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 Supplier evaluation and selection play a vital role in establishing an effective supply chain for 
any firm. The supplier evaluation not only enables the firm to know the performance of 
suppliers, but also gives an indication of the ability of the firm itself to gain competitive 
advantage. The appropriate evaluation is the basis for the subsequent selection of the best 
supplier.  This paper presents a hybrid methodology using Data Envelopment Analysis (DEA), 
Analytic Hierarchy Process (AHP) and Grey Relational Analysis (GRA) to evaluate suppliers 
and to identify the best supplier for a firm. In this work, super efficiency and cross efficiency 
methods of DEA are employed to determine the efficiencies and the performance scores of the 
suppliers respectively. On the basis of super efficiency and cross efficiency scores, the list of 
efficient suppliers with high performance is identified and GRA methodology is adopted to 
identify the best supplier. A case study is presented to demonstrate the proposed hybrid 
methodology.   
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1. Introduction 

In the current competitive market scenario, manufacturing companies are under intense pressure to find 
the ways to reduce production and material costs to survive and sustain their competitive position. As 
the cost of raw materials and component parts constitutes the main cost of a product in most of the 
manufacturing companies (Ventura et al., 2013), now they are considering purchasing of raw material 
as a strategic function that can be used to control bottom-line costs. In high technology firms, purchased 
material and services represent up to 80% of total product costs (Burton, 1988; Weber, 1991). In supply 
chain logistics purchasing is one of the most strategic activities because it provides opportunities to 
reduce costs across the entire supply chain. An essential task within the purchasing process is supplier 
selection. As the best supplier is a good resource for a buyer in reducing such costs, the evaluation and 
selection of potential suppliers has become a significant component in supply chain management. A 
numerous evaluation and selection models for supplier selection have been reported in the supply chain 
literature. Most of the experts agreed that no one is the best way to evaluate and select the suppliers, 
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and thus organizations adopt different varieties of approaches. But the overall objectives of any 
approach are to reduce purchase risk and maximize overall value to the purchaser (Elanchezhian et al., 
2010). Supplier evaluation is a decision making problem which includes both qualitative and 
quantitative factors. Dickson conducted a study that investigated the importance of supplier evaluation 
criteria for industrial purchasing managers. The study concluded that cost, quality and delivery 
performance were the most important criteria in supplier evaluation (Talluri & Narasimhan, 2004). 
Over the years, a number of supplier selection criteria have been developed to meet the objectives of 
the respective organizations.  Ho et al. (2010) reviewed the articles about supplier selection from 2000 
to 2008 and they concluded that the most popular criterion considered by the decision makers is quality, 
followed by delivery, price/cost, manufacturing capability, service and management.  
 
In fact, supplier evaluation and selection is a multi-criteria decision making problem. Several 
researchers attempted various decision making techniques to solve this issue. Timmerman (1986) 
proposed linear weighting models in which suppliers are rated on several criteria and these ratings are 
combined into a single score. Nydic and Hill (1992) used analytic hierarchy process to structure the 
supplier selection process. Tam and Tummala (2001) formulated AHP-based model and applied to a 
real case study to examine its feasibility in selecting a vendor for a telecommunication systems. 
Handfield et al. (2002) integrated environment issues in their supplier assessment decisions with the 
help of AHP. Yang and Chen (2006) proposed an integrated model by combining AHP and grey 
relational analysis (GRA) for evaluating potential suppliers of printed circuit boards for a note book 
computer firm. Yang et al., (2008) proposed integrated fuzzy multiple criteria decision making method 
to address the clarification between higher level criteria and lower level sub criteria within the context 
of vendor selection problem.  Tahriri et al. (2008) formulated AHP-based supplier selection model and 
then it is applied to a real case study for a steel manufacturing company in Malaysia. Elanchezhian et 
al. (2010 a)  made an attempt to select the best vendor by using Analytic Network Process (ANP) and 
Technique for Order Preference by Similarity to Ideal Solution (TOPSIS). Pitchipoo et al. (2012) 
developed a hybrid model by integrating AHP and grey relational analysis for the supplier evaluation 
and selection for a chemical processing industry. Punniyamoorty et al. (2012) formulated a composite 
model using structural equation modelling and analytic hierarchy process for the selection of suppliers.  
 
The conventional methods that are being used for supplier evaluation such as cost ratio method, 
weighted-cost method, etc., are purely subjective in nature. The weighted scoring methods primarily 
rely on subjective judgments and views of the purchasing managers involved in the supplier 
evaluation process (Politis et al., 2010). The experience and contextual knowledge of purchasing 
staff is utilized to assign weightages arbitrarily to the supplier performance attributes. Accordingly, 
the final ranking of the suppliers is heavily dependent on the assignment of these weights, which 
are often difficult to specify in an objective manner. It is the major limitation of the weighted scoring 
method for supplier evaluation.  Wu et al. (2007) stated that a more desirable approach will integrate 
managerial judgments with objective methods for improved consistency. Data Envelope Analysis 
(DEA) has been proven an effective method to overcome the aforesaid limitation. Narasimhan et al. 
(2001) proposed a methodology for effective supplier performance evaluation based on DEA. Prasad 
et al., (2012) developed supplier performance - efficiency score grid using DEA for identifying 
potential suppliers for a company. Ma et al. (2014) considered the competition between the suppliers 
and adopted game cross-efficiency of DEA to evaluate suppliers. Radfar and Salahi (2014) employed 
fuzzy DEA for supplier evaluation and Preference Ranking Organization Method for Enrichment 
Evaluation (PROMETHEE) model for supplier selection. 
 
In this paper an attempt is made to propose a hybrid model by combining the methodologies of DEA, 
AHP and GRA. The DEA is employed to categorize potential suppliers and AHP assists to carry out 
the GRA methodology to identify best supplier for a firm. The overview of DEA, AHP and GRA are 
discussed in the following paragraphs.  
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1.1 Data Envelopment Analysis 
 
Data Envelopment Analysis (DEA) was developed by Charnes et al. (1978). It is a mathematical 
programming approach for evaluating the relative efficiency of a set of homogenous organizational units 
called decision making units (Malekmohammadi et al., 2011). These decision making units (DMUs) 
utilize multiple inputs to produce multiple outputs and their efficiency is measured by the ratio of 
multiple outputs to multiple inputs. DEA measure the relative productivity of a DMU by comparing 
it with other homogeneous units transforming the same group of measurable positive inputs into the 
same types of measurable positive outputs (Sepehrdoust, 2011). DEA measure has been used to 
evaluate and compare educational departments, health care sector, agricultural production, banking, 
armed forces, sports, market research transportation sector etc. In the present days, the DEA approach 
is extended to supply chain management issues. There are several ranking methods in DEA. The super 
efficiency method was developed by Anderson and Peterson (Ebadi, 2012). This method can be used 
in ranking the performance of efficient DMUs. The DMU being evaluated is removed from the 
constraint set thereby allowing its efficiency score to exceed a value of 1.00. The efficiency score in 
the presence of multiple input and output factors is obtained by the computing the ratio of weighted 
sum of outputs to the weighted sum of inputs. The DMUs are ranked in accordance with the efficiency 
scores. In the year 1986, the cross efficiency evaluation method was first introduced by Sexton et.al. 
(Adler et al., 2002).The cross-efficiency evaluation requests each DMU not only to be self-evaluated 
but also to be peer-evaluated. In other words, a cross-efficiency matrix is constructed where each DMU 
evaluated by n efficiency ratios using weight sets obtained from evaluation of the other DMUs. The 
average of these ratios is called average cross efficiency ratio which can be used for performance 
ordering (Zohrehbandian & Gavgani, 2013). In the present work, super efficiency method is used to 
rank the efficient suppliers whereas cross efficiency method is employed to rank the performance of 
the suppliers.  

 
1.2 Analytic Hierarchy Process 
 
The Analytic Hierarchy Process (AHP) is a multi-criteria decision-making method developed by Saaty. 
It aims at quantifying relative priorities for a given set of alternatives on a ratio scale, based on the 
judgment of the decision-maker, and stresses the importance of the intuitive judgments of a decision 
maker as well as the consistency of the comparison of alternatives in the decision-making process (Al-
Harbi, 2001). AHP methodology for decision-making involves four main steps such as setup the pair-
wise comparison matrix, perform pair-wise comparisons of all the elements, estimation of eigen values 
of the matrix and checking the consistency of pair-wise judgments (Subbaiah et al., 2011). In the present 
work the AHP is employed to obtain the priority structure of supplier selection attributes which is 
further utilized in determining the grey relational grades of suppliers.   

 
1.3 Grey Relational Analysis 
 
In the year 1982, Prof. Deng Julong founded the grey system theory. Since then, it has been widely 
used in many fields such as agriculture, electric power, IT, transportation, economics, management, 
etc. The Grey system theory works on unascertained problems which have little research data and poor 
information (Wei & Jun-fu, 2011). Many kinds of systems, which exist in human society and nature, 
are classified into three types “white system, black system, and grey system”. A system whose 
information is completely clear is called a white system. A system whose information is not clear at all 
is called a black system (a black box). And a system whose information is partly clear or partly unclear 
is called a grey system. The meaning of ‘grey’ can be expressed as the characteristic between black and 
white. The purpose of the ‘grey’ system and its applications is to bridge the gap between ‘black’ and 
‘white’. In fact, incomplete information is the basic characteristic of the problems considered in grey 
systems theory (Madhuri & Chandulal, 2010). GRA has advantages over statistical analysis, which 
requires much data and a typical model for the data distribution. GRA requires less data and can analyze 
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many factors, which can overcome the disadvantages of the statistics method. It is an important 
approach of grey system theory in the application of determining a set of alternatives in terms of 
decision attributes. The calculations in GRA are simple and straight forward, calculations are based on 
original data and also it is considered to be one of the best methods to make decisions in the business 
environment (Samvedi et al., 2012). In this work, GRA is employed along with AHP to resolve the 
uncertainty in selecting the best supplier in the cluster of efficient and high performance suppliers. The 
proposed hybrid methodology for selecting best supplier for a firm is discussed in the next paragraph. 
 
2. Methodology 
 
Supplier selection is a multi-criterion decision making problem. In order to solve the problem a hybrid 
decision model is developed by using DEA, AHP and GRA. The schematic representation of the 
proposed model is shown in Fig.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. The DEA, AHP, GRA Hybrid methodology for supplier selection 
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The step by step procedure to carry out the methodology is discussed below: 
 

Step1: Identification of inputs and outputs 
 

Identify the inputs and outputs that are strategically important or critical to the buyer. The inputs and 
outputs are used as the selection criteria for the suppliers. Input variables are the assessment parameters 
of supplier capabilities (comprising the input dimensions of DEA) and the output variables reflect the 
supplier performance attributes (comprising the output dimension of DEA). In the process of data 
acquisition, the input and output dimensions to be utilized in the DEA model are defined through focus 
group discussions. The focus group includes managers of the different departments of the company. The 
specific product line to be examined was selected in the initial meetings. In the subsequent meetings, 
specific input and output dimensions to be used in the analysis were discussed. 
 
Step 2: Obtain the data regarding input and output variables 
 

The data pertaining to input variables is obtained through questionnaire survey. A questionnaire is developed 
by the management of the company to assess supplier capability parameters. The questionnaire is known as 
Supplier Capability Questionnaire. The questionnaires are distributed to various suppliers of the company to 
obtain their responses. In order to obtain the responses regarding output variables, Supplier Performance 
Assessment Questionnaire is prepared and administered to the purchasing staff of the company.   
 

Step 3: Formulation of mathematical model to obtain the efficiencies of suppliers 
 

A mathematical model is formulated through DEA using super efficiency method, which is given below. 

Objective function: 
1

Maximize
s

k k p
k

Z v y


   

Subjected to constraints:
 

1 1

0
s m

k ki j ji
k j

v y u x i p
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, 0 ,k jv u k j 
 

 

where 
 

i= Number of DMUs (suppliers); p = DMU (supplier) being evaluated 
j = Inputs (1 to m),k = Outputs (1 to s), 
yki= amount of input j utilized by supplier i, 
xji= amount of output k produced by supplier i, 
vk= weight given to output k, 
uj = weight given to input j. 
 

Step 4: Formulation of mathematical model to evaluate the performance of the suppliers 
 

A mathematical model is formulated through DEA using cross efficiency method, which given below. 

Objective function:
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where θp= Relative efficiency score of DMU p 
 
Step 5: Determination of efficiency scores of suppliers using super efficiency and cross efficiency 
methods  
 
The efficiency of each supplier can be computed by determining the ratio of the weighted sum of 
outputs to weighted sum of inputs. Super Efficiency indicates the extent to which the efficient suppliers 
exceed the efficient frontier formed by other efficient suppliers. Cross efficiency provides the 
information on the performance of a particular DMU with the optimal DEA weights of other DMUs. 
In both these methods, the efficiency of DMUs is determined by using the ratio of weighted sum of 
outputs to the weighted sum of inputs. 
 
Step 6: Categorization of suppliers on the basis of super efficiency and cross efficiency values 
 
The super efficiency and cross efficiency values  help to examine the supplier capability under the 
categories such as High Performance and Inefficient (HI), High Performance and Efficient (HE), Low 
Performance and Inefficient (LI) and Low Performance and Efficient (LE). The suppliers under the 
category HE possesses star performance. These suppliers are the type of suppliers with whom company 
needs to develop a long-term relationship. The LI suppliers are candidates for pruning. The LE suppliers 
are the candidates need to be further developed.  Finally, the potential long-term risk is associated with the 
HI suppliers. Even though, they are performing satisfactorily now, most likely they do not have a structure 
and organizational capabilities that can sustain performance in the near future. 
 
Step 7: Calculate the grey relational coefficient for supplier selection attributes 
 
First of all generate the referential series of x0 

  0 0 0 0 0(1), (2),..... ...., ( )x x x x j x n , in which ix is the compared series of   (1), (2),.... ...., ( )i i i ix x x j x n , where 

i= 1, 2..., m. Then normalize the data set by treating the series data set using the following three types: 
‘larger -is -better’, ‘smaller-is-better’ and ‘nominal-is-best’. 
For ‘larger-is-better’ data transformation,  ix j can be transformed into  *

ix j . The  *
ix j can be 

calculated by using       
   

* min

max min
i i

i
i i

x j x j
x j

x j x j





 

For ‘smaller-is-better’ data transformation,  ix j can be transformed into  *
ix j  . The  *

ix j can be 

calculated by using   

     
   

* max

max min
i i

i
i i

x j x j
x j

x j x j





 

where max  ix j  and min  ix j  represents the maximum and minimum values of entity j.  

 
Now the grey relational coefficient for each supplier selection attribute 0i (j) is computed by using the 

following equation 

   0
0

min max

maxi
i

j
j




  

    

where  min 0min min i j   , 
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 max 0max max i j   , 
 

0i (j) = absolute value of the difference between x0
* and xi

*at the point of j and  
ρ = distinguished coefficient (ρ є [0, 1]). 
 
Step 8: Determine the priority structure of supplier selection attributes using AHP 
 
The AHP can be employed to obtain the weightages for the attributes. The procedure for the application of 
AHP is as follows. 
 
(i) Establish pair-wise comparison matrix: 
Setup the pair-wise comparison matrix of order n n  consists of n elements (requirements) in the rows 
and columns whose priorities are to be determined. 
 
(ii) Perform pair-wise comparisons of all the elements: 
Saaty’s fundamental scale of absolute numbers (Tsinidou et al., 2010) is used to perform pair-wise 
comparison between the elements. This comparison scale enables the decision-maker to incorporate 
experience and knowledge intuitively and indicate how many times an element dominates another with 
respect to the criterion. The decision-maker can express his preference between each pair of elements 
verbally as equally preferred, moderately preferred, strongly preferred, very strongly preferred and 
extremely preferred. These descriptive preferences would then be translated into numerical values 1, 3, 
5, 7, 9 respectively, with 2, 4, 6 and 8 as intermediate values for comparisons between two successive 
judgments. Reciprocals of these values are used for the corresponding transposed judgments. For a 
matrix of order n ,  1 / 2n n  comparisons are required. After the pair-wise comparisons are completed, 

proceed for the next step to estimate the Eigen values of the matrix. 
 
(iii) Estimate the Eigen values of the matrix: 
Averaging over normalized columns method proposed by Thomas Saaty is used to estimate the eigen 
values. In this method, first add the values in each column of the pair-wise comparison matrix and then 
divide each element in a column by the sum of its respective column. The resultant matrix is termed as 
the normalized pair-wise comparison matrix. Finally obtain the sum total of the elements in each row 
of the normalized pair-wise comparison matrix and divide the sum total with the number of elements. 
The result of this computation is referred to as the priority matrix and is an estimation of the Eigen 
values of the matrix. 
 
(iv) Check the consistency of pair-wise judgments: 
In order to verify the consistency of the pair-wise comparison matrix, Saaty proposed consistency index 
(CI) and consistency ratio (CR). The CI and CR are defined as follows. 

maxCI
1

n

n

 



and

CI
CR

RI
  

where max = maximum principal Eigen value of the comparison matrix 
n  = number of elements (order of the pair-wise comparison matrix) 
 
The value of max  is obtained by first multiplying the pair-wise comparison matrix with the priority 
matrix. Then divide the first element of the resulting matrix by the first element of the priority matrix, 
the second element of the resulting matrix by the second element in the priority matrix, and so on. A 
single column matrix is obtained and the average of the elements of the matrix gives the value of max . 
The RI in the above equation represents the average consistency index for numerous random entries of 
same-order reciprocal matrices. If CR ≤ 0.1, then the estimate is accepted; otherwise, a new comparison 
matrix is solicited until CR ≤ 0.1 (Chang et al., 2007).  
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Step 9: Determine the grey relational grades (Γ0i) for all the suppliers 
 
The grey relational grades for all the suppliers are computed by using the following equation. 

    
1

n

oi i oi
j

w j j


    

Where  iw j  = Weights of the supplier selection attributes 

 
Step 10: Identify the best supplier 
 
According to GRA, the supplier with higher grey relational grade indicates the best supplier. The 
methodology is exhibited through a case study which is presented in the following section. 
 
3. Case Study 
 
In order to demonstrate the proposed methodology, a case study has been under taken in an integrated 
steel plant located in southern India. The plant was commissioned in 1992 with a capacity to produce 
3 million tons per annum of liquid steel. Steel bar rolling is one of the important processes to obtain 
steel bars in desired dimensions. The rolling process starts from charging billet into re-heating furnace 
continuously and then discharging hot billet to the rolling mill train. Then rolls reduce the billet through 
rolling stand until it reaches the required size. During the emerging of the billet from the roll mill, guide 
rollers serve to control the direction of the billet leaving the roll after rolling. The guide rollers prevent 
the deviation of the billet from the desired direction. In all the rolling mills, one of the essential parts 
are the guide rollers. The repair and maintenance of guide rollers are carried in Roll shop and Repair 
shop (RS&RS). To ensure appropriate production schedule, the RS& RS should identify the reliable 
suppliers for guide rollers. The study is focused on evaluation and selection of suppliers who supply 
guide rollers to the company.  The company requires about 3,600 guide rollers annually to replace the 
repaired one (worn out guide rollers). Every year the company needs to spend lakhs of rupees on 
purchase of various guide rollers from their suppliers. Particularly, there are 16 suppliers for supplying 
T160Cr12IS1752-56-HRC guide rollers located nearer to the company. There are certain complaints 
pertaining to quality and delivery for these guide rollers on the part of the suppliers. The purchase 
personnel have to identify the best supplier to avoid the issues of inferior quality and improper delivery 
schedules.  In order to identify the best supplier of guide rollers for the case company, the proposed 
methodology is adopted.   
 

The assessment parameters of supplier capabilities (Input parameters of DEA) and the supplier 
performance attributes (output parameters of DEA) are identified through the discussions made with the 
managerial team of RS& RS and the persons of purchasing department. The outcome of the discussions 
leads to identify six input parameters and five output parameters which are shown in Table 1. 

Table 1  
Inputs and outputs for the selection criteria of supplier evaluation 

Input parameters 
(Assessment parameters of supplier capabilities) 

Output parameters 
(Supplier performance attributes ) 

Quality management practices and systems (QMPS) Quality  
Documentation and self-audit (DSA) Price 
Freight capability (FC) Delivery 
Cost reduction capability (CRC) Cost reduction performance (CRP) 
Reliability (RE) Service 
Management Capability of the firm (MCF)  

 
In order to assess the supplier capability parameters (inputs) and supplier performance attributes 
(outputs) questionnaires are developed and they are finalized in consultation with the managerial team 
of the purchase department of the case company. After reviewing the questionnaires by the purchase 
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management, the supplier capability assessment questionnaires are distributed to the 16 existing suppliers 
with a view to obtaining their responses. In this paper the suppliers are coded as S1, S2, S3,….S16 with a 
view to maintaining anonymity. In order to obtain the responses regarding output variables, supplier 
performance assessment questionnaires are administered to the purchasing personnel of the company. The 
response data obtained through questionnaire survey are shown in Table 2. 
 
Table 2  
Data for input and output variables (scores) 

 
In order to compute super efficiency and cross efficiency values for a supplier, it is required to know 
the amounts of inputs utilized and the amounts of outputs obtained corresponding to the supplier. The 
amounts of inputs and outputs are obtained by solving the mathematical models discussed in step 3 and 
step 4 of the methodology section. The values of inputs and outputs for determining the super efficiency 
and cross efficiency values for supplier S1 are computed by solving the mathematical models of DEA 
are summarized in Table 3.  
 
Table 3  
Amounts utilized and produced for Supplier S1 to calculate super efficiency and cross efficiency scores 

Data for determining super efficiency scores Data for determining cross efficiency scores 

Input 
 variables 

Amount 
utilized 

Output  
variables 

Amount 
produced 

Input 
 variables 

Amount 
utilized 

Output  
variables 

Amount  
produced 

QMPS (y1) 0.6772 Quality (x1) 0.0678 QMPS (y1) 2.3362 Quality(x1) 2.1617 
DSA (y2) 0.9935 Price (x2) 1.2352 DSA (y2) 0.7601 Price(x2) 0.5429 
FC (y3) 0.9168 Delivery(x3) 1.5200 FC (y3) 2.8599 Delivery(x3) 1.0064 
CRC (y4) 0.5464 CRP (x4) 1.3494 CRC (y4) 1.3650 CRP(x4) 1.9954 
RE (y5) 0.0000 

Service (x5) 0.0024 
RE (y5) 3.1850 

Service (x5) 0.2840 
MCF(y6) 0.0000 MCF (y6) 2.6159

 
 
The computations of super efficiency and cross efficiency values for supplier S1are discussed below. 

         
           

1 1 2 2 3 3 4 4 5 5

1 1 2 2 3 3 4 4 5 5 6 6

         
Super Efficiency

         

v x v x v x v x v x

u y u y u y u y u y u y

          
            

 

         
           

0.25 0.0678 1.0 1.2352 0.2 1.52 0.00 1.3494 0.33 0.0024

0.25 0.6772 0.75 0.9935 0.33 0.9168 0.5 0.5464 0.
 

0 0.0 1.0 0
1

.0
.03

          
         


  

 

S
up

pl
ie

r Input scores (uji) ; j=1…6, i=1…16 Output scores (vki) ; k =1…5, i=1…16 

QMPS DSA FC CRC RE MCF Quality Price Delivery CRP Service 

S1 0.25 0.75 0.33 0.50 0.00 1.00 0.25 1.00 0.20 0.00 0.33 
S2 0.75 1.00 0.66 0.25 1.00 0.00 1.00 0.25 0.00 0.75 0.00 
S3 0.00 0.25 1.00 0.75 0.33 0.66 0.25 0.50 0.00 1.00 1.00 
S4 1.00 0.00 0.00 1.00 0.66 0.33 0.50 0.00 1.00 0.50 0.66 
S5 0.50 0.25 0.33 0.50 0.00 1.00 1.00 0.25 0.50 0.25 1.00 
S6 1.00 0.25 0.66 0.50 0.33 0.00 0.00 0.75 0.25 0.00 0.33 
S7 0.75 0.75 0.33 1.00 0.00 1.00 0.50 1.00 0.50 1.00 0.00 
S8 0.50 0.25 0.66 0.25 0.33 0.66 0.25 0.00 0.75 0.25 1.00 
S9 1.00 0.00 0.66 1.00 0.66 1.00 0.00 0.25 1.00 0.00 0.00 

S10 0.00 0.25 0.33 0.50 0.66 0.33 1.00 0.50 0.00 0.50 0.33 
S11 0.75 0.00 1.00 0.25 0.33 1.00 0.25 0.00 0.25 0.75 0.66 
S12 0.25 0.75 1.00 0.50 0.66 0.33 0.50 1.00 0.50 1.00 1.00 
S13 0.50 0.00 1.00 0.25 0.33 1.00 1.00 0.75 0.25 0.00 0.00 
S14 1.00 0.75 0.66 0.50 1.00 0.00 0.75 0.25 1.00 1.00 0.33 
S15 0.00 0.25 0.33 1.00 0.33 0.66 0.25 0.50 0.00 0.00 0.66 
S16 0.00 0.75 1.00 0.00 0.66 1.00 0.75 1.00 0.00 0.50 0.33 
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1 2 3 4 5 1 2 3 4 5

1 2 3 4 5 6 1 2 3 4 5 6

Cross Efficiency
x x x x x v v v v v

y y y y y y u u u u u u

       


           
   

   
2.1617 0.5429 1.0064 1.9954 0.2820 0.25 1.00 0.20 0.00 0.33

0.2864
2.3362 0.7601 2.8599 1.3650 3.1850 2.6159 0.25 0.75 0.33 0.50 0.00 1.00

       
 

         
 

 
In the same way, the super efficiency and cross efficiency for the remaining 15 suppliers are computed. All the 
suppliers are categorized and shown in Table 4 on the basis of their super efficiency and cross efficiency values.  
 
Table 4  
Super efficiency and cross efficiency values for all the suppliers 

Supplier Super Efficiency Cross Efficiency Category of suppliers 
S1 1.03 0.2864 LI 
S2 0.64 0.2079 LI 
S3 1.08 0.5817 HE 
S4 3.98 0.5085 HE 
S5 3.05 0.4424 LI 
S6 1.20 0.1847 LI 
S7 1.68 0.5941 HE 
S8 2.70 0.5230 HE 
S9 0.86 0.1100 LI 
S10 1.68 0.2941 LI 
S11 0.66 0.3800 LI 
S12 1.14 0.5580 HE 
S13 0.70 0.2400 LI 
S14 1.99 0.6200 HE 
S15 1.26 0.2000 LI 
S16 0.40 0.2800 LI 

 
The suppliers under the category HE possesses star performance. These suppliers are the type of 
suppliers with whom company needs to develop a long-term relationship. The LI suppliers are 
candidates for pruning (Narasimham et al., 2001). The suppliers under HE category are S3, S4, S7, S8, 
S12 and S14. These six suppliers are the most suitable for the firm as they are efficient and having high 
performance. In order to identify the best supplier among these six suppliers GRA approach has been 
adopted. 
 
3.2 Application of GRA methodology to identify best supplier 
 
The GRA methodology consists of various steps such as generation of the data set of referential series, 
calculation of the grey relational coefficient for each supplier selection attributes, obtaining the 
weightages for the supplier selection attributes and then determining the degree of the grey relational 
grade for all the six suppliers. 
(i) Generation of the data set of referential series: The qualitative and quantitative data of six potential 

suppliers is summarized and presented in the Table 5. 
 

Table 5  
Data on output variables for all the potential suppliers 

Supplier Quality Price Delivery CRP Service 
S3 0.25 0.50 0.00 1.00 1.00 
S4 0.50 0.00 1.00 0.50 0.66 
S7 0.50 1.00 0.50 1.00 0.00 
S8 0.25 0.00 0.75 0.25 1.00 
S12 0.50 1.00 0.50 1.00 1.00 
S14 0.75 0.25 1.00 1.00 0.33 
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The data shown in Table 5 is transformed to normalized data as discussed in section 2 and is 
summarized in the Table 6. 
 
Table 6  
Normalized Data for all the potential suppliers 

Supplier Quality Price Delivery CRP Service 
S3 0.00 0.50 1.00 1.00 1.00 
S4 0.50 1.00 0.00 0.33 0.66 
S7 0.50 0.00 0.50 1.00 0.00 
S8 0.00 1.00 0.25 0.00 1.00 
S12 0.50 0.00 0.50 1.00 1.00 
S14 1.00 0.75 0.00 1.00 0.33 

  
The referential series  *

0x  is formed from the optimum values from each column of the matrix of 

normalized data. 
*

0x = (1, 0, 0, 1, 1) 
(ii)  Calculation of grey relational coefficient 0 ( )i j  
The grey relational coefficients (GRC) for all supplier selection attributes for supplier S3 are computed 
as discussed in step 8 of the section 2. 
With reference to supplier S3: 

For quality:    0

0 0.5 1
1 0.33

1 0 0.5
  

 
 

  For price: 
 0

0 0.5 1
(2) 0.50

1 0.5 0.5
  

 
 

 For delivery:
 0

0 0.5 1
(3) 1.00

1 1 0.5
  

 
 

 

For cost reduction performance: 
 0

0 0.5 1
(4) 1.00

1 1 0.5
  

 
 

  For Service:
 0

0 0.5 1
(3) 1.00

1 1 0.5
  

 
 

 

Similarly the GRC for all supplier selection attributes with reference to the remaining five suppliers are 
computed and are shown in Table 7. 
 
Table 7 
Grey relational coefficients for supplier selection attributes 

Suppliers Quality Price Delivery CRP Service
S3 0.33 0.50 1.00 1.00 1.00
S4 0.50 1.00 0.33 0.43 0.60
S7 0.50 0.33 0.50 1.00 0.33
S8 0.33 1.00 0.40 0.33 1.00
S12 0.50 0.33 0.50 1.00 1.00
S14 1.00 0.66 0.33 1.00 0.43

 
(iii)  Calculation of weightages for supplier selection attributes 
The priority structure of supplier selection attributes is obtained by using AHP as discussed in step 8 
of the section 2.The brainstorming sessions conducted with the purchasing staff of the case company 
to prepare the pair-wise comparison matrix of supplier selection attributes which is shown in Table 8. 
 

Table 8 
Pair-wise comparison matrix of the supplier selection attributes 

 Quality CRP Service Price Delivery 

Quality 1 3 2 7 2 
CRP 1/3 1 4 2 3 
Service 0.5 0.25 1 1/2 1/3 
Price 1/7 1/3 2 1 0.5 
Delivery 0.5 0.5 3 2 1 

Sum 2.4728 5.25 12 12.5 5.833 
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The normalized pair-wise comparison matrix is developed by adopting averaging over normalized 
columns method proposed by Thomas Saaty. The normalized pair-wise comparison matrix is shown in 
the table 9. The weightages of the supplier selection attributes are obtained and given in the Table 10. 
 
Table 9 
Normalized Pair-wise comparison matrix for supplier selection attributes 

 Quality CRP Service Price Delivery Sum 
Quality 0.4044 0.5714 0.1667 0.5600 0.3429 2.0454 
CRP 0.1335 0.1905 0.3330 0.1600 0.3429 1.1601 
Service 0.2022 0.0476 0.0833 0.0400 0.0571 0.4302 
Price 0.0577 0.0952 0.1667 0.0800 0.0857 0.4854 
Delivery 0.2022 0.0952 0.2500 0.1600 0.1714 0.8789 

 
 

Table 10 
Priority structure of the supplier selection attributes 

Sl.No Supplier selection  attributes Weightages 
1 Quality 0.40907 
2 Cost Reduction Performance(CRP) 0.23202 
3 Service 0.08604 
4 Price 0.09707 
5 Delivery 0.17577 

 
In order to check the consistency of pair-wise judgments, the consistency ratio (CR) is computed as 
discussed in step 8 of section 2. The value of CR obtained is 0.09911, which is smaller than 0.10 proved 
that the AHP results were consistent.  
(iv) Determination of grey relational grades  oi  for all the six suppliers. 

The grey relational grade for all the suppliers is computed using  

   
1

n

oi i oi
j

w j j


    
 

For supplier S3:  
         3
0.40907 0.33 0.23202 0.50 0.08604 1.00 0.09707 1.00 0.17577 1.00  0.6099              

Similarly GRG for the remaining five suppliers are computed and are summarized in Table 11. On the 
basis of grey relational grades, the suppliers are ranked.  
 
Table 11  
Grey relational grade for different suppliers 

Suppliers S3 S4 S7 S8 S12 S14 

Grey Relational Grade (GRG) 0.6099 0.6102 0.4787 0.6083 0.5960 0.7621 

Rank of the suppliers 3 2 6 4 5 1 
 
According to Grey relational analysis, the alternative which possesses highest grey relational grade is 
the best choice among all the alternatives. It is observed from the Table 11, the supplier S14 has the 
highest grey relational grade and hence the S14 is the best supplier for supplying necessary guide rollers 
to the case company. The company can rely and maintain long-term relationship with the supplier S14 
to keep the competitive advantage in the market.  
   
4. Conclusions 
 

The ultimate objective of dealing with the supplier selection problem is to identify the best supplier. 
The selection of best supplier may lead to reduce purchase risk and establish reliable long-term 
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relationship between buyers and suppliers. Prior to the selection of the best supplier, it is essential to 
evaluate the existing suppliers. In the present work, the existing sixteen suppliers are evaluated using 
super efficiency and cross efficiency methods of DEA.  On the basis of super efficiency and cross-
efficiency scores the suppliers are categorized into a class of six efficient suppliers who possess high 
performance. The GRA methodology is employed to identify the best supplier among the six suppliers. 
The proposed DEA-AHP-GRA integrated methodology is well suited to deal with multi-criteria 
decisions that involve both qualitative and quantitative factors.  
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