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ABSTRACT As well known, the rough set theory (RST) has better identification ability for processing similar or
conflict information. When applying the RST to the supply chain management, it is possible that the cost would
not be the only consideration for the decision maker and customers. There were many other attribute elements
that need to be involved. Different groups of attributes would represent the degree of importance that the supply
chain could provide to variety customer needs. But the information model of RST was limited by the universe and
attribute sets, the decision maker could only select the well-defined decisions. This would cause the final decision
driven by the system coding process. In this paper, weighted decision rules of the rough set theory would be
developed, and the method of balancing construction cost and service quality for the supply chain combination
would be deduced. By using weighting factors on different groups of attributes would help the designated company
to select the optimal combination of supply chain members. The selected criteria could be useful to enhance
business decision-making ability.
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INTRODUCTION

Due to the globalization, the business envi-
ronment has no longer required lower construc-
tion price, overall service quality is equally em-
phasized as well. In this paper, the local supply
chain combinations would be designed as the
universe set, and these elements were possible
selecting items for every individual customer
requirements. Furthermore, the construction cost
and service quality would be combined to form
the attribute set. Elements of the construction
cost set includes the labor cost ( 1a ), shipment
cost ( 2a ), raw material cost ( 3a ), and other costs
( 4a ) that is simplified from the payment delay,
cost control, technical ability, infrastructure and
equipment, marketing capability, deliveries/ship-
ments, and other quality (Zou et al. 2011), and
the manufacturing, administration, warehouse,
distribution, capital, and installation costs (Pet-
tersson and Segerstedt 2013). The service qual-
ity attributes were based on the well-defined 5
dimensions: tangibles ( 5a ), reliability ( 6a ), re-
sponsiveness ( 7a ),  assurance( 8a ), and empa-

thy( 9a ) (Parasuraman et al. 1998). The desig-
nated company would be able to combine differ-
ent considering properties in the same attribute
set because the weighting factor would adjust
the degree of importance for every element in
the set. Each collected elements would be evalu-
ated, and the indiscernibility relation table would
be established. By using the Boolean algebra,
the discernibility function could be found for
each local supply chain combinations, and the
overall information system was well established.

However, the customer requirement would be
the decision rules, and two weighted factors
(w1 w2) would be designed to represent whether
the customer requirement was in favor of the con-
struction cost or the service quality? The norm
between the customer decision vector and the
indiscernibility relation table would show the fa-
vorable condition that every element in the uni-
verse set could provide. The actual data and the
feasibility would be supported by the corpora-
tive company, and the overall manipulating pro-
cess and the related performance test would be
checked.

Literature Review

The Rough Set Theory

In 1982, Pawlak developed the rough set the-
ory and summarized in 1991, but did not obtain
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too much attention. In Walczak’s paper, 1999, he
addressed that every element in the universe set
was equally evaluated by each attributes, and
called the indiscernibility relation. It was assumed
that the evaluation of the element had the equiv-
alent classification as the other element. This
assumption resulted in the lower bound and up-
per bound of RST, and the rough classification
process would be built (Pawlak 1999, 2002, 2005).
The ratio between the two bounds is known as
the accuracy of approximation, and using upper
and lower bounds can establish data classifica-
tion rules (Yang and John 2006, 2008; Quian et al.
2008).

In general, if the accuracy of approximation
was greater than 0.7~0.75 or above, the repre-
sentative system would be specifically identi-
fied, and the decision selecting options would
be limited. Otherwise, if the accuracy of approx-
imation was small, it means that the representa-
tive information system was not fully recognized,
and the new decision could not be easily select-
ed (Hu 2012). Based on the Bayesian decision
procedure, three thresholds and decision rules
would be calculated by using the concept of the
precise value of loss function to triangular fuzzy
decision-theoretic rough sets (Liang et al. 2013).
It seems that rough set modeling could be trans-
formed to different forms, and more information
would be abstracted (Ali et al. 2013).

How to discover knowledge from hybrid data
using rough sets, researchers have developed
several fuzzy rough set models and a neighbor-
hood rough set model (Liang and Qian 2012).
The dual-universes model of RST was introduced
by using the character function, relation matrix,
and proposed algorithms for obtaining lower and
upper approximation (Liu 2010; Yan et al. 2010;
Liu et al. 2012). The entropy and its variants have
been applied to measure uncertainty in RST that
will enable attribute selection in incomplete de-
cision systems based on information-theoretical
measurement of attribute importance (Dai et al.
2013). On the other hand, some researchers ap-
plied the Bayes’ theorem to analyze and design
the decision algorithm and decision table, and it
was called the stochastic-coding information
system (Pawlak 2003; Slezak and Ziarko 2005;
Ziarko 2008, Zhang et al. 2012).

Many techniques of the RST were developed
to analyze the dual universe sets problem, and
even the stochastic approach had been applied
to evaluate the modeling performance of the

rough set system (Yan et al. 2010; Liu 2010; Yao
2010; Yang et al. 2012; Zhang and Miao 2013).
Various applications by using RST were gradu-
ally increased such as: financial time-sequence
analysis (Yao 2009), mining the R&D innovation
performance processes for high-tech firms (Wang
et al. 2010), supply chain management and retail-
ers selection (Chang and Hung 2010; Zou et al.
2011), high risk management for the power enter-
prise (Li et al. 2012), forecasting tourist services
demand (Celotto et al. 2012), predicting bank-
ruptcy by using a hybrid random forest  and
rough set theory approach (Yeh et al. 2014), ex-
tended applications to medicine, medical diag-
nosis researches, and tumor classification (Patt-
araintakorn 2008; Zhang 2009; Yang and Wu
2009; Dai and Xu 2013; Kaya and Uyar 2013).

There were a few researchers combining neu-
ral network and fuzzy logics with RST (Ahn et al.
2000) to engineering applications such as: de-
signing fuzzy logic controller with RST (Cheng
et al. 2010), the hybrid recognizer to identify in-
dustrial boiler fault alarms (Geng and Zhu 2009),
and the fuzzy rough set model of emergency
material demand prediction over two universes
(Sun et al. 2013). These results showed that the
rough set theory was capable of solving prob-
lems in many different fields.

The Service Quality Theory

The service model could be classified as the
customer model and the service provider model,
and both model shared the service quality model
(Rust and Matters 1996). When the service qual-
ity model had been applied to a certain catego-
ries such as the grocery retailer, the scale items
for the quality dimensions could be identified
(Magi and Julander 1996). Based on Parasura-
man et al. (1985, 1998) research, the service qual-
ity was different from the quality of the products
because of having intangible nature, indivisible,
cannot be stored, heterogeneity, perishable, and
etc. The application of the SERVQUAL scale
could be used in the context of public health
care services (Purcarea et al. 2013). More details
about the internal service quality and service
quality scale had been discussed by Chen (2013)
and Vera (2013). On the other hand, the consum-
er always had difficult to describe the service
quality specifically. However, the service quality
does have the following characteristics:

“Invisible”: Service is not, and cannot be
measured. It cannot be tested, not in stock, and
no quality check before the sale.
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“Indivisibility”: The production and con-
sumption of many services is treated as a whole
part. By means of information technology and
databases to collect, help solve the needs of dif-
ferent customers, custom purpose could be ful-
filled.

“Must not store”: The customers have joined
the process, when they came to accept the ser-
vice, and services are not stored.

“Heterogeneity”: The service quality was not
easy to control, maintain, and did not provide
different services for different service providers
and customers.

“Transience”: When a customer accepts the
completion service, service is gone, and can’t be
stored.

Therefore, the well-applied service quality
system was measured by the SERVQUL scale:
tangibles, reliability, responsiveness, assurance,
and empathy (Parasuraman et al. 1998). Facili-
ties, equipment and appearance of personnel
would perform the tangibles dimension of the
quality system. Reliability reflects the ability of
the provider to perform the accurate service lev-
el. Responsiveness implies the service provid-
er’s willingness to serve customers. Assurance
consisted in the knowledge of the organization
employee and courtesy as well as the ability to
inspire trust and confidence. Empathy includes
the ability of the organization employee to pro-

vide caring and individualized attention to every
customer.

OBSERVATION  AND  DISCUSSION

The information system would be coded dis-
cretely, and the RST could be applied as the fol-
lowing:

(1) Discrete-coding the information system:
The attribute set would be the construction cost
A  (Zou et al. 2011; Pettersson and Segerstedt
2013) and the service quality A2 of the SERVQUL
scale. The overall attribute set would be shown
in equation (1).

where 1a represents the average labor cost,
2a as the average shipment cost,  a3 as the aver-

age raw material cost, and  a4 as the other costs.
The service quality includes:  represents “tangi-
bles”, as “reliability”, as “responsiveness”,  as
“assurance”, and  as “empathy”.

The actual data would be provided by the
corporative company, and every element in the
universe set would represent a certain combina-
tion of supply chain members, as shown in equa-
tion (2).

where  represents the core company and sup-
ply chain member one,  as the core company with

{ }43211 aaaaA = { }987652 aaaaaA =

{ } { }98765432121 aaaaaaaaaAAA ==

and,

Fig. 1. The combination of local supply chain members for the designated company

 (1)

 (2)

1

U={χ1, χ2, ..., χ9 }

Supplier(S1) Supplier(S2) Supplier(S3) Supplier(S4)

Core company (C=χ1,)

Distributor and
Retailler (DR1)

Distributor and
Retailler (DR2)

Distributor and
Retailler (DR3)

Distributor and
Retailler (DR4)

Distributor and
Retailler (DR5)

1. C-χχχχχ1; 2. C+S1-χχχχχ2; 3. C+S1+DR1-χχχχχ3; 4. C+DR2-χχχχχ4; 5. C+S2-DR5-χχχχχ5;
6. C+S2+DR4-χχχχχ6; 7. C+S4+DR3-χχχχχ7; 8. C+S3+DR4-χχχχχ8; 9. C+S2+S4+DR4-χχχχχ9
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supply chain member two, …, etc., as shown in
Figure1.

Based on the collected data provided by the
designated company on the year of 2012 and
2013, the indiscernibility relation matrix could be
formulated as shown in Table 1.

(2) According to the indiscernibility relation,
the simplification process would result in the dis-
cernibility relation functions and the discernibil-
ity matrix by using Boolean algebra, as shown in
equation (3)~(11), and Table 2. It should note
that  was the controllable variable, and could be
arbitrarily assigned to declare the importance of
the construction cost and the service quality.

Eventually, the overall discernibility relation
function can be simplified as:

Therefore,  and  would be the core attribute,
but it only implied the attribute characteristic of
the universe set (based on the present combina-
tion of supply chain members).

(3) By inspecting Table 1, to check the upper
bound, lower bound, and accuracy of approxi-
mation implies the modeling precision of the

rough set. The decision rule would be deduced,
as shown in equation (13). The accuracy of ap-
proximation would be checked in Table 3, and it
could show that the information system was ex-
plicitly coded.

where  represents the favorable decision,  as
the average decision, and  as the unfavorable
decision.

(3) Applying the requirement of the custom-
er one (D1 ), as shown in equation (14):

Which means that 3a  needs to be Low,  a1 be
Medium, 4a  be High, 6a  and 8a  be Good. This
customer prefers the higher construction cost
than the service quality, that is  ω1 = Favourable
and ω2 = Average. The weighting vector would
be formulated as shown in equation (15):

             (15)
The norm condition of the customer one

would be shown in Table 4, and the minimum
sum of norms appeared at the supply chain mem-
ber 3x .

In another words, according to the record of
supply chain (the indiscernibility relation table),
the RST model chooses member 3x  to be the
optimal selection for the customer one that spec-
ifies the requirement. Repeating the iteration pro-
cess would enable the decision maker to have
two designing freedoms: first, any customers

Table 1: The indiscernibility relation (Data provided by the core company)

Att.     Weighting factors of Deci-             Weighting factors of service quality
        construction cost  sion    ω2  ε  {F, A, U }
         ω1  ε  {F, A, U }

Uni. Labour Shipment Raw Other tangi- relia- respon- assura- empa-    Deci-
cost a1 cpst a2 material cost a4 bles bility sive- nce thy sion

cost a3 a5 a6 a7 a8 a9

X1 High Medium Medium Low F Good Good Fair Good Poor F
X2 High Low Medium Medium F Fair Good Good Fair Poor A
X3 Medium Medium Medium High A Fair Fair Good Fair Fair A
X4 High Medium High Low A Good Good Poor Good Good F
X5 Medium Low High High A Poor Fair Good Poor Poor U
X6 Medium High Medium Medium A Poor Fair Fair Fair Good A
X7 Low High Medium Medium A Good Poor Fair Fair Good A
X8 Low Medium High High U Good Fair Good Fair Fair F
X9 Low Low High Medium A Fair Poor Fair Fair Poor U

Where the decision        represents the favorable decision,      represents the average decision, and ?U? represents the
unfavorable decision.

(13)

{ }**,,*,,,,*,,1 GGHLMD =

{ }AAAAAFFFFw ,,,,,,,,=

(14)
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could specify its own requirements as the deci-
sion criterion, and secondly the core company
could continuously update the indiscernibility
relation table of the supply chain member that
would change the interior of the information sys-
tem.

CONCLUSION

Coding the information system is crucial to
the RST application, because it is assumed that
most of the original data was well-defined and
only few obscure data hidden in the system.
Once the RST could be applied to select the final
decision, the flexibility of decision making pro-
cess would be limited. The overall RST applica-
tion would result in the known system coding
leading to the known decisions.

RECOMMENDATIONS

In this paper, we develop the weighting fac-
tor for the dual attribute sets, and introduce the
concept of multiple property collection. There-
fore, the size of the universe and attribute sets
could be expanded to include all possible combi-
nation of supply chain members and customer
considerations. It provides the extra-freedom for

Table 3: Check the accuracy of approximation

Decision   Element #    Upper Bound     Lower Bound        Accuracy of
set       approximation

ω1 ω2 ω1 ω2 ω1 ω2 ω1 ω2

CFavorable 2 3 2 3 2 3 1.0 1.0
CAverage 6 4 6 4 6 4 1.0 1.0
CUnfavorable 1 2 1 1 1 1 1.0 1.0

Table 4: Norm condition of customer one with de-
cision

Decision Norm of Norm of Sum of
Universe   construction service two norms

cost n1 quality n2 ω1n1+ω2n2

X1 2.45 1.0 9.35
X2 1.73 1.0 7.19
X3 1.0 (Minimum) 1.0 5.0 (Minimum)
X4 3.0 2.0 13.0
X5 2.0 2.0 10.0
X6 1.41 2.24 8.71
X7 1.73 1.0 7.19
X8 2.24 0 (Minimum) 6.72
X9 2.45 1.41 10.17

the decision-making process that enables each
customer have its own requirements and special
designed services. RST methodology can ab-
stract the hidden information from the system
by fixing the dimension of the universe and at-
tribute sets, but the practical system is dynami-
cally changing rather than statically stalling. That
is why this study would not limit elements of the
universe set, and would put weighting factor on
the attribute set. Unbalanced the evaluation of
the attribute set without eliminating a certain parts
of it would cause the variety selection of the
decision-making. Based on the result of this pa-
per, the rough set could adjust itself to the ex-
panding indiscernibility relation table, and the
decision maker would have more choices in the
decision space. This would describe the real in-
formation system than the original RST, and it
would be the main contribution of this paper.
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