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Abstract  

Purpose - Supplier selection considering economic, environmental and social sustainability 

issues has been attempted in this case empirical study.  

Design/methodology/approach – Subjective human judgment bears some kind of vagueness 

and ambiguity; fuzzy set theory has immense potential to overcome this. Owing to the 

advantage of intuitionistic fuzzy numbers set over classical fuzzy numbers set; three decision-

making approaches have been applied here in intuitionistic fuzzy setting (viz. intuitionistic-

TOPSIS, intuitionistic-MOORA and intuitionistic-GRA) to facilitate supplier selection in 

sustainable supply chain. 

Findings – The stated objective of this research “to verify application potential of different 

decision support systems (in intuitionistic fuzzy setting) in the context of sustainable supplier 

selection” has been carried out successfully. A case empirical research has been conducted by 

applying three different decision making approaches: Intuitionistic Fuzzy-TOPSIS (IF-

TOPSIS), Intuitionistic Fuzzy-MOORA (IF-MOORA) and Intuitionistic Fuzzy-GRA (IF-

GRA) to an empirical data set of sustainable supplier selection problem. The ranking orders 

thus obtained through exploration of aforesaid three approaches have been explored and 

compared. 

Originality/value – As compared to generalized fuzzy numbers, intuitionistic fuzzy numbers 

exhibit a membership degree, a non-membership degree and the extent of hesitation; a better 

way to capture inconsistency, incompleteness and imprecision of human judgment. 

Application potential of aforesaid three decision support approaches has been demonstrated 

in this reporting for a case sustainable supplier selection.  

 

Keywords: Supplier selection; Sustainability; Intuitionistic-TOPSIS; Intuitionistic-MOORA; 

Intuitionistic-GRA  
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1. Background   

The concept of sustainable supply chain management (SSCM) is to integrate economic and 

social thinking along with environmental awareness into the traditional supply chain 

management. The sustainability in supply chain comes into existence right from the product 

design and development to the material selection, manufacturing, packaging, transportation, 

warehousing, distribution, consumption, return, and disposal (Linton et al. 2007; Walker et 

al., 2008; Chu et al., 2009; Büyüközkan and Çifçi, 2011). 

Supplier selection is an important assignment in industrial context to attain the preferred level 

of quality and quantity at the reasonable cost of desired raw/finished material with on-time 

delivery. Suppliers are the dealers who provide raw materials, components and after sales 

service that an organization cannot self-give (Kuo et al., 2011). Earlier, in traditional supply 

chain management, quality, cost, and delivery were considered as common and frequently 

used criteria for potential supplier selection; whereas, in sustainable supply chain 

management, economic, social, and environmental sustainability criteria need to be 

considered simultaneously because they allow an organization to achieve long term economic 

viability and position sustainability within the broader rubric of supply chain management in 

sustainability perspective (Carter and Rogers, 2008).  

In traditional supply chain construct, social sustainability factors have not been considered 

yet (i.e. before 2009); however, many authors have included environmental aspects on the 

traditional supply chain to make it ‘green’ and to reduce the anti-environmental effects up to 

a certain limit (Handfield et al., 2002; Humphreys et al., 2003; Lee et al., 2009). Afterwards, 

the existence of green supply chain and green supplier selection have still been a need of an 

obligation to incorporate social sustainability factors into the entire process of green supply 

chain management.  
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In order to achieve a sustainable supply chain, all of the chain members from suppliers to top 

managers must have affinity with sustainability (Amindoust et al., 2012). Sustainable 

development and sustainability are frequently interpreted as a synthesis of economic, 

environmental and social development well known as a triple-bottom-line approach 

(Gauthier, 2005). Sustainability has been a major concern for organizations as awareness 

about environmental degradation, natural resource depletion and climate change has 

increased considerably. In addition, voices raised by social organizations on various social 

and environmental issues in developing countries have forced organizations to focus on 

sustainable manufacturing practices (Mani, 2014). Hence, the study of sustainable supply 

chain management has gained immense momentum during past two decades. Although the 

studies focus on three pillars of sustainability viz. economic (profit), environment (planet) 

and social (people); the social aspect has not been explored much due to the “humanness” 

and the difficulty in getting tangible outcomes from it (Elkington, 1998; Carter and Easton, 

2011; Ashby et al.2012; Mani et al. 2014). Recently, industries have come to know that the 

evaluation of suppliers must be performed on the basis of sustainable perspectives and hence, 

a triple bottom line (economic, social, and environmental performance) approach into 

supplier assessment and selection decisions has been introduced to implants a new set of 

trade-offs (Dai and Jennifer, 2012). Because of the fast and agile developments in the 

technology, purchase department has become the fully responsible authority to play this 

crucial role of selection of potential supplier in all respect. Relevant research in the context of 

sustainable supply chain could be retrieved from (Bai and Sarkis, 2010; Verdecho et al., 

2010; Büyüközkan and Çifçi, 2011; Goebel et al., 2012; Amindoust et al., 2012; Azadnia et 

al., 2012; Dai and Blackhurst, 2012; Gimenez and Tachizawa, 2012; Molamohamadi et al., 

2013; Ghadimi and Heavey, 2014; Chaharsooghi and Ashrafi, 2014; Orji and Wei, 2014; 
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Mani et al., 2014; Jauhar et al., 2014; Sarkis and Dhavale, 2015; Azadnia et al., 2015; Orji 

and Wei, 2015). 

 In supply chain management, supplier selection has long been viewed as a Multi-Criteria 

Decision Making (MCDM) Problem. In traditional supplier selection, the criteria like cost, 

quality, delivery requirement and service etc. are generally considered. Today’s market 

demand has enforced supply chain managers towards emphasizing sustainability concepts to 

be embedded into the supply chain management. Organizations are therefore looking towards 

‘greening’ the supply chain by considering green design, green manufacturing, green 

packaging & distribution, green delivery etc. Adaptation to Green Supply Chain (GSC) seems 

to satisfy one of the components to ensure a firm’s sustainability. A sustainable supply chain 

must adhere to the green principles along with business (economic) as well as social criteria. 

In view of sustainability issues, potential suppliers must be selected by considering economic 

sustainability, environmental (green) sustainability as well as social sustainability criteria.  

In general, supplier selection is a complex decision making task involving objective 

(quantitative) and subjective (qualitative) evaluation criteria. Quantitative criteria can easily 

be dealt with traditional decision making tools and techniques. However, decision making 

information in regards of ill-defined subjective criteria is basically vague. Application of 

fuzzy set theory has proved its efficacy in dealing with imprecise and vague information in 

ambiguous decision environment (Zadeh, 1965; Herrera et al., 2005; Guo, 2013; 

Zimmermann, 1987; Szmidt and Kacprzyk, 1998; 2002; Xu and Yager, 2006; Dengfeng, 

1999). Motivated by this, traditional decision making approaches have been extended to 

operate under fuzzy environment to solve a variety of supplier selection problem. Plenty of 

literature is readily available highlighting application of classical/conventional fuzzy set 

theory embedded with different decision making techniques (Bevilacqua et al., 2006; Lin, 

2012; Amid et al., 2006; Wang et al., 2009; Chen et al., 2006; Aksoy et al., 2014; Dalalah et 
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al., 2011; Sanayei, et al., 2010; Kannan et al., 2013; Igoulalene et al., 2015; Díaz-Madroñero 

et al., 2010; Li et al., 2012; Büyüközkan and Çifçi, 2012; Sahu et al., 2014; Sahu et al., 2016). 

Apart from classical fuzzy set theory, Intuitionistic Fuzzy Sets (IFSs) are being attempted to 

solve industrial decision making problems due to its advantage over conventional fuzzy sets.             

Intuitionistic Fuzzy Set (IFS) introduced by (Atanassov, 1986; 1999; 1989; 1994; 2000) 

which is a generalization of the concept of Zadeh’s fuzzy set and is more suitable to deal with 

these cases in comparison with fuzzy sets (Guo, 2013). An IFS is characterized by a 

membership function, a non-membership function, and a hesitation margin (hesitation 

degree), thus IFS can depict the fuzzy character of data more detail and comprehensively than 

fuzzy set which is only characterized by a membership function (Zhang and Xu, 2012). The 

hesitation margin is very useful to express the lack of knowledge and the hesitancy 

concerning both membership and non-membership of an element to a set (Guo, 2013). 

Expression of hesitation is particularly helpful for the decision makers. Intuitionistic fuzzy set 

has proved to be highly useful to deal with uncertainty and vagueness, and it is a very suitable 

tool to be used to describe the imprecise or uncertain decision information (Guo, 2013). A 

number of literatures discussed the topic of IFVs theory which was widely used in many 

decision making fields (Xu and Yager, 2008; Ye, 2013; Liang et al., 2013; Yu, 2013; Guo, 

2013; Husain et al., 2012; Boran et al., 2009; De et al., 2000). 

The concept of an intuitionistic fuzzy set can be understood as an alternative approach to 

define a fuzzy set in cases where available information is not sufficient for defining an 

imprecise concept by means of a conventional/classical fuzzy set. In a generic sense, the 

theory of intuitionistic fuzzy sets is the generalization of fuzzy sets. Therefore, it is expected 

that intuitionistic fuzzy sets could effectively be used to simulate human decision making 

processes and any activities related to human judgment by human expertise and knowledge 

(Dengfeng, 2003), which are inevitably imprecise or not totally reliable (Husain et al., 2012).  
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Therefore, it is of great importance to transform hybrid multi-criteria decision matrix into 

intuitionistic fuzzy decision matrix which is more flexible to handle vagueness or uncertainty 

and can avoid the loss and distortion of the original decision information (Guo, 2013). 

The objective of this research is to verify application potential of different decision support 

systems (in intuitionistic fuzzy setting) in the context of sustainable supplier selection. A case 

empirical research has been conducted by applying three different decision making 

approaches: Intuitionistic Fuzzy-TOPSIS (IF-TOPSIS), Intuitionistic Fuzzy-MOORA (IF-

MOORA) and Intuitionistic Fuzzy-GRA (IF-GRA) to an empirical dataset of sustainable 

supplier selection problem. The ranking orders thus obtained through exploration of aforesaid 

three approaches have been compared.  

 

 2. Preliminaries of Intuitionistic Fuzzy Set Theory  

IFSs introduced by Atanassov (1986) are extension of the classical FS proposed by (Zadeh, 

1965), which is a suitable way to deal with vagueness. Some basic concepts about IFSs have 

been introduced below. 

 

Fig. 1: Membership functions of intuitionistic fuzzy set IFS (Lu and Ng, 2005) 
An Intuitionistic Fuzzy Number ( ) ( )[ ]00 , xx AA νµ  
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IFS A in a finite set X can be written as (Fig. 1): 

( ) ( ){ },,, XxxxxA AA ∈= νµ  

where ( ) [ ]1,0: →XxAµ and ( ) [ ]1,0: →XxAν are membership function and non-membership 

function, respectively, such that: ( ) ( ) .10 ≤+≤ xx AA νµ   

The third parameter of the IFS A is: ( ) ( ) ( ),1 xxx AAA νµπ −−= which is known as the 

intuitionistic fuzzy index or hesitation degree of whether x belongs to .A  

It is obviously seen that, for every ,Xx∈ ( ) .10 ≤≤ xAπ  

If the ( )xAπ is little, then the knowledge about x is more certain; if ( )xAπ  great, then the 

knowledge about x is more uncertain. Obviously, when ( ) ( ),1 xx AA νµ −= for all elements of 

the universe, the traditional FS concept is recovered (Shu et al., 2006). 

Let ( ),, AAA νµ= ( )BBB νµ ,= be two intuitionistic fuzzy numbers, ,0>λ then (Guo, 2013) 

( )BABABABA ννµµµµ ,−+=⊕                                                                                               (1) 

( )( )λλ νµλ AAA ,11 −−=                                                                                                               (2) 

( )( )λλλ νµ AAA −−= 11,                                                                                                               (3) 

Let A and B are IFSs of the set ,X then multiplication operator (Atanassov, 1986):  

( ) ( ) ( ) ( ) ( ) ( ){ }XxxxxxxxxBA BABABA ∈−+=⊗ ννννµµ .,.,                                                 (4) 

Let ( )AAAA πνµ ,,= be an intuitionistic fuzzy number, the defuzzified value of A is obtained 

as: 

( )
A

AAdefuzz
π
µ

−

−
−=

1

1
1                                                                                                              (5) 
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4. Methodology 

  

4.1 Intuitionistic Fuzzy-TOPSIS 

TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) has been presented 

in (Chen and Hwang, 1992), with reference to (Hwang and Yoon, 1981). The basic principle 

is that the chosen alternative should have the shortest distance from the positive-ideal 

solution and the farthest distance from the negative-ideal solution. 

TOPSIS has been successfully applied to the areas of human resources management (Chen 

and Tzeng, 2004), transportation (Janic, 2003), product design (Kwong and Tam, 2002), 

manufacturing (Milani et al., 2005), water management (Srdjevic et al., 2004), quality control 

(Yang and Chou, 2005), and location analysis (Yoon and Hwang, 1985). However, decision 

making problems involving subjective data cannot be analyzed by traditional TOPSIS 

technique. Therefore, the basic formulations of TOPSIS has been extended to work under 

fuzzy environment; since fuzzy set theory has the capability in dealing with vague and 

ambiguous decision information in an efficient way. The fuzzy based TOPSIS approach 

(TOPSIS in combination with classical fuzzy set theory) and subsequent application could be 

retrieved in (Chen, 2000; Jahanshahloo et al., 2006; Roghanian et al., 2010). 

The information acquired from the literature depicts that, an intuitionistic fuzzy set, which is 

characterized by a membership function (degree of acceptance), a non-membership function 

(degree of rejection) and the degree of indeterminacy or the degree of hesitancy, is a more 

general and suitable way to deal with imprecise information, when compared to a fuzzy set. 

Therefore, apart from extending traditional TOPSIS by classical fuzzy set theory; application 

of intuitionistic fuzzy set theory could be more fruitful in this context. Therefore, the 

following section attempts to apply intuitionistic fuzzy-TOPSIS towards a decision making 

problem of sustainable supplier selection.     
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The intuitionistic fuzzy-TOPSIS method, as proposed by (Boran et al., 2009; 2011) has been 

described below.  

Step 1: Let { }mAAAA ,...,, 21= be a set of alternatives, { }nwwwW ,...,, 21= be a set of weights, 

and { }nCCCC ,...,, 21= be a set of criteria. Constitute a group of Decision Makers and 

determine the importance of each one. Where{ }KDMDMDM ,...,, 21 is the set of decision 

makers (DMs). The importance of each DM is rated through a linguistic term expressed by 

intuitionistic fuzzy numbers. 

Let ( )kkkkD πνµ ,,= be an IFN for the rating of the thk decision-maker. Then, the weight of 

the thk decision maker can be obtained as: 

∑
=




















+
+




















+
+

=
K

k kk

k
kk

kk

k
kk

k

1 νµ
µ

πµ

νµ
µ

πµ

λ                                                                                                  (6) 

and .1
1

=∑
=

K

k

kλ                                                                                                                            (7) 

Step 2: Determine weight of criteria. 

Normally, all criteria may not be assumed to be equal importance, and DMs might give 

different opinions about the same criteria. Hence, all opinions need to be considered and 

combined into one. Linguistic terms are used to rate the importance of criteria by every DM. 

LetW represents a set of grades of importance. To obtain ,W all the individual decision-maker 

opinions for the importance of each criterion need to be fused. 

Let ( ) ( ) ( ) ( )( )k

j

k

j

k

j

k

jw πνµ ,,= be an IFN assigned to criterion jC by the thk decision-maker. Then, 

the weights of the criteria are calculated by using IFWA (Xu, 2007d). 

( ) ( ) ( )( )K

jjjj wwwIFWAw ,...,, 21
λ=   

( ) ( ) ( )K

jKjj www λλλ ⊕⊕⊕= ...2
2

1
1  
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( )( ) ( )( ) ( )( ) ( )( ) 







−−−−= ∏∏∏∏

====

K

k

k

j

K

k

k

j

K

k

k

j

K

k

k

j

kkkk

1111

1,,11
λλλλ

νµνµ                                                     (8) 

[ ]nj wwwwW ,...,,...,, 21=  

Here ( )( ).,...,2,1,, njw jjjj == πνµ  

Step 3: Construct an aggregated intuitionistic fuzzy decision matrix based on the decision-

makers’ opinions. 

Let ( ) ( )( )
nm

k

ij

k rR
×

=  be an intuitionistic fuzzy decision matrix of decision makers.

( )TKλλλλ ,...,, 21= is a weight set of decision-maker, and [ ].1,0∈kλ In the group decision 

making process, all the individual decisions need to be fused into group opinion to construct 

an aggregated intuitionistic fuzzy decision matrix. To do that, IFWA operator is used. 

( ) ,
nmijrR

×
=  

where ( ) ( ) ( )( )K

ijijijij rrrIFWAr ,...,, 21
λ=  

( ) ( ) ( )K

ijKijij rrr λλλ ⊕⊕⊕= ...2
2

1
1  

( )( ) ( )( ) ( )( ) ( )( )
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K

k

k
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k

k

k
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1,,11
λ
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λ

λ

νµνµ                                                     (9) 

The aggregated intuitionistic fuzzy decision matrix is defined as follows: 

( ) ( ) ( )
( ) ( ) ( )

( ) ( ) ( )
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Here, ( )( )njmir ijijijij ,...,2,1;,...,2,1,, === πνµ is an element of an aggregated intuitionistic 

fuzzy decision matrix. 

Step 4: Construct an aggregated weighted intuitionistic fuzzy decision matrix. 

After the weight of criteria and the ratings of alternatives are determined, the aggregated 

weighted intuitionistic fuzzy decision matrix is constructed.  

R andW are two IFSs of the set .X  According to the following definition (Atanassov, 1986): 

( ) { }jijjijjijijij xWRR ννννµµνµ .,,, −+=′′=⊗=′  and                                                         (10) 

.1 jijjijjijij ννµµννπ +−−−=′                                                                                                (11) 

Then, the aggregated weighted intuitionistic fuzzy decision matrix can be defined as follows: 

( ) ( ) ( )
( ) ( ) ( )

( ) ( ) ( )

















′′′′′′′′′

′′′′′′′′′

′′′′′′′′′

=′

mnmnmnmmmmmm
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πνµπνµπνµ
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πνµπνµπνµ

,,,,,,

,,,,,,

,,,,,,
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222222222212121

111121212111111

K

MOMM

K

L

  



















′′′

′′′

′′′

=

mnmm

n

n

rrr

rrr

rrr

L

MOMM

K

K

21

22221

11211

 

Here, ( )( )njmir ijijijij ,...,2,1;,...,2,1,, ==′′′=′ πνµ is an element of the aggregated weighted 

intuitionistic fuzzy decision matrix. 

Step 5: Obtain the intuitionistic fuzzy positive ideal solution and the intuitionistic fuzzy 

negative ideal solution. 

Let BJ and CJ be benefit criteria and cost criteria, respectively. *A is the intuitionistic fuzzy 

positive ideal solution, and −A is the intuitionistic fuzzy negative ideal solution. Then, *A and

−A are obtained as: 

( ),,...,, **
2

*
1

*
nrrrA ′′′=                                                                                                                (12) 
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( ) njr jjjj ,...,2,1,,, **** =′′′=′ πνµ and                                                                                        (13) 

( ),,...,, 21
−−−− ′′′= nrrrA                                                                                                              (14) 

( ) njr jjjj ,...,2,1,,, =′′′=′ −−−− πνµ and                                                                                       (15) 

where 

{ } { } ,min,max*







 





 ∈′





 ∈′=′

Cij
i

Bij
i

j JjJj µµµ                                                                       (16) 

{ } { } ,max,min*







 





 ∈′





 ∈′=′

Cij
i

Bij
i

j JjJj ννν                                                                         (17) 

{ } { } { } { } ,maxmin1,minmax1*







 





 ∈′−′−





 ∈′−′−=′

Cij
i

ij
i

Bij
i

ij
i

j JjJj νµνµπ                             (18) 

 

{ } { } ,max,min






 





 ∈′





 ∈′=′−

Cij
i

Bij
i

j JjJj µµµ                                                                      (19) 

{ } { } ,min,max






 





 ∈′





 ∈′=′−

Cij
i

Bij
i

j JjJj ννν                                                                        (20) 

{ } { } { } { } .minmax1,maxmin1






 





 ∈′−′−





 ∈′−′−=′−

Cij
i

ij
i

Bij
i

ij
i

j JjJj νµνµπ                             (21) 

 

Step 6: Calculate the separation measures. 

To measure the separation between alternatives on IFS, the distance measures proposed by 

(Atanassov, 1999) and (Szmidt and Kacprzyk, 2000), including the generalizations of 

Hamming distance, Euclidean distance, and their normalized distance measures, can be used. 

After selecting the distance measure, the separation measures, *
iS and ,−

iS of each alternative 

from intuitionistic fuzzy positive-ideal and negative-ideal solutions are calculated. In this 

article the Hamming distance concept has been explored. 

[ ]∑
=

′−′+′−′+′−′=
n

j

jijjijjijiS
1

****

2

1
ππννµµ                                                                              (22) 
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[ ]∑
=

−−−− ′−′+′−′+′−′=
n

j

jijjijjijiS
12

1
ππννµµ                                                                            (23) 

Step 7: Calculate the relative closeness coefficient to the intuitionistic ideal solution. 

The relative closeness coefficient of each alternative iA with respect to the intuitionistic fuzzy 

positive-ideal solution *A is defined as follows:  

,
*

*

−

−

+
=

ii

i

i
SS

S
CC where .10 * ≤≤ iCC                                                                                     (24) 

Step 8: Rank the alternatives: 

After the relative closeness is determined, alternatives are ranked according to descending 

order of *
iCC values.  

 
 
4.2 Intuitionistic Fuzzy-MOORA 

 
The Multi-Objective Optimization by Ratio Analysis (MOORA) was introduced by (Brauers 

and Zavadskas, 2006). Initially, MOORA comprised two different approaches: (i) Ratio 

System and, (ii) The Reference Point Approach. Subsequently, these authors further 

developed the method (Brauers and Zavadskas, 2010) thus presenting the MULTIMOORA 

(MOORA plus the Full Multiplicative Form). Traditional MOORA was established to solve 

decision making problems considering crisp data. Applications of crisp-MOORA could be 

found in (Karande and Chakraborty, 2012; Kildiene, 2013; Görener et al., 2013; Chakraborty, 

2011; Gadakh et al., 2013; Brauers et al., 2008; Brauers and Zavadskas, 2009). In order to 

take care of subjectivity of the decision information; later traditional MOORA was extended 

with generalized fuzzy number and generalized interval-valued fuzzy numbers set theory. 

The methodological descriptions of fuzzy-MULTIMOORA could be reviewed from 

(Baležentis and Zeng, 2013; Stanujkic, 2013; Baležentis et al., 2012; Liu et al., 2014). In the 

following section, owing to the advantages of intuitionistic fuzzy sets over classical fuzzy 
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sets; MOORA coupled with intuitionistic fuzzy set theory has been delineated to solve a 

particular decision making problem within scope of the current research. The intuitionistic 

fuzzy-MOORA applied herein consists of two parts: (i) The Ratio System Approach, adapted 

from the work by (Pérez-Domínguez, et al., 2015), and, (ii) The Reference Point Approach 

that has been newly proposed in this paper.     

Ratio System Approach 

(Step 1 to Step 4) remain the same as described in Section 4.1. 

Step 5: Compute the sum of costs and benefits. In this step, the benefit ( )BJ  and cost ( )CJ  

criteria are identified. In this sense, the benefit criteria are those where maximum values are 

desired. On the other hand, cost criteria are where minimum values are preferred.  

Thus, Eq. (25) represents the sum of benefit criteria 

( )∑
=

′′′=
g

j

ijijijiB AJ
1

,, πνµ                                                                                                           (25) 

Here, iB AJ are the sum of the benefit criteria for alternative ( )( )gjmiAi ,...,2,1,...,2,1 == . 

Then the following Eq. (26) defines the sum of the cost criteria. 

( )∑
+=

′′′=
n

gj

ijijijiC AJ
1

,, πνµ                                                                                                           (26) 

Here, iC AJ represents the sum of the cost criteria for alternative

( )( )nggjmiAi ,...,2,1,...,2,1 ++==  

Step 6: Defuzzification of the sum of benefits and costs. In this step, iB AJ and iC AJ are 

defuzzified using Eq. (5) as proposed by (Zhang and Xu, 2012). 

Step 7: Compute the contribution of each alternative iAN . Calculate the contribution of each 

alternative iAN with Eq. (27). 

( ) ( )iCiBi AJdefuzzAJdefuzzAN −=                                                                                     (27) 

D
ow

nl
oa

de
d 

by
 I

N
SE

A
D

 A
t 2

2:
26

 2
3 

Ja
nu

ar
y 

20
18

 (
PT

)



The iAN value can be positive or negative depending on the sum of beneficial criteria and 

cost criteria in the decision matrix. An ordinal ranking of iAN shows the final contribution of 

each alternative. Thus, the best alternative has the highest iAN value, whilst the worst 

alternative has the lowest iAN value. 

Step 8: Rank the alternatives. Alternatives are sorted according to descending order of iAN . 

Reference Point Approach 

(Step 1 to Step 4) remain the same as described in Section 4.1. 

Step 5: The Maximal Objective Reference Point (vector) r  is found according to the Eq. (28). 

The thj  coordinate of the reference point resembles the maximum or minimum of the thj

criterion jr . 

( ) ( )njr r

j

r

j

r

jj ,...,2,1,,, == πνµ                                                                                               (28) 

{ } { } ,min,max






 





 ∈′
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j JjJj µµµ                                                                       (29) 
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j JjJj ννν                                                                         (30) 
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 ∈′−′−= Cij

i
ij

i
Bij

i
ij

i

r

j JjJj νµνµπ                            (31) 

Step 6: Then every element of weighted normalized responses matrix is recalculated and 

final rank is given according to deviation from the reference point and the Min-Max Metric 

of Tchebycheff (Eq. 32): 

( )( )
ijjj

i
rrd ′,maxmin                                                                                                                 (32) 

Here ( ) [ ]ij

r

jij

r

jij

r

jijj rrd ππννµµ ′−+′−+′−=′
2

1
, is the Hamming distance between jr and .ijr ′  
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4.3 Intuitionistic Fuzzy-GRA  

Grey relational analysis method was originally developed by (Deng, 1989) and was widely 

used in many multiple attribute decision making problems. The method is suitable for solving 

problems with complicated interrelationships between multiple factors and variables (Wei, 

2010; 2011; Kuo and Liang, 2011; Guo, 2013). It is very helpful to solve the uncertainty 

problems under the discrete data and incomplete information (Deng, 1988; 1989; 2002; Liu et 

al., 1999; Liu and Lin, 1998; Dang et al., 2004; Zhang et al., 2005; Wei, 2006). Traditional 

GRA can be applied in decision making situations that consider real data. To cope up with 

imprecision and incompleteness arising from human judgment in regards of vague (ill-

defined) evaluation criteria; traditional GRA has been extended to work under fuzzy 

environment.  

Apart from GRA extended with classical fuzzy set theory, intuitionistic fuzzy-GRA has also 

been reported in literature. Hou (2010) investigated the problem of intuitionistic fuzzy-GRA 

with completely known (crisp) attribute weight information. Guo (2013) also explored 

intuitionistic fuzzy-GRA in which attribute weights were computed by entropy method. In 

this reporting, intuitionistic fuzzy-GRA has also been attempted; attributes weights have been 

acquired through multiple-judge in terms of linguistic variables. Linguistic weights have been 

translated into appropriate intuitionistic fuzzy numbers. By applying IFWA operator, 

decision-makers’ pulled opinion has been combined to obtain aggregated intuitionistic fuzzy 

weight against each of the evaluation criteria. These have been defuzzified again and 

explored in course of computing overall grey relational grade; based on which suppliers 

ranking has been done.  

The following section describes methodological basis of intuitionistic fuzzy-GRA to be 

applied in a supplier selection problem considering sustainability attributes. 

(Step 1 to Step 3) remain the same as described in Section 4.1. 
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Step 4: Determine crisp weight of individual evaluation criteria.  

Referring to (Eq. 8), aggregated intuitionistic fuzzy weight of individual criterion is to be 

defuzzified by using (Eq. 5) to obtain corresponding crisp scores. These need to be 

normalized again so that sum of individual criteria weights equals to 1. Normalized crisp 

weights of the criteria are utilized in computing grey relation grade for each of the candidate 

alternatives.     

Step 5: Determine the referential sequence based on intuitionistic fuzzy numbers. 

( ) ( ) ( )( )+++++++ = nnr νµνµνµ ,,...,,,, 2211                                                                                        (33) 

( ) ( ) Bij
i

ij
i

jjj Jjnjr ∈=== +++ ;,...,2,1min,max, νµνµ  

Otherwise, 

( ) ( ) Cij
i

ij
i

jjj Jjnjr ∈=== +++ ;,...,2,1max,min, νµνµ  

Step 6: Calculate the grey relational coefficient of each alternative from referential sequence 

using the following equation: 

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

,maxmax,

,maxmax,minmin

11

1111
njmi

rrdrrd

rrdrrd

jij
njmi

jij

jij
njmi

jij
njmi

ij ==
+

+
=

+

≤≤≤≤

+

+

≤≤≤≤

+

≤≤≤≤+

ρ

ρ
ξ                               (34) 

Here the identification coefficient .5.0=ρ The symbol ρ represents the equation’s ‘contrast 

control’, sometimes also be referred to as the ‘environmental coefficient’ or the 

‘distinguishing coefficient’. This coefficient is a free parameter. Its value, over a broad 

appropriate range of values, does not affect the ordering of the grey relational grade values, 

but a good value of the contrast control is needed for clear identification of key system 

factors (Pramanik and Mukhopadhyaya, 2011). For the end points 0 and 1, i.e. for ,1=ρ the 

comparison environment is unaltered and for ,0=ρ  the comparison environment disappears. 
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In cases, where data variation is large, ρ usually ranges from 0.1 to 0.5 for reducing the 

extremely large ( ).,maxmax
11

+

≤≤≤≤
jij

njmi
rrd  In general ρ is set as 0.5.  

Step 7: Calculate the grey relational grade of each alternative from the reference sequence 

using the following equation.  

.,...,2,1,.
1

miw
n

j

ij

N

jCi == ∑
=

++ ξξ                                                                                                  (35) 

Also, .1
1

=∑
=

n

j

N

jCw Here N

jw is the normalized crisp weight of thj criterion.  

Step 8: Rank the alternatives ( )miAi ,...,2,1= and select the best one in accordance with

( ).,...,2,1 mii =+ξ If any alternative has the highest +
iξ value, then, it is the most important 

alternative.  

 
5. Case Empirical Illustration  

A case empirical illustration has been provided herein to exhibit application potential of 

TOPSIS, MOORA and Grey Relation Analysis (GRA) in intuitionistic fuzzy setting. A 

supplier selection problem considering sustainability criteria has been solved in intuitionistic 

fuzzy environment. Based on extensive literature review on supplier selection, a criteria list 

has been constructed (Table 1.1) in view of three sustainability dimensions: Economic, Social 

and Environmental. The following criteria: Price (C1), On time delivery (C2), Service and 

relationship (C3), Flexibility (C4), Quality (C5), Financial capability (C6), Production facilities 

(C7), Organization (C8) have been considered under economic; Rights of Stakeholders (C9), 

Work safety (C10), Information disclosure (C11), Respect for policy (C12) have been 

considered under social; Recycling (C13), Waste electrical equipments (C14), Ozone depleting 

chemicals (C15), Green R&D (C16), Green design (C17), Environmental management system 

(C18), Environmental competencies (C19), Innovation (C20), Resource consumption (C21), 
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Green product (C22), Pollution control (C23) have been considered under environmental 

dimension of sustainability. The definitions of aforesaid sustainability criteria have been 

provided in Table 1.2.  

In this work, aforesaid evaluation criteria have been assessed in terms of subjective judgment 

of a group of Decision-Makers (DMs). DMs have been instructed to express their opinion in 

regards of priority weight of the criteria and appropriateness (rating) of alternatives with 

respect to different criteria. In this decision making, the importance of the DMs has been 

expressed by means of decision-maker’s weight. Since decision group consists of a number 

of DMs from different background. DMs may be from the members of top managerial body 

of the company; they may be academician, management consultant etc. They possess 

experience in a varied degree in different areas. Hence, it is customary to assign appropriate 

weight against individual DMs. DMs’ personal opinions in combination of DMs’ weights 

need to be clubbed in computing the aggregated decision making data. The following 

linguistic terms set: Beginner (B), Practitioner (Pr), Proficient (Pt), Expert (E) and Master 

(M) has been selected to assign weight (importance) of the decision-makers. In order to 

express priority weight of individual sustainability criteria, the following linguistic terms set: 

Very Unimportant (VU), Unimportant (U), Medium (M), Important (I), and Very Important 

(VI) has been explored. Appropriateness ratings of criteria have been evaluated by means of 

the linguistic terms set: Extremely Bad (EB), Very Bad (VB), Bad (B), Medium Bad (MB), 

Fair (F), Medium Good (MG), Good (G), Very Good (VG) and Excellent (E). Aforesaid 

linguistic variables and corresponding intuitionistic fuzzy numbers representations have been 

depicted in Tables 2-3.  

The empirical case study on sustainable supplier selection comprises of five supplier 

alternatives (A1, A2, A3, A4, and A5), each to be evaluated in view of twenty three criteria (C1 

to C23) selected adhering to three sustainability dimensions viz. economic, social and 

D
ow

nl
oa

de
d 

by
 I

N
SE

A
D

 A
t 2

2:
26

 2
3 

Ja
nu

ar
y 

20
18

 (
PT

)



environmental. It has been assumed that four decision-makers (DM1, DM2, DM3 and DM4) 

have taken part in the context of decision making. The importance (weight) of decision-

makers has been shown in Table 4 with corresponding intuitionistic fuzzy as well as crisp 

representation to be utilized in course of data analysis. DMs have been instructed to assign 

priority weight against individual sustainability criteria by using the linguistic terms set as 

given in Table 2. Apart from assigning subjective criteria weight, DMs have also been 

requested to rate the alternative suppliers (A1, A2, A3, A4, and A5, respectively) with respect 

to given sustainability criteria in accordance with the linguistic terminologies as provided in 

Table 3. Priority weights of criteria as well as appropriateness ratings of alternative suppliers 

with respect to the criteria, expressed in linguistic terms, have further been transformed into 

appropriate intuitionistic fuzzy numbers as per Tables 2-3, respectively. Intuitionistic fuzzy 

decision making data have been analyzed further through three decision making approaches 

in intuitionistic fuzzy setting viz. intuitionistic-TOSIS, intuitionistic-MOORA and 

intuitionistic-GRA to select the best supplier from sustainability viewpoint from amongst a 

set of candidate suppliers. The stepwise computations and results obtained thereof have been 

described in detail below.            

 
 
5.1 Results of IF-TOPSIS  

In course of IF-TOPSIS, aggregated criteria weights jw  have been computed by using (Eq. 

8) and depicted in Table 5. In this computation decision-makers’ weight
kλ has been utilized. 

The weights of the decision-makers have been computed using (Eq. 6) as tabulated in Table 

4. The crisp weight set for the decision-making group has been computed as ,3483.01 =λ

,3055.02 =λ ,2037.03 =λ and .1426.04 =λ   

Intuitionistic fuzzy decision matrix has been constructed next (Table 6). Aggregated 

intuitionistic fuzzy ratings of alternative suppliers with respect to evaluation criteria have 
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been obtained by exploring (Eq. 9). Aggregated intuitionistic fuzzy rating of criterion has 

been multiplied with aggregated intuitionistic fuzzy weigh of criteria (Eq.10), and thus 

intuitionistic weighted fuzzy decision matrix has been obtained. Then the intuitionistic fuzzy 

positive ideal solution *A  and the intuitionistic fuzzy negative ideal solution −A  have been 

obtained using (Eqs. 12-21). Next, Hamming distances for supplier alternatives with respect 

to the positive ideal solution as well as negative ideal solution have been obtained for each of 

the candidate supplier alternatives with respect to individual evaluation criteria. Separation 

measures +
iS and −

iS for each alternatives with respect to positive ideal as well as negative 

ideal solution, respectively, have been computed using (Eqs. 22-23) for alternative suppliers 

and furnished in Table 7.  Finally, the relative closeness coefficient iCC  to the intuitionistic 

fuzzy positive ideal solution has been determined using (Eq. 24) for individual suppliers and 

shown in Table 7. Based on the relative closeness coefficient iCC suppliers have been ranked. 

The ranking order of candidate supplier alternatives thus obtained in exploring IF-TOPSIS 

appears as A5>A4>A2>A1>A3. 

 
 
5.2 Results of IF-MOORA 

Intuitionistic fuzzy MOORA applied herein consists of two parts: (i) Ratio System Approach 

and (ii) Reference Point Approach. In Ratio System Approach, utilizing data from 

intuitionistic fuzzy weighted decision matrix, the sum of all benefit criteria iB AJ has been 

computed by using (Eq. 1 and Eq. 25) for each of the alternative suppliers and tabulated in 

Table 8. Here, all sustainability criteria have been assumed beneficial in nature; and 

accordingly, linguistic variables and corresponding intuitionistic fuzzy representations for 

assessing appropriateness of criteria have been selected as per Table 3. The value of iB AJ

being an intuitionistic fuzzy number has to be defuzzified (Eq. 5) to obtain iAN and thus to 
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determine suppliers ranking order. The values of iAN i.e. ( )iB AJdefuzz for individual 

supplier alternatives have been given in Table 8. The ranking order of candidate suppliers 

thus obtained as: A5>A4>A2>A1>A3. 

In Reference Point Approach of intuitionistic fuzzy-MOORA, the intuitionistic fuzzy 

reference point jr  has been determined by using (Eqs. 28-31) and furnished in Table 9. (It is 

to be noted that the intuitionistic fuzzy reference point jr is nothing but the intuitionistic fuzzy 

ideal solution *A considered in IF-TOPSIS). Next, Hamming distance of each alternative with 

respect to the reference point ( )ijj rrd ′, have been computed. The ranking order of supplier 

alternatives thus obtained based on ( )( )
ijjj

i
rrd ′,maxmin appears as: A5>A4>A2>A1>A3 (Table 

9) same as in case of Ratio System Approach.    

 
5.3 Results of IF-GRA  

In course of intuitionistic-GRA, aggregated intuitionistic fuzzy criteria weights jw  (referring 

to Table 11) have been defuzzified using (Eq. 5) to obtained crisp-weight jCw . These have 

further been normalized to obtain normalized weight N

jCw so as to satisfy the condition

,1
1

=∑
=

n

j

N

jCw prerequisite of GRA. Computed crisp-weight jCw  and corresponding normalized 

weight N

jCw of criteria have been given in Table 5. In intuitionistic fuzzy-GRA, the data in 

relation to the aggregated intuitionistic fuzzy ratings ( )
ijr  of supplier alternatives with respect 

to criteria (i.e. intuitionistic fuzzy decision matrix as given in Table 6) have been utilized to 

obtain referential sequence +
jr obtained by using Eq. 33. Table 10 exhibits computation 

results of ( )+
jij rrd ,   for individual supplier alternatives and corresponding values of

( )+

≤≤
jij

nj
rrd ,max

1
and ( )+

≤≤
jij

nj
rrd ,min

1
to be explored next in computing grey relation coefficient +

ijξ
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of individual supplier alternatives. The grey relational coefficient +
ijξ of each alternative from 

referential sequence has been computed using (Eq. 34). Table 11 shows the grey relational 

grade +
iξ of each alternative from the reference sequence obtained using (Eq. 35); based on 

which suppliers have been ranked. The preference order of candidate supplier alternatives 

thus obtained in intuitionistic fuzzy-GRA has been obtained as: A5>A4>A2>A1>A3. It has 

been observed that ranking order of candidate suppliers appears the same for IF-TOPSIS, IF-

MOORA as well as IF-GRA. 

 

6. Managerial Implication  

In today’s competitive global marketplace, organizations are focusing on sustainability issues 

onto the supply chain management. In many countries, due to implementation of strict 

government regulations and increased citizen consciousness, manufacturing units are 

enforced to look after sustainability issues in every segment of supply chain activities. 

Literature supports that sustainability in supply chain management is a combined effort in 

integrating social and economic factors along with the environmental issues. In supply chain 

management, appropriate supplier selection is a vital decision making task greatly affecting 

overall performance of the organization. As the emphasis on sustainability issues got 

increased drastically in last two decades, this sort of selection has become more complex; 

organizations are expecting potential partner/ supplier who can boost up sustainability onto 

their collective work. Plenty of decision making tools and techniques have been attempted in 

past literature assisting purchase managers in regards of sustainable supplier selection; 

application of fuzzy based decision support tools have proved its effectiveness specially in 

vague and ambiguous decision environment. In classical fuzzy set theory, fuzzy numbers are 

represented by a membership function; whereas, in intuitionistic fuzzy set theory, an 

intuitionistic fuzzy number is characterized by a true-membership function, a false-
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membership function and a hesitation region, to better cope up the imperfection of subjective 

human judgment as compared to fuzzy numbers in classical fuzzy set. In order to validate 

application potential of decision making tools in intuitionistic fuzzy environment onto a 

supplier selection case study incorporating sustainability dimensions; the work attempts 

intuitionistic-TOPSIS, intuitionistic-MOORA and intuitionistic-GRA, respectively. Similar 

ranking order of candidate suppliers as obtained in aforesaid three decision making 

approaches proves consistency of these methods. Purchasing managers are advised to adopt 

methodological pathways delineated herein for effective supplier selection in sustainability 

perspectives. The intuitionistic fuzzy based decision making approaches reported here may be 

fruitfully applied in a variety of decision making problems in industrial contest. Purchasing 

managers may be encouraged to conduct such a group decision making by considering 

subjective evaluation criteria in intuitionistic fuzzy domain to overcome real world decision 

making problems. The decision-making group i.e. the experts need to be judiciously chosen 

to take part in such decision making. Weights of the decision-makers need to be assigned 

properly prior to analyze decision-makers’ judgments.              

 

7. Conclusion  

The contributions of aforesaid research have been summarized below. 

1. Adaptation to a list of criteria from sustainability perspective to facilitate supplier 

selection. Sustainability encompasses of economic, social as well as environmental 

sustainably. The selection criteria on the basis of three sustainability dimensions have been 

accumulated through literature review and these have been utilized for effective decision 

making. 

2. Owning to the advantages of intuitionistic fuzzy set over generalized fuzzy set, application 

potential of intuitionistic-TOPSIS, intuitionistic-MOORA and intuitionistic-GRA have been 
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attempted to a sustainable supplier selection problem. The similar ranking order of candidate 

suppliers thus obtained supports consistency of aforesaid three decision support tools in 

intuitionistic fuzzy setting. A variety of decision support tools based on the concept of 

intuitionistic fuzzy numbers set theory could be well articulated from existing literature; 

however, application of these decision support tools in the context of sustainable supplier 

selection has rarely been addressed.  

3. The specialty of the decision support tools attempted in the present work is that these tools 

consider importance (weight) of the decision-makers. In most of the decision making 

approaches, weights the decision-makers are assumed equal; means their opinions are equally 

important. 

4. Apart from applying Ratio System part of intuitionistic-MOORA, which is readily 

available in existing literature, the current research extends intuitionistic-MOORA by 

introducing Reference Point Approach. The formulations of Reference Point Approach in 

intuitionistic fuzzy setting have been developed herein. It has been observed that both Ratio 

System Approach and Reference Point Approach provide similar ranking order of candidate 

suppliers.                   

5. In formulations of intuitionistic-GRA as retrieved from existing literature, criteria weights 

are expressed in terms of crisp (real) numbers. However, it is well understood that it is 

difficult to assign priority weights against subjective criteria in terms of exact values. This 

unrealistic assumption can be avoided if criteria weights are given in a subjective way rather 

than objective. Hence, in this study, criteria weights have been assigned by the decision-

makers in terms of linguistic variables. Linguistic criteria weights have been transformed into 

appropriate intuitionistic fuzzy numbers. By utilizing IFWA operator, individual decision-

maker’s judgments have been combined to compute the aggregated intuitionistic criteria 

weight. Aggregated intuitionistic criteria weights have been directly utilized in intuitionistic-
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TOPSIS and intuitionistic-MOORA along with aggregated intuitionistic fuzzy rating of 

criteria. But, in case of intuitionistic-GRA it is prerequisite that the sum of criteria weights 

must be equal to unity. To satisfy this condition, aggregated intuitionistic criteria weights 

have been defuzzified first. Defuzzified (crisp) criteria weights have further been normalized 

to compute normalized criteria weight. Normalized criteria weights have been utilized to 

compute grey relational grade of individual supplier alternatives. 

The limitations of aforesaid research have been pointed out below. 

1. The work has introduced a conceptual illustrative example i.e. an empirical case study, 

rather than a real world application. Validity and accuracy of these decision making modules 

need to be investigated. 

2. Another concern is the operational feasibility of these methodologies. The availability of 

the decision making information and the fuzzified data needed for the application of these 

methodologies seems to be one of the possible barriers to this operational feasibility. Over 

time, supply chain managers should be encouraged to gather this type of data by conducing 

discussions and survey pursued by the selected decision-making group, not only for 

application of these methodologies, but also for undertaking important managerial decisions 

for their organization. 

3. The study applies intuitionistic-MOORA to solve a sustainable supplier selection problem. 

Apart from applying Ratio System part of MOORA, this paper develops the formulation of 

Reference Point Approach of MOORA in intuitionistic fuzzy environment. However, 

traditional MOORA has further been extended and renamed as MULTIMOORA since it 

includes Full Multiplicative Form in addition to Ratio System part and Reference Point 

approach. Therefore, methodological steps (formulations) for applying Full Multiplicative 

Form in intuitionistic fuzzy setting could be attempted in future. However, it has been 

observed that in Full Multiplicative Form of MULTIMOORA, division operator between two 
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intuitionistic fuzzy numbers needs to be exploited. Because, in case of Full Multiplicative 

Form, the ranking index is determined in terms of the ratio between sums of all benefit 

criteria and sum of all adverse criteria. The division operator and how it works for two 

intuitionistic fuzzy numbers has not been reported yet in the available literature resource. 

Therefore, difficulty still exists in formulating Full Multiplicative Form of MULTIMOORA 

in intuitionistic fuzzy setting.              

4. This study explores three decision support modules viz. TOPSIS, MOORA and GRA 

extended with intuitionistic fuzzy numbers set. These approaches may be attempted to 

operate under interval-valued intuitionistic fuzzy environment. Apart from using intuitionistic 

fuzzy set theory, vague numbers set theory can also be utilized to aid the said decision 

making. 

5. The ranking order of alternative suppliers as obtained through IF-TOPSIS, IF-MOORA 

and IF-GRA has been compared to that of fuzzy-TOPSIS i.e. TOPSIS extended with 

classical/conventional fuzzy set (trapezoidal fuzzy numbers). It has been observed that 

similar ranking order has been obtained both in conventional fuzzy setting and intuitionistic 

fuzzy setting. This may be due to the fact that we have considered same linguistic scale (for 

determining decision-makers’ weights, criteria weights, and ratings of alternatives with 

respect to criteria); the only difference is that in intuitionistic fuzzy decision making 

approaches, linguistic decision making data have been translated into intuitionistic fuzzy 

numbers; whereas, in classical fuzzy-TOPSIS, linguistic data have been transformed into 

appropriate generalized trapezoidal fuzzy numbers. In both the cases, fuzzy representation 

corresponding to the selected linguistic variables has been decided as an increasing order of 

membership grade. Hence, it is realized that the superiority of exploring intuitionistic fuzzy 

numbers set over conventional fuzzy numbers set is theoretically established so far; but it 

may be difficult to prove mathematically. Existing literature also remains silent in this aspect. 
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Future study may take care of aforesaid aspects. Moreover, the proposed approach may be 

compared with existing decision making modules already available in literature.     
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 e
t 
a
l.
, 
2
0
1
0
).
 

S
er
v
ic
e 
an
d
 r
e
la
ti
o
n
sh
ip
, 
C
3
  

T
h
is
 i
s 
ab
o
u
t 
th
e 
se
rv
ic
e 
o
ff
er
e
d
 b
y
 t
h
e 
su
p
p
li
e
rs
 t
o
 k
ee
p
 t
h
e
 d
e
li
v
e
re
d
 p
ro
d
u
ct
s 
in
 f
u
n
c
ti
o
n
 a
n
d
 t
o
 

p
ro
v
id
e 
n
e
ce
ss
ar
y
 s
u
p
p
o
rt
 o
r 
m
ai
n
te
n
an
c
e,
 i
f 
re
q
u
ir
e
d
. 
A
 r
el
at
io
n
sh
ip
 i
s 
a
n
 i
m
p
o
rt
an
t 
c
ri
te
ri
o
n
 i
n
 

su
p
p
li
e
rs
’ 
se
le
c
ti
o
n
 t
o
 b
e 
d
e
v
el
o
p
ed
 b
as
ed
 o
n
 l
o
n
g
 t
er
m
 t
ru
st
 b
as
ed
 b
u
si
n
es
se
s.
 I
t 
ca
n
 b
e 
u
n
d
e
rs
to
o
d
 

as
 l
o
n
g
 t
e
rm

 r
el
a
ti
o
n
sh
ip
, 
le
v
e
l 
o
f 
tr
u
st
 a
n
d
 u
n
d
er
st
an
d
in
g
 (
P
u
n
n
iy
am

o
o
rt
h
y
 e
t 
al
.,
 2
0
1
1
; 
C
h
o
i 
an
d
 

H
ar
tl
ey
, 
1
9
9
6
; 
P
ea
rs
o
n
 a
n
d
 E
ll
ra
m
, 
1
9
9
5
; 
K
an
n
an
 a
n
d
 T
an
, 
2
0
0
6
).
  

F
le
x
ib
il
it
y
, 
C
4
 

F
le
x
ib
il
it
y
 o
f 
su
p
p
li
e
r 
is
 a
 c
o
m
p
le
x
 a
n
d
 m

u
lt
i-
d
im

en
si
o
n
a
l 
ca
p
ab
il
it
y
 t
h
at
 r
eq
u
ir
e
s 
a 
fi
rm

’s
 w
id
e
 e
ff
o
rt
 

to
 
in
cr
ea
se
 
m
ar
k
et
 
re
sp
o
n
si
v
en
es
s 
a
n
d
 
to
 
re
d
u
ce
 
w
as
te
 
an
d
 
en
v
ir
o
n
m
en
ta
l 
im

p
ac
t 
(D

re
y
e
r 
an
d
 

G
ro
n
h
au
g
, 
2
0
0
4
).
 S
u
p
p
ly
 c
h
ai
n
 f
le
x
ib
il
it
y
 c
an
 b
e 
ra
ti
o
n
al
is
e
d
 b
y
 c
o
n
si
d
er
in
g
 t
w
o
 k
ey
 a
n
te
ce
d
e
n
ts
 o
f 

fl
e
x
ib
il
it
y
, 
so
u
rc
in
g
 a
n
d
 v
e
n
d
o
r 
fl
e
x
ib
il
it
y
 (
G
o
sl
in
g
 a
n
d
 N
ai
m
, 
2
0
1
0
).
 

Q
u
al
it
y
, 
C
5
 

T
h
e
 a
b
il
it
y
 t
o
 m

ee
t 
q
u
al
it
y
 s
p
ec
if
ic
a
ti
o
n
s 
co
n
si
st
en
tl
y
 (
Y
az
d
an
i,
 2
0
1
4
).
 T
h
is
 c
ri
te
ri
a 
in
c
lu
d
es
 i
ss
u
es
 

li
k
e 
w
h
et
h
er
 o
r 
n
o
t 
th
e 
fr
eq
u
en
t 
q
u
al
it
y
 a
ss
es
sm

en
t 
o
f 
th
e 
p
ar
ts
 i
s 
b
ei
n
g
 d
o
n
e 
b
y
 t
h
e 
su
p
p
li
er
 a
n
d
 d
o
 

th
e
y
 h
a
v
e 
a 
st
ro
n
g
 c
o
m
m
it
m
en
t 
fo
r 
p
re
v
en
ti
n
g
 q
u
al
it
y
 f
ai
lu
re
s 
o
r 
n
o
t 
(Ç
if
ç
i 
an
d
 B
ü
y
ü
k
ö
zk
an
, 
2
0
1
1
).
 

F
in
an
c
ia
l 
ca
p
ab
il
it
y
, 
C
6
 

F
in
an
c
ia
l 
as
se
ss
m
en
t 
ca
n
 b
e
 v
ie
w
e
d
 a
s 
a 
sc
re
en
in
g
 p
ro
ce
ss
 o
r 
p
re
li
m
in
ar
y
 c
o
n
d
it
io
n
 t
h
a
t 
th
e 
su
p
p
li
e
r 

m
u
st
 p
as
s 
b
ef
o
re
 a
 d
et
ai
le
d
 e
v
al
u
at
io
n
 b
eg
in
s 
(B
el
lo
, 
2
0
0
3
).
 T
h
e 
o
b
je
ct
iv
e 
o
f 
th
is
 c
ri
te
ri
o
n
 i
s 
to
 f
ig
u
re
 

o
u
t 
w
h
et
h
e
r 
o
r 
n
o
t 
th
e 
su
p
p
le
r 
h
as
 t
h
e 
m
o
n
et
ar
y
 a
b
il
it
y
 t
o
 b
u
il
d
 u
p
 a
n
d
 d
ea
l 
w
it
h
 t
h
e
 a
g
re
em

en
t,
 

in
c
lu
d
in
g
 a
n
y
 c
h
an
g
e 
re
q
u
ir
em

en
ts
.  
 

P
ro
d
u
ct
io
n
 f
ac
il
it
ie
s,
 C

7
 

It
 i
s 
a 
m
ax
im

u
m
 c
o
n
ce
iv
ab
le
 o
u
tp
u
t 
o
f 
a
n
 e
c
o
n
o
m
y
 i
n
 a
 g
iv
en
 t
im

e
 p
er
io
d
 w

it
h
 t
h
e 
p
ro
p
e
r 
u
ti
li
za
ti
o
n
 

o
f 
av
a
il
a
b
le
 r
e
so
u
rc
es
. 
A
v
ai
la
b
il
it
y
 o
f 
h
ig
h
 l
ev
el
 o
f 
p
ro
d
u
ct
io
n
 f
ac
il
it
ie
s 
an
d
 c
a
p
ac
it
ie
s 
le
ad
 t
o
 h
ig
h
 

ch
a
n
ce
 o
f 
su
p
p
li
e
r 
se
le
c
ti
o
n
 (
P
u
n
n
iy
am

o
o
rt
h
y
 e
t 
a
l.
, 
2
0
1
1
).
 T
h
is
 f
ac
to
r 
in
cl
u
d
es
 p
ro
ce
ss
 f
le
x
ib
il
it
y
, 

v
o
lu
m
e 
fl
ex
ib
il
it
y
, 
tr
ai
n
in
g
, 
an
d
 
p
ro
m
o
ti
o
n
 
o
f 
JI
T
 
c
o
n
ce
p
t,
 
h
an
d
li
n
g
 
an
d
 
p
ac
k
a
g
in
g
 
ca
p
ab
il
it
y
, 

m
a
ch
in
e
 c
ap
ac
it
y
 a
n
d
 c
a
p
ab
il
it
y
, 
fa
ci
li
ti
es
 f
o
r 
m
ea
su
re
m
en
t,
 c
a
li
b
ra
ti
o
n
 a
n
d
 t
es
ti
n
g
 (
B
il
le
sb
a
ch
, 
et
 

al
.1
9
9
1
; 
C
h
o
i 
an
d
 H
ar
tl
ey
, 
1
9
9
6
; 
K
a
n
n
an
 a
n
d
 T
an
, 
2
0
0
6
; 
S
il
v
a 
et
 a
l.
, 
2
0
0
2
).
  

O
rg
an
iz
at
io
n
, 
C
8
  

T
h
is
 i
n
c
lu
d
es
 t
h
re
e 
se
ts
 o
f 
su
b
-f
ac
to
rs
: 
cu
lt
u
re
, 
te
ch
n
o
lo
g
y
, 
an
d
 r
el
at
io
n
sh
ip
s 
(Z
h
u
 e
t 
a
l.
, 
2
0
1
0
).
 B
a
se
d
 

o
n
 t
h
e
 p
a
st
 l
it
er
at
u
re
 a
n
d
 e
x
p
e
rt
 o
p
in
io
n
s,
 t
h
e 
su
b
-c
ri
te
ri
a
 c
o
n
si
d
er
ed
 u
n
d
er
 t
h
is
 f
ac
to
r 
a
re
 p
h
y
si
ca
l 

si
ze
 
o
f 
th
e 
o
rg
an
iz
at
io
n
, 
g
eo
g
ra
p
h
ic
a
l 
lo
ca
ti
o
n
, 
re
p
u
ta
ti
o
n
 
an
d
 
p
o
si
ti
o
n
 
in
 
th
e 
in
d
u
st
ry
, 
et
h
ic
al
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st
an
d
a
rd
s,
 e
d
u
ca
ti
o
n
a
l 
q
u
al
if
ic
at
io
n
 o
f 
h
u
m
an
 r
es
o
u
rc
es
, 
et
c.
 (
D
ic
k
so
n
, 
1
9
6
6
; 
P
ea
rs
o
n
 a
n
d
 E

ll
ra
m
, 

1
9
9
5
; 
T
an
, 
2
0
0
2
).
 H

ig
h
 l
e
v
el
 o
f 
o
rg
an
iz
at
io
n
al
 c
o
m
m
it
m
e
n
t 
an
d
 p
ro
p
er
 m

an
a
g
em

en
t 
le
ad
s 
to
 h
ig
h
 

ch
a
n
ce
 o
f 
su
p
p
li
er
 s
e
le
c
ti
o
n
. 

R
ig
h
ts
 o
f 
S
ta
k
eh
o
ld
e
rs
, 
C
9
 

T
h
is
 
d
ef
in
es
 
th
e 
in
te
re
st
 
an
d
 
co
n
tr
o
l 
o
f 
sh
a
re
h
o
ld
e
rs
, 
co
n
su
m
er
s 
an
d
 
co
m
m
u
n
it
ie
s 
o
v
e
r 
w
h
o
le
 

o
rg
a
n
iz
a
ti
o
n
al
 p
ro
ce
ss
 (
K
u
o
 e
t 
al
.,
 2
0
1
0
).
 S
ta
k
eh
o
ld
e
rs
 a
re
 p
eo
p
le
 o
r 
o
rg
a
n
iz
a
ti
o
n
s 
w
it
h
 a
 p
er
so
n
al
 

at
te
n
ti
o
n
 i
n
 t
h
e 
re
su
lt
 o
f 
th
ei
r 
p
ar
ti
cu
la
r 
p
ro
je
c
ts
. 
S
ta
k
eh
o
ld
e
rs
 h
a
v
e 
le
g
it
im

a
te
 c
h
o
ic
e
 m

ak
in
g
 r
ig
h
ts
. 

M
o
st
 
p
ar
tn
er
s 
h
av
e 
o
b
li
g
at
io
n
s 
to
 
o
rg
a
n
iz
a
ti
o
n
s 
th
a
t 
in
co
rp
o
ra
te
 
ed
u
ca
ti
n
g
 
d
ev
e
lo
p
er
s,
 
fi
n
an
ci
n
g
 

p
ro
je
ct
s,
 c
re
at
in
g
 s
ch
e
d
u
li
n
g
 p
ar
am

et
er
s 
an
d
 s
et
ti
n
g
 m

il
e
st
o
n
e 
d
a
te
s.
  

W
o
rk
 s
af
et
y
, 
C
1
0
 

It
 a
rt
ic
u
la
te
s 
th
e 
se
cu
ri
ty
 f
ea
tu
re
s 
d
u
ri
n
g
 t
h
e 
w
h
o
le
 p
ro
ce
ss
 o
f 
d
es
ig
n
, 
m
an
u
fa
ct
u
ri
n
g
 a
n
d
 s
el
ec
ti
o
n
 t
o
 

av
o
id
 p
h
y
si
c
al
 a
cc
id
en
ts
 a
n
d
 l
o
ss
. 
E
m
p
h
as
is
 s
h
o
u
ld
 b
e 
p
la
ce
d
 o
n
 w
o
rk
 s
af
et
y
 a
n
d
 p
ro
d
u
c
t 
q
u
al
it
y
 o
f 

th
e 
re
sp
e
ct
iv
e 
su
p
p
li
er
s.
 Q
u
al
it
y
 a
n
d
 w
o
rk
 s
af
e
ty
 h
ig
h
ly
 i
n
fl
u
e
n
ce
s 
a
ll
 t
h
e 
o
th
e
r 
su
st
ai
n
ab
il
it
y
 c
ri
te
ri
a 

(O
rj
i 
an
d
 W

ei
, 
2
0
1
4
).

 

In
fo
rm

a
ti
o
n
 d
is
cl
o
su
re
, 
C
1
1
  

It
 d
en
o
te
s 
to
 a
 s
u
g
g
es
ti
o
n
 o
f 
p
e
rt
in
e
n
t 
co
n
te
x
tu
a
l 
ar
t 
o
r 
in
fo
rm

at
io
n
 u
p
 t
o
 d
ef
in
ed
 l
im

it
. 
It
 i
s 
m
ai
n
ly
 

th
e 
e
x
p
o
su
re
 o
f 
n
o
n
-f
in
an
c
ia
l 
in
fo
rm

at
io
n
 (
K
u
o
 e
t 
al
.,
 2
0
1
0
).
 

R
es
p
ec
t 
fo
r 
p
o
li
cy
, 
C
1
2
  

C
o
m
p
li
an
ce
 w
it
h
 l
o
ca
l 
re
g
u
la
ti
o
n
s 
an
d
 p
o
li
ci
e
s 
(K

u
o
 e
t 
al
.,
 2
0
1
0
; 
B
ai
 a
n
d
 S
ar
k
is
, 
2
0
0
9
; 
2
0
1
0
).
 

R
ec
y
cl
in
g
, 
C
1
3
  

It
 i
s 
n
ec
es
sa
ry
 t
o
 t
re
at
 u
se
d
 p
ro
d
u
ct
s 
(o
r 
th
e
ir
 a
cc
es
so
ri
es
) 
b
y
 r
ep
ro
c
es
si
n
g
 t
h
e 
m
a
te
ri
al
s 
(Y

e
h
 a
n
d
 

C
h
au
n
g
, 
2
0
1
1
) .
 D

es
ig
n
 o
f 
p
ro
d
u
c
ts
 m

u
st
 b
e 
av
ai
la
b
le
 f
o
r 
re
u
se
, 
re
cy
cl
e 
an
d
 r
e
co
v
er
y
 o
f 
m
at
e
ri
al
 

(K
an
n
an
 e
t 
al
.,
 2
0
1
3
; 
H
su
 e
t 
al
.,
 2
0
1
2
).
  

W
a
st
e 
el
e
ct
ri
ca
l 
eq
u
ip
m
en
ts
, 
C
1
4
 

It
 i
s 
o
n
e
 o
f 
th
e 
th
re
e
 m

aj
o
r 
E
u
ro
p
ea
n
 U
n
io
n
 d
ir
ec
ti
v
e
s 
v
iz
. 
W
as
te
 E
le
ct
ri
ca
l 
a
n
d
 E
le
c
tr
o
n
ic
 E
q
u
ip
m
en
t 

(W
E
E
E
),
 R

e
st
ri
ct
io
n
 o
f 
H
a
za
rd
o
u
s 
S
u
b
st
an
ce
s 
(R
o
H
S
) 
an
d
 E

co
-D

es
ig
n
 R

eq
u
ir
e
m
en
ts
 f
o
r 
E
n
e
rg
y
 

U
si
n
g
 
P
ro
d
u
ct
s 
(E
U
P
) 
th
a
t 
c
o
n
ce
rn
s 
th
e
 
el
ec
tr
o
n
ic
 
co
m
p
a
n
ie
s.
 
T
h
es
e 
th
re
e 
d
ir
ec
ti
v
e
s 
sh
o
w
 
E
U
s 

co
n
si
d
e
ra
ti
o
n
 f
o
r 
ac
co
m
p
li
sh
in
g
 r
ec
y
cl
in
g
, 
lo
w
 t
o
x
ic
 s
u
b
st
an
ce
s,
 a
n
d
 l
o
w
 e
n
e
rg
y
 a
n
d
 r
es
o
u
rc
es
 w
as
te
 

( K
u
o
 e
t 
al
.,
 2
0
1
0
).
  

O
zo
n
e 
d
ep
le
ti
n
g
 c
h
e
m
ic
al
s,
 C

1
5
  

It
 i
s 
th
e 
co
n
tr
o
l 
o
v
er
 e
m
is
si
o
n
 o
f 
O
zo
n
e
 d
ep
le
ti
n
g
 c
h
em

ic
a
ls
 b
y
 t
h
e
 m

an
u
fa
ct
u
ri
n
g
 p
ro
ce
ss
. 
T
h
e 
fi
rs
t 

g
lo
b
al
 e
n
v
ir
o
n
m
en
ta
l 
p
ro
b
le
m
 i
d
en
ti
fi
ed
 w

a
s 
d
ep
le
ti
o
n
 o
f 
st
ra
to
sp
h
e
ri
c 
o
zo
n
e.
 T

h
e 
p
ro
b
le
m
 a
ri
se
s 

fr
o
m
 d
es
tr
u
c
ti
o
n
 o
f 
o
zo
n
e 
m
o
le
cu
le
s 
in
 t
h
e 
u
p
p
er
 a
tm

o
sp
h
e
re
, 
p
ri
m
ar
il
y
 b
y
 b
ro
m
in
e 
an
d
 c
h
lo
ri
n
e 

fr
o
m
 a
n
th
ro
p
o
g
en
ic
 c
h
em

ic
al
s 
(C
al
m
 a
n
d
 D

id
io
n
, 
1
9
9
8
).
 M

an
u
fa
ct
u
ri
n
g
 p
ro
c
es
s 
m
u
st
 n
o
t 
c
o
n
ta
in
 

o
zo
n
e 
d
e
p
le
ti
n
g
 s
u
b
st
an
ce
s 
(K

u
o
 e
t 
al
.,
 2
0
1
0
).
 

G
re
en
 R
&
D
, 
C
1
6
 

T
h
e
 
ca
p
ab
il
it
y
 
o
f 
R
es
ea
rc
h
 
an
d
 
D
ev
e
lo
p
m
e
n
t 
(R
&
D
) 
o
f 
th
e 
su
p
p
li
er
 
to
 
m
e
et
 
c
u
rr
en
t 
an
d
 
fu
tu
re
 

d
em

an
d
 o
f 
g
re
en
 p
ro
d
u
ct
s 
o
f 
th
e
 f
ir
m
. 
It
 i
n
cl
u
d
es
 c
h
ec
k
in
g
 t
h
e 
su
p
p
li
er
’s
 d
es
ig
n
 f
o
r 
en
v
ir
o
n
m
en
t 

ca
p
ab
il
it
y
 s
o
 t
h
a
t 
th
e 
p
ro
d
u
ct
 b
ec
o
m
es
 m

o
re
 e
n
v
ir
o
n
m
en
ta
l 
fr
ie
n
d
ly
 (
S
h
ai
k
 a
n
d
 K
ad
er
, 
2
0
1
1
; 
A
w
as
th
i 

et
 a
l.
, 
2
0
1
0
).

 D
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G
re
en
 d
es
ig
n
, 
C
1
7
 

It
 i
s 
th
e 
ef
fe
c
ti
v
e
 i
m
p
le
m
en
ta
ti
o
n
 o
f 
a 
p
ro
-a
ct
iv
e 
‘g
re
e
n
’ 
st
ra
te
g
y
 w

h
ic
h
 s
u
p
p
o
rt
s 
th
e 
c
o
m
p
an
y
 i
n
 t
h
e
 

in
tr
o
d
u
ct
io
n
 
o
f 
n
ew

 
‘g
re
e
n
’ 
p
ro
d
u
ct
s 
b
y
 
d
e
si
g
n
in
g
 
c
o
m
p
o
n
en
ts
 
th
at
 
im

p
ro
v
e 

th
e 

en
d
-p
ro
d
u
ct
 

en
v
ir
o
n
m
en
ta
l 
p
er
fo
rm

an
ce
 a
n
d
 m

a
k
e 
p
ro
d
u
ct
 r
ec
y
c
li
n
g
 e
a
si
er
 (
N
o
ci
, 
1
9
9
7
).
  

E
n
v
ir
o
n
m
en
ta
l 
m
an
ag
em

en
t 
sy
st
e
m
, 
C
1
8
 

T
h
is
 i
n
cl
u
d
es
 c
h
ec
k
in
g
 a
 s
u
p
p
li
er
’s
 e
n
v
ir
o
n
m
en
ta
l 
p
o
li
c
ie
s,
 t
h
ei
r 
im

p
le
m
en
ta
ti
o
n
 a
n
d
 c
er
ti
fi
ca
ti
o
n
 o
f 

IS
O
 
1
4
0
0
1
 
(H

u
m
p
h
re
y
s 
et
 
al
.,
 
2
0
0
3
).
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