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Abstract. The purpose of this paper is to propose a fuzzy multiple criteria deci-
sion making model for evaluating the distribution center alternative locations in 
China and selecting the best one for investing distribution center from a Tai-
wanese manufacturer’s perspective. Although a lot of papers focus on the sub-
ject of location selection, few discuss the subject of distribution center location 
selection in China. Thus this paper summarizes the criteria for evaluating the 
candidate distribution center locations, and then develops a fuzzy multiple crite-
ria decision making model. Finally, the proposed fuzzy multiple criteria deci-
sion making model is tested by a Taiwanese manufacturer’s case. The results 
show that the fuzzy multiple criteria decision making model can be used to ex-
plain the procedures for distribution center location selection decision making. 

1   Introduction 

Due to the rapid growth of economic in China in the recent years, a lot of Taiwanese 
business companies went to China to invest the manufacturing industry, logistics 
industry, civil engineering industry, banking industry and so on. It is an important and 
difficult for the Taiwanese manufacturing business company to select a best location 
for building the distribution center in China when beginning the investment planning. 
Thus, the purpose of this paper is to propose a fuzzy multiple criteria decision making 
model for the Taiwanese manufacturing company to evaluate and select the best loca-
tion for investing and building the distribution center in China. 

Location selection is one of the most important decision issues for the decision 
makers of business companies or industrial organizations. Many precision-based 
methods for location selection have been developed in the past. Dahlberg and May 
[13] utilized the simplex method to determine the optimal location of energy facilities. 
Tompkins and White [33] introduced a method that used the preference theory to 
assign weights to subjective factors by making all possible pairwise comparisons 
between factors. Spohrer and Kmak [30] proposed a weight factor analysis method to 
integrate the quantitative data and qualitative rating to choose a plant location from 
numerous alternatives. Stevenson [31] proposed a cost-volume analysis method to 



 A Fuzzy Multiple Criteria Decision Making Model 141 

select the best plant location. Multiple criteria decision-making methods were  
provided to deal with the problem of ranking and selecting locations under multiple 
criteria [21, 29]. All the methods stated above are based on the concept of accurate 
measure and crisp evaluation. 

The decision making of location selection in the real world is complex. The selec-
tion of a best location for business companies and industrial organizations from two 
or more alternatives locations on the basis of two or more factors is a multiple criteria 
decision-making problem. Under many situations, the values for the qualitative crite-
ria are often imprecisely defined for the decision maker. It is not easy to precisely 
quantify the rating of each alternative location and the precision-based methods as 
stated above are not adequate to deal with the location selection problem [8, 24]. 
Since human judgments including preference are often vague and can not estimate his 
preference with an exact numerical value. A more realistic way may be to use linguis-
tic terms to describe the desired value and important weight of criteria, e.g. “very 
low”, “low”, “fair”, “high”, “very high”, etc [2, 36]. Due to this type of existing fuzzi-
ness in the location selection process, fuzzy set theory is an appropriate method for 
deal with uncertainty and the subjective evaluation data can be more adequately ex-
pressed in fuzzy linguistic variables [6, 7, 8, 15, 16, 20, 24, 36]. 

Although a lot of papers focus on the subject of location selection, few discuss the 
subject of location selection of distribution center in China, in terms of a Taiwanese 
manufacturer’s perspective. Thus this paper proposed a fuzzy multiple criteria deci-
sion making model for selecting the distribution center location in China from a Tai-
wanese manufacturer’s perspective. The rest of this paper is organized as follows. 
Section 2 is the literature review. The fuzzy methodology is introduced in section 3, 
followed by a case study. Finally, conclusions are given in section 5. 

2   Literature Review 

Brenes et al. [4] found key determinants considered important when making decisions 
for new manufacturing in free zones included labor cost, political stability, social 
stability, the parent company’s degree of investment diversification, and other rele-
vant factors, such as public utility efficiency, on site customs houses, and labor re-
cruiting and training services. 

Globerman and Shapiro [18] identified the impact of government policies on the 
investment in Canada. They presented a set of criteria for investment decision, includ-
ing the gross domestic product (GDP), the rate of growth of GDP, cost factor, ex-
change rate and trade variables.  

Sun et al. [32] investigated the government policy influenced location decision in 
China. Wu and Strange [34] examined the location of foreign insurance companies in 
China based on the investment literature. Five important criteria for investment deci-
sions were identified in their study, namely, the market size and the prospects for 
growth, agglomeration effects produced by the concentration of producer services and 
other investment, government policy measures and restrictions, infrastructure quality, 
ranging from the state of the transportation and telecommunications systems to the 
existence of a specialized labor force, and the cost considerations, both labor and 
land.    
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Bevan et al. [3] analyzed the impact of different dimensions of the newly created 
institutional framework in East European transitional economies on investment. Sev-
eral specific dimensions were found to influence investment: private ownership of 
business, banking sector reform, foreign exchange rate, trade liberalization, and legal 
development.     

Based on the literature review of criteria considered important when evaluating the 
distribution center investment, this paper summarized four major criteria and twenty 
three sub-criteria in the questionnaire of this paper as follows. 

The influential criteria include  

• the growth of economic (C1) 
− the present volume of cargoes (C11)  
− the potential volume of cargoes in the future (C12) 
− the trade variables (C13) 

• cost (C2)  
− the exchange rate (C21) 
− the labor cost (C22) 
− the transportation cost (C23) 
− the operation cost (C24)  
− the land cost  (C25) 

• government policies (C3) 
− the efficiency of government department (C31)  
− the co-operative relationship between the enterprise and government (C32) 
− the tax break (C33) 
− other preferential treatment (C34) 
− the law on investment & investment restrictions (C35). 
− the political stability (C36)  
− the social stability (C37)  

• Other (C4) 
− the availability of land (C41) 
− the infrastructure quality (C42) 
− the labor quality (C43) 
− the trade liberalization (C44) 
− the efficiency of Customs (C45)  
− the future development (C46)  
− the banking sector (C47)  
− the private ownership of enterprise (C48)  

3   The Fuzzy Methodology 

The fuzzy set theory was introduced by Zadeh [35]. Fuzzy numbers are a fuzzy subset 
of real numbers, and they present the expansion of the idea of confidence interval. 
Fuzzy set theory was developed exactly based on the premise that the key elements in 
human thinking are not numbers, but linguistic terms or labels of fuzzy sets [2, 35, 37]. 
Fuzzy set theory has been applied to solve many decision making problems. 
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The basic fuzzy arithmetic operations on fuzzy numbers have been proposed in  
previous literature [1, 5, 14, 17, 19, 22, 23, 25, 26, 27, 28]. Although many fuzzy 
arithmetic methods proposed in the previous literature, few of these papers presented 
the representation of multiplication operation on two or more fuzzy numbers. But Chen 
and Hsieh [9] proposed the Graded Mean Integration Representation method for opera-
tion and ranking of fuzzy numbers. Chou [10] proposed the canonical representation of 
multiplication operation on two triangular fuzzy numbers by the Graded Multiple Inte-
gration Representation Method. Chou [11] further propose the canonical representation 
of multiplication operation on three trapezoidal fuzzy numbers based on the Inverse 
Function Arithmetic Representation Method, and then this canonical representation is 
applied to solve the fuzzy multiple criteria decision making problems [12]. 

Based on the Inverse Function Arithmetic Representation Method, this paper con-
structs a fuzzy multiple criteria decision making mode for selecting the distribution 
center location. The Inverse Function Arithmetic Representation Method is intro-
duced briefly as follows.  

In this section, we first introduce briefly the graded mean integration representation 
method for presenting the representation of one fuzzy number. Based on the graded 
mean integration representation method, we further propose the Inverse Function 
Arithmetic Representation Method for presenting the representation of multiplication 
operation on multiple fuzzy numbers. 

Chen and Hsieh [9] proposed the graded mean integration representation method of 
fuzzy numbers based on the integral value of graded mean h-level of generalized 
fuzzy number. Here we describe the meaning as follows. 

Suppose A=(c, a, b, d) is a fuzzy number. The graded mean integration representa-
tion of A is 

P(A)=
6

1
(c+2a+2b+d)  (1) 

The triangular fuzzy number Y=(c, a, b) is a special case of generalized trapezoidal 
fuzzy number. The graded mean integration representation of triangular fuzzy number 
Y becomes 

P(Y)=
6

1
(c+4a+b) (2) 

Based on the above graded mean integration representation method, Chou [11, 12] 
further proposed the Inverse Function Arithmetic Presentation Method for the multi-
plication operation on multiple fuzzy numbers as follows: 

 P(A1 ⊗ A2 ⊗ A3)=
6

1
(c1+4a1+b1) ×

6

1
(c2+4a2+b2) ×

6

1
(c3+4a3+b3) (3) 

4   A Case Study  

Based on the literature review of criteria considered important when evaluating the 
preference of distribution center investment, this paper summarized four major crite-
ria (Ci) and twenty three sub-criteria (Cij) in the questionnaire of this paper in Table 1.  
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Table 1. The weights and the preference for criteria 

Criteria and sub-criteria Fuzzy weights Fuzzy preference 
• The growth of economic (C1) (4.5, 5, 5)    

− The present volume of cargoes (C11)  (4.5, 5, 5) (4.5, 5, 5) 
− The potential volume of cargoes in the 

future (C12) 
(3, 4, 5) (4.5, 5, 5) 

− The trade variables (C13) (2, 3, 4) (2, 3, 4) 
• The cost (C2)  (3, 4, 5)    

− The exchange rate (C21) (2, 3, 4) (2, 3, 4) 
− The labor cost (C22) (4.5, 5, 5) (3, 4, 5) 
− The transportation cost (C23) (3, 4, 5) (2, 3, 4) 
− The operation cost (C24)  (3, 4, 5) (3, 4, 5) 
− The land cost  (C25) (4.5, 5, 5) (3, 4, 5) 

• The government policies (C3) (2, 3, 4)    
− The efficiency of government depart-

ment (C31)  
(3, 4, 5) (1, 2, 3) 

− The co-operative relationship between 
the enterprise and government (C32) 

(3, 4, 5) (2, 3, 4) 

− The tax break (C33) (2, 3, 4) (2, 3, 4) 
− Other preferential treatment (C34) (3, 4, 5) (2, 3, 4) 
− The law on investment & investment re-

strictions (C35). 
(3, 4, 5) (1, 2, 3) 

− The political stability (C36)  (3, 4, 5) (2, 3, 4) 
− The social stability (C37)  (3, 4, 5) (1, 2, 3) 

• Other (C4) (1, 2, 3)    
− The availability of land (C41) (3, 4, 5) (0, 1, 2) 
− The infrastructure quality (C42) (2, 3, 4) (0, 1, 2) 
− The labor quality (C43) (4.5, 5, 5) (0, 1, 2) 
− The trade liberalization (C44) (2, 3, 4) (2, 3, 4) 
− The efficiency of Customs (C45)  (4.5, 5, 5) (0, 1, 2) 
− The future development (C46)  (3, 4, 5) (4.5, 5, 5) 
− The banking sector (C47)  (2, 3, 4) (2, 3, 4) 
− The private ownership of enterprise 

(C48)  
(3, 4, 5) (1, 2, 3) 

 
Based on the linguistic variables in Tables 2 and 3, we interviewed one Taiwanese 

manufacturing company in China and then obtained the weights (wi) for criteria, 
weights (wij) for sub-criteria, and the preference (pijk) for candidate location k under 
sub-criteria (Cij). The weights for criteria and sub-criteria, and the preference for can-
didate location are listed in Table 1. After preliminary screening, five candidate loca-
tions in China remain for further evaluation.  

Table 2. Linguistic variables for preference 

Very Poor (0.0,1.0,2.0) 
Poor (1.0,2.0,3.0) 
Fair (2.0,3.0,4.0) 
Good (3.0,4.0,5.0) 
Very Good (4.5,5.0,5.0) 
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Table 3. Linguistic variables for importance weight of criteria 

Very Low (0.0,1.0,2.0) 
Low (1.0,2.0,3.0) 
Fair (2.0,3.0,4.0) 
High (3.0,4.0,5.0) 
Very High (4.5,5.0,5.0) 

 
Solution Process 

Let AWi be the percentage of importance weight of criteria Ci. Let AWij be the per-
centage of importance weight of sub-criteria Cij. Let pijk be the preference for candi-
date location k under sub-criteria Cij, and TPk be the total preference for candidate 
location k. 

AWi =

∑
=
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For example, TP1 is the total preference for candidate location Shanghai (k1). 
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where wi, wij, pijk are all fuzzy numbers. 

Thus we can obtain the total preference for candidate location Shanghai as follows. 
 

TP1=
)3,2,1()4,3,2((3,4,5)(4.5,5,5)

5) 5, (4.5,

+++
⊗

)4,3,2()5,4,3(5) 5, (4.5,

5) 5, (4.5,

++
⊗ (4.5,5,5) 
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+
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By the formula (3), we can easily obtain  

 

TP1=
165.84

118.85
+

165.84

96.69
+

165.84

44.25
+

289.93

36.00
+

289.93
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+
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+
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=3.46 

 
By the same solution process, we can obtain the total performance for candidate 

location TP2= 3.19, TP3= 3.21, TP4= 2.98, TP5= 2.87. The candidate location Shang-
hai (k1) is selected as the best location for investing and building distribution center in 
China by the Taiwanese manufacturer. 

5   Conclusion  

This paper proposes a fuzzy multiple criteria decision making model for selecting the 
distribution center location in China from a Taiwanese manufacturer’s perspective. 
This fuzzy multiple criteria decision making model is tested by a Taiwanese case in 
the real world. The results show that this model seems to be promising. This model 
can be used to explain the decision making procedure for distribution center location 
selection of manufacturing company well under fuzzy multiple criteria decision mak-
ing environment.  

On the other hand, we can see while selecting one distribution center, Taiwanese 
manufacturer is much care about the present volume of cargoes, potential volume of 
cargoes in the future, labor cost, transportation cost, operation cost, land cost, effi-
ciency of government department, the co-operative relationship between the enterprise 
and government, law on investment and investment restrictions, political stability, 
social stability, availability of land, labor quality, efficiency of Customs, future devel-
opment and private ownership of enterprise. Finally, Shanghai is selected as the  
best location for investing and building the distribution center, due to Shanghai has 
excellent advantages. 
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