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 Supplier selection problem is vital for a company operating in a competitive 
environment. To be competitive, the company should be in an effort to improve 
the total supply chain performance with the partners in the supply chain. 
Selection of suppliers is closely related to the purchasing department apart from 
other parts of the company. Supplier selection is a strategic decision. Because 
of the strategic importance, the risk and the uncertainty it involves, it requires 
the participation of decision-makers from marketing, finance and from the other 
departments such as production in the selection process besides the purchasing 
department. With this aspect it is a group decision-making process. Supplier 
selection is a problem which includes both quantitative and qualitative criteria. 
Some of these measures may include uncertainty and sometimes they may be 
conflicting. While some of the criteria can be measured numerically, some of 
them can be expressed verbally as they may involve uncertainty. The problems, 
in which multiple criteria and sometimes conflicting objectives may exist, can be 
solved with AHP, ANP, DEA, TOPSIS, PROMETHEE, Maute, LP, GP methods, 
while integrated forms of these methods are frequently used in practice. The 
decision makers determine the selection of the desired supplier by making 
preference about the qualities of the alternatives or the suppliers. The decision-
makers preferences depend on their subjective judgment. In general, the 
decision-makers' judgments are often vague and cannot be expressed with a 
numeric value. Supplier selection involves ambiguity and hence is a complex 
task. In this study, the solution steps of a supplier selection problem will be 
shown using a method which is not so widely used and may be appropriate in 
the process of group decision making under uncertainty. The method depends 
on the Grey Theory approach. The method put forward in 1982 is based on the 
theory of Deng and an effective method used to solve problems which involve 
discrete data and incomplete information. 

©2015 BluePen Journals Ltd. All rights reserved 

 
 
INTRODUCTION 
 
Supplier evaluation and selection is a process of finding 
the appropriate suppliers who can provide the best and 
quality products and/ or services at the right time and at 
the right amount with an acceptable price. In an 
environment dominated by global markets business 
success depends on the success of the selection of 
suppliers. In organizations which are more dependent on 
suppliers, the direct and indirect impacts of the ineffective 
decisions become more critical. In a supply chain, 
collaboration between the company and the supplier is 
the most important connection of the distribution channel. 
The global competitive environment, make the 
organizations  highly  dependent  on  the  success  of  the 

supplier selection process. The lack of coordination or 
error in this process may lead to excessive delay or poor 
customer services.  In this sense, as it has direct 
influence on reducing the costs, on profitability and 
flexibility of a business, decisions taken by the 
purchasing department significantly affects the efficiency 
and effectiveness of the business (Chan and Kumar, 
2007). Supplier selection is often a complex process as 
this process is under the influence of a number of 
unforeseen factors and uncontrollable factors which 
affect the decisions to be taken.  Therefore, the decisions, 
such as to manufacture or to buy has strategic 
importance  for  companies.  In  particular  for  companies  



 
 
 
 
which spend a large percentage of their sales revenues 
for the supply of parts and materials and whose material 
costs make up a large portion of their total cost, the 
benefit gained by the procurement is of particular 
importance. According to a survey conducted to indicate 
the importance of the issue, the purchase of goods and 
services of the manufacturers constitutes the 70% of the 
product cost, while this cost constitutes 80% for high-tech 
companies (Ghodsypour and O’Brien, 2001). 

Supply chain management and supplier selection 
process has gained remarkable importance in business 
literature in recent past. In this context, there has been a 
significant increase in the number of articles which used 
the multi-criteria decision making (MADM-Multi-Attribute 
Decision Making) approach in evaluating and selecting 
the best supplier between 2000 and 2008. Supplier 
evaluation and selection problems have been intensely 
examined in these articles and they focused on various 
decision making approaches to solve this kind of 
problems. Within these years one can meet with seventy 
eight articles which can be considered important in the 
databases such as Emerald, Ingenta, Meta-Press, 
ProQuest, and ScienceDirect. It is expected future 
increase in the number of this kind of researches (Ho et 
al., 2010). In supplier selection problem a large number 
of mathematical programming techniques such as linear 
programming, integer linear programming, goal 
programming, are used.  However, in today's modern 
supply chain management, the success in the evaluation 
and selection of the supplier depends not only in 
considering a single factor but taking into consideration a 
number of factors.  According to this approach, supplier 
selection is a multi-criteria decision problem. To solve 
decision problems which have multiple-criteria, decision 
making approaches such as ANP, Data Envelopment 
Analysis, ELECTRE, TOPSIS, PROMETHEE, and the 
integration of these methods are widely used in recent 
years.  

Decision makers determine the desired supplier either 
by making preference among the alternative or by making 
preference about the attributes of the suppliers. The 
preference of the decision makers often depend on their 
subjective judgments. In general, most of the decision-
makers' judgments are uncertain and can not be 
expressed with a numeric value. In practice decision 
making includes fuzziness and uncertainty in a large 
extent. According to the strategic importance and to the 
existence of fuzziness and uncertainty in the selection 
process, it necessitates the participation of decision 
makers from the finance and marketing departments 
besides the purchasing department. Thus, the supplier 
selection process compels the group making approaches. 
Besides the multi-criteria decision making methods based 
on fuzzy set theory there are various methods on Grey 
Theory which find mathematical solutions to systems 
involving uncertain information (Chitrasen et al., 2012). 
Grey  theory  based  researches  and  applications   have  
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been widely and successfully applied to an 
interdisciplinary scientific area. Some of these studies 
and applications can be summarized as follows: group 
multi-criteria decision-making in the selection of 
personnel (Zhang and Liu, 2011), assessment of estate 
agents based on quality of services (Tseng 2009), the 
financial performance of container transport (Wang, 
2009), evaluation of airports according to the quality of 
service, optimization, demand forecasting (Köse et al., 
2010), performance measurement in the insurance sector 
(Peker and Baki, 2011), the selection of suppliers 
(Hashemi et al., 2015; Özdemir and Deste, 2009; 
Sanayei et al., 2010), the stock market prediction 
(Kayacan et al., 2007), analyzing the credit risk from the 
perspective of risk management using grey incidence 
analysis (Jin et al., 2012), green supply chain 
management (Bali et al., 2013), robot selection with the 
use of interval-valued grey numbers (Datta et al., 2013), 
prediction models (Kayacan et al., 2010), forecasting 
integrated circuit output (Li-Chang and Chao-Hung, 2009), 
evaluation of environmental performance. In this study, 
we are concerned with the supplier selection based on 
grey theory. 

 
 
Preliminaries 
 
Grey system, originally developed by Deng (1982) on the 
basis of grey sets, is an important methodology for 
solving problems which involve uncertainties and aims at 
handling systems with unknown or incomplete 
information. Here, on the grounds of grey relations “grey” 
means poor, incomplete or uncertain information. Thus, 
the systems which lack information are referred to as 
Grey Systems Deng (1989). A grey system is a system 
which contains both known and uncertain unknowns 
(Zheng and Lewis, 1993). According to the theory, the 
information is classified into three categories. This 
classification depends on the degree of information 
obtained. It is said to be white when it is completely 
certain; black when it is totally unknown and grey when it 
is insufficient (Yang et al., 2014).  

Whenever the obtained information completely 

unknown, 
)x(G  being the upper limit and 

)x(
G


 lower 

limit of G grey number, G  is called a black number. 
In the case of complete information, that 

is
)x()x(

GG 
, then the grey number G  is called 

a white number. If there is fuzziness, the obtained 

information is incomplete and uncertain, G  is called a 
grey number. As a consequence, the grey numbers 
which hold the uncertainty and the grey variables 
constitute the so called grey system. In this context, the 
concept of grey system can be shown as in Figure 1 (Li 
et al., 2007). 
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Figure 1. The concept of Grey System. 
 
 
 
Definition and Basic Operations 
 
The grey mathematics, based on grey theory is a type of 
uncertain mathematics. Its basic unit grey number is a 
real number whose exact value is unknown, but a range 
within which the value lies is known (Li, 2009).Thus it can 
be defined as a number with clear upper and lower 
boundaries but which has an unknown position within the 
boundaries (Yang and John, 2012).  
 
 
Definition of Grey Number 
 
Let X is the universal set. Then a Grey set G of X is 

defined by its two mappings )x(G and )x(
G

  : 

 1,0X:)x(G   and  1,0X:)x(
G

  such that 

Xx),x()x(
GG  . Since the lower limit 

  ,GG  and upper limit  G,G   can 

possibly be estimated, G is defined as an interval grey 

number  G,GG   where GG  . Let t be the 

information, G  the upper, G  the lower limit 

then GtG  . If GG   then G  is a white number 

with a crisp value which shows the existence of full 
knowledge. On the contrary, a black number is a grey 
number one knows nothing about it (Yang and John, 
2012). 
 
 

Basic operations on Grey Number 
 

The arithmetic of grey numbers is similar to interval 
values  (Liu  et  al.,  2012)  and  the   operation   rules   of  

general grey numbers can be defined as operation rules 
of real numbers (Liu et al., 2013).  
 

Addition         :  212121 GG,GGGG   

 

Subtraction    :  
212121 GG,GGGG   

 
Multiplication: 

  ,2,,,min 121212121 GGGGGGGGGxG   

  21212121 ,,,max GGGGGGGG  

 

Division             :   
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1121
G

1
,

G

1
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Length of grey number:    GGGL   

 
Comparison of grey numbers: The possibility degree of 
two grey number is expressed as: 

 

 
*

21
*

21
L

))GG,0max(L,0max(
GGP


  

 

 where     21

* GLGLL   

 
According to this comparison of two grey numbers there 
may be four distinct outcomes: 
 

If 21 GG  then   5.0GGP 21   If 

21 GG   then   1GGP 21   



 
 
 
 

If 21 GG   then   0GGP 21   

If   5.0GGP 21  then 12 GG   .  

Otherwise if   5.021 GGP  then 12 GG    

 
 
METHODOLOGY  

 
The methodology used in this application is adopted from 
Li et al. (2007). In a decision problem where there are K 
decision makers, n attributes, and m alternatives, the 
steps of the method are as follows:  

 
Step 1. Determine the attribute weights: Attribute weight 
wj can be calculated as follows:  

 

 K

j

2

j

1

jj w...ww
K

1
w   

 

 n,...,2,1j,w K

j    

 
is the weight given by the k

th
 decision maker to the j

th
 

attribute. This weight can be shown in grey system as: 
 

 K

j

K

j

K

j w,ww   

 

Step 2. Alternatives evaluated by the decision makers: 
Decision makers use linguistic or verbal variables when 
evaluating alternatives according to various criteria. 

 

 
 n,...,2,1j;m,...,2,1i,G K

ij 
 is the attribute value 

given by the kth decision maker to any attribute of the 

 
 alternative. In grey system this value is shown as, 

 K

ij

K

ij

K

ij G,GG 
 and computed as: 

  

 K

ij

2

ij

1

ijij G...GG
K

1
G   

 
Step 3. The construction of Grey Decision Matrix 
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Step 4. The normalization of Decision Matrix 
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For a benefit attribute ij
*G  is expressed as 
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and for a cost attribute ij
*G  is expressed as 
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min
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Step 5. Weighted Normalized Grey Decision Matrix 
 
Normalized D* matrix is weighted by the 

j

*

ijij wxGV 
 process which establishes the 

weighted normalized grey decision matrix 
*

wD
.  
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Step 6. Determine the ideal alternative:  
 

From a set of m alternatives ,  m21 s,...s,sS , the ideal 

alternative S
max

 is determined by  
 

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

2
1

1
1

1
1

max

i
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i
mi

i
mi

i
mi
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  in
mi
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VV
 11
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Step 7. Calculate the grey possibility degree  
 
The grey possibility degree can be obtained by 
comparing ideal alternative S

max
 and possible alternatives  

 m21 s,...s,sS .  
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Figure 2 The main and sub criteria.  

Goal 

Number of personnel Production capabilities Delivery conditions 

Quality documents owned 

Owning test laboratory 

Means of production 

Production technique 
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Place of delivery 

Type of payment 
 

 

Figure 2. The main and sub-criteria. 
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Step 8. Rank the order of alternatives 
 
Rank order of the alternatives according to the grey 
possibility degree determined in the 7th step. Smaller the 

grey possibility degree 
 max

i SSP 
 , better the rank 

order of Si. Otherwise, the rank order is worse.  
 
 
Application and analysis of the model 
 
The model mentioned above has been applied to a 
supplier selection process of a firm which was 
established in 1971 to cover pump demand in Turkey for 
agricultural irrigation, potable water supply, and waste 
water handling. The company’s product range consists of 
“High efficiency” pumps with low energy consumption. 
The company has gained a key position within the pump 
producer companies both in Turkey and in the world. 
They give great effort to energy efficiency studies. In the 
research and development (R&D) works their top priority 
is the efficiency in all product groups. To be efficient the 
selection of supplier is an important issue.  

The main material in manufacturing the pumps are cast 
iron, stainless steel, bronze and carbon steel. Among 
these materials the most important one is the cast iron. 
Thus, the selection of the right cast iron supplier is the 
most important issue for the company. The current cast 
iron supplier selection process comprises three steps. In 
the first step supplier applicants are reviewed by the 
material purchase team which is formed from different 
sections of the production department. They inspect the 
supplier identification forms which are filled by the 
candidate suppliers. The form is divided into three main 
criteria and  sub  criteria.  The  first  main  criterion  is  the 

personnel responsible for operations and the number of 
personnel. The second main criterion is the one relevant 
to production capabilities. And the last one relates with 
delivery conditions. The hierarchical structure of the main 
criteria and sub criteria can be shown as in the Figure 2: 
Every attribute has given a fixed crisp value. And the 
applicants are scored according to these fixed values. 
The higher is the better. Next, the production manager 
evaluates the results obtained in the first step and 
submits a draft resolution to the general manager. Finally, 
general manager gives the last decision for the best 
supplier.  

We have proposed the grey methodology instead of the 
current selection process and form a committee of four 
decision makers (D1, D2, D3, D4) composed of two from 
production department, production manager and the 
general manager to express their preferences and to 
select the best supplier. We have chosen six candidate 
suppliers (S1, S2, S3, S4, S5, S6) as alternatives who were 
dealing with the company before. The attributes to be 
used in the selection process are determined through the 
dialogue made by the general manager. Four attributes 
(Q1, Q2, Q3, Q4) that has been give more importance are 
production technique, quality documents owned, delivery 
time, and price. The first two are being the benefit 
attributes, higher values are better, and the last two are 
the cost attributes, the smaller values are better.  
 
 
The selection of the best supplier. 
 

Considering a set of six suppliers S = { S1, S2, S3, S4, S5, 
S6 } , a set of four attributes Q = { Q1, Q2, Q3, Q4 } and 
with four decision makers the solution procedure for the 
selection problem is as follows: 
 

Step I: First, the decision makers rate the attributes 
according to the scale given in Tables 1 to determine the 
attribute weights. The ratings and the evaluation results 
are shown in Table 2. 



Int. J. Bus. Financ. Manage. Res.          49 
 
 
 

Table 1. The scale of attribute weights w . 

 

Scale w  

Very Low (VL) [0.0,0.1] 

Low (L) [0.1,0.3] 

Medium Low (ML) [0.3,0.4] 

Medium (M) [0.4,0.5] 

Medium High (MH) [0.5,0.6] 

High (H) [0.6,0.9] 

Very High (VH) [0.9,1.0] 

 
 
 

Table 2. Ratings and the evaluation results. 
 

Attribute ratings and the results. w  

Qj D1 D2 D3 D4  

Q1 VH MH H VH [0,725 0,875] 

Q2 H H MH H [0,575 0,825] 

Q3 MH VH H MH [0,625 0,775] 

Q4 M H H H [0,550 0,800] 

 
 
 

Table  3. The scale of attribute ratings G  . 

 

Scale G  

Very Poor (VP) [0,1] 

Poor(P) [1,3] 

Medium Poor (MP) [3,4] 

Fair (F) [4,5] 

Medium Good (MG) [5,6] 

Good (G) [6,9] 

Very Good (VG) [9,10] 

 
 
 
Step II: In this step the decision makers evaluates the suppliers’ attributes considering the attribute ratings given in 
Table 3. 

The evaluation results are given in Table 4. 

 
Step 3: By the assessment of the consequences, grey  
decision matrix D is generated. 

 

D= 

[6,25 8,25] [5,75 6,75] [5,50 6,50] [2,25 3,50] 

[6,00 9,00] [5,00 6,50] [5,75 7,25] [4,25 5,50] 

[6,75 7,75] [4,25 6,50] [6,25 7,75] [8,00 9,00] 

[4,75 6,25] [4,25 6,50] [5,00 6,50] [4,75 5,75] 

[5,00 6,00] [3,50 5,25] [4,75 6,25] [4,75 6,25] 

[5,00 6,50] [2,25 3,75] [3,00 5,00] [5,75 7,25] 

 
Step 4.  Grey decision matrix D is normalized which results in normalized grey decision matrix D

* 
. 
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Table 4. Supplier attributes evaluated by DMs. 
 

Qj Si D1 D2 D3 D4 ijG  

Q1       

 S1 VG G F G [6,25 8,25] 

 S2 G G G G [6,00 9,00] 

 S3 F VG MG VG [6,75 7,75] 

 S4 G F F MG [4,75 6,25] 

 S5 MG MG MG MG [5,00 6,00] 

 S6 MG F MG G [5,00 6,50] 

Q2       

 S1 VG MG VP VG [5,75 6,75] 

 S2 G MG MG F [5,00 6,50] 

 S3 P G F G [4,25 6,50] 

 S4 P G F G [4,25 6,50] 

 S5 F G MP P [3,50 5,25] 

 S6 F P P MP [2,25 3,75] 

Q3       

 S1 VG MG F F [5,50 6,50] 

 S2 F VG G F [5,75 7,25] 

 S3 MG VG G MG [6,25 7,75] 

 S4 MG MG F G [5,00 6,50] 

 S5 MG F F G [4,75 6,25] 

 S6 P G P F [3,00 5,00] 

Q4       

 S1 VP P F F [2,25 3,50] 

 S2 P MP F VG [4,25 5,50] 

 S3 MG VG VG VG [8,00 9,00] 

 S4 MG MG F MG [4,75 5,75] 

 S5 MG F G F [4,75 6,25] 

 S6 F F VG G [5,75 7,25] 

 
 
 

D
*
= 

[0,694 0,917] [0,852 1,000] [0,710 0,839] [0,250 0,389] 

[0,667 1,000] [0,741 0,963] [0,742 0,935] [0,472 0,611] 

[0,750 0,861] [0,630 0,963] [0,806 1,000] [0,889 1,000] 

[0,528 0,694] [0,630 0,963] [0,645 0,839] [0,528 0,639] 

[0,556 0,667] [0,519 0,778] [0,613 0,806] [0,528 0,694] 

[0,556 0,722] [0,333 0,556] [0,387 0,645] [0,639 0,806] 

 
Step 5.  Considering the different importance of each attribute, the normalized decision matrix is weighted by the 

attribute weights which results in the weighted normalized grey matrix
*

wD .  

 

*

wD = 

[0,503 0,802] [0,490 0,825] [0,444 0,650] [0,138 0,311] 

[0,483 0,875] [0,426 0,794] [0,464 0,725] [0,260 0,489] 

[0,544 0,753] [0,362 0,794] [0,504 0,775] [0,489 0,800] 

[0,383 0,608] [0,362 0,794] [0,403 0,650] [0,290 0,511] 

[0,403 0,583] [0,298 0,642] [0,383 0,625] [0,290 0,556] 

[0,403 0,632] [0,192 0,458] [0,242 0,500] [0,351 0,644] 
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Step 6: The grey possibility degree of the suppliers for 
every criteria is determined with reference to the ideal 
supplier S

max
.  The S

max
 is obtained as shown below: 

 
S

max
 = {[0,544 0,753], [0,490 0,825], [0,504 0,775],

 [0,489 0,800]} 
 
Step 7.  Every supplier is compared with the S

max
 to 

determine the grey possibility degree. The result of the 
comparison is as follows: 

 
P(S1≤Smax)P(S2≤Smax)P(S3≤Smax)P(S4≤Smax) 
     0,672P          0,650          0,526          0,755 
(S5≤Smax) P(S6≤Smax) 
    0,822      0,885                                               
    
Step 8. Sort the suppliers according to their grey 
possibility degree in descending order. 

 
Smaller the grey possibility degree, better the rank order. 
According to the probability degree obtained in step 
seven, the rank order will be as follows:  

  
S3 > S2 > S1 > S4 > S5 > S6 

 
As it is seen from the rank order, supplier S3 is the best 
supplier, while S6 is the worst. The second best supplier 
out of six is S2 and so on.  
 
 
Conclusion 
 
Supplier selection is a multiple-attribute decision making 
problem (MADM), since it involves various criteria to be 
considered. Besides it includes both quantitative and 
qualitative criteria which some of them   may include 
uncertainty and sometimes they may be conflicting. In 
resolving such decision making problems, there are many 
relevant methods. The grey theory is a new and different 
approach which handles the uncertainty of a system. And 
supplier selection problem which sometimes involves 
uncertainty can be seen as a grey system. The 
importance of the attributes and the ratings of attributes 
can be expressed in grey numbers which gives the 
flexibility to express decisions more easily. The dis-
advantage of the method is that the attribute weights 
depend on subjective criteria rather than objective criteria. 
This methodology may be extended in a further study by 
employing information entropy to derive the objective 
weights of the evaluation criteria. 
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