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Abstract 
 

Supplier evaluation and selection is a key element in the industrial buying process, 
and appears to be one of the major activities of the professional industries. This is because 
the cost and quality of good and services sold are directly related to the cost and quality of 
goods and services purchased. In real life, the modeling of many situations may not be 
sufficient or exact, as the available data are inexact, vague, imprecise and uncertain by 
nature. In this paper, we use fuzzy Delphi, fuzzy AHP, and SIR.VIKOR as a decision tool 
to supplier selection. We used SIR.VIKOR for the first time in supplier selection problem. 
The aim of this study is develop a model with high reliability for supplier selection. From 
fuzzy Delphi we extracted nine essential criteria and with fuzzy AHP we weight these 
criteria and with SIR.VIKOR we choose the best supplier. We construct a questionnaire for 
fuzzy AHP and SIR. VIKOR that it’s not needed to notice cost orientation or benefit 
orientation of criteria. Our finding shows that four criteria- quality, service, cost and 
delivery- are the most effective criteria respectively and five criteria- flexibility, past 
performance, technology ability, facility and responsiveness to customer- respectively have 
the complementary effect on supplier selection. 
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1.  Introduction 
Nowadays, competitive business environment has forced companies to satisfy customers who demand 
increasing product variety, lower cost, better quality, and faster response (Vondrembse, Uppal, Huang, 
& Dismukes, 2006). 

In today’s competitive market proper management of the supply chain is the key to success of 
every company. Selection of the appropriate supplier is a major requirement for an effective supply 
chain. According to Patton (1997), and Michaels et al. (1995), supplier evaluation and selection is a 
key element in the industrial buying process, and appears to be one of the major activities of the 
professional industries. This is because the cost and quality of good and services sold are directly 
related to the cost and quality of goods and services purchased. 

Individual firms no longer compete as autonomous entities but rather by joining a supply chain 
alliance. Members in the supply chain always forge stronger alliances to compete against other supply 
chains (Lin & Chen, 2004). 

Experts believe that supplier selection is one of the most prominent activities of purchasing 
departments (Xia & Wu, 2007). Supplier selection is a difficult problem for managers because the 
performances of suppliers are varied based on each criterion (Liu & Hai, 2005). 

Supplier selection in industry is a group decision-making (GDM), cross functional problem, 
frequently solved by a nonprogrammer decision-making process, with long-term commitment for 
firms. The supplier selection problem deals with defining potential suppliers, selecting the best set of 
suppliers among them, and determining the shipment quantity of each (Weber, Current, & Benton, 
1991). 

In supplier selection it is very important to choose scientific and rational evaluation Indicators 
which is the first step to conduct evaluation. Dickson (1966) was one of the original studies in the 
supplier selection area. He identified 23 criteria for assessing the performance of suppliers based on 
responses from 170 managers and purchasing agents. 

In real life, the modeling of many situations may not be sufficient or exact, as the available data 
are inexact, vague, imprecise and uncertain by nature (Sarami, Mousavi, & Sanayei, 2009). The aim of 
this study is develop a model with high reliability for supplier selection.. In this paper, we use fuzzy 
Delphi, fuzzy AHP, and SIR.VIKOR as a decision tool to supplier selection. 

Through Fuzzy Delphi Method, the key indicators can be derived. Then a question rises up here 
and that is how this importance weight could be calculated? For the determination of the relative 
importance of selection criteria, fuzzy AHP can be used since it is based on pairwise comparisons and 
allows the utilization of linguistic variables. Although the pairwise comparison approach is the most 
demanding in terms of solicited input from the experts, it offers maximum insight, particularly in terms 
of assessing consistency of the experts’ judgment. 

We used SIR.VIKOR for the first time for supplier selection problem. The SIR.VIKOR method 
utilizes superiority and inferiority ranking (SIR) and VIKOR methods. SIR method is based on the 
theory of fuzzy bags proposed by Rebai (1993, 1994). From SIR method we use six preference 
structures to obtain two superiority and inferiority matrixes. 

Opricovic and Tzeng (2004) introduced the VIKOR method as a multi criteria decision making 
method to solve a discrete decision problem with non-commensurable and conflicting criteria. 
According to Opricovic and Tzeng (2004) this method focuses on ranking and selecting from a set of 
alternatives, and determines compromise solutions for a problem with conflicting criteria, which can 
help the decision makers to reach a final decision. In this method the final solution is the solution 
which is the closest to the ideal, and a compromise means an agreement established by mutual 
concessions. 
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According to VIKOR and two superiority and inferiority matrixes we compute one final 
solution for superiority matrix and one final solution for inferiority matrix. Then two solutions were 
compared for obtaining the final rank. 

The fuzzy set theory approaches could resemble human reasoning in use of approximate 
information and uncertainty to generate decisions. Furthermore, fuzzy logic has been integrated with 
MADM to deal with vagueness and imprecision of human thought. 

The organization of this paper is as follows. Section 2 discusses the literature review. In Section 
3, we explain the process of the research, fuzzy Delphi, fuzzy AHP, and SIR.VIKOR. Section 4 briefly 
describes the case study. Section 5 is data analysis and the paper ends with concluding remarks in 
section 6. 
 
 
2.  Literature Review 
2.1. Supplier Selection Criteria 

Supplier selection has been a focus of academicians and purchasing practitioners since the 1960s 
(Dickson, 1966; Weber, Current, & Benton, 1991).During recent years supply chain management and 
supplier selection process have received considerable attention in the literature. A supply chain is a 
network of suppliers, manufacturing plants, warehouses, and distribution channels organized to acquire 
raw materials, convert these raw materials to finished products, and distribute these products to 
customers (Bidhandi, Yusuff, Ahmad, & Abu Bakar, 2009). Supplier selection is one of the most 
critical activities of purchasing management in supply chain and in this process suppliers are reviewed, 
evaluated and chosen to become a part of the company’s supply chain (Sanayei, Mousavi, Abdi, & 
Mohaghar, 2008; Guo, 2009).The evolution of the competitive environment has made company 
competitiveness and survival depend more and more on their suppliers (De Boer, Labro, & Morlacchi, 
2001). 

Periodic evaluation of supplier quality is carried out to ensure the meeting of relevant quality 
standards for all incoming items (Jain, Tiwari, & Chan, 2004). Researchers have applied both 
qualitative and quantitative approaches in considering supplier selection and there are many studies 
that discussed the issue of supplier selection (Bhutta & Huq, 2002; Chou & Chang, 2008; Garfamy, 
2006; Ramanathan, 2007; Teng & Jaramillo, 2005), most of them focus on price, quality, services, 
delivery time, supplier location, supplier financial statues and performance. 

Chao, Scheuing, and Ruch (1993) concluded that quality and on time delivery are the most 
important attributes of purchasing performance. Petroni and Braglia (2000) evaluated the relative 
performance of suppliers that have multiple outputs and inputs, based on capabilities relating to 
management, production facilities, technology, price, quality and delivery compliance. Briggs (1994) 
stated that joint development, culture, forward engineering, trust, supply chain management, quality 
and communication are the key requirements of a supplier partnership, apart from optimum cost. 

Muralidharan, Anatharaman, and Deshmukh (2002) identify quality, delivery, price, and 
technical capability, financial position, past performance, attitude, flexibility and service. 

Yang and Chen (2006) performed a literature review and an interview with three business 
executives that concluded to six qualitative criteria including quality, finances, service, production 
capacity, design, technological capability and IT infrastructure and to four quantitative criteria 
including turnover, cost, delivery and distance. Kahraman et al. (2003) mentioned that selection criteria 
typically fall into one of four categories: supplier criteria, product performance criteria, service 
performance criteria, and cost criteria. 

Gill and Ramaseshan (2007) indicated that few scholars discuss the performance during the 
purchasing processes or consider it as a significant factor in supplier selection. They divided this 
performance into five parts: (1) relationship commitment, (2) product quality, (3) price, (4) payment 
facilities, and (5) brand recognition. 
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Hong, Park, Jang, and Rho (2005) defined important criteria of both supply risk and supply 
profit. In terms of supply risk, they defined the criteria which can be used to evaluate whether or not a 
supplier is capable of delivering the desired product, in the desired quantity, and at the desired time. On 
the other hand, they defined the criteria that can be used to evaluate profit as price, quality and 
quantity. 

Bottani and Rizzi (2006) presented a multi-attribute approach for selection and ranking of the 
most suitable 3PL service provider. They applied service criteria such as breath of service, business 
experience, characterization of service, compatibility, financial stability, flexibility of service, 
performance, price, physical equipment and information, quality, strategic attitude, trust and fairness. 
 
Table 1: Supplier selection criteria and frequently of use in several papers 
 

 1 2 3 4 5 6 7 8 9 
1
0 

1
1 

1
2 

1
3 

1
4 

1
5 

1
6 

1
7 

1
8 

1
9 

2
0 

2
1 

2
2 

2
3 

Quality * * * * * * * * * * * * * * * * * * * * * * * 
Cost  * * *   * * *   *  *  * * * * * *  * * 
Service   * * *   *   * *  * * * * * * *     
Location     *      *   *           
Communication          *    *    *    * *  
Delivery  * * * *  * * *  *      * * *  * * * * 
Technology 
ability 

   *     * *    *      *    

Flexibility   *  *   *    *   *      *  *  
Risk               *     *   *  
Past 
performance 

                *  *     

Integration 
ability 

                       

R&D                *         
Capacity          *              
Response to 
customer 

   *           *      * *  

Packaging 
ability  

                       

Maintainability                        
position in 
industry 

                       

Finance          * * *  *           
Facility                      *   
Warranties trust    *  *     *           *  
Brand 
Recognition 

                *       

Humanitarian 
treatment 

            *           

Logistical 
capability 

            *           

Time to market             *           
Trade 
regulation 

            *           

Compliance of 
labor laws 

            *           

1 (çebi & Bayraktar, 2003),2 (Prahinski & Benton, 2004),3 (Pi & Low, 2005), 4 (Mohammady Garfamy, 2005),5 (Wang & 
Hu, 2005),6 (Kreng & Wang, 2005),7 (Li, Madhok, Plaschka, & Verma, 2006) ,8 (Hsu, Kannan, Leong, & Tan, 2006),9 
(Chen, Lin, & Huang, 2006),10 (Yang & Chen, 2006) , 11 (Bottani & Rizzi, 2006), 12 (Noorul & Kannan, 2006),13 (Ireton, 
2007), 14(Levary, 2007),15 (Chang, Wang, & Wang, 2007) ,16 (Hou & Su, 2007) ,17 (Gill & Ramaseshan, 2007),18(Ha & 
Krishnan, 2008) ,19 (Kirytopoulos, Leopoulos, & Voulgaridou, 2008) ,20 (Chou & Chang, 2008),21 (Ha, S. H.; Krishnan, 
R., 2008), 22 (Demirtas & Ustun, 2008),23 (Önüt, Kara, & Ișik, 2009). 
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Table 2: Supplier selection criteria and frequently of use in several papers 
 

 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 
Quality * * * * * * * * * * * * * * * * * 
Cost  * * *  * * * * * *   * * * *  
Service  * *  * *  *  *   * * *    
Location        *        *  * 
Communication           * * *      
Delivery  * *   * *  * * * * *  * *   
Technology 
ability 

 *  *    * * *    *   * 

Flexibility     * *   *    * *     
Risk   *       *   *  *    
Past 
performance 

      *  *  *   *    

Integration 
ability 

             *    

R&D          *     *    
Capacity              *   * 
Response to 
customer 

   *   *     * * *    

Packaging 
ability  

                 

Maintainability 
position in 
industry 

                 

Finance        *     * * *   * 
Facility        *           
Warranties trust           *       
Brand 
Recognition 

      *           

Humanitarian 
treatment 

             *    

Logistical 
capability 

                 

Time to market                  
Trade 
regulation 

                 

Compliance of 
labor laws 

                 

24 (Zhang, Zhang, Lai, & Lu, 2009),25 (Lee A. H., 2009) ,26 (Wu, Sukoco, Li, & Chen, 2009),27 (Shen & Yu, 2009),28 
(Chang & Hung, 2010),29 (Chamodrakas, Batis, & Martakos, 2010),30 (Tsai, Yang, & Lin, 2010),31 (Sanayei, Mousavi, & 
Yazdankhah, 2010) ,32 (Wu D. , 2010),33 (Shemshadi, Shirazi, Toreihi, & Tarokh, 2011),34 (Liao & Kao, 2011),35 
(Vinodh, Ramiya, & Gautham, 2011),36 (Chang, B.; Chang, C.W.; Wu, C.H., 2011),37 (Deng & Chan, 2011) ,38 (Aksoy & 
Öztürk, 2011),39 (Kara, 2011), 40 (Kilincci & Onal, 2011). 
 
2.2. Supplier Selection Techniques 

Since supplier selection problems usually have several objectives such as maximization of quality or 
maximization of profit or minimization of cost, the problem can be modeled using mathematical 
programming. There are exist plethora of research on the supplier selection process. Traditional 
methodologies of the supplier selection process in the extant literature range from single objective 
techniques such as the cost-ratio method, linear or mixed integer programming to goal and multi-
objective linear programming models (Ghodsypour & O’Brien, 1998; Yan, Yu, & Cheng, 2003; 
Oliveria & Lourenço, 2002). 

While several supplier selection methods have been identified and widely applied in the 
industry, industrialists and academics differ in their approach to the study of methods for supplier 
selection. Industrialists take a relatively more practical approach than academics. 

Lee, Sungdo, and Kim (2001) used only AHP for supplier selection. They determined the 
supplier selection criteria based on the purchasing strategy and criteria weights by using AHP. Xia and 
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Wu (2007) used an integrated approach of AHP improved by rough sets theory and multi-objective 
mixed integer programming, which was proposed to simultaneously determine the number of suppliers 
to employ and the order quantity allocated to these suppliers in the case of multiple sourcing and 
multiple products, with multiple criteria and with the supplier’s capacity constraints. 

Haq and Kannan (2006) developed an integrated supplier selection and multi-echelon 
distribution inventory model for the original equipment manufacturing company in a built-to-order 
supply chain environment using fuzzy AHP and a genetic algorithm. Chen, Lin, and Huang (2006) 
developed a hierarchy multiple criteria decision- making model based on fuzzy sets theory to deal with 
the supplier selection problems. Their model uses the concept of TOPSIS to determine the ranking 
order of all suppliers. There are exists a plethora of research on the supplier selection process. 

Wang et al. (2005) have developed a decision-based methodology for supply chain design that 
a plant manager can use to select suppliers. This methodology derived from the techniques of 
analytical hierarchy process (AHP) and pre-emptive goal programming. 

The researches and applications in recent years are: applied analytical hierarchy process 
(Kokangul & Susuz, 2009), used analytic network process (Hsu & Hu, 2008; Wu, Sukoco, Li, & Chen, 
2009), proposed neural network (Lee & Ou-Yang, 2009), proposed a fuzzy model (Lee, Kang, & 
Chang, 2009), proposed a hybrid method (Ha, S. H.; Krishnan, R., 2008) and proposed fuzzy 
hierarchical and TOPSIS for the supplier selection problem (Wang, Cheng, & Kun-Cheng, 2009). 

Feng, Chen, and Jiang (2005) proposed a comprehensive evaluation method based on fuzzy 
decision theory and characteristics of supply chain management for optimal combination and selection 
among candidate suppliers and outsourced parts. 

Chan, Kumar, Tiwari, Lau, and Choy (2008) propose a fuzzy AHP approach for global supplier 
selection. Chamodrakas, Batis, and Martakos (2009) use fuzzy AHP to select supplier in electronic 
sector. 

Shemshadi et al. (2011) extended the VIKOR method with a mechanism to extract and deploy 
objective weights based on Shannon entropy concept for supplier selection. 

Chen and Wang (2009) provided a more efficient delivery approach for evaluating and 
assessing possible suppliers/vendors using the fuzzy VIKOR method. 

Sanayei et al. (2010) proposed a hierarchy MCDM model based on fuzzy sets theory and 
VIKOR method is proposed to deal with the supplier selection problems in the supply chain system. 

Marzouk (2008) proposed a model for contractor selection. Contractor selection is a multiple 
criteria decision making wherein several criteria are required to be evaluated simultaneously. His 
proposed model utilizes superiority and inferiority ranking (SIR) method and it provides six preference 
structures in order to compare the performance of alternatives’ criteria. 

Tam and Tong (2008) propose a variant of superiority and inferiority ranking (SIR) method 
called SIR-Grey. They used this method for determining the location of large scale harbour-front 
project development. According to Tam and Tong (2008) this approach can overcome the problem 
encountered in using other methods which could lead to variation in the final ranking and hence an 
inconsistent result. 

Chai and Liu (2010) proposed a novel intuitionistic fuzzy SIR method to solve the uncertainty 
group multi-criterion decision making problem. They applied the intuitionistic fuzzy sets to define the 
fuzzy natural language terms which are used to describe the individual decision values and the weights 
for criteria and for decision makers. 
 
 
3.  Methodology 
Based on literature review we found 27 criteria that were used in 40 papers on supplier selection. In 
this study we use an integrated fuzzy Delphi, fuzzy AHP and SIR.VIKOR for supplier selection. Firstly 
we used fuzzy Delphi method to extract critical criteria in supplier selection. The importance weights 
of various criteria and the ratings of qualitative criteria are considered as linguistic variables. In order 



30 Mohammad Khodaei Valahzaghard, Mohammad Mahdi mozaffari, 
Hassan Khodaei Valehzagharad and Mostafa Memarzade 

 

 

to evaluate the weights of criteria that were obtained by fuzzy Delphi method, fuzzy AHP was used. 
We then evaluated the suppliers by SIR.VIKOR. 
 
3.1. Fuzzy Delphi 

Murry et al. (1985) proposed the concept of integrating the traditional Delphi Method and the fuzzy 
theory to improve the vagueness of the Delphi Method. Membership degree is used to establish the 
membership function of each participant. Ishikawa et al. (1993) further introduced the fuzzy theory 
into the Delphi Method and developed max–min and fuzzy integration algorithms to predict the 
prevalence of computers in the future. In this study we used Fuzzy Delphi Method was proposed by 
Ishikawa et al. (1993), and it was derived from the traditional Delphi technique and fuzzy set theory. 

Noorderhaben (1995) indicated that applying the Fuzzy Delphi Method to group decision can 
solve the fuzziness of common understanding of expert opinions. In this study we use eleven experts to 
extract the critical criteria of MAPNA Company. 

The FDM steps are as follows: 
1) Collect opinions of decision group: Find the evaluation score of each alternate factor’s 

significance given by each expert by using linguistic variables in questionnaires. 
2) Set up triangular fuzzy numbers: Calculate the evaluation value of triangular fuzzy 

number of each alternate factor given by experts, find out the significance triangular fuzzy 
number of the alternate factor. This study used the geometric mean model of mean 
general model proposed by Klir and Yuan (1995) for FDM to find out the common 
understanding of group decision. 

The computing formula is illustrated as follows: 
Assuming the evaluation value of the significance of No. j element given by No. i  expert of n 

experts is  ijijij cbaW ,,
~  , ni ,...,2,1 , mj ,...,2,1 . Then the fuzzy weighting W

~
of No j  Element is 

 ijijijij cbaW ,,
~ 

, mj ,...,2,1 . 

Among which  ijj aa min , 



n

i
ijj b

n
b

1

1
,  ijj cc max . (1) 

3) Defuzzification : Use simple center of gravity method to defuzzify the fuzzy weight  of 

each alternate element to definite value  , the followings are obtained: 

6

4 jjj
j

cba
S


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

4) Screen evaluation indexes: Finally proper factors can be screened out from numerous 
factors by setting the threshold a. The principle of screening is as follows: 

If Sj , then No. j  factor is the evaluation index. 
If Sj , then delete No. j  factor. 

 
Table 3: Linguistic variables for importance of each criterion 
 

Absolutely appropriate (9,10,10) 
Appropriate (7,9,10) 
Slightly appropriate (5,7,9) 
Neutral (3,5,7) 
Slightly inappropriate (1,3,5) 
Inappropriate (0,1,3) 
Absolutely inappropriate (0,0,1) 
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For the threshold value r, the 80/20 rule was adopted with r set as 0.8. This indicated that 
among the factors for selection, ‘‘20% of the factors account for an 80% degree of importance of all 
the factors’’. The selection criteria were: 

If MA  r =0.8, this appraisal indicator is accepted. 
If MA  r = 0.8, this appraisal indicator is rejected. 

 
3.2. Fuzzy Analytic Hierarchy Process 

Laarhoven and Pedrycz (1983) proposed the Fuzzy Analytic Hierarchy Process in 1983, which was an 
application of the combination of Analytic Hierarchy Process (AHP) and Fuzzy Theory. The linguistic 
scale of traditional AHP method could express the fuzzy uncertainty when a decision maker is making 
a decision. Therefore, FAHP converts the opinions of experts from previous definite values to fuzzy 
numbers and membership functions, presents triangular fuzzy numbers in paired comparison of 
matrices to develop FAHP, thus the opinions of experts approach human thinking model, so as to 
achieve more reasonable evaluation criteria. 

Laarhoven and Pedrycz (1983) proposed the FAHP, which is to show that many concepts in the 
real world have fuzziness. Therefore, the opinions of decision makers are converted from previous 
definite values to fuzzy numbers and membership numbers in FAHP, so as to present in FAHP matrix. 
 
Table 4: Linguistic variables for weight of each criterion 
 

Extremely strong (9,9,9) 
Intermediate (7,8,9) 
Very strong (6,7,8) 
Intermediate (5,6,7) 
Strong (4,5,6) 
Intermediate (3,4,5) 
Moderately strong (2,3,4) 
Intermediate (1,2,3) 
Equally strong (1,1,1) 

 
The steps of this study based on FAHP method are as follows: 

1) Determine problems: Determine the current decision problems to be solved, so as to 
ensure future analyses correct; this study discussed the ‘‘evaluation criteria for 
verification of supplier selection criteria”. 

2) Set up hierarchy architecture: Determine the evaluation criteria having indexes to be the 
criteria layer of FAHP, for the selection of evaluation criteria, relevant criteria and 
feasible schemes can be found out through reading literatures. This study screened the 
important factors conforming to target problems through FDM investigating experts’ 
opinions, to set up the hierarchy architecture. 

3) Construct pairwise comparison matrices among all the elements/criteria in the 
dimensions of the hierarchy system. Assign linguistic terms to the pairwise comparisons 
by asking which is the more important of each two dimensions, as following matrix : 

A
~

=

1~~

~1~

~.~1

2121

2121
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Where 


 

1

9
~

,8
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,7
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~
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~
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~

,8
~
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ija  
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4) To use geometric mean technique to define the fuzzy geometric mean and fuzzy weights of 
each criterion by Hsieh et al. (2004). 

 iniii aaar ~....~~~
21   (3) 

  1
21

~....~~~~  nii rrrrw  (4) 
Where ija  is fuzzy comparison value of dimension i  to criterion j  , thus, ir

~  is a geometric 

mean of fuzzy comparison value of criterion  to each criterion, iw~  is the fuzzy weight of the ith  

criterion, can be indicated by a TFN,  iiii uwmwlww ,,~   . The ilw  , imw  and iuw  stand for the lower, 

middle, and upper values of the fuzzy weight of the ith  dimension. 
 
3.3. Sir.Vikor 

Step 1: According to SIR method mAAA ,...,, 21  are the alternatives and nggg ,...,, 21  are the criteria and 

)( ij Ag  is the value of ith  alternative with respect to jth  criteria. 

 
Table 5: Linguistic variables for importance of each alternative 
 
Absolutely appropriate AAP (9,10,10) 
Appropriate AP (7,9,10) 
Slightly appropriate SAP (5,7,9) 
Neutral N (3,5,7) 
Slightly inappropriate SINAP (1,3,5) 
Inappropriate INAP (0,1,3) 
Absolutely inappropriate AINAP (0,0,1) 

 
Various defuzzification strategies which are defined as the process converting a fuzzy number 

into a crisp value were suggested. In this paper, graded mean integration approach is used. According 
to the graded mean integration approach, for triangular fuzzy numbers, a fuzzy number 

),,(
~

321 cccC  can be transformed into a crisp number by employing the below equation (Yong, 2006): 

6

4~
)

~
( 321 ccc

CCP


  (5) 

)()()(

)()()(

)(.)()(

21

22221

11211

mnmm

n

n

AgAgAg

AgAgAgD

AgAgAg






 
Step 2: According to SIR method and six generalized criteria types (see table 6), for each 

alternative  , the superiority index )( ij AS  and inferiority index )( ij AI  with respect to the jth  

criterion are calculated as equations 6 and 7. 





m

k
kjijj

m

k
kiij AgAgfAAPAS

11

))()((),()(
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ijkjj
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k
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11
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Table 6: Generalized criteria 
 

Criterion Criterion Criterion 
Type 3: Criterion with Linear 
Preference 

Type 2: Quasi Criterion Type 1: True Criterion 



















0d         if        0

pd 0    if     
p

d

pd     if     1

f(d)


 


q<d     if     0

qd     if     1
f(d)

 


 


0<d     if     0

0d     if     1
f(d)

 

Type 6: Gaussian Criterion 
Type 5: Criterion with Linear 
Preference and Indifference Area

Type 4: Level Criterion 
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0d     if 
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e -1
f(d) 



















qd         if        0

pd q   if     
q-p
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pd     if     1
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qd         if        0

pd q   if     
2
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pd     if     1
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The superiority and inferiority indexes are used to form superiority matrix (S-matrix) and 
inferiority matrix (I-matrix). 

The superiority matrix (S-matrix) 
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The inferiority matrix (I-matrix) 
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Step 3: Determine the best value 
),( *

jfBV
 and worst value 

),( 
jfWV

 of all criteria functions 
for each matrix as following equations. 

For S-matrix: 
),...,())((max),...,((max 11

  niniiij SSASASS
and 
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For I-matrix: 
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Step 4: In this step 
 RRSS ,,, **

values are calculated for each matrix: 
For S-matrix: 

ii SSS min*  , ii SSS max

, ii RRS min*  , ii RRS max

 
For I matrix: 

ii SSI min*  , ii SSI max

, ii RRI min*  , ii RRI max

 

Step 5: Calculating iQ and ranking the alternatives by the index iQ  for each matrix as equations 
12 and 13. 

For S-matrix 
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For I-matrix 
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According to the concepts of VIKOR method the best alternative is that with the minimum of 

iQ for each matrix. 

Step 6: Compare the ranking of each matrix and determine the final rank. 
 
 
4.  Case Study 
Our proposed methodology is applied to MAPNA group in IRAN.MAPNA Group is a conglomeration 
of a parent enterprise and its 33 subsidiaries engaged in development and implementation of power, oil 
& gas, railway transportation and other industrial projects under EPC & IP schemes as well as 
manufacturing relative equipment. Since its inception in 1992, MAPNA Group has been involved in 
more than 85 projects valuing over € 17 billion, among them power projects cover more than 52,000 
MW in commissioned, under construction & under-negotiation stages, having a share of 86% of Iran’s 
total grid capacity. 

As an investor and main contractor of independent power and industrial projects (IPs), MAPNA 
Group has ventured into projects to generate over 7000 MW of electricity under BOT & BOO 
schemes, corresponding to a total contract value of more than € 2.5 billion. 

MAPNA’s subsidiaries manufacture gas and steam turbines and their ancillary equipment, 
turbo-compressors, turbine blades and vanes, power generators, heat recovery steam generators 
(HRSGs) and conventional boilers, power plant electrical and control systems, cargo and passenger 
locomotives, etc. 

MAPNA group desires to select a suitable supplier to purchase the bolt of its new product. In 
this study we want to find a good supplier of bolt for MAPNA group as a decision maker. The list of 
potential supplier is as follow: 
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Table 7: Name of suppliers 
 

Supplier Name Supplier Name Supplier Name Supplier Name 

 MANDO   Shing Chang Pich kooban  YAZD Pich 
 MOTONIC  LBRCorp KOREA Sepid Pich  Kooben Kar 
 Continental CAE  Pich Sazan Kamkan  Arsk Pich 

 
 
5.  Evaluating Model Application 
Stage one: Reviewing relevant literature of supplier selection criteria and proposing important criteria: 

27 criteria for supplier selection based on relevant literature are proposed. 
Stage two: Screen important criteria by Fuzzy Delphi Method: 
First a FDM interview table is setup and second interview was done with eleven experts from 

MAPNA Company. Nine criteria were extracted from this stage (see table 8). 
 
Table 8: List of criteria and definition 
 

Criteria Definition 

Quality 
To provide a high-quality product, supplier should have a quality system including quality 
assurance, quality control procedures, quality control charts, documentation, continuously 
quality improvement, etc. 

 Cost 
Cost of product is a high percentage of in total cost of purchasing. Therefore purchasing 
department wants to purchase the product with minimum price to decrease the total cost. 

 Service 
Suppliers’ service is a indicator for supplier selection problem. This criteria contains after 
sale service and the quality in providing support services, such as purchasing, technology 
support, etc. 

 Delivery 
The duration of time from setting an order to the receipt of the order. The ability to follow 
the predefined delivery schedule. The consistency in meeting delivery deadlines. The 
consistency in meeting delivery deadlines 

 Technology ability 
Technical abilities represent that supplier ensures future improvements according to 
changing in customer’s needs. 

 Response to 
customer 

The time that supplier react to order or complain of customer 

 Past performance 
The performance of supplier via customers in past years in industry (for example for ten 
years) 

 Flexibility 
Ability to react to changes in requirements volume flexibility to manufacture different lot 
sizes. product flexibility to efficiently manufacture many different products 

 Facility 
Supplier’s production facilities should meet customer’s specific requirements. When the 
customer develops new product or improves current product according to market demand 
the supplier’s facilities should be available to produce it. 

 
Stage three: The weights of evaluation criteria 
We adopt fuzzy AHP method to evaluate the weights of different criteria for the performance of 

technology selection criteria. Following the construction of fuzzy AHP model, it is extremely 
important that experts fill the judgment matrix. 

According to the committee with ten representatives about the relative important of criteria, 
then the pairwise comparison matrices of criteria will be obtained. We apply the fuzzy numbers 
defined in Table 4. We transfer the linguistic scales to the corresponding fuzzy numbers. Computing 
the elements of synthetic pairwise comparison matrix by using the geometric mean method suggested 
by Buckley (1985) that is: 

 11

1
1121 ~....~~~
ijijij aaa

ij
a 

 (14) 
For example 
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It can be obtained the other matrix elements by the same computational procedure, therefore, 

the synthetic pairwise comparison matrices of the five representatives will be constructed as follows 
matrix A: 
 
Table 9: Fuzzy comparison matrix for the relative importance of criteria 
 

 C1 C2 C3 C4 C5 C6 C7 C8 C9 

C1 (1,1,1) 
(1.718,2.595,

3.489) 
(1.571,2.301

,3.25) 
(2.097,3.157,

4.186) 
(5.23,6.25, 

7.23) 
(3.616,4.708,

5.753) 
(3.933,5.037,

6.058) 
(3.707,4.748,

5.775) 
(5.95,6.854

, 7.726) 

C2 
(0.287,0.38

5,0.582) 
(1,1,1) 

(0.643,0.855
,1.128) 

(0.939,1.357,
1.819) 

(3.41,4.521,5
.58) 

(2.021,2.957,
3.814) 

(2.354,3.28, 
4.13) 

(1.669,2.428,
3.322) 

(3.996,5.05
9,6.098) 

C3 
(0.331,0.43

4,0.636) 
(0.887,1.17, 

1.554) 
(1,1,1) 

(1.026,1.4, 
1.878) 

(3.41,4.324,5
.164) 

(2.153,3.004,
3.846) 

(2.468,3.133,
3.916) 

(1.969,2.823,
3.712) 

(3.971,4.79
6,5.592) 

C4 
(0.239,0.31

7,0.477) 
(0.55,0.737, 

1.065) 
(0.532,0.714

,0.971) 
(1,1,1) 

(2.725,3.565,
4.461) 

(1.655,2.329,
3.028) 

(1.723,2.504,
3.51) 

(1.763,2.208,
2.601) 

(3.616,4.66
3,5.692) 

C5 
(0.138,0.16

, 0.191) 
(0.179,0.221,

0.293) 
(0.194,0.231

,0.293) 
(0.224,0.28, 

0.367) 
(1,1,1) 

(0.372,0.455,
0.592) 

(0.574,0.761,
1.02) 

(0.412,0.526,
0.678) 

(0.989,1.41
3,1.969) 

C6 
(0.174,0.21

2,0.276) 
(0.262,0.338,

0.495) 
(0.26,0.333, 

0.464) 
(0.33,0.429, 

0.604) 
(1.69,2.2, 

2.692) 
(1,1,1) 

(1.04,1.313, 
1.646) 

(0.697,0.905,
1.188) 

(2.174,3.05
8,3.891) 

C7 
(0.165,0.19

8,0.254) 
(0.242,0.305,

0.425) 
(0.255,0.319

,0.405) 
(0.285,0.399,

0.58) 
(0.98,1.313, 

1.743) 
(0.608,0.761,

0.964) 
(1,1,1) 

(0.452,0.627,
0.891) 

(1.53,2.197
, 2.944) 

C8 
(0.173,0.21

1,0.27) 
(0.301,0.412,

0.599) 
(0.269,0.354

,0.508) 
(0.385,0.453,

0.567) 
(1.475,1.9, 

2.428) 
(0.841,1.105,

1.435) 
(1.122,1.595,

2.21) 
(1,1,1) 

(2.255,2.92
7,3.632) 

C9 
(0.129,0.14

6,0.168) 
(0.164,0.198,

0.25) 
(0.179,0.209

,0.252) 
(0.176,0.214,

0.276) 
(0.508,0.707,

1.011) 
(0.257,0.327,

0.46) 
(0.327,0.434,

0.613) 
(0.324,0.395,

0.503) 
(1,1,1) 

 
To calculate the fuzzy weights of criteria, the computational procedures are displayed as 

following parts: 

 9

1

19181615141312111
~~~~~~.~~~ aaaaaaaar   (15) 
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 343.2,839.1,385.1~

2 r   434.2,941.1,175.1~
3 r   915.1,488.1,148.1~

4 r  
 553.0,438.0,357.0~

5 r   973.0,757.0,602.0~
6 r   784.0,603.0,473.0~

7 r  
 03.1,801.0,635.0~

8 r   421.0,333.0,276.0(~
9 r  

For the weight of each criterion, they can be done as follows: 
  1

987654321
~~~~~~~.~~~~  rrrrrrrrrrw ii  (16) 
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 487.0,302.0,187.0

276.0635.0473.0602.0357.0148.1175.1385.176.21

,333.0801.0603.0757.0438.0488.1941.1839.1556.31

,421.003.1784.0973.0553.0915.1434.2343.2294.41

294.4,556.3,76.2~
1
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We also can calculate the remaining iw , there are: 

 226.0,156.0,094.0~
2 w  ,  276.0,165.0,08.0~

3 w ,  217.0,126.0,078.0~
4 w  

 063.0,037.0,024.0~
5 w  ,  11.0,064.0,04.0~

6 w  ,  089.0,051.0,032.0~
7 w  

 117.0,068.0,043.0~
8 w  ,  048.0,028.0,019.0~

9 w  
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Table 10: The weights and rank of criteria 
 

iw  Fuzzy weight Crisp weight Rank 
1w  (0.187,0.302,0.487). 0.314 1 
2w  (0.094,0.156,0.226). 0.165 3 
3w  (0.08,0165,0.276). 0.169 2 
4w  (0.078,0.126,0.217). 0.127 4 
5w  (0.024,0.037,0.063). 0.039 7 
6w  (0.04,0.064,0.11). 0.018 9 
7w  (0.032,0.051,0.089). 0.055 6 
8w  (0.043,0.068,0.117). 0.075 5 
9w  (0.019,0.028,0.048). 0.03 8 

 
Stage four: evaluating the suppliers 
A committee of three decision makers, D1; D2 and D3, has been formed to select the most 

suitable supplier according to linguistic variable in table 5 and the result is as table 11. 
 
Table 11: Ratings of the twelve suppliers by the decision makers under the various criteria 
 

Alternative Decision maker C1 C2 C3 C4 C5 C6 C7 C8 C9 

A1 
D1 AP SAP AP AP AAP AP SAP SAP AAP 
D2 SAP SAP SAP AP AP SAP SAP AP AP 
D3 SAP SAP AP SAP AP SAP AP SAP AAP 

A2 
D1 AP SAP AP AP AAP AP AP N SAP 
D2 AP SAP AP AAP SAP SAP SAP SAP AP 
D3 SAP AP SAP SAP AP SAP AP SAP SAP 

A3 
D1 AP AP AP SAP AP SAP SAP N AP 
D2 AP SAP AP AP SAP SAP AP SAP AP 
D3 SAP AP AP SAP SAP SAP SAP SAP AP 

A4 
D1 AP SAP SAP SAP AP SAP SAP N AP 
D2 AP AP N SAP SAP SAP AP AP AP 
D3 SAP SAP SAP SAP AAP AP SAP N SAP 

A5 
D1 AP SAP SAP N SAP AP SAP SAP N 
D2 AP SAP SAP SAP AAP AP AP N SAP 
D3 SAP AP AP SAP SAP AP SAP SAP AAP 

A6 
D1 AP AP AAP SAP SAP AP AP SAP SAP 
D2 SAP SAP SAP AP SAP AAP N AP AP 
D3 SAP SAP AP AAP SAP SAP AP AP AP 

A7 
D1 AP SINAP AP SAP SAP N N N AP 
D2 SAP SAP SAP N SAP SAP SINAP SINAP AP 
D3 SAP AP AP SAP SAP AP SAP N SAP 

A8 
D1 N AP AP N SAP SAP SAP AP AP 
D2 SAP N AP SAP SAP AP SAP N SAP 
D2 SAP AP AP AP N AP SAP AAP AP 

A9 
D1 AP N AP AP AP SAP AP N AP 
D2 AAP INAP SAP AP AAP AP N SAP SAP 
D3 AP N SAP AP SAP SAP SAP SAP AAP 

A10 
D1 AP N SAP AP SAP AP N SAP SAP 
D2 SAP SAP SAP SAP SAP SAP SAP N SAP 
D3 AP SAP SAP SAP AP SAP SAP SAP SAP 

A11 
D1 AP INAP SAP SINAP AP AAP SAP SAP AP 
D2 SAP SINAP N N SAP SAP SAP AP SAP 
D3 SAP SINAP SINAP N SAP N SAP N AP 

A12 
D1 AP SAP N N SAP SAP N SAP N 
D2 SAP SAP SAP INAP N SAP SAP N N 
D3 SAP SAP SAP N N N SINAP SAP SAP 

 
The crisp values for decision matrix is computed as shown in Table 12. 
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According to SIR.VIKOR method we first construct the decision matrix. The numbers in this 
matrix are the value of each alternative (contractor) with respect to each criterion. 
 
Table 12: Crisp values for decision matrix and weight of each criterion 
 

Criteria Alternative C1 C2 C3 C4 C5 C6 C7 C8 C9 
A1 7.61 7 8.22 8.22 9.17 7.61 7.61 8.22 9.5 
A2 8.22 7.61 8.22 8.56 8.56 7.61 8.22 6.33 7.61 
A3 8.22 8.22 8.22 7.61 7.61 7 7.61 6.33 8.83 
A4 8.22 7.61 6.33 7 8.56 7.61 7.61 7.11 8.22 
A5 8.22 7.61 7.61 6.33 7.94 8.83 7.61 6.33 7.28 
A6 8.22 7.61 7.61 8.56 7 8.56 7.56 8.22 7.61 
A7 7.61 5.67 7.61 6.33 7.61 6.95 4.33 5 8.22 
A8 6.33 7.56 8.83 6.95 6.33 8.22 7 7.89 8.22 
A9 9.17 3.73 7.61 8.83 8.56 7.61 6.95 6.33 8.56 
A4 8.22 6.33 7 7.61 7.61 7.61 6.33 6.33 7 
A10 7.61 2.39 5 4.33 7.61 7.94 7 6.95 8.22 
A11 7.61 7 6.33 3.73 5.67 7 5 6.33 5.67 

 
Then we calculate the superiority and inferiority of each alternative with respect to each 

criterion according to preferred generalized criterion type (see table 6) to construct superiority and 
inferiority matrixes. 

The S matrix and I matrix are as table 13 and 14 respectably. 
 
Table 13: S-matrix (S) 
 

Criteria 
Alternative 

C1 C2 C3 C4 C5 C6 C7 C8 C9 

A1 0.278891 0.784244 1.294928 1.263118 2.569593 0.285898 1.07153 2.744696 2.832379 
A2 0.796031 1.064369 1.294928 1.55248 1.448334 0.285898 1.785201 0.163617 0.343474 
A3 0.796031 1.470385 1.294928 0.848328 0.463059 0.000637 1.07153 0.163617 1.490271 
A4 0.796031 1.064369 0.132502 0.554336 1.448334 0.285898 1.07153 0.722366 0.738268 
A5 0.796031 1.064369 0.697719 0.334989 0.702987 3.610732 1.07153 0.163617 0.224229 
A6 0.796031 1.064369 0.697719 1.55248 0.189256 2.556582 1.029888 2.744696 0.343474 
A7 0.278891 0.368591 0.697719 0.334989 0.463059 0 0 0 0.738268 
A8 0 1.038459 2.257193 0.535004 0.038982 1.439987 0.650699 2.022393 0.738268 
A9 3.327775 0.050313 0.697719 1.816001 1.448334 0.285898 0.624849 0.163617 1.099867 
A4 0.796031 0.549077 0.345744 0.848328 0.463059 0.285898 0.350401 0 0.153645 
A10 0.278891 0 0 0.012265 0.463059 0.760846 0.650699 0.547414 0.738268 
A11 0.278891 0.784244 0.132502 0 0 0.000637 0.029962 0.163617 0 

 
Table 14: I-matrix (I) 
 

Criteria 
Alternative 

C1 C2 C3 C4 C5 C6 C7 C8 C9 

A1 0.814113 0.093426 0 0.020585 0 0.638741 0.024901 0 0 
A2 0.164818 0.010641 0.029458 0.002496 0.033396 0.638741 0 0.921379 0.636472 
A3 0.164818 0 0.278977 0.12335 0.446333 2.005207 0.024901 0.921379 0.04145 
A4 0.164818 0.010641 1.672237 0.343639 0.033396 0.638741 0.024901 0.293636 0.188489 
A5 0.164818 0.010641 0.201101 0.759193 0.232431 0 0.024901 0.921379 1.057858 
A6 0.164818 0.010641 0.201101 0.002496 1.158061 0.018399 0.029765 0 0.636472 
A7 0.814113 0.789931 0.201101 0.759193 0.446333 2.161163 4.624436 3.530851 0.188489 
A8 4.97416 0.012733 0 0.367687 2.42222 0.119453 0.216574 0.021879 0.188489 
A9 0 2.997697 0.201101 0 0.033396 0.638741 0.24513 0.921379 0.086802 
A4 0.164818 0.34985 0.691951 0.12335 0.446333 0.638741 0.818428 0.921379 1.521382 
A10 0.814113 4.923163 4.6144 3.121913 0.446333 0.295777 0.216574 0.388633 0.188489 
A11 0.814113 0.093426 1.672237 4.028415 3.999825 2.005207 3.157308 0.921379 4.706017 
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The best value ),( *
jfBV and worst value ),( 

jfWV  of all criteria functions for each matrix is 

determined as table 15 and 16 respectably. 
 
Table 15: ),( *

jfBV and worst value ),( 
jfWV  for S-matrix (S) 

 
Criteria B & 
W values C1 C2 C3 C4 C5 C6 C7 C8 C9 

f* 3.327775 1.470385 2.257193 1.816001 2.569593 3.610732 1.785201 2.744696 2.832379 

 0 0 0 0 0 0 0 0 0 
W 0.314 0.164 0.169 0.127 0.039 0.018 0.054 0.074 0.03 

 
Table 16: ),( *

jfBV and worst value ),( 
jfWV  for I-matrix (I) 

 
Criteria B & 
W values 

C1 C2 C3 C4 C5 C6 C7 C8 C9 

f* 0 0 0 0 0 0 0 0 0 

 4.97416 4.923163 4.6144 4.028415 3.999825 2.161163 4.624436 3.530851 4.706017 
W 0.314 0.164 0.169 0.127 0.039 0.018 0.054 0.074 0.03 

 
In this step we determine the values of SS, RS and QS for Superiority matrix (see table 17). 

 
Table 17: The values of SS, RS and QS 
 

Alternative SS RS QS 
A1 0.513088 0.287685 0.50068 
A2 0.504193 0.238889 0.334568 
A3 0.533969 0.238889 0.365782 
A4 0.663371 0.238889 0.501434 
A5 0.651639 0.238889 0.489135 
A6 0.509955 0.238889 0.340609 
A7 0.831059 0.287685 0.834008 
A8 0.576962 0.314 0.652193 
A9 0.43178 0.158388 0 
A4 0.746754 0.238889 0.588844 
A10 0.908745 0.287685 0.915445 
A11 0.859972 0.287685 0.864317 

 
With the same procedure the values of SI, RI and QI are determined as table 18. 

 
Table 18: The values of SI, RI 
 

Alternative SI RI QI 
A1 0.060764 0.051392 0.094807 
A2 0.04093 0.01931 0.020601 
A3 0.065429 0.01931 0.046806 
A4 0.096129 0.061245 0.148909 
A5 0.070669 0.023934 0.060049 
A6 0.034053 0.011292 0 
A7 0.260559 0.074 0.345857 
A8 0.354818 0.314 0.843099 
A9 0.135596 0.099859 0.254905 
A4 0.099527 0.025342 0.093242 
A10 0.501504 0.169 0.760496 
A11 0.384629 0.127 0.566108 
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For S rank the best rank for alternative is based on descending flow with consideration of SS 
and RS (the concepts of VIKOR method) (see table 19). 
 
Table 19: S rank for S-matrix 
 

SS RS QS S Rank 
A9 A9 A9 A9 
A2 A2 A2 A2 
A6 A6 A6 A6 
A1 A3 A3 A3 
A3 A5 A5 A5 
A8 A4 A1 A1 
A5 A10 A4 A4 
A4 A7 A10 A10 
A10 A1 A8 A8 
A7 A12 A7 A7 
A12 A11 A12 A12 
A11 A8 A11 A11 

 
With the same procedure I rank is calculated as see in table 20. 

 
Table 20: I rank for I-matrix 
 

SS RS QS S Rank 
A6 A6 A6 A6 
A2 A2 A2 A2 
A1 A3 A3 A3 
A3 A5 A5 A5 
A5 A10 A10 A10 
A4 A1 A1 A1 
A10 A4 A4 A4 
A9 A7 A9 A9 
A7 A9 A7 A7 
A8 A12 A12 A12 
A12 A11 A11 A11 
A11 A8 A8 A8 

 
Now we can compare the results of S rank and I rank (see table 21). The final rank for this 

problem is as figure 1. 
 
Table 21: Final S and I rank 
 

SI RS 
A9 A6 
A2 A2 
A6 A3 
A3 A5 
A5 A10 
A1 A1 
A4 A4 
A10 A9 
A8 A7 
A7 A12 
A12 A11 
A11 A8 
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Figure 1: 
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A3 A5
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A1
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A8 

A11A12

 
 

The results of comparing two rank (S-rank and I-rank) shows that suppliers 2 and 6 are the best 
suppliers and supplier 8,7,12 and 11 are the worst suppliers. 
 
 
6.  Conclusion 
Outsourcing is an essential ingredient of business practices. In this context, the supplier selection 
process gains extreme importance. Many researchers and practitioners have focused their work on this 
area and deployed a wide range of scientific and technical techniques to enhance efficiency and 
flexibility of the supply networks and various approaches are available for supplier selection. 

In general, supplier evaluation and selection problems are vague and uncertain, and so fuzzy set 
theory helps to convert DM preferences and experiences into meaningful results by applying linguistic 
values to measure each criterion with respect to every supplier. In this paper, a hybrid fuzzy multi-
criteria group decision making model has been developed based on fuzzy set theory to efficiently deal 
with the ambiguity of the decision making problems in practical cases to select the best supplier so as 
to enable the MAPNA group to achieve their business objectives in the supply chain practices. 

SIR.VIKOR is a helpful tool in multi-criteria decision making, the obtained compromise 
solution could be accepted by the decision makers because it provides a maximum group utility 
(represented by min S,) of the majority, and a minimum of the individual regret (represented by min R) 
of the opponent. We construct a questionnaire for fuzzy AHP and VIKOR that it’s not needed to notice 
cost orientation or benefit orientation of criteria. Our proposed model can be easily programmed, 
implemented and applied to supplier selection. This study finds criteria that influence supplier 
selection. 27 criteria were extracted from 40 paper on supplier selection literature and by fuzzy Delphi 
9 criteria were screened. Our research results by fuzzy AHP show that four criteria- quality, service, 
delivery and cost- have the greatest influence among the criteria and five criteria- flexibility, past 
performance, technology ability, and facility- have the complementary influence for selecting 

suppliers. Our research results by SIR.VIKOR show those two suppliers ( A2 and A6 ) are the best 
suppliers for MAPNA group. 
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