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ABSTRACT
In recent years, the problem of selecting and evaluating the
suppliers in supply chain management has aroused considerable
interest in business firms. Owing to the development of
information systems, reaching an appropriate decision for
adopting discrete methods is a need. The researchers intend to
present a new model in this paper as a contributing factor in the
grey environment in which the risk factor is evaluated high. The
model decreases uncertainty in terms of two phases: A phase in
parameter in terms of three -parameter interval grey numbers (the
numbers are elicited from grey theory) instead of linguistic
variables; in the other phase, we use a combination of AHP
method and Bulls-eye method. A new method is used to rank
suppliers that are due to generalization of ELECTRE I for threeparameter interval grey numbers named Grey-ELECTRE. Finally,
a case study is brought to show application of the model in
practical situation.
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1. INTRODUCTION
Nowadays, supply chain management (SCM) is propounded
greatly in competitive environments. With the globalization of
the economic markets and the development of information
technology, many companies find that an implemented supply
chain management (SCM) system is an important tool for
increasing the competitive advantage [1]. The supplier selection
problem is one of the most important components in SCM
[2,3,4]. Supplier selection is a multiple-attribute decision-making
(MADM) problem [5]. In Figure 1, a simple supply chain is
shown.
The problem of supplier selection has emerged as an active
research field in which numerous pertinent research papers have
been published within the last few years [6]. For example, Liu
and his colleagues used data envelopment analysis (DEA) to
solve supplier selection problem [7].
Besides, Pi & Low presented a supplier evaluation method using
Taguchi loss functions and AHP method [8]. Among these
methods, linear weighting methods (LW) [9,10], the analytic
hierarchy process (AHP) [11,12], the analytic network process
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[13], total cost approaches [14,15], and mathematical
programming (MP) techniques [16,17] are more frequently used.
Also, artificial intelligence techniques such as genetic algorithm
[18,19] and artificial neural network [20] were used in this area.

Figure 1. Supply chain

The fact that the problem of selecting suppliers has many
uncertainties and troubles is irrefutable. In recent years, the
methods such as the use of Fuzzy numbers and grey numbers
were proposed for solving the uncertain problem. It is justifiably
claimed that the advantage of grey numbers over fuzzy numbers
[21,22] is its flexibility in terms of the condition of fuzziness
[23].
The researchers have conducted a study on the challenge with
respect to three- parameter interval Grey numbers derived from
grey theory concepts. In other stage, namely preliminaries, AHP
and Bulls-eye weighting methods as well as grey theory are
presented. The mentioned methods are used in combination with
criterion’s weight in order to eliminate uncertainty. Moreover,
Grey-ELECTRE method, which is an extension of ELECTRE-I
for three- parameter interval grey numbers, is introduced.
Accordingly, research methodology is discussed and a sample
case study is presented to illuminate the approach further.

2. PRELIMINARIES
2.1. Three-Parameter Interval Gray Number
Grey system theory was first proposed by Deng [23] and extended
by others [24]. Provided that black represents complete unknown
information and white represents the quite clear one, gray can be
representative of something go between. Accordingly, the system

containing gray information is called gray system (Fig. 2 shows
the concept of gray systems).
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A three-parameter interval gray number like a() can be
shown within a() [ a, a, a ] where a is the lower

In the above equations,

bound, a the center of gravity (the number with the highest
possibility) and a as the upper bound. When the center of gravity
is not determined, we will face typical gray numbers [25].
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xij  ( xij , xij , xij ) is a three-parameter interval grey number in
[0,1] . Now, we have a standard decision making matrix like

below:
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Figure 2.Concept of grey system

2.1.1 Operators of Three Parameter Interval
Grey Numbers
If a() [ a, a, a ] and b() [b, b, b ] are two/threeparameter interval grey numbers, then:
a()  b() [ a  b, a  b, a  b ]

a() / b() [min{a / b, a / b , a / b, a / b }, a / b,max{a / b, a / b , a / b, a / b }]

2.1.2 Distance Between Three-Parameter
Interval Grey Numbers
Distance between two/ three-parameter interval grey numbers like
a() & b() is shown with d (a(), b()) . In fact d is
a mapping defined as d : F  F  R . For any threeparameter interval grey number like c() , d has the following
properties:
 d (a(), b())  0
 d (a(), b())  d (b(), a())

 d (a(), b())  d (a(), c())  d (c(), b())
L is defined as the distance of the three-parameter interval grey
numbers:

L(a(), b())  31/2 ( a  b) 2  (a  b ) 2  (a  b ) 2
It is easy to prove that L satisfies all above three properties.

2.1.3 Decision Making Matrix Normalization
Assume our decision making matrix is as below:
S  {uij () uij ()  (uij , uij , uij ),0  uij  uij  uij , i  1, 2,..., n, j  1, 2,..., m}

We use the following method for matrix normalization named
poor transform method.
Desired value for efficiency:
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2.2. AHP Method
The analytic hierarchy process (AHP) was first proposed by Saaty
in 1971. It is one of the most commonly used methods for solving
multiple-criteria decision-making (MCDM) problems in political,
economical, social and management fields [26]. Through AHP,
opinions and evaluations of decision makers can be integrated,
and a complex problem can be devised into a simple hierarchy
system with higher levels to lower ones [27]. The qualitative and
quantitative factors can then be evaluated in a systematic manner.
The application of AHP to a complex problem involves the
following essential steps [28,29]:


Deﬁne the unstructured problem and state the objectives and
outcomes clearly.



Decompose the complex problem into a hierarchical structure
with decision elements (criteria and alternatives).



Employ pairwise comparisons among decision elements and
form comparison matrices.



Use the Eigen value method to estimate the relative weights of
decision elements.



Check the consistency property of matrices to ensure that the
judgments of decision makers are consistent.



Aggregate the relative weights of decision elements to obtain
an overall rating for the alternatives.

Here, we obtain weights of every attributes by AHP and
implement them as subjective weights in Entropy method.

2.3. Bulls-eye Weighting Method
Bulls-eye weighting method is used for three-parameter interval
grey numbers by Lou & Wang [30].Here, we show this method in
a step by step approach.
Step 1: Standardizing the decision matrix of the three parameter
using normalization method that is described in 2.1.3.
Step 2: Obtaining the negative bull’s-eye by:

Z   ( z1 , z2 ,..., zn )

Desired value for costing:
that
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and objective weights that are allocated by decision maker is
W 0  ( w10 , w20 ,..., wn0 ) and also parameters  and 
indicate relative importance, and they satisfy
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Then this matrix is like the following:

where

bj 
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Step 3: Getting the weight w*j by:

 +  =1,

2.4. Grey-ELECTERE Method
The ELECTRE method (Elimination & Choice Translating
Reality) was introduced and developed by Benayoun et. al for
the first time [31, 32,33,34], The researchers utilized the method
in terms of three-parameter interval grey numbers (GreyELECTRE). Grey-ELECTRE consists of the following steps:
Step 1: Calculating the normalized decision matrix.
Step 2: Calculating the weighted normalized decision matrix:
V  [vij ]
vij  xij * w j

Step 3: Determining the concordance and discordance set:
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Step 6: Determining the concordance dominance matrix. The
threshold value is calculated through:
m

m

I   I kl / m(m  1)
l 1 k 1

Also, The concordance dominance matrix H is structured by:
I kl  I  H kl  1
I kl  I  H kl  0

Step 7: Determining the discordance dominance matrix. the
threshold value is calculated through:
NI 

m

m

 NI
l 1 k 1
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/ m(m  1)

Also, The discordance dominance matrix G is structured by:

Ckl of Ak and Al is composed of all
criteria while Ak is preferred to Al . In other words,

NI kl  NI  Gkl  0

Ckl  { j | xkj  xlj }

Step 8: Determining the aggregate dominance matrix. the
member of the aggregate dominance matrix F is obtained by:

The concordance set

The complementary subset is called the discordance set,
including
Dkl  { j | xkj  xlj }

Step 4: Calculating the concordance matrix. Member of this
matrix is obtained through:
I kl   w j ; j  Ak ,l

Then this matrix is like:
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Step 5: Calculating the discordance matrix. The member of this
matrix is obtained by

NI kl  NI  Gkl  1

Fkl  H kl .Gkl
Step 9: Eliminating the less favorable alternatives. It is more
favorable if Ak is preferred to Al for both the concordance and
discordance criteria.

3. RESEARCH METHODOLOGY
In this section, we show that how the proposed model works in a
step by step manner.
Step 1: Constructing the decision making matrix.
Step 2: Changing the linguistic variables to three parameter
interval grey numbers.
Step 3: Constructing pair wise comparison matrix.
Step 4: Obtaining subjective weights of each criteria by AHP
method.
Step 5: Obtaining the weight of each criteria using Bulls-eye
method.
Step 6: Ranking alternatives by Grey-ELECTRE (Fig 3. depicts
the entire steps)

4. CASE STUDY
To satisfy the requirements of the Iranian company called Sadra
Stone The authorities decided to select a supplier in terms of five
factors. They formed a committee consists of four professors
major in industrial engineering and management sciences. The
committee specified the following five factors to evaluate
suppliers:


Price/Cost



Transformation costs



Technological capability



Delay on delivery



Products quality

Table 2. Linguistic variables and their three parameter interval
numbers equivalent

Equivalent three parameter
interval grey number
(0.0,0.075,0.15)
(0.15,0.25,0.35)
(0.35,0.4,0.45)
(0.45,0.5,0.55)
(0.55,0.6,0.65)
(0.65,0.75,0.85)
(0.85,0.925,1)

Linguistic variable
Very Bad (VB)
Bad (B)
Medium Bad (MB)
Medium (M)
Medium Good (MG)
Good (G)
Very Good (VG)

Then they weighted each criterion by AHP method. They formed
pair wise comparison matrix for each criteria (Table 3).
Transformation
Costs

Technological
capability

Delay on
delivery

Products
quality

Price
Transformation
Costs
Technological
capability
Delay on delivery

Price

Table3. Pair wise comparison matrix of criteria

1

1.8

1.6

2

1.5

1

0.83

0.9

0.55

1

0.8

0.67

1

0.67
1

Products quality
Figure 3. Research methodology

They used AHP weights as subjective weights in Bulls-eye
weighting method (alpha=0.5) shown in Table 4.

Transformation
cost

Technological
capability

Delay on
delivery

Products
quality

Table4. Weights of criteria by AHP and Bulls-eye methods

Price
0.3

0.14

0.16

0.17

0.23

0.16

0.18

0.26

0.13

0.27

Delay on
Delivery
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G

Supplier 2
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B
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Supplier 3

MB

MG
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G

MB
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MB

G

G

B
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Supplier 5

B
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B

Products
Quality

Technological
Capability

Supplier 1

Finally, they obtained F matrix of alternatives shown in Table 5. F
matrix is also shown in Figure 4.

Supplier
4

Supplier
5

Table5. F matrix by Grey-ELECTRE

Supplier
2

The next step is to change the linguistic variables to numerical
values. The committee used three parameter interval grey numbers
in lieu of linguistic values (Table 2).

AHP weight
Bulls-eye
weight

Supplier
1

Price

Transformation
Costs

Table 1.Suppliers evaluation

Supplier
3

An expert committee evaluated each supplier based on the
aforementioned factors (Table 1. shows the result).

Supplier 1

0

1

0

0

1

Supplier 2

0

0

0

0

1

Supplier 3

0

0

0

0

1

Supplier 4

0

1

0

0

1

0

Supplier 5

0

0

0

0

[7]

5. CONCLUSION
Pursuing today’s strict competitive business environment,
companies and manufacturers are to struggle to gain
overwhelming competitive advantages over their rivals. Supply
chain management (SCM) is one of the most important scopes
affecting the firms’ performances. Many researchers have focused
on companies’ SCM. Consequently, they have deployed many
types of scientific techniques to enhance productivity and
efficiency of the supply networks. Supplier selection as an
MCDM problem has recently attracted many researchers.

[8]

[9]

[10]

[11]

[12]

[13]

Figure 4. Preference graph

The investigators attempted to show a very effective method in
risk conditions. The method enhances certainty adopting a
combination of AHP and Bulls-eye weighting methods. Using
three-parameter interval grey numbers instead of linguistic
variables can also mitigates uncertainty. A Grey-MCDM method
is also used for three-parameter interval grey numbers posited as
a generalization of ELECTRE I. The method named Grey
ELECTRE can contribute to evaluation and ranking each supplier
in terms of the pre-defined criteria. A case study was eventually
discussed to show the application of this actual model.
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