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Abstract: - A good hub centre will effectively help expand agglomeration economy effects and increase
competitive advantages for global shipping carrier-based logistics service providers (GSLPs). Hence, the
selection of hub location of logistics centre is very important for the GSLP companies. In light of this, the main
purpose of this paper is to develop an integrated fuzzy MCDM model to evaluate the best selection of hub
location for GSLPs. At first, some concepts and methods used to develop the proposed model are briefly
introduced. Then, we develop an integrated fuzzy MCDM method. Finally, a step by step exampleisillustrated
to study the computational process of the proposed fuzzy MCDM model. In addition, the proposed approach

has successfully accomplished our goal.
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1 Introduction
In the recent years, due to the appearance of keen
competition among global container shipping
carriers (GCSCs) in the world, they have been
encountering great competitions with how to meet
customers’ requirements. Besides, the customers’
needs and wants have caused lead time compression
and a need to speed up understanding of customer
and response to requests for the shipping market.
The operators are deliberating upon how to provide
integrated shipping logistics services and to create
significantly added value for their customers. They
eventually pay attention to the integrated logistical
concepts involving the total solution services of
logi stics management in the shipping supply chain.
The focus of container shipping logistics
management is increasing, more and more
companies are searching for the usage of third-party
logistics service providers (3PLs) due to the fact that
the 3PLs provide more customized services and
many different functional services [1]. As a result,
global shipping carrier-based logistics service
providers (GSLPs) are emerged. The GSLPs used
by shippers are growing rapidly in the recent years.
Famous examples are Maersk Logistics (subordinate
to Maersk Line (Denmark), rank 1 of GCSC in
2012); CMA-CGM Logistics (CMA-CGM Line
(France), rank 3); Evergreen Logistics (Evergreen
Line (Taiwan), rank 6); COSCO Logistics (COSCO
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Line (China), rank 5); MOL Logistics (Mitsui O.S.K.
Lines (Japan), rank 10), etc.

Due to a change in demand on various activities
has led to a need to consider re-deployment and
reallocation of resources of container shipping
logistics operation for container  shipping
communities [2]. The relationship in an age of
container transport is a shipping line based
community while other community members
become 3PL s that support the carriers and cooperate
with one another. Looking at container shipping
communities, there are many market players
involved, in which the GSLP plays an important
role of providing efficient total solution and supply
chain management for their customers[3].

The GSLP provides consultation services and
deals with shipping logistics activities. The scopes
of shipping logistics services are covering with
forwarding and consolidation services, logistics
operations  services, vaue-added  services,
warehousing and distribution services, intermodal
transport services, information technology solutions,
processing of customs clearance, and speciaized
services. To achieve the goal of providing excellent
shipping services for shippers, they expect to
provide a better total logistics solutions in the
shipping supply chain services.

The enlargements of the GSLPs have become a
trend in the shipping market. However, there are
many factors [4-6] - e.g., source of goods, hinterland,
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cost, operation efficiency, time, risk, supply chan
relationship, quality, distribution, service standard,
location selection, and other related factors - to be
considered for the service providers when they are
providing more value-added services in the shipping
market. In the above-considered factors, the location
selection is the primitive element of decision-
making for GSLPs. Due to the fact that a good
location will effectively help expand agglomeration
economy effects and increase competitive
advantages, alowing the service providersto swiftly
ship products in an economical way under lower
cost and to attain customer satisfaction. The service
providers will invest considerable sources for
software and hardware facilities subsequently once
the location is decided; in which its planning, design,
construction and operation will be aso time
consuming. In recent years, a growing body of
literature has addressed the hub location problem in
different logistics industries - e.g., plant location
choice [7, 8], hub location choices of global
logistics centres [9, 10], international logistics parks
[11], and maritime logistics centres [4, 5, 12-15].
However, discussion of its application to hub
location selection for the GSLP industry remains
scanty. In order to satisfy the needs of the GSLP and
its customers, there is a need to proceed with a study
on effects from various perspectives and evaluate
proper location objectively.

In an environment facing keen competition, the
GSLP takes many evaluation criteria into
consideration while facing the uncertainty
environment. Due to the characteristics of multiple
criteria decision-making (MCDM) of hub location
and a change in various criteria upon group decision
environment, the evaluation problem of hub location
is essential to study. Besides, the decision
information is hard to come by and often vague,
particularly regarding the linguistic terms. Fuzzy set
theory [16] was therefore designed to sort through
the uncertainties of vague linguistic terms [17] and
helped generate a single possible outcome. Finally,
we will propose a fuzzy MCDM method to assist
with improving the decision-making quality in this
paper.

To efficiently deal with the actual conditions in
the real world, in the light of this, a fuzzy MCDM
method will be developed to evaluate the hub
location selection problem for the GSLPs. The
framework of this paper is arranged in five sections.
The following section (Section 2) presents the
research methodologies. Consequently, a fuzzy
MCDM method for evaluating hub location
selection is constructed and described in Section 3.
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A numerical exampleis studied in Section 4. Finally,
conclusions are made in the last section.

2 Research Methodologies
In this section, some concepts used to develop an
integrated fuzzy MCDM method are introduced.

2.1 Fuzzy set theory

The fuzzy set theory [16] is designed to deal with
the extraction of the primary possible outcome from
a multiplicity of information that is expressed in
vague and imprecise terms. Fuzzy set theory treats
vague data as possibility distributions in terms of set
memberships. Once determined and defined, the sets
of memberships in possibility distributions can be
effectively used in logical reasoning.

2.2 Triangular fuzzy numbers
In auniverse of discourse X, afuzzy subset A of Xis

defined by a membership function f,(X), which
maps each element x in X to a real number in the
interval [0, 1] . The function value f ,(X) represents
the grade of membership of xin A.

A fuzzy number A [18] in red line R is a
triangular fuzzy number if its membership function

f. iR —>[0,1] is

(x-c)/(a-c), c<x<a
f,(x)=1(x-b)/(a-b), a<x<b
0, otherwise

with —oo<c<a<b<o . The triangular fuzzy
number can be denoted by (c, a, b).

The triangular fuzzy numbers are easy to use and
easy to interpret. The parameter a gives the maximal
grade of f,(X), i.e, f,(a)=1; it is the most
probable value of the evaluation data. In addition,
‘¢’ and ‘b’ are the lower and upper bounds of the
available areafor the evaluation data. They are used
to reflect the fuzziness of the evaluation data. The

narrower the interval [c, b] , the lower the fuzziness
of the evaluation data.

2.3 The algebraic operations of
numbers

In this paper, the Zadeh’s extension principle [16] is
employed to proceed with the algebraic operations
of fuzzy numbers. Let A =(c,a,b) and
A, =(c,, a,,b,) befuzzy numbers. The algebraic
operations of any two fuzzy numbers A and A,
can be expressed as

fuzzy
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(1) Fuzzy addition:
A®A =(c+c,,a +a,,b +b,),
(2) Fuzzy subtraction:
AieAZ :(Cl_bZ’ a —ay, bl_Cz)'
(3) Fuzzy multiplication:
(i) k® A, =(kc,, ka,, kb,), ke R, k>0;

(i) A®A, =(cc,, aa,, bb,),
¢, >0 ¢,20,
(4) Fuzzy division:
M) (A) " =(c.a,b)"
= (b, Y& ,Yc), ¢ >0;
(i) AGA, =(c,/b,, a/a,, by/cy),
c,20,¢c,>0.

2.4 Linguistic values

In fuzzy decision environments, two preference
ratings can be used. They are fuzzy numbers and
linguistic values characterized by fuzzy numbers
[17]. Depending on practical needs, DMs may apply
one or both of them. In this paper, the rating set is
used to analytically express the linguistic value and
describe how good of the aternatives against
various criteria above the alternative level is. The
rating set is defined as S = {VP, P, F, G, VG};
where VP=Very Poor, P=Poor, F=Fair, G=Good,
and VG=Very Good. Here, we define the linguistic
values of VP=(0, 0, 0.2), P=(0, 0.2, 0.4), F=(0.3, 0.5,
0.7), G=(0.6, 0.8, 1), and VG=(0.8, 1, 1),
respectively.

2.5 Graded mean integration representation
(GMIR) method
In a fuzzy decison-making environment, a
defuzzification method of the triangular fuzzy
numbers for ranking the alternatives is essential. To
match the integrated fuzzy MCDM method
developed in this paper, and to solve the problem
powerfully, the graded mean integration
representation (GMIR) method, proposed by Chen
and Hsieh [19], is employed to defuzzify the
triangular fuzzy numbers.

Lee A=(,a,b), i=L2..n be n
triangular fuzzy numbers. By the GMIR method, the
GMIR G(A) of A is

G(A)=(c +4a +h)/6 1)
Suppose G(A) and G(A;) are the GMIR of

the triangular fuzzy numbers A and A,

respectively. We define:
A>A < G(A)>G(A),
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A <A =G(A)<G(A),
A=A =G(A)=G(A).

2.6 Distance measur e approach

Two famous distance measure approaches between
two fuzzy numbers, i.e. mean and geometrical
distance measures, were introduced by Heilpern [20]
in 1997. However, Heilpern’s method cannot satisfy
some special cases between two fuzzy numbers.
Hsieh and Chen [21] had proposed the modified
geometrical distance approach to improve the
drawback. To match the integrated fuzzy MCDM
method developed in this paper, this modified
geometrical distance approach is used to measure
the distance of two fuzzy numbers.

Let A =(c,a,b) and A =(c;,a;,b;) be

fuzzy numbers. Then, the Hsieh and Chen’s
modified geometrical distance can be denoted by

%
Am(A’ Aﬁ) ={j]-.[(q _CJ)Z +2(al _aj)z +(h _bj)z]} (2)

3 The

Method

A stepwise description of the fuzzy MCDM method
for selecting hub location for GSLPs is proposed in
the following.

Proposed Fuzzy MCDM

3.1 Developing a hierarchical structure

A hierarchy structure is the framework of system
structure. Figure 1 shows the complete hierarchica
structure of sdlecting hub location with k criteria,

sub-criteria

n+--+n +---+n, and m

alternatives.
Objectiveleved

Criterialevel

Sub-criterialevel

Alternatives level .

Figure 1. The hierarchy structure

3.2 Calculating the weights of all criteria and
sub-criteria

There are many methods to evaluate reative
importance weights of MCDM problems. One of the
commonly used ones is anaytic hierarchy process
(AHP), which was proposed by Saaty [22].
However, the relative weights based upon this
measurement in which information is incomplete or
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imprecise, e.g. the phrase of ‘much more important
than.” The use of fuzzy numbers would be more
suitable in that situation. In light of this, a fuzzy
AHP approach is used to measure relative weights
by using the fuzzy AHP approach. The systematic

steps of fuzzy AHP approach are described as below.

Step 1: Build fuzzy pair-wise comparison matrices
Let r; e[g,s,. 254Ul 2...,89
( E:LZ,...,n, Vi, j=12,...,k ) be the

relative importance given to i" criterion to j"
criterion by E™ expert on the Criteria level in Figure
1. Then, the pair-wise comparison matrix is defined

as [rijE]kxk. After integrating the opinions of al n

experts, the triangular fuzzy numbers can be
denoted by
'C:L_(Qj’aij’hj)' ©)
n oV
where ¢; = min{r;, r?, ..., '}, & _(HrﬁEj :
E=1
b = max{rj, Sl

We use the integrated triangular fuzzy numbers
to build a fuzzy pair-wise comparison matrix (given
to i™ criterion to j™ criterion). For the Criteria level,
the fuzzy pair-wise comparison matrix can be
denoted by

LR R

-~ Y ~CL
a-lae], - VA N NC

]/ YAS ... 1

where A® ® A® =1, Vi, j=12..,k
By using the same  concept, let

puve[g,s,. 25Ul 2,...,89

(E=12..,n Vvuv=l..,n; vuv=l...n; -

Vvu,v=1,...,n) bethe relative importance given to
u™ sub-criterion to V" sub-criterion by E™ expert on
the Sub-criteria level in Figure 1. Then, the pair-
wise comparison matrices are defined as

E E E
[puv]nlxn11 Ty [puv]ntxnt y T [puv]nkxnk - Hencel
we can integrate the opinions of al n experts given
to sub-criterion u to sub-criterion v on the Sub-

criteria level, the triangular fuzzy numbers can be
denoted by

A = (Cuy» @s B, (5)
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vu,v=1...,
vu,v=1..,n, where ¢, =min{g.,, P2, ..

n; vu,v=1...,n; -

1 pSv}l
) E % 1 2 n

aJV = H pUV ! hJV = max{puv’ pUV' S pUV} "
E=1l

We use the integrated triangular fuzzy numbers

to build the fuzzy pair-wise comparison matrices for
the Sub-criterialevel can be denoted by

1 AS - A
e 3 P A A
V%h#%m’~ 1
where A ® AY =1, Vu,v=12,...,n,.
AY o AL
~ coe S
'Ah&:[ SVLLXH, ]/Alz 1 . :nt . ()
]/Am ]/AZW o1
where AY ® AY =1, vu,v=12...,n,.
FETTREE ,and
AT - AL
o5 R A
YA, YA, 1
where AY ® AL =1, Vu,v=12...,n,.

Step 2: Calculate the fuzzy weights of the fuzzy
pair-wise comparison matrices
Let X% - (A% ® A ®---@ A )
(Vi= .,k ) be the geometric mean of
triangular fuzzy number of i criterion on the
Criteria level. Then, the fuzzy weight of i" criterion
can be denoted by
W= XL @(Xt @ Xt @@ X" (9)
For being convenient, the fuzzy weight is
denOted by WCL N( ic? |a’ |b)
By using the same

(ReAzeaAL)
(Yu=L12,...,n ) be the geometric mean of

triangular fuzzy number of u™ sub-criterion on the
Sub-criterialevel. Then, the fuzzy weight of u™ sub-
criterion can be denoted by

concept, let
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W =XEe(XtoXte-aX2)", ao)
where the fuzzy weight is denoted by
W = (W, W, W,), Yu=12,...,n,.
For saving space, the fuzzy weights of
[(n+--+n+--+n)—n] sub-criteria can be
obtained by using the same of above-mentioned
method.

Step 3. Defuzzfy the fuzzy weights to crisp weights
For solving the problem of defuzzification
powerfully, the GMIR method is used to defuzzify

the fuzzy weights Let W = (w,,w,,w,)
(Vi=12,...,k) be k triangular fuzzy numbers.

By using the equation (1), the GMIR of crisp
weights k can be denoted by

W = (w, +4w, +w,)/6, Vi=12 ..,K. (11)
For saving space, the defuzzifications of fuzzy

weights are omitted to reason by analogy on the
Sub-criterialevel.

Step 4: Calculate and normalize the weight vector
of each layer

For being convenient to compare the relative
importance between each layer, these crisp weights
are normalized and denoted by

k
NVViCL :VViCL/ VViCL
=
Let NW and NW be the normalized crisp
weights on the Criteria and Sub-criteria levels,
respectively. Then,
(1) The integrated weight of each criterion on the
Criterialevel is
IWS =NW, Vvi=12..,k. (13
(2) The integrated weight of each sub-criterion on
the Sub-criterialevel is

(12)

IWS = NW x NW, (14)
Vi=12..,k;Vu=1...,n;
vYu=1...,n; ---; Yu=L...,n.

3.3 Estimating the fuzzy ratings of

alternativesversusall sub-criteria

In the real situation, the sub-criteria above the
Alternatives level can be usually classified into two
categories:

(1) Subjective criteria, which have linguistic or
qualitative definition, e.g. level of potential in
location expansion;

(2) Objective criteria, which are defined in
monetary or quantitative terms, e.g. port charges.
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Let L={ly oLy 1} and

M ={ml,...,mr,...,mp} be the sets of dl ¢

subjective sub-criteria and p objective ones above
the Alternativeslevel.

Case|: For the subjective sub-criteria.

We use the preference ratings (mentioned in the
Section 2.4) to represent the fuzzy ratings of al
alternatives versus all subjective sub-criteria. Then,
the arithmetic mean method is used to solve the
average fuzzy rating of evaluation value for each
alternative versus all subjective sub-criteria.

That is, let FRE =(ct,a-,b7) (i=12,...,m;
t=12...,9; E=12...,n) be the fuzzy rating of

the i" aternative versus the t" subjective sub-
criterion evaluated by the E™ expert. Then, the
average fuzzy rating value of the i"™ alternative
versus the t" subjective sub-criterion can be
expressed as

Zré:lciltz an=1aitE 22:1bitE
AFR, =| e, S, Se (15)

Casell: For the objective sub-criteria.

We use the following method [22, 23] to deal with
the fuzzy ratings of all alternatives versus dal
objective sub-criteria.

(& When the appropriateness rating of
aternative can be estimated effectively in values,
the triangular fuzzy numbers can be used directly.
For example, if the port charges per month is about
US Dollars 0.85 million, it can be subjectively
expressed as (0.82, 0.85, 0.89).

(b) If there are historical data, eg. let
Z,2,...,Z, represent the port charges of past v
periods, the fuzzy rating of the port charges can be
used the geometric mean method to express as

v K
(mlin{z},(]_[zj ,miax{z}J (16)

For example, if the current five historical data of
the port charges of alternative A are 0.82, 0.91,
0.71, 0.85, and 0.88, then the evaluation value can
be transformed into triangular fuzzy number as
(0.71,%/0.82x0.91x 0.71x 0.85x 0.88,0.91) =
(0.71, 0.831, 0.91).

3.4 Calculating the fuzzy ideal solution and
anti-ideal solution

The ideal and anti-ideal solutions [24] are based on
the concept of relative closeness in compliance with
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the shorter (longer) the distance of aternative i to
ideal (anti-ideal), the higher the priority can be
ranked. We use this concept to calculate the fuzzy
ideal and anti-ideal solutions in this paper.

Firsly, le¢ m and n+---+n +---+n, =N

respectively denote the numbers of aternatives and
the sub-criteria above the Alternatives level. Allow

AFR; =(c;, a;, b)) ( 1=142..,m

j=12,...,N) be the average fuzzy rating value
of i" aternative under j™ sub-criterion. To ensure
compatibility of average fuzzy ratings between
objective criteria and subjective ones, the values of
average fuzzy ratings must be converted to
dimensionless indices. That is, the fuzzy idea
values with minimum values in negative sub-criteria
or maximum values in positive sub-criteria should
have the maximum rating. Based on the principle

stated as above, let 7, = miax{hj}, T, = miin{c”-},

then the normalized fuzzy rating value NFR; of i"
aternative under j™ sub-criterion can be defined as:

(1) For the positive sub-criterion j (the sub-
criteria that have postive contribution to the
objective, e.g., benefit sub-criterion):

G & by

NFR;‘ :(Qj’ fijl gij):(_Jl_l)_]
(2) For the negative sub-criterion j (the sub-
criteria that have negative contribution to the

objective, e.g., cost sub-criterion):
T. T. T.
NFR' = (Q-, fi" gi') = (_Ju —, _])
j jr j hj aij Qj
Secondly, the GMIR value of the normalized
fuzzy rating value NFR; can be can be expressed
as G(NFR;) by using the equation (1). The fuzzy

ideal value FIV," and fuzzy anti-ideal value FAV;

of each sub-criterion above the Alternatives level
can be judged and determined by comparing with

these representation values G(NFR;) . Then,
(1) For the positive sub-criterion j:

(17)

(18)

(@ if G(NFR)=maxG(NFR)) , then the
fuzzy ideal value FIV;" = NFR;,
(b) if G(NFR,)=minG(NFR,) , then the

fuzzy anti-ideal value FAV,” = NFR,,
(2) For the negative sub-criterion j:
(@ if G(NFR;)=minG(NFR)) ,

fuzzy ideal value FIV|" = NFR;,

then the
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(b) if G(NFR,)=maxG(NFR,) , then the

fuzzy anti-ideal value FAV;” = NFR, .
Finaly, define the fuzzy ideal solution (FIS")
and fuzzy anti-ideal solution (FAS™) as
FIS" = (FIV,", FIV,, ..., FIV]", ..., FIVy) (19)
and
FAS =(FAV,FAV,,..,FAV, ..., FAY)) (20)

3.5 Computing the distance of different
alternatives versus the fuzzy ideal solution
and anti-ideal solution

Let o, (j=12,...,N) be the integrated weights

of j™ sub-criterion above the Alternatives level. We
can compute the distance of different alternatives

versus FIS™ and FAS which were denoted by
D;" and D, , respectively. Define

o \/i {0 P[Py NeR F] )

j=1

and
N

D = JZ{(w;)Zx[Am(FAVj, NFRJ.)]Z}, (22)
ji=1

i=12...,m,

where A _(.) can be obtained by using the

equation (2) of modified geometrical distance
approach mentioned in Section 2.6.

3.6 Calculating the relative closeness value of
different alternatives versus ideal solution
and ranking the alter natives

We caculate the relative closeness value of

different aternatives A versus fuzzy ideal solution
FIS", denoted as RC, . Define

. D~ .
RC =———,1=12,...,m. 23
"D 4D 1 (23)
It is obvious, O<SRC <1, i=12..,m

Suppose dternative A is an ideal solution (i.e.
D =0), then RC =1; otherwise, if A is an
anti-ideal solution (i.e. D; =0), then RC' =0.
The nearer the value RC' close to 1 implies a
closer alternative A approach to the ideal solution,

i.e. the maximum value of RC., then the optimal
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aternative can be ranked by a decison maker.
Finally, the best aternative can be selected.

4 The Numerical Illustration

In this section, a numerical example of selecting hub
location for a GSLP company is illustrated to
demonstrate the computational process of the
proposed fuzzy MCDM model, step by step, as
follows.

Step 1. Assume that a GSLP company needs to
select a hub location of logistics centre. Three
candidates A, B, and C are chosen after a

preliminary screening for further evaluation. A

committee of three DMs (i.e, X, Y, and Z) isformed

to evaluate the best location of logistics centre
among three candidates. In our simple case, four
criteria and fourteen sub-criteria [4, 5, 7-15] have
been chosen and the code names of these ones are
shown in parentheses. Three objective sub-criteria,

i.e. Ca, Csp, and Cg; are negative; however the other

eleven sub-criteria are subjective and positive.

1. Basic requirements of location competitiveness
(Cy). This criterion includes four sub-criteria,
that is, level of potential in location expansion
(Cr), level of difficulty staff employment (Cy,),
level of freedom and stability on financial
environment (Cy5), and level of cargo
agglomeration (Cy).

2. Port conditions (Cy). This criterion includes four
sub-criteria, that is, port hardware and facility
(Cx), port management system (C,,), efficiency
of customs clearance (Cx), and level of
connection between port and inland transport
(Ca).

3. Cost factors (Cg). This criterion includes four
sub-criteria, that is, port charges (Cs), cargo
handling cost (Cs,), and related port and shipping
cost (Caa).

Ji-Feng Ding

4. Compliance of policy and laws (C,). This
criterion includes four sub-criteria, that is, level
of effects of maritime development policy (Cay),
level of expansion in economic relations (Cjy),
and level of integration in related laws (Cys).

Step 2: Calculate relative importance weights of
four criteria and fourteen sub-criteria by using the
fuzzy AHP approach mentioned in Section 3.2. For
saving space, the computing process is omitted in
this paper. As a result, the integrated weights are
shown as Table 1.

Table 1. Theintegrated weights of al criteriaand

sub-criteria
Criteria Weight | Sub-criteria | Weight
Cu 0.062
Cp 0.044
G 0.28 Cis 0.053
Cu 0.121
Cx 0.062
Cx 0.075
Cz 0.26 Cos 0.081
Co 0.042
Ca 0.092
C; 0.29 Cx 0.113
Ca 0.085
Cu 0.071
Cs 0.17 Csp 0.041
Cus 0.058

Step 3. Evaluate the fuzzy ratings of three
alternatives versus all sub-criteria above the
Alterative level. By using the method presented in
Section 3.3, the original preference ratings of eleven
subjective/positive sub-criteria and the superiority
of three objective/negative ones can be obtained, as
shown in Table 2 and 3, respectively.

Table 2. The origina fuzzy ratings of three candidates versus € even subjective/positive sub-criteria

Sub- DM Linguistic values Fuzzy ratings
criteria A B C B C

X P G P

Cu Y VP VG VP (0.1,0.233, 0.433) (0.733,0.933, 1) (0, 0.133,0.333)
z F VG P
X VP VG VP

Cop Y G G VP (0.2,0.267, 0.467) (0.733,0.933, 1) (0,0,0.2)
z VP VG VP
X P P P

Cis Y G G G (0.2, 0.333, 0.533) (0.2,0.333, 0.533) (0.2,0.333, 0.533)
z VP VP VP
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Table 2. The original fuzzy ratings of three candidates versus eleven subjective/positive sub-criteria (Continued)

Ji-Feng Ding

Sub- DM Linguistic values Fuzzy ratings
criteria A B C A B C

X F G P

Cu Y G G P (0.567, 0.767, 0.9) (0.667, 0.867, 1) (0.267, 0.467, 0.6)
Y VG VG VG
X G G G

Cx Y VG VG VG (0.467, 0.667, 0.8) (0.467, 0.667, 0.8) (0.467, 0.667, 0.8)
Y P P P
X G VG VP

Cx Y G G VP (0.4,0.6,0.8) (0.733,0.933, 1) (0, 0.067, 0.267)
Z P VG P
X F F F

Cys Y F F VP (0.3,05,0.7) (0.3,05,0.7) (0.2, 0.333, 0.533)
Z F F F
X P P P

Cos Y F F P (0.1, 0.233, 0.433) (0.367, 0.567, 0.7) (0,0.133,0.333)
Y VP VG VP
X G G VP

Cu Y F G F (0.567, 0.767, 0.9) (0.667, 0.867, 1) (0.367, 0.5, 0.633)
Y VG VG VG
X F G F

Cu Y VG VG VP (0.567, 0.767, 0.9) (0.733,0.933, 1) (0.1, 0.233, 0.433)
Z G VG P
X VP VG P

Cus Y F F P (0.1, 0.167, 0.367) (0.367, 0.5, 0.633) (0,0.133, 0.333)
Z VP VP VP

Table 3. The origina fuzzy superiority of three candidates versus three objective/negative sub-criteria

Sub- Original data Fuzzy ratings
criteria Month A B C A B C
April 081 | 0.75 | 0.87
May 0.72 | 095 | 0.88
Ca June 069 | 0.76 | 0.91 (0.69, 0.772,0.84) (0.72, 0.786, 0.95) (0.71, 0.813, 0.91)
July 084 | 077 | 0.72
August 081 | 072 | 0.71
April 083 | 0.73 | 0.71
May 071 | 093 | 0.71
Cs June 091 | 0.86 | 0.79 (0.67, 0.785, 0.91) (0.69, 0.785, 0.93) (0.71, 0.768, 0.85)
July 083 | 0.74 | 0.85
August 0.67 | 069 | 0.79
April 065 | 098 | 0.84
May 098 | 092 | 0.74
Css June 085 | 093 | 084 (0.65, 0.764, 0.98) (0.78, 0.891, 0.98) (0.71, 0.790, 0.84)
July 0.74 | 0.78 | 0.83
August 065 | 086 | 0.71

Step 4: Calculate the fuzzy ideal solution and anti-
ideal solution. At first, there are subjective/positive
and objective/negative sub-criteria in our case.

Hence, by using the method presented in Section 3.4,
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the normalized fuzzy rating (NFR) values above the
three dternatives and the GMIR values can be
obtained. The results can be shown in Table 4.
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Table 4. The normalized fuzzy rating values of three alternatives versus all sub-criteria

Sub- A B C

criteria NFR value GMIR NFR value GMIR NFR value GMIR
Cu (0.1, 0.233, 0.433) 0.244 (0.733,0.933, 1) 0.911 (0,0.133,0.333) 0.144
Ci (0.2, 0.267, 0.467) 0.289 (0.733, 0.933, 1) 0.911 (0,0,0.2) 0.033
Ciz (0.375, 0.625, 1) 0.646 (0.375, 0.625, 1) 0.646 (0.375, 0.625, 1) 0.646
Cu (0.567, 0.767, 0.9) 0.756 (0.667, 0.867, 1) 0.856 (0.267, 0.467, 0.6) 0.456
Cxn (0.584, 0.834, 1) 0.820 (0.584, 0.834, 1) 0.820 (0.584, 0.834, 1) 0.820
C,, (0.4, 0.6, 0.8) 0.60 (0.733, 0.933, 1) 0.911 (0, 0.067, 0.267) 0.089
Cx (0.429, 0.714, 1) 0.714 (0.429, 0.714, 1) 0.714 (0.286, 0.476, 0.761) 0.492
Cos (0.143, 0.333, 0.619) 0.349 (0.524, 0.810, 1) 0.794 (0, 0.190, 0.476) 0.206
Cxn (0.821, 0.894, 1) 0.90 (0.726, 0.878, 0.958) 0.866 (0.758, 0.849, 0.972) 0.854
Ca (0.736, 0.854, 1) 0.859 (0.720, 0.854, 0.971) 0.851 (0.788, 0.872, 0.944) 0.870
Ca3 (0.663, 0.851, 1) 0.845 (0.663, 0.730, 0.833) 0.736 (0.774, 0.823, 0.915) 0.830
Cu (0.567, 0.767, 0.9) 0.756 (0.667, 0.867, 1) 0.856 (0.367, 0.5, 0.633) 0.50
Cu (0.567, 0.767, 0.9) 0.756 (0.733,0.933, 1) 0.911 (0.1, 0.233, 0.433) 0.244
Cu (0.158, 0.264, 0.580) 0.299 (0.580, 0.790, 1) 0.790 (0, 0.210, 0.526) 0.228

Secondly, according to Table 4, the fuzzy ideal

value (FIS") and fuzzy anti-ideal value (FAS)
can be obtain based on the comparison of the GMIR

values. Theresults are shown in Table 5.

Table 5. Fuzzy ideal/anti-ideal values of sub-criteria

Step 5: Compute the distance of three candidates
versus fuzzy ideal/anti-ideal solutions. In our case,
the results can be shown in Table 6.

Table 6. Distance of three candidates versus fuzzy
ideal and anti-ideal solutions

Fuzzy ideal value Fuzzy anti-ideal values Candidates D’ D
Cu (0.733,0.933, 1) (0, 0.133, 0.333) A 0.004212894 0.002724788
Ci (0.733,0.933, 1) (0,0,02 B 0.000146335 | 0.009729108
Cis | (03750625, 1) (0.375, 0.625, 1) C 0.012876045 | 0.001508302
Cu (0.667, 0.867, 1) (0.267, 0.467, 0.6)
Ca (0.584,0.834, 1) (0.584, 0.834, 1) Step 6. Calculate the relative closeness value of
Cx (0.733,0.933, 1) (0.4,0.6,0.8) three alternatives and ranking. Using the equation in
Cx (0.429,0.714, 1) (0.286, 0.476, 0.761) Section 3.6, the RC value of three aternatives are
Cos | (0.524,0810,1) (0,0.190, 0.476) RC, = 0.3928, RC, = 0.9852, RC_ = 0.1049.
[ (0.821, 0.894, 1) (0.758, 0.849, 0.972) _ , _
Cs | (0.788,0.872, 0.944) (0.720, 0.854, 0.971) The ranking order of RC, for three alternatives
Cx (0.663, 0.851, 1) (0.663, 0.730, 0.833) isB, A, and C, respectively. The best hub location is
Cu (0.667, 0.867, 1) (0.367, 0.5, 0.633) obviously B. Therefore, the committee shall
Cu (0.733,0.933, 1) (0.1, 0.233, 0.433) recommend that hub B be the most appropriate
Cas (0.580, 0.790, 1) (0, 0.210, 0.526) location of logistics centre for the GSLP company

Hence, we can obtain the fuzzy ideal solution

(FIS") and fuzzy anti-ideal solution (FAS"), i.e,

FIS" =

[(0.733, 0.933, 1), (0.733, 0.933, 1),
(0.375, 0.625, 1), ..., ..., (0.667, 0.867, 1), (0.733,

0.933, 1), (0.580, 0.790, 1)], and

FAS = [(0, 0.133, 0.333), (0, 0, 0.2), (0.375,
0.625, 1), ..., ..., (0.367, 0.5, 0.633), (0.1, 0.233,

0.433), (0, 0.210, 0.526)].
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based on the proposed fuzzy MCDM method.

5 Conclusions
The main purpose of this paper is to develop an
integrated fuzzy MCDM model to evaluate the best
selection of hub location for GSLPs. To effectively
select best hub location, an integrated fuzzy MCDM
method is proposed.

At first, we develop a hierarchical structure of
selecting hub location with four criteria and fourteen
sub-criteria for GSLPs. The characteristics of
objective and objective criteria are considered in the
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proposed model. The fuzzy AHP approach is used
to evaluate the relative importance. Then, the
concepts of ideal and anti-ideal solutions are
employed in the proposed fuzzy MCDM method.
Moreover, Zadeh’s linguistic values, the GMIR
method, and the modified geometrical distance
approach are applied to develop the integrated fuzzy
MCDM method. Finadly, a step by step example is
illustrated to study the computational process of the
fuzzy MCDM model.

The proposed model not only releases the
limitation of crisp values, but also facilitates its
implementation as a computer-based decision
support system in a fuzzy environment. In addition,
the proposed fuzzy MCDM model is not run solely
hub location; however, every decision maker or
beneficiary can apply this fuzzy-based MCDM
model on the similar problems of selection issues.

References:

[1] P. R. Murphy and R. F. Poist, “Third-party
Logisticss. Some User versus Provider
Perspectives,” Journal of Business Logistics,
Vol.21, No.1, 2000, pp. 121-133.

J. Martin and B. J. Thomas, “The Container
Terminal Community,” Maritime Policy and
Management, VVol.28, No.3, 2001, pp. 279-292.
K. Linand C. C. Chang, Shipping Management
(6™ edition), Taipei: Shipping Digest Co., 2009.
C. C. Chou, “An Integrated Quantitative and
Qualitative FMCDM Model for Location
Choices,” Soft Computing, Vol.14, No.7, 2010a,
pp. 757-771.

C. C. Chou, “Application of FMCDM Modd to
Selecting the Hub Location in the Marine
Transportation: A Case Study in Southeastern
Asia,” Mathematical and Computer Modelling,
Vol.51, No.5-6, 2010b, pp. 791-801.

F. T. S. Chan, N. Kumar, M. K. Tiwari, H. C.
W. Lau and K. L. Choy, “Global Supplier
Selection: A Fuzzy-AHP  Approach,”
International Journal of Production Research,
Vol.46, No.14, 2008, pp. 3825-3857.

C. C. Chou, “Application of a Fuzzy MCDM
Modd to the Evauation of Plant Location,”
International Journal of Innovative Computing
Information and Control, Vol.6, No.6, 2010c,
pp. 2581-2594.

K. O'Connor, “Global City Regions and the
Location of Logistics Activity,” Journal of
Transport Geography, Vol.18, No.3, 2010, pp.
354-362.

[2]

[3]
[4]

(3]

[6]

[7]

E-ISSN: 2224-3402

56

Ji-Feng Ding

[99 K. L. Lee, S C. Lin and W. C. Huang,
“ldentifying the  Strategies of Role
Transformation for Location Developing
Global Logistics Hub in Asia-Pacific Region,”
International Journal of Logistics Economics
and Globalization, Vol.2, No.1, 2009a, pp. 51-
66.

[10] K. L. Lee, W. C. Huang and T. Y. Teng,
“Locating the Competitive Relation of Global
Logistics Hub Using Quantitative SWOT
Anaytica Method,” Quality and Quantity,
Vol.43, No.1, 2009b, pp. 87-107.

[12] T. Y. Teng, K. L. Lee and W. C. Huang, “A
Fuzzy Multicriterion Q-analysis Model for
International Logistic-park Location
Selection,” Journal of Marine Science and
Technology, Vol.15, No.2, 2007, pp. 89-103.

[12] S. Gelareh and D. Pisinger, “Fleet Deployment,
Network Design and Hub Location of Liner
Shipping Companies,” Transportation
Research Part E: Logistics and Transportation
Review, Vol.47, No.6, 2011, pp. 947-964.

[13] H. Hardambides, S. Veldman, E. van Drunen
and M. Liu, “Determinants of a Regiona Port-
centric Logistics Hub: The Case of East
Africa,” Maritime Economics and Logigtics,
Vol.13, No.1, 2011, pp. 78-97.

[14)H. S. Nam and D. W. Song, “Defining
Maritime Logistics Hub and Its Implication for
Container  Port,” Maritime Policy and
Management, Vol.38, No.3, 2011, pp. 269-292.

[15] T. Notteboom, “An Application of Multi-
criteria Analysis to the Location of a Container
Hub Port in South Africa,” Maritime Policy
and Management, Vol.38, No.1, 2011, pp. 51-
79.

[16] L. A. Zadeh, “Fuzzy Sets,” Information and
Contral, Vol.8, No.3, 1965, pp. 338-353.

[17] L. A. Zadeh, “The Concept of a Linguistic
Variable and Its Application to Approximate
Reasoning, Part 1, 2 and 3,” Information
Sciences, Vol.8, No.3, 1975, pp. 199-249,
Vol.8, No.4, 1975, pp. 301-357; Vol.9, No.1,
1976, pp. 43-80.

[18] D. Dubois and H. Prade, “Operations on Fuzzy
Numbers,” The International Journal of
Systems Science, Vol.9, No.6, 1978, pp. 613-
626.

[19] S. H. Chen and C. H. Hsieh, “Representation,
Ranking, Distance, and Similarity of L-R Type
Fuzzy Number and Application,” Australian
Journal of Intelligent Information Processing
Systems, Vol.6, No.4, 2000, pp. 217-229.

Issue 2, Volume 10, February 2013



WSEAS TRANSACTIONS on
INFORMATION SCIENCE and APPLICATIONS

[20] S. Heilpern, “Representation and Application
of Fuzzy Numbers,” Fuzzy Sets and Systens,
Vol.91, No.2, 1997, pp. 259-268.

[21] C. H. Hsieh and S. H. Chen, “A Mode and
Algorithm of Fuzzy Product Positioning,”
Information Sciences, Vol.121, No.1, 1999, pp.
61-82.

[22] T. L. Saaty, The Analytic Hierarchy Process,
New York: McGraw-Hill, 1980.

[23] G. S. Liangand T. C. Han, “Fuzzy Critical Path
for Project Network,” International Journal of
Information and Management Sciences, Vol.15,
No.4, 2004, pp. 29-40.

[24] G. S. Liang, “Fuzzy MCDM based on Ideal and
Anti-ideal Concepts,” European Journal of
Operational Research, Vol.112, No.3, 1999, pp.
682-691.

E-ISSN: 2224-3402

57

Ji-Feng Ding

Issue 2, Volume 10, February 2013





