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ABSTRACT
This paper applies a new multi attribute decision-making
(MADM) model to help companies for enterprise resource
planning (ERP) selection problem, based on Balanced
Score Card (BSC) method. This paper uses three-parameter interval grey numbers which is derived from Grey theory (proposed by J. Deng). The numbers are used instead of
linguistic variables. Besides, We have used a new weighting
method that is resulted from combination of SMARTER
and Shannon Entropy methods and also a new ranking
method namely Grey ELECTRE (that is a generalization
of ELECTRE I) for three parameter interval grey numbers
in this paper. Finally, we discussed an industrial case study
for ERP selection.
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1. INTRODUCTION
In the dynamic and unpredictable business environment of
nowadays, companies face the challenge of expanding mar-

kets and rising customer expectations. This compels them
to lower costs of supply chain, shorten throughput times,
reduce inventories, expand product choice, provide more
reliable delivery date, enhance customer service, improve
quality, and coordinate global demand, supply and production [1,2,3].
An enterprise resource planning (ERP) system is an information system to plan and integrate all of an enterprise›s
subsystems including purchase, production, sales and
ﬁnances [4]. An ERP system typically implements a common enterprise-wide database with a range of application
modules [5]. ERP software automates and integrates business processes and allows information sharing in different
business functions. In addition, ERP software supports
finances, operations, human resources, logistics, sale, and
market by more effective and productive business processes.
At the same time it improves the performance of organization’s functions by controlling the aforementioned parameters [6]. Selecting the most suitable ERP system yields
positive results like increasing productivity, delivering on
time, reducing setup time, and decreasing purchase cost.
Failure to select a suitable ERP system usually weakens the
company performance or crashes the whole project [7,8].
Decision makers use Multi Attribute Decision-Making
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(MADM) to help them make preference decisions selection regarding a ﬁnite set of available alternative courses
of action characterized by multiple potentially conﬂicting
attributes [9].

wards growth opportunities based on more customized and
value-adding products and services [19].

2.2 SMARTER
Edwards & Barron first introduced this method [20].
SMARTER uses attribute ranking to derive the weights.
After ranking the attributes, the weight of an attribute
ranked i is

ERP selection problem was considered in many articles.
Wei and his colleagues presented an ERP selection model
based on AHP [10]. They proposed two main attributes:
suitable system and suitable salesman. Cebeci introduced a
model to select an ERP system for textile industries with
BSC approach [11]. Another model that used integrating
of QFD, fuzzy linear regression and 0–1 goal programming
was presented by Bernroider & Stix [12] to solve ERP selection problem. Ravi and his coworkers developed ANP
model for ERP software selection problem with BSC approach [13].
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2.3 Entropy Method
This measure of uncertainty is given by Shannon [21] as
E | S {P1 , P2 , ..., Pn }

We present an integrated model based on AHP-EntropyGrey incidence method on three parameter interval grey
numbers with BSC approach in this paper. We used a
combination of AHP-Entropy method to weight the attributes in uncertain conditions. Besides, three parameter
interval grey numbers derived from Grey system theory is
implemented to change linguistic variables to quantitative.
Finally, a case study is presented to show how this model
works.

m
 k ¦ [ Pi LnPi ]
i 1

(2)

where K is a positive constant.
When decision matrix is clearly explained, entropy can be
used as a tool in criteria evaluation.
Here we present this method in a step-by-step approach
[22]:
Let the decision matrix D of m alternatives and n attributes
(criteria) be as follows:

D

2. PRELIMINARIES
2.1 Balanced Score Card (BSC)
Performance measurement systems at different levels of
decision making, either in the industry or service contexts,
are essential [14]. BSC have been proposed by Kaplan and
Norton [15,16]. This tool evaluates performance by four
different perspectives: financial, internal business process,
customer, and learning and growth [17] (Figure 1).
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The project outcomes of attribute j can be defined as:
pij

xij
m
¦ x
i 1 ij

(4)

The entropy of the set of project outcomes of attribute j is:
Ej

m
 k ¦ [ pij Lnpij ]
i 1

(5)

where k is a constant such as:
k

1
Ln(m)

(6)

which guarantees that 0 d E j d 1
The degree of diversification of information provided by
the outcomes of attribute j can be defined as:
dj

1 E j

(7)

Then the weights of attributes can be obtained by the
following formulae:

Figure 1. Four perspectives of BSC

wj

Now, the BSC seems to serve as a control panel, pedals and
steering wheel [18]. Many companies are adopting BSC
as the foundation for their strategic management system.
Some managers have used it as they align their businesses
to new strategies, moving away from cost reduction to-

dj
n
¦ dj
j 1

(8)

If the DM has a prior, subjective weight l j , then this can
be adapted in a new form mentioned below:
73
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'
wj

u *j max1d i d n {uij } and
above
equations,
*

u
min1d i d n {uij } . When u j  u j 0 , we can eliminate thia
atribute from decision making matrix,because it is uselss.

In
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n
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j

(9)

xij  ( xij , xij , xij ) is a three-parameter interval grey number
in [0,1] . At this stage, we have a standardized decision
making matrix like below:

In this survey, we obtain weights of attributes from lower
band, gravity and upper band matrix separately. Then
the mean of weights that outcomes from each matrix is
considered as weights of every attributes.
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2.4 Three Parameter Interval Grey Numbers
Deng was the first to propose grey system theory [23,24]
and then others extended it [25]. If black represents completely unknown information and white represents completely clear data, gray is other information that are somewhat clear and somewhat unclear. A system containing
gray information is called a Gray system. Figure 2 shows
the concept of Gray system.

(15)

2.5 Grey- ELECTRE Method
The ELECTRE1 method was introduced by Benayoun and
his colleagues for the first time [26]. Others developed this
method [27,28,29]. In this paper we use this method on
three parameter interval grey numbers (Grey-ELECTRE).
Grey-ELECTRE has the following steps:
Step 1- Calculate the normalized decision matrix
Step 2- Calculate the weighted normalized decision matrix
V

Figure 2. Concept of Gray system

vij

A three parameter interval gray number like a( ) can be
shown within a( )  [ a, a , a ] Ȇ where a is the lower bound,
a center of gravity (the number that has the highest possibility), and a is the upper bound. When center of gravity
is not determined, we are faced with typical gray-numbers.

The concordance set Ckl of Ak and Al is composed of
all the criteria for which Ak is preferred to Al . In other
words,
Ckl

Grey Numbers

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

(11)
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Desired value for efﬁciency is defined as follows:
uij  u j
u u
*
j


j

xij

uij  u j
u u
*
j


j

xij

uij  u j
u *j  u j

(18)

¦w ; j A
j

k ,l

ª  I12 I13 ... I1m º
«
»
« I 21  I 23 ... I 2 m »
«.
»
«
»
.
«
»
«.
»
«
»
«¬ I m1 I m 2 ... I m ( m 1)  »¼

Step 5- Calculate the discordance matrix

(13)

The member of this matrix is obtained by

Desired value for costing is as below:
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Then, this matrix is similar to formulae 20

We use the poor transform method to normalize the matrix.

xij

{ j | xkj  xlj }

Member of this matrix is obtained by formulae 19.

Assume our decision making matrix as below:
{uij ( ) uij ( )  (uij , uij , uij ),0 d uij d uij d uij

(17)

Step 4- Calculate the concordance matrix

2.4.2 Decision Making Matrix Normalization
S

{ j | xkj t xlj }

The complementary subset is called the discordance set,
which is

Let a( )  [ a, a , a ] & b( )  [ b , b, b ] be two three parameter interval grey numbers, then
(10)

(16)

xij * w j

Step 3- Determine the concordance and discordance set

2.4.1 Operators of Three Parameter Interval

a( )  b( )  [ a  b , a  b, a  b ]

[vij ]

(14)
1. ELimination and Choice Expressing REality
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Step 6- Determine the concordance dominance matrix
Figure 3. Research methodology

The threshold value is obtained by
m

I

m

¦¦ I

kl

/ m(m  1)

4. CASE STUDY

(23)

l 1 k 1

An Iranian manufacturer would like to prepare an ERP
system. They made this decision to reach some goals that is
shown in Table 1. They arranged these goals by consulting
experts.

Then the concordance dominance matrix H is structured
by the two following formulae.
I kl t I o H kl

1

I kl  I o H kl

0

(24)

Table 1. Goals and their own perspectives

Step 7- Determine the discordance dominance matrix

Aspects

Goals

The threshold value can be obtained by
m

NI

Efficiency increasing

m

¦¦ NI kl / m(m  1)

(25)

Financial

l 1 k 1

Then, the discordance dominance matrix G is structured
by
NI kl t NI o Gkl

0

NI kl  NI o Gkl

1

Achive to competetive price
Costomer satisfaction

(26

Customer

Step 8- Determine the aggregate dominance matrix

H kl .Gkl

Customer Holding
New Market Recognition

In this step, member of the aggregate dominance matrix
F is obtained by
Fkl

Costs optimizing

Adoptability

(27)

Internal business process

Step 9- Eliminate the less favorable alternatives
If Flk 1 , then Ak is preferred to Al for both the concordance and discordance criteria.

Flexibility
Standard of Production
Quality

3. RESEARCH METHODOLOGY

Learning and
growth

At first, we gathered the goals under four perspectives of
BSC and then changed the linguistic variables to three parameter interval grey numbers. After calculating weights of
each perspective using SMARTER method, we used them
as subjective weights in Entropy method. It is then possible
to extract final weights of every perspective from Entropy
method. Finally, we utilized Grey-ELECTRE method for
ranking and selection of the best ERP system. This methodology is depicted at Figure 3.

Supporting
Traning

Using experts’ ideas, the gathered alternatives and their
values are shown in Table 2. According to experts, some
alternatives that were ranked higher are shown in Table 2
among ERP software.
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Table 2. Alternatives and their values

criteria decision-making (MCDM) model for enterprise
resource planning (ERP) selection based on Balanced
Score Card (BSC). Also, we explained the concept of
three-parameter interval grey numbers which is derived
from Grey theory. Grey theory plays an important role
in uncertain conditions. These numbers are used instead
of linguistic variables in order to reduce uncertainty. Besides, we introduced a new weighting method which results
from combination of SMARTER and Entropy method.
The new method can reduce and control risk conditions.
A new ranking method namely Grey ELECTRE method
that is a generalization of ELECTRE I for three parameter
interval grey numbers are used in this paper. Finally, the authors discussed an industrial case study for ERP selection
to show how this model works.

Internal busi- Learning
ness process and growth

Financial

Customer

Oracle

Medium

Weak

Very strong

Weak

Sage

Strong

Medium

Strong

Medium

MFG

Medium

Strong

Weak

Medium

Linguistic variable are changed to three parameter interval
grey number by Table 3.
Table 3. Linguistic variables and their equivalent in three
parameter interval grey number
Very weak

(0.0,0.1,0.2)

Weak

(0.2,0.3,0.4)
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