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Abstract: - The main purpose of this paper is to develop a fuzzy multiple criteria decision-making (MCDM)
model to evaluate the investment risk of location selection for container terminals. Firstly, some concepts and
methods used to develop a fuzzy MCDM algorithm are briefly introduced. Secondly, a step-by-step fuzzy
MCDM algorithm based on the concept of integral value is proposed. Finally, a numerical example with a
hierarchy structure of four criteria, twenty-two sub-criteria, and three alternatives is illustrated by using the
proposed fuzzy MCDM approach. Furthermore, the proposed model can facilitate its implementation as a
computer-based decision support system in a fuzzy environment.
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1 Introduction
Fast development of the container transport system
was boosting at the period of nineteen eighties [1].
Nowadays, the rapid growths of container ports in
the world are gradually focused by the shipping and
port logistics industries. The container port is a
nodal point to handle container cargo to offer value-
added services such as collection, warehousing,
packing, and distribution among international trade
and logistics systems. When the global container
shipping transport network is emerged, the container
port in the nodal points has been becoming to
strengthen her competitive ability to withstand the
keen environment, where the risks and uncertainties
are greater than before [2]. The keen competition
and many structural changes with global challenges
have arisen among port and shipping chains
focusing on landside and seaside competitions and
business logistics [2, 3]. In particular, container
transport demands required efficient integrated
moves, premium package services, and make the
best use of available model transport operations and
container terminals. Hence, the role of container
terminals as home Dbases for merchandise
transportation has become increasingly important.
Investing a suitable container terminal for a
container shipping company is an important issue.
How to reduce the international logistics operation
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cost, however, an evaluation of investment risk of
location selection for container terminals is the most
critical task [4] for a container shipping company.
Since the evaluation of investment risk of location
selection for container terminals is crucial; however,
experience has shown that it is no easy matter. It
involves a multiplicity of complex considerations
and poses a unique characteristic of multiple criteria
decision-making (MCDM). The criteria are usually
subjective in nature and often changing with the
decision-making conditions, which creates the fuzzy
and uncertain nature among the criteria and the
importance weights of the criteria. Further, there are
situations in which information is incomplete or
imprecise or views that are subjective or endowed
with linguistic characteristics creating a fuzzy
decision-making environment [5-10]. The authors,
therefore, adopt the fuzzy set theory [11], combing
with MCDM method, e.g. [4, 5, 12, 13], as an
evaluation tool to improve the quality of the study.
In the light of this, a fuzzy MCDM model is used to
evaluate the investment risk of location selection for
container terminals.

In short, the aim of this paper is to develop a
fuzzy MCDM model to improve the quality of
decision-making in evaluating investment risk of
location selection for container terminals. We will
describe step-by-step procedures to evaluate this
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issue in the follows. The following section (Section
2) presents the research methods. Consequently, the
fuzzy MCDM model is proposed in Section 3. A
numerical study is made in Section 4. Finally, a
conclusion is drawn in the last section.

2 Research Methods

In this section, some of the concepts and research
methods used in this paper are briefly introduced as
follows.

2.1 Triangular fuzzy numbers and the
algebraic operations

The fuzzy set theory [11] 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 probability distributions in terms of
set memberships. Once determined and defined, sets
of memberships in probability distributions can be
effectively used in logical reasoning.

In a universe of discourse X, a fuzzy subset 4
of X is defined by a membership function 1, (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 x in 4.
A fuzzy number A [15] in real line R is a
triangular fuzzy number if its membership function

[, iR —>[0,1] is

(x-¢)/(a—c), c<x<a
f,(x)=13(x=b)/(a=b), a<x<b

0, otherwise
with —o<c<a<b<o . The triangular fuzzy

number can be denoted by (c, a, b).
According to the extension principle [11], let

A, =(c,a,,b) and 4, =(c,,a,,b,) be fuzzy
numbers, the algebraic operations of any two fuzzy

numbers A, and 4, can be expressed as
® Fuzzy addition:

A DA, =(c,+c,,a,+a,,b +b,),
® Fuzzy subtraction:
4,04, =(¢c,=b,,a,~ay, b —c,),
® Fuzzy multiplication:
(i) k® A4, =(kc,, ka,, kb,), keR, k=0,
(ii) 4, ® 4, =(¢\c,, a,a,, bb,),
¢ 20, c,20,
® Fuzzy division:
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(1) (Al)_l = (Cla a, bl)_l
= (1/b,,1/a,,1/¢)),c, >0;
(i) 4, DA, =(c,/b,, a/a,,b/c,),
¢ 20,c, >0.

2.2 Linguistic values

In fuzzy decision environments, two preference
ratings can be used. They are fuzzy numbers and
linguistic values characterized by fuzzy numbers
[16]. Depending on practical needs, decision-makers
(DMs) may apply one or both of them. In this paper,
the weighting set and rating set are used to
analytically express the linguistic values and
describe how important and how good of the
involved criteria, sub-criteria, and alternatives
against various sub-criteria above the alternative
level are.

In this paper, the weighting set W={VL, L, M, H,
VH} and the appropriateness rating set S={VP, P, F,
G, VG} are used, where VL=Very Low, L=Low,
M=Medium, H=High, VH=Very High, VP=Very
Poor, P=Poor, F=Fair, G=Good, and VG=Very
Good. Both sets are used to evaluate the weights of
all criteria and sub-criteria, as well as the fuzzy
ratings of alternatives against various sub-criteria
above the alternative level. We define VL=VP=(0, 0,
0.25), L=P=(0, 0.25, 0.5), M=F=(0.25, 0.5, 0.75),
H=G=(0.5, 0.75, 1), and VH=VG=(0.75, 1, 1). These
triangular fuzzy numbers are referred to the study of
Ghyym [17].

2.3 Ranking method

For matching the following fuzzy MCDM algorithm
developed in this paper, a systematic method based
on the concepts of integral value [18] is used to rank
the final ratings.

Let f/(x)=(x-c)/(a—c),c<x<a, and
fi(x)=(x-b)/(a=b),a<x<h, are the left
and right membership function of fuzzy number 4,
respectively. Suppose that gj and gf are the

inverse function of f and £, respectively. Then,
we can obtain

gi(»)=c+(a-c)y and
gi(»)=b+(@a-b)y.
Define the left and right integral values of 4 as

1'(4) = [[g!()dy = (¢ + @)/2 and

1
I"(4) = [ g5 ()dy = (a+b)/2.
Then, the ranking value R(4;) of fuzzy numbers

A; is defined as
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R(4) =PI (4)+(1=PI"(4) 0< <L (1)

The value S can be referred to as the DM’s risk
attitude index. If f<0.5, p=0.5, and p>0.5,
respectively, it implies that the DM is a risk-averter
(pessimism), risk-neuter (moderatism), and risk-
lover (optimism), respectively.

The value S can be determined by two
procedures. First way is that DM gives the value S
at the data output stage [19], e.g., 5=0.2, 0.5, 0.75.
However it is difficult to apply this procedure
directly in multiple DMs problem. Hence, Chang
and Chen [20] suggested that it is reasonable to
evaluate f through the evaluation data conveyed by
the DMs at the data input stage. In this paper, the
method developed by Chang and Chen [20] is cited
to find the total risk attitude index f.

Define the ranking of the fuzzy numbers 4; and
A; based on the following rules:

® 4, >4, < R(4,)>R(4,),
® 4, <A, < R(4,)<R(4,),
® 4 =4, < R(4,)=R(4,).
Let 4, =(c;,a;,,b,),i=1,2,...,n, be n fuzzy

1

numbers. The ranking value of the fuzzy number 4;
can be obtained as

R(4) = Pl(a, +b)/2]1+ (1= p)l(c, +a,)/2] (2)
Based on the ranking rules described above, the

ranking of the n fuzzy numbers can be effectively
determined.

3 The Proposed

Algorithm

A systematic model of the fuzzy MCDM algorithm
is proposed in this section. The steps to be taken are
described below.

Fuzzy MCDM

Step 1: of hierarchical
structure

The concepts of hierarchical structure analysis with
three distinct layers, i.e. criteria layer, sub-criteria
layer, and alternatives layer, are used in this paper.
In this paper, there are k criteria (i.e., C,

t=1,2,...,k), nj+---+n, +---+n, sub-criteria
C, o C o CyoCy o Gy G ),

tn,
and m alternatives (i.e., 4, i=1,2,...,m) in the

Development

(i.e.,

1ny

hierarchical structure.

As regards to the evaluation criteria and sub-
criteria, the authors referred some literature, which
are made known in academic and management
publications [4, 12, 13, 21-33]. Here, the four major

E-ISSN: 2224-3402

297

Ji-Feng Ding, Chien-Chang Chou

criteria and twenty-two sub-criteria would be
employed in this paper. The code names of these
criteria and sub-criteria are shown in parentheses.
(1) Risk of the growth of shipping transport (C)).
This criterion includes three sub-criteria, that is,
risk of the present volume of containers (Cy,),
risk of the potential volume of containers in the
future (C),), risk of shipping trade uncertainty
(C13), risk of sufficient source of goods (C\y),
and risk of economic productivity of homeland
(Chs).

Risk of cost (C,). This criterion includes five
sub-criteria, that is, risk of the exchange rate
between currencies (Cy;), risk of the labor cost
(Cy), risk of the land cost (C,3), risk of the
transport cost (Cy4), and risk of the related
operation cost (Cs).

Risk of government policies (C3). This criterion
includes six sub-criteria, that is, risk of the
government efficiency (Cs;), risk of the
cooperation relationships between government
and companies (C3,), risk of the tax break (Cs;),
risk of the trade preferential treatment (Cy),
risk of the laws and regulations on investment
(Css5), and risk of the social and political
Stability (C36).

Other risk (Cy). This criterion includes six sub-
criteria, that is, risk of the availability of land
(Cy4), risk of the infrastructure quality (Cyp),
risk of the labor quality (Cy3), risk of the trade
liberalization (Cy4) risk of the efficiency of
customs (Cys), and risk of the private ownership
of enterprise (Cig).

)

3

“

Step 2: Computation of aggregating
evaluation ratings of all alternatives
Let w, =(¢,y»a,,b,),

0<¢,<a,<b, <], t=12,...,k;

qg=12,...,n, be the weight given to criterion C,
by the ¢” DM. Then, the weight of C, can be

represented as
1 n
~2c
1q°
n'a

W =(c,,a,,b,), where c,

1 n 1 n
0="3a, b="%,
ng neg

Let Wtjq :(Ctjq’atjq’btjq)’
0<c, <a, <b, <, t=1,2 ...k
j=L2,..,n; q=12,...,n, be the weight

given to criterion C, by the g™ DM. Then, the
weight of C; can be represented as
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1 n
W, =(c;»ay,by), where ¢, :;zcﬁq’
g=1

1 & 1 &
__Zaz/q’ b, =—Z% :
ns n‘s

Let Mgy = (Cigy> iy > Digy )
0<¢,, <ay, <b,, <1, i=12,....m
t=L2,..,k; j=12,...,n; gq=1,2,...,n, be

the appropriateness rating assigned to alternative 4;
by the ¢” DM for criterion Cy. Then, the
appropriateness rating of alternative A4; can be
represented as

M, =(cy,a,,b

i )» Where ¢, =

1 n 1 n
Ay :_Zaitjq’ by, :_anjq :
ns ns

The aggregation appropriateness rating of
alternative A4; for the n, sub-criteria under criterion
C (t=12,..., k) can be denoted as

(M, ®W,)®(M,, ®W,)
R =Lole-e, o) o
n
t (Mitn,®Vth,)
My =(cyys > by) and

w,=(c;,a,,b,), wecan denote

Because

n,

lt_( lt’Qlt’ ”),Where Kt:zcitjc[j/nt’
Jj=1

n, n,
0, :zai,j a,j/n,, G, :zbitjb,j/n,, for
=l =

i=L2,....om t=1,2,...,k.

Furthermore, the final aggregation
appropriateness rating of alternative A4; can be
denoted as

- [Reew)er,ew,)

FF=—®|® -®R,OW)® &
(R, ®W,)

Because W, =(c,,

k
=(Y,,0,,G,), where Y, = > Y, ¢, [k,

t=1

a,, b,), we can denote

O, :ZQit at/k’

k
G, =ZG” b,[k,  for
= t=1

i=L2,....m

Step 3: Choice of optimal alternative
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Let A=(c, a, b) be the importance weight or
appropriateness rating obtained by using the
aggregation method proposed in Step 2. Based on
the method developed by Chang and Chen (1994),
the value of y=(a-c)/[(a-c)+(b-a)] can be considered
as all DMs’ total risk attitude index for someone
importance weight or appropriateness rating. Hence,
for the fuzzy MCDM algorithm presented in this
paper, the total risk attitude index g of all DMs can

be obtained by
ﬂ_ ﬂ1+ﬂ2+ﬂ3
(kxn)+(nx2n)+(mxnx2n)

a —cC

where f, = ZZ M

t=1 g=1 (atq - th) + (btq -

ko —
XXy
2

t=1 j=1g=1 (a,jq - czjq) + (btjq - atjq)

i=1 t=1 j=1g=1 (a,gq cltjq)+( itiq aitjq
Finally, by using the above equations, we can
calculate the left integral value, right integral value
and all DMs’ risk attitude index f. By using the
equation (1), the final ranking values of the m
alternatives can be obtained; and then we can select
the optimal alternative.

4 A Numerical Study

In this section, a numerical example of evaluating
investment risk of location selection for container
terminals is studied to demonstrate the
computational process of the proposed fuzzy
MCDM algorithm, step by step, as follows.

Step 1. Assume that a container shipping
company needs to evaluate the investment risk of
location selection for container terminals. Four
major criteria and twenty-two sub-criteria are
suggested. Assume three candidate locations of
international container ports at Southern China,
including Hong Kong (HK), Shenzhen ($Z), and
Guangzhou (GZ), are chosen after preliminary
screening for further evaluation. A committee of
three DMs, i.e., E|, E,, and FEj, respectively, has
been formed to evaluate the best location among
three container ports.

Step 2. Three DMs use linguistic values of
weighting set to evaluate the importance weights of
all criteria and all sub-criteria. To sum up the results
of the importance weights of all criteria and sub-
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criteria are shown in Table 1. Similarly, the
appropriateness ratings of three candidates versus all
sub-criteria can be obtained by the step 2 of the
Table 1. The fuzzy weights of all criteria and sub-criteria.
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proposed fuzzy MCDM algorithm, the results are
shown in Table 2.

Criteria / Linguistic ) Criteria / Linguistic .
DM Fuzzy weights DM Fuzzy weights
Sub-criteria values Sub-criteria values
El H E1 H
(0.5, 0.75, (0.417, 0.667,
Cl E2 VH C25 Ez M
0.917) 0.917)
E3 M E3 H
El M E1 VH
(0.417, 0.667, (0.583, 0.833,
CZ Ez H C31 Ez VH
0.917) 0.917)
E3 H E3
E; M E, M
(0.333, 0.583, (0.583, 0.833,
C3 Ez M C32 Ez VH
0.833) 0.917)
E3 H E3 VH
El M E] M
(0.167,0.417,
C, E, M (0.25, 0.5, 0.75) Cs; E, M
0.667)
E; M E; L
E, VH E, M
(0.583, 0.833, (0.167, 0.417,
Cll E2 M C34 Ez M
0.917) 0.667)
E; VH E; L
El M E1 H
(0.417, 0.667,
Ci E, H 0.917) Css E, H (0.5,0.75, 1)
E3 H E3 H
El L E1 L
(0.167,0.417, (0.083, 0.333,
Cis E, H Cis E, L
0.667) 0.583)
E3 L E3 M
El M E] H
(0.167, 0.333, (0.333, 0.583,
Cis E, M Cu E, L
0.583) 0.833)
E; VL E; H
E, H E, H
(0.667, 0917,
Cis E, L (0.25,0.5,0.75) Cyp E, VH D
E; E; VH
E; VH E, M
(0.583, 0.833, (0.167,0.417,
Gy E, VH Cy3 E, M
0.917) 0.667)
E; M E; L
El L E1 VH
(0.167,0.417, (0.583, 0.833,
Cyn E, H Cus E, H
0.667) 1)
E3 L E3 H
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Table 1. The fuzzy weights of all criteria and sub-criteria (Continued).

Criteria / Linguistic ) Criteria / Linguistic )
o DM Fuzzy weights o DM Fuzzy weights
Sub-criteria values Sub-criteria values
E, M E, M
(0.5, 0.75, (0.333, 0.583,
C23 E2 VH C45 Ez VH
0.917) 0.75)
E; H E; L
El M E1 M
(0.5, 0.75, (0.5, 0.75,
Co E, H Cus E, H
0.917) 0.917)
E3 VH E3 VH
Table 2. The appropriateness ratings of three candidates versus all sub-criteria.
L Linguistic values Fuzzy ratings
Sub-criteria DM
HK SZ GZ HK SZ GZ
E, P VP G
(0.167, 0.333, (0.333, 0.583,
Cu E, G VP G (0, 0.083,0.333)
0.583) 0.833)
E; VP P P
E, G P F
(0.083, 0.167,
Cn E, G P VP (0.583,0.833, 1) 0.417) (0,0.167,0.417)
E; VG VP VP '
E, G G P
(0.417, 0.667,
Cis E, 4€; 4€; VP (0.667,0.917,1) | (0,0.083,0.333) 0.833)
E; VG P vpP '
E, VG VP VP
(0.417, 0.583,
Cis E, G VP G (0.667,0.917, 1) 0.75) (0, 0.083, 0.333)
E; VG P VG '
E, 4€; F F
(0.25,0.417, (0.167, 0.333,
Cis E, 4€; VP VP (0.667,0.917, 1)
0.667) 0.583)
E; G F G
E, 4€; P G
Cy E, G P VG (0.667,0.917,1) | (0.5,0.75,0.917) | (0,0.167,0.417)
E; VG VP F
E, F VP P
(0.417, 0.583,
Cyn E, F G P (0.25,0.5,0.75) | (0.25,0.5,0.667) 0.75)
E; F VG | 1G '
E, P VP VP
(0.333, 0.583, (0.167, 0.333, (0.167, 0.333,
Cys E, F P G
0.75) 0.583) 0.583)
E; 4€; G P
E, G G VP
(0.417, 0.667, (0.083, 0.167,
Cos E, 4€; 4€; F (0.667,0.917, 1)
0.833) 0.417)
E; P 4€; VP
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Table 2. The appropriateness ratings of three candidates versus all sub-criteria (Continued).

Linguistic values

Fuzzy ratings

Sub-criteria DM
HK SZ GZ HK SZ GZ
E, G G vp
(0.417, 0.667, (0.083, 0.167,
Cos E, VG VG F (0.667,0.917, 1)
0.833) 0.417)
E; P VG vp
E, G VG G
Cys E, G VG F (0.583,0.833,1) | (0.5,0.75,0.917) | (0.667,0.917, 1)
E; VG G VG
E, G VG P
(0.25,0.417, (0.333, 0.5,
Cs E, G F vp (0.583, 0.833, 1)
0.583) 0.667)
E; VG vp VG
E, VG P F
(0.333, 0.5, (0.25,0.417,
Cs, E, G yp VG | (0.667,0.917, 1)
0.667) 0.583)
E; VG VG vp
E, VG VG G
Cs; E, G G G (0.667,0.917, 1) (0.5,0.75, 1) (0.667,0.917, 1)
E; VG VG G
E, VG G vp
c - - G G (0.333, 0.5, (0.167, 0.333, 05,075, 1)
3 2 0.667) 0.583) R
E; VP G P
E, P VG VG
(0.25,0.417,
Css E, VP VG P (0.083, 0.25, 0.5) 0.583) (0.667,0.917, 1)
E; F G vp '
E, VP vp F
(0.083, 0.333,
Cse E, G G P (0.167, 0.25, 0.5) 0.583) (0.167, 0.25, 0.5)
E; VP VP P '
E, P P G
(0.167, 0.333,
Cu E, F G vP | (0.083,0.25,0.5) | (0.333,0.5,0.75) 0.583)
E; VP VP G '
E, P F P
(0.25,0.417, (0.167, 0.333,
Cu E, VP G G (0.5,0.75,0.917)
0.583) 0.583)
E; VG VG vp
E, F yp P
(0.417, 0.667, (0.25,0.417,
Cs E, VG VG P (0.25, 0.5, 0.667)
0.833) 0.583)
E, F P VG
E, G P vp
(0.167, 0.333,
Cu E, G yp yp (0.5,0.75, 1) (0, 0.083, 0.333) 0.583)
E; G G P '
E, VP G P
(0.167, 0.333, (0.417, 0.667,
Cis E, G VG P (0,0.167, 0.417)
0.583) 0.833)
E; P P vP
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Table 2. The appropriateness ratings of three candidates versus all sub-criteria (Continued).

L Linguistic values Fuzzy ratings
Sub-criteria DM
HK SZ GZ HK SZ GZ
E, VG G G
(0.333, 0.583, (0.417, 0.667, (0.333, 0.583,
Cis E, P G VG
0.75) 0.833) 0.833)
Es F P P

Step 3. By using the equation  of the step 2 of
the proposed fuzzy MCDM algorithm, we can
obtain three DMs’ total risk attitude index $=0.5435,
where the £,=9, ,=40.5, and f;=100.5, respectively.
The risk-bearing attitude of the DMs trends towards
optimistic, which is based upon the procedure of
data input stage. Furthermore, the left integral

values, right integral values and final ranking values
can be obtained by using the equation (2). The
results are shown in Table 3. The ranking order of
three candidates is HK, GZ, and SZ. Therefore, it is
obvious that the optimal selection is candidate HK —
i.e., the port of Hong Kong.

Table 3. Ranking value of three candidates

Candidates Right integral values | Left integral values | Final ranking values Ranking order
HK 0.15855 0.41605 0.29850 1
SZ 0.10110 0.30780 0.21344 3
GZ 0.11380 0.33575 0.23443 2

5 Conclusion

Due to the fact that the role of container terminals as
home bases for merchandise transportation has
become increasingly important. Investing a suitable
container terminal for a container shipping company
is an important issue. Hence, an evaluation of
investment risk of location selection for container
terminals is the most critical task for a container
shipping company. This paper intends to improve
the quality of decision-making in evaluating this
theme. The main purpose of this paper is to propose
a fuzzy MCDM model to evaluate the investment
risk of location selection for container terminals.

To effectively evaluate the investment risk of
location selection for container terminals, a
systematically fuzzy MCDM model is proposed. At
first, a hierarchy structure is developed. Then, we
calculate the final aggregation ratings of all
alternatives. In addition, a ranking method based on
the concepts of integral value is used to rank the
final ratings. Finally, a step by step numerical
example is illustrated to study the computational
process of the fuzzy MCDM algorithm. Furthermore,
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.
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