conclusions of this paper are 
presented.

2.  Preliminaries

In this section, we review main idea and executive steps of 
PROMETHEE method and also, some basic concepts and 
definitions related to Fuzzy Rule Based System, which will 
be needed in the our hybrid method of selection process.

2.1  The PROMETHEE Method
Brans, et al.41,42 considered a new family of outranking 
methods, called PROMETHEE for solving MADM 

problems. A considerable number of successful 
applications has been treated by PROMETHEE 
methodology in various fields such as Banking, Industrial 
Location, Manpower planning, Water resources, 
Investments, Medicine, Chemistry, Health care, Tourism, 
Ethics in OR, Dynamic management. The success of 
the methodology is basically due to its mathematical 
properties and to its particular friendliness of use43. A 
more detail review of PROMETHEE method has been 
provided in Behzadian, et al44. Moreover, it can be seen 
a review on fuzzy PROMETHEE method in Chen39. We 
describe procedure of implementation PROMETHEE I 
and II as follow:

We consider a multi-attribute decision-making 
problem with a set of possible alternatives which is 
evaluated on a set of criteria. Without loss of generality, 
suppose that all the criteria have to be maximized. The 
problem can be represented as:

max {g1 (ai) g2 (ai),..., gj (ai),..., gn (ai)|ai ∈ A  (1)

Where A = {ai |i = 1, 2,...,m }
 
is a set of possible alternatives 

and g = {gj | j = 1, 2,...,n }
 
is a set of considered criteria; 

 
gj 

(ai) epresents performance of alternative ai with respect to 
the jth criterion.

A decision-maker expresses his preference of 
alternative a over alternative b considering the criterion gj 
by computing a single-criterion preference degree pj (a,b) 

 which is in function of dj (a,b) = gj (a) gj (b). The value 
of this preference function pj (a,b) is included between 0 
and 1. If a is better than b, then pj (a,b) >0 ; otherwise, pj 
(a,b) = 0.

The selection of a specific preference function, Brans 
and Vincke42 proposed six basic types: 1. Usual criterion, 
2. U-shape criterion, 3. V-shape criterion, 4. Level 
criterion, 5. V-shape with indifference criterion and 6. 
Gaussian criterion.

Then π (a,b) as a preference index over all the criteria 
is calculated by 

1

( , ) ( , )
n

j j
j

a b w p a bp
=

=å , where Wj is the 
weight of jth criteria.

Moreover, in order to evaluate the alternatives of a by 
using the outranking relation, following flows must be 
defined.
The leaving flow: 

1( ) ( , )
1 b A

a a b
m

f p+

Î

=
- å

  
(2)

This score represents the global strength of action a 
in comparison to all other alternatives. Indeed, this score 
has to be maximized.
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The entering flow:
 ( ) ( ) ( ) ( )3 3. , . , , ,v v v g f

t
r r y s y y y

¶

æ ö¶ ÷ç + Ñ + Ñ = +÷ç ÷çè ø¶
  (3)

This score represents the global weakness of a in 
comparison to all other alternatives. Indeed, this score 
has to be minimized.

The net flow: ϕ(a) = ϕ+ (a) - ϕ- (a)   (4)

According to Brans, et al.41,42, PROMETHEE 1 
determines the partial preorder on the alternatives of A 
based on the leaving and entering outranking flows that 
satisfied the following principle:
a is preferred to b(a P(I)b)iif;
a is preffered to b(ap(I)b)iif;
 

( ) ( ) and ( ) ( ),  or

( ) ( ) and ( ) ( ),  or 

( ) ( ) and ( ) ( )

a b a b

a b a b

a b a b
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a is in different to b(aI(I)b)iif; ϕ+ (a) = ϕ+ (b) and ϕ
- (a) = 

ϕ- (b)
a is incomparable to b(aRb)iif;
 

( ) ( ) and ( ) ( )

( ) ( ) and ( ) ( )

a b a b

a b a b

f f f f

f f f f

+ + - -

+ + - -
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Furthermore, PROMETHEE II gives a complete 
preorder induced by the net flow and defined by:
a is preferred to b (a P(II)b) iif; ϕ (a) > ϕ (b)
a is indifferent to b (a I(II)b) iif; ϕ (a) = ϕ (b) 

It seems easier for the DM to achieve the decision 
problem by using the complete preorder in PROMETHEE 
II instead of the partial one given by PROMETHEE I. 
However, the partial preorder provides more realistic 
information by considering only confirmed outranking 
with respect to the leaving and entering flows. On the other 
hand, the relation of incomparability can also be severely 
useful. In real-world applications, considering both 
PROMETHEE I and PROMETHEE II is recommended. 
The complete ranking is easy to use, but the analysis of the 
incomparability often helps to finalize a proper decision.

2.2 Basis of Fuzzy Systems
In many cases, decision making and optimization are in 
uncertain environment and a mathematical deterministic 
equation does not exist. In this situation, human knowledge 
and experiment have been utilized to decision making 

and optimization. Generally, human knowledge can be 
categorized in two groups: one is unconscious knowledge 
and the other one, conscious knowledge. In unconscious 
knowledge, experts cannot describe their knowledge as 
linguistic terms but in conscious knowledge, experts can 
explain their knowledge as linguistic terms. Zadeh14,15, first 
introduced the concept of fuzzy logic “computing with 
words”. Fuzzy logic can be used to formulate the human 
knowledge. Fuzzy systems are knowledge-based or rule-
based systems. The heart of a fuzzy system is a knowledge 
base consisting of the so-called fuzzy IF-THEN rules. A 
fuzzy IF-THEN rule is an IF-THEN statement in which 
some words are characterized by continuous membership 
functions.

Mamdani fuzzy system was developed in 1975 by 
Mamdani45 is most common type of fuzzy system that has 
applied in special fields because of its ability in knowledge 
representation. The starting point of constructing a fuzzy 
system is to obtain a collection of fuzzy rules from human 
experts and establish a fuzzy rule base. A fuzzy rule is the 
implication stated as If-

Then rule which divided into two main parts:
•	 “If ” part which described premise section of fuzzy 

rule
•	 “Then” part which described conclusion section of 

fuzzy rule
A general form of fuzzy rule in this paper is as follows:

(1) (n)
1 R n R R:  if   is  and ... and  is  Then  y  is   R x xm m m  (5)

Where 0 0
1 2x and x  are input variables and y is output 

variable. Moreover, 1 2

0 0
1 2( ) ( )X Xx and xm m  are linguistic 

variables, that is, for vague concepts like “about small” 
or “very height” which are represented by fuzzy sets. In 
addition to fuzzy rule base as main component of fuzzy 
system, a fuzzy system includes three other component 
consisting of fuzzy inference engine, fuzzification and 
defuzzification. Basic configuration of mamdani fuzzy 
systems is shown as Figure 1.

Figure 1.    Basic configuration of mamdani 
fuzzy systems.
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In order to convert the inputs into the output, fuzzy 
inference system based on the fuzzy logic is utilized 
by composite if-then rules of developed rule base. To 
implement fuzzy inference system, in this research, 
following assumptions have been considered46:
•	 A singleton fuzzifier in the terms of fuzzification in-

terface
•	 Mamdani implication engine in order to inference the 

fuzzy system
•	 A centroid defuzzifier in the terms of defuzzification 

interface
Let x1and x2 are two input variables, also x1

0
 and x2

0 
 are 

their input fuzzy singleton. Fuzzy inference procedure is 
illustrated as following steps:
Step 1: Involve inputs fuzzy singletons into their universe 
sets.
Step 2: Combine inputs fuzzy sets which are consisted of 
fuzzy singletons and obtain the active rules. 
Step 3: Calculate μX1 (x1

0)
 
and μX2 (x2

0) 
 
as membership 

functions.
Step 4: Determine matching degree for each rules as

1 2

0 0
1 2min( ( ), ( ))j X Xx xa m m=     (6)

Figure 2.    Illustration of the Mamdani fuzzy 
inference system scheme.

Step 5: Execute Max-Min operator to determine the 
outputs area.
Step 6: Steps 3-5 should be iterated for all active rules.
Step 7: Aggregate all outputs and obtain crisp value of 
output by applying centroid defuzzification in Equation 7. 
Let jy

 be the center of output for jth rule.

1*

1

J
j

j
j

J

j
j

y

y

a

a

=

=

´

=
å

å      (7)

Figure 2 illustrates fuzzy inference procedure with 
considering three rules.

3.  The Proposed Method 

In this section we develop an extended PROMETHEE 
method based on fuzzy systems. As reviewed 
PROMETHEE method, except step of preference function 
selection, DM has not any role in decision making process. 
Moreover, it is possible which conventional preference 
function cannot provide preferences of DM, completely. 
Considering DM’s preference and opinions leads process 
of selection to provide aspirations of DM. Therefore, 
modeling the preferences of DM as a utility function is 
valuable in decision making. Often in real case problems, 
preferences of DM are as linguistic terms in form IF-
THEN rules. Thus, construction utility function as a 
mathematical function is a challenge in decision making 
process. In this paper, fuzzy rule base system based on 
fuzzy logic is applied for deriving utility of DM within 
the PROMETHEE method. To do so, we present a step-
by-step explanation of the proposed fuzzy PROMETHEE 
using the fuzzy rule based system and linguistic variables 
under group decision making. A graphical scheme of 
proposed method is depicted in Figure 3.

It should be mentioned that we had a GDM problem 
with m alternatives (ai, i=1, 2,…, m), n criteria (gj, j=1,2,…
,n) and K experts (Ek, k=1, 2, …, K) to determine the 
performance rating using linguistic variables. Linguistic 
variables were transformed into trapezoidal fuzzy 
numbers.

( )

11 12 1

21 22 2
ij

1 2

...
...

 , x , , ,  ,   =1,2,...,K
           

...

k k nk

k k nk l m n u
k k ijk ijk ijk ijk

m k m k mnk

x x x
x x x

E x x x x k

x x x

é ù
ê ú
ê ú
ê ú= =ê ú
ê ú
ê ú
ê úë û

  

  





   

  

Where ijkx  was the trapezoidal fuzzy numbers 
indicat ing the performance rating of ith alternative 
with regards to the jth criteria for the kth expert.
The steps of proposed fuzzy algorithm are as below.
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Figure 3.    The scheme of proposed PROMETHEE method 
based on fuzzy system.

Step 1. Construct a fuzzy decision matrix ( )E  by 
aggregating fuzzy rating of all experts.

Let ( , , , )l m n u
ij ij ij ij ijx x x x x=

 
is the aggregated fuzzy 

rating which can be calculated as:

{ } { }
1 1

1 1min ,     = ,    = ,     max  
K K

K K
l l m m n n u u
ij ijk ij ijk ij ijk ij ijkk k

k k

x x x x x x x x
= =

= =å å
 

      
(8)

Therefore final fuzzy decision matrix can be 
constructed as:

11 12 1

21 22 2

1 2

...
...

 
        

...

n

n

m m mn

x x x
x x x

E

x x x

é ù
ê ú
ê ú
ê ú= ê ú
ê ú
ê ú
ê úë û

  

  



   

  

Step 2. Defuzzify the fuzzy decision matrix into crisp 
values (E).

In order to derive the crisp values of arrays of decision 
matrix we may use the following equation:

( ). ( ).( ).
( )

( ). ( ). ( ).

                         

ijm ijn iju

ijl ijm ijn

ijm ijn iju

ijl ijm ijn

x x xijl iju

x x x
ijm ijl iju ijn

ij x x xijl iju

x x x
ijm ijl iju ijn

x x x x
xdx xdx xdxx xdx x x x x

defuzz x x x x xx dx dx dx dx
x x x x

m

m

- -
+ +

- -
= = - -

+ +
- -

ò ò òò
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2 21 1( ) ( )
3 3                

ijl ijm ijn iju iju ijn ijm ijl

ijl ijm ijn iju

x x x x x x x x

x x x x

- + + - - -
=

- - + +

 

      (9)
Step 3. Determination differences based on pair-wise 

comparisons as follows:

d j (a1,a2) = g j (a1) - g j (a2) ; j = 1,2,...,n  (10)

Where dj (a1,a2) is deference between the rating a1 and 
a2 on criterion j. in order to simplify further computations, 
we can establish pair-wise comparisons tables. Table 
1 shows pair-wise comparisons of a1 related to other 
alternatives on all criteria and it must be constructed for 
all alternatives.

Table 1.    p\Pair-wise comparisons table of a1 related to 
other alternatives on all criteria
alternatives g1 g2 … gn π(a1,b )
a2 d1(a1,a2) d2(a1,a2) dn(a1,a2) π(a1,a2 )
a3 d1(a1,a3) d2(a1,a3) dn(a1,a2) π(a1,a3 )… … … … …

am d1(a1,am) d2(a1,am) dn(a1,am) π(a1,am )

Step 4. Calculation of an overall or global preference 
index. 

Unlike conventional PROMETHEE method which 
DM only select a preference function, this paper attempts 
to increase DM’s role in decision making process. In order 
to obtain global preference index, we propose a fuzzy rule 
based system based on preferences of DM in form of IF-
THEN rules. To do so, we have used fuzzy rule based 
system method mentioned in Section 2.2 to calculate 
global preference index.

Input variables of our proposed FRBS are d j (a,b) 
(j=1,2,…,n). For each antecedent variable, three linguistic 
terms are proposed, named “Low”, “Medium” and “High”. 
Output variable of FRBS is π(a1,b ). For consequent 
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variable, five linguistic terms are defined, called “Very 
Low”, “Low”, “Medium”, “High” and “Very High”. 
Triangular fuzzy numbers are defined for antecedent 
and consequent variables. It is necessary to mention that 
main component of FRBS is fuzzy rule based of DMs 
preferences and knowledge. The base of rules consists of 
if-then rules as follows:

1 n

 of antecedent conditions

 d ( , ) is very high and ... and d ( , ) is medium   (a,b) is high
Consequentset

if a b a b then p
 

             

      (11)
The inference process to obtain π(a1,b ) from d j (a,b) is 

defined as in the Mamdani method indicated in Figure 2.
After establishing pair-wise comparisons tables, 

calculated d j (a,b) are involved into designed FRBS and 
then fuzzy inference procedure as described in Section 
2.2 is applied to obtain final output of FRBS as global 
preference index (π(a1,b )). For example global preference 
indexes of alternative a1 over other alternatives can be 
exhibited in last column of Table 1. In order to simplify 
future computations, we complete Table 2 at the end of 
this step.

Table 2.    Global preference index for all pair-wise 
comparisons alternatives

a1 a2 a3 … am
a1 _ π(a1,a2 ) π(a1,a3 ) … π(a1,am )
a2 π(a2,a1 ) _ π(a2,a3 ) … π(a2,am )… … … … …

am π(am,a1 ) π(am,a2 ) π(am,a3 ) … _

Step 5. Calculation of outranking flows / The 
PROMETHEE I partial ranking.

In this section outranking flows including leaving 
flow and entering flow are calculated as follows:
The leaving flow: 1( ) ( , )

1 b A

a a b
m

f p+

Î

=
- å

  (12)

The entering flow:
1( ) ( , )

1 b A

a b a
m

f p-

Î

=
- å  (13) 

At the end of this section the PROMETHEE I partial 
ranking of alternatives are provided.

Step 6. Calculation of net outranking flows / The 
PROMETHEE II complete ranking.

In order to provide a complete ranking of alternatives, 
PROMETHEE II is applied by calculating net flow as 
follows:

The net flow: ϕ(a) = ϕ+ (a) - ϕ- (a)   (14)

4.  Illustrative Example

In this section, we evaluate performance of our proposed 
method for a SSP. To do so, a numerical example has been 
applied. Suppose that a company wants to select a suitable 
supplier for a main material which strongly effects on 
production process. To do so, a committee of 10 experts 
is established. After initial screening, four candidate 
suppliers (a1, a2, a3 and a4) remain for further evaluation. 
All 10 experts were asked to provide a list of criteria that 
could be used to evaluate suppliers and ultimately four 
criteria consisting of C1: quality, C2: Price, C3: lead time 
delivery, C4: Flexibility is selected. Judgments of experts 
are considered as linguistic variables. We consider 
five linguistic variables for the performance rating of 
the alternative. These linguistic variables and its fuzzy 
numbers are shown in Table 3 and Figure 4.

Table 3.    The linguistic variables for the performance 
rating and their associated fuzzy numbers
Linguistic Variable Fuzzy number
Very Poor (VP) (0,0,0.1,0.2)
Poor (P) (0.1,0.2,0.2,0.3)
Moderately Poor (MP) (0.2,0.3,0.4,0.5)
Faire (F) (0.4,0.5,0.5,0.6)
Moderately good (MG) (0.5,0.6,0.7,0.8)
Good (G) (0.7,0.8,0.8,0.9)
Very good (VG) (0.8,0.9,1,1)

Figure 4.    Linguistic variables for the fuzzy rates of 
alternatives.

The performance rating of the alternative with respect 
to the four criteria provided by each individual expert are 
presented in Table 4. 

We have applied our proposed method indicated in 
Figure 3 to select best supplier by following steps. 
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Table 6.    Defuzzyfied aggregated fuzzy 
values of supplier rates
Alternatives Criteria

C1 C2 C3 C4

a1 0.70 0.72 0.72 0.79

a2 0.65 0.72 0.72 0.70

a3 0.85 0.58 0.65 0.87

a4 0.85 0.87 0.70 0.72

Step 1. The aggregated fuzzy numbers according to 
the Equation 8 are calculated as a fuzzy decision matrix 
and results are shown in Table 5.

Step 2. The aggregated fuzzy values of supplier rates 
are defuzzyfied using Equation 9 which results are shown 
in Table 6.

Table 7.    Pair-wise comparisons of alternative a1
Alternatives Criteria π(a1,b)

C1 C2 C3 C4
a2 0.05 0 0 0.09 0.0909
a3 0 0.14 0.07 0 0.1798
a4 0 0 0.02 0.07 0.0800

Step 3. Determination differences based on pair-wise 
comparisons using Equation 10. Results are shown in 
Tables 7-10.

Table 4.    The performance rating of the suppliers with respect to criteria provided by DMs
Experts Suppliers Criteria Experts Suppliers Criteria

C1 C2 C3 C4 C1 C2 C3 C4

e1 a1 MG MG G VG e6 a1 VG G MG G
a2 MG G G MG a2 G G G VG
a3 G F MG VG a3 G MG MG G
a4 VG G MG G a4 MG MG G VG

e2 a1 G G G VG e7 a1 MG G G MG
a2 MG MG MG MG a2 VG G MG G
a3 VG F MG VG a3 MG MG MG MG
a4 G VG G G a4 MG MG G VG

e3 a1 MG G MG MG e8 a1 VG F MG VG
a2 MG G G G a2 MG G MG MG
a3 G MG MG G a3 G MG MG G
a4 G VG MG MG a4 G VG MG MG

e4 a1 MG MG G VG e9 a1 G MG MG G
a2 MG MG MG MG a2 MG MG G VG
a3 G MG MG G a3 VG F MG VG
a4 VG G MG G a4 G VG G G

e5 a1 MG G G MG e10 a1 G MG MG G
a2 VG F MG VG a2 VG F MG VG
a3 G VG MG MG a3 VG G MG G
a4 G G G VG a4 G VG G VG

Table 5.    Aggregated fuzzy values of supplier rates 
Alternatives Criteria

C1 C2 C3 C4
a1 (0.50, 0.67, 0.73,0.90) (0.50, 0.73, 0.77,0.90) (0.50, 0.73, 0.77,0.90) (0.50, 0.80, 0.90, 1.00)
a2 (0.50, 0.60, 0.70, 0.80) (0.50, 0.73, 0.77,0.90) (0.50, 0.73, 0.77,0.90) (0.50, 0.67, 0.73, 0.90)
a3 (0.70, 0.83, 0.87,1.00) (0.40, 0.53, 0.57,0.80) (0.50, 0.60, 0.70, 0.80) (0.70, 0.87, 0.93, 1.00)
a4 (0.70, 0.83, 0.87,1.00) (0.70, 0.87, 0.93,1.00) (0.50, 0.67, 0.73,0.90) (0.50, 0.73, 0.77, 0.90)
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Table 8.    Pair-wise comparisons of alternative a2
Alternatives Criteria π(a2,b )

C1 C2 C3 C4
a1 0 0 0 0 0.0000
a3 0 0.14 0.07 0 0.1798
a4 0 0 0.02 0 0.0800

Table 9.    Pair-wise comparisons of alternative a3
Alternatives Criteria π(a3,b )

C1 C2 C3 C4
a1 0.15 0 0 0.08 0.1030
a2 0.20 0 0 0.17 0.2500
a4 0 0 0 0.15 0.0800

Table 10.    Pair-wise comparisons of alternative a4
Alternatives Criteria π(a4,b )

C1 C2 C3 C4
a1 0.15 0.15 0 0 0.0800
a2 0.20 0.15 0 0.02 0.1482
a3 0 0.29 0.05 0 0.0800

Step 4. Global preference index are calculated using 
proposed FRBS in Section 4.

In order to design FRBS, we have constructed a 
fuzzy rule base from DMs opinion on form of if-then 
terms. After a joint meeting, DMs introduced 35 rules 
as shown in Table 11. Pair-wise differences obtained in 
Tables 7-10 are used as inputs of proposed FRBS and 
Global preference index (π (ai,ak) ; i,k = 1,2 3,4; i ≠k) are 
calculated and shown in Table 12.

Table 11.    The fuzzy rule base of proposed FRBS 

Rule 
Number

If part Then part

d1 (a,b) d2 (a,b) d3 (a,b) d4 (a,b) π(a,b)

1 High High High Low Very High
2 Low High Medium High High
3 High Medium Medium Medi-

um
High

4 Medium Low Medium High Medium

… … … … … …

35 Medium Low Low High Low

Step 5. Outranking flows including leaving and 
entering flows are calculated using Equation 12 and 13. 
Results are indicated in Table 13. In this step PROMETHEE 

I partial ranking of suppliers are provided as a1 P
(T) a2, a1 

a1 R a3 , a1  P
(I) a4 , a3  P

(I) a4 , a4  P
(I) a2 ,and a3 R a4 ,. Figure 5 

shows a value outranking graph of the constructed partial 
ranking. As can be seen, a3 is incomparable to a1 and a4. 
Therefore, it is not suitable to make a decision based on 
partial ranking. Hence in the next step complete ranking 
is presented.

Table 12.    Global preference index for Pair-wais 
Comparisons of alternatives

π(ai,ak), i,k=1,2,3,4 and i ≠ k
Alternatives ai

a1 a2 a3 a4

ak a1 _ 0.0000 0.1030 0.0800
a2 0.0909 _ 0.2500 0.1482
a3 0.1798 0.1798 _ 0.0800
a4 0.0800 0.0800 0.0800 _

Step 6. Net outranking flow for each supplier is 
calculated using Equation 14.

Table 13.    The results of leaving flows, entering 
flows, and net flows
Alternatives ϕ+(a) ϕ-(a) ϕ(a) Rank
a1 0.117 0.061 0.056 1
a2 0.087 0.163 -0.076 4
a3 0.144 0.147 -0.002 3
a4 0.103 0.080 0.023 2

Figure 5.    The partial ranking in considered SSP,

The values of net outranking flow are calculated as 
ϕ(a1) = 0.056, ϕ(a2) = 0.076, ϕ(a3) = 0.02 and ϕ(a4) = 0.023 
. In this step, the PROMETHEE II complete ranking of 
suppliers is provided. According to calculated values 
of net outranking flow the ranking of suppliers by the 
PROMETHEE II complete ranking are a1 P

(II) a4, a4 P
(II) a3, 
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a3 P
(II) a2, and . Therefore, complete ranking of suppliers 

can be shown as  
II

1 4 3 2 II IIa a a a  

. Figure 6 shows 
the value outranking graph of the constructed complete 
preorder. The summery of leaving, entering, and net flows 
is presented in Table 13. As stated, ranking results indicate 
that supplier a1 is the best among all alternatives.

Figure 6.    The complete ranking in considered SSP.

5.  Conclusion

A successful supply chain for companies is more 
dependent on selecting suitable suppliers. However, the 
nature of supplier selection is a complex multi-criteria 
problem including both quantitative and qualitative 
factors which may be in conflict and uncertain. We 
studied a SSP under group decision making situation and 
fuzzy linguistic variables for rating of alternative. 

In selection process, as main contribution, a fuzzy 
PROMETHEE based on a FRBS for SSP was proposed. 
In conventional PROMETHEE methods, DM only selects 
predetermined preference function as his/her preferences. 
However, due to more consideration of DM’s preferences 
and opinions in decision making process, the conventional 
preference functions in PROMETHEE method could be 
inadequate and inexact to capture the right preferences 
of DM’s. That is why; a FRBS was integrated with the 
conventional PROMETHEE to overcome this problem.

In our proposed FRBS, deviations based on pair-
wise comparisons were input variables and the value of 
global preference index for each couple of alternatives 
was output variable. In our proposed methodology, 
preferences and opinions of DMs were collected in form 
of if-then rules. In real decision making problem, DMs are 
often unwilling to determine weight of criteria exactly in 
numerical values. Therefore, we have caught the weights 
of criteria as indirectly way from DM within if-then rules. 
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