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ABSTRACT

The unique attractiveness factor of a container port has a
direct influence on the carriers’ deployment of their routes and
schedules, that is, the attractiveness of the port will affect the
port selecting evaluation of the carriers, which will directly
impact the future status and competitiveness of a port.
Therefore, this paper aimed to establish a fuzzy AHP-TOPSIS
(Analytic Hierarchy Process-Technique for Order Preference
by Similarity to Ideal Solution) evaluation model for selecting
the most attractive port for container carriers. Firstly, this
paper concluded the six evaluation dimensions and 24 im-
portant attractiveness criteria (factors) for carriers to select a
port. Secondly, the weight of the evaluation criteria layer was
calculated using the fuzzy AHP method. Then, combined with
the concept of fuzzy TOPSIS, an evaluation method suitable
for container carriers to choose the most attractive port was
created. Finally, this paper used a simulation to interpret the
fuzzy AHP-TOPSIS evaluation model developed in this paper.
In the future, carriers evaluating attractive ports can modify
this model according to the actual situation to better meet their
decision-making purposes.

I. INTRODUCTION

A commercial port is a junction and link point for water and
land transportation. It mainly offers services for ships, pas-
sengers, and goods and can become a collection and distribu-
tion center for domestic and foreign trade goods or a trans-
shipment station for sea and land transportation, which is
essentially a marine terminal (Carbone and Martino, 2003;
Tsai et al., 2018). An effective marine terminal (Notteboom,
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2011; Talley and Ng, 2013; Fraser and Notteboom, 2014;
Cantillo et al., 2018; Xing et al., 2018) should be able to: (1)
facilitate passengers and provide the commercial functions of
cargo transportation and exchange; (2) provide a place for
ships to import industrial raw materials and export
semi-finished or finished products and provide the industrial
function of making its hinterland an industrial city; (3) provide
the function of transshipping cargo shipped to inland ports or
other ports; and (4) provide the value-added service function
of physical logistics. Taiwan is an economy surrounded by the
sea on all sides. The existence of commercial ports and their
economic progress are mutually causal. For oceanic countries
like Taiwan, port development has a decisive influence on its
economic development.

Container transportation has been the main mode of
transportation of liner shipping since its inception in the 1960s,
and it has become one of the main international shipping
methods (Tseng et al., 2018). The so-called liner shipping
refers to marine transportation service between ports with
fixed routes according to a pre-arranged sailing schedule and
carrying sporadic groceries or containerized goods. Due to the
rapid development of global trade, container carriers are being
encouraged to put their shipping capacity into the cargo source
area to expand their route allocation and operation scale; on
the other hand, ports in the cargo source area are also be-
coming regional hubs by continually investing in infrastruc-
ture and facilities in order to make the port a more efficient
logistics service station or a more efficient shipping terminal,
thereby attracting and serving more container carriers.
Therefore, the issue of port competitiveness (Song and Yeo,
2004; Cullinane et al., 2005; De Langen, 2007; Tongzon and
Sawant, 2007; De Martino and Morvillo, 2008; Yeo et al.,
2008; Yuen et al., 2012; Xing et al., 2018) has become one of
the hottest directions in academic research.

Efforts to increase the competitiveness of a container port
chiefly focus on how a container port should meet the needs of
port users (mainly carriers, shipping agents, and import and
export shippers) and offer better port services (Yuen et al.,
2012), with the ultimate goals of developing the services re-
quired by port users, enhancing the satisfaction and loyalty of
port users, and strengthening the container port's sustainable
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competitive advantage. In line with the practice of ‘ships
following cargo’ (Ding et al., 2017), the choice of port (Lirn et
al., 2004; Tai and Hwang, 2005; Guy and Urli, 2006; Ugboma
et al., 2006; De Langen, 2007; Tongzon and Sawant, 2007,
Tang et al., 2011; Steven and Corsi, 2012) is regarded by car-
riers as an important issue involving transport and distribution
by shipping companies, and has also become a leading issue in
the study of port competitiveness. If a port system is not
competitive in terms of service quality or circulation efficiency,
this will lead to the transfer of import and export goods to
other relatively effective or competitive ports (UNCTAD,
2012). Port selection factors and criteria are therefore im-
portant reference indicators guiding carriers' port decisions
and reflecting port competitiveness. Determining whether a
port can meet the service demands of port users is also an
important link in the improvement of port competitiveness.

With regard to the issue of port selection, the literature often
uses the terms “competitiveness” and “attractiveness” (Song
and Yeo, 2004; Cullinane et al., 2005; Ng, 2006; De Langen,
2007; Tongzon and Sawant, 2007; Yeo et al., 2008; Yuen et al.,
2012; Fraser and Notteboom, 2014) in conjunction with port
selection factors. According to strategic management theory
(Hafeez et al., 2002), competitiveness refers to an enterprise
achieving higher operating performance than its competitors
in a certain business field according to certain indicators
through the effective use of its resources and relevant capa-
bilities, which gives the enterprise a greater competitive ad-
vantage. According to marketing theory (Kotler, 2000), the
attractiveness of a market or product refers to a unique appeal
that can arouse consumer interest and consumption, and exert
a force on consumer behavior. When shippers and carriers are
faced with the choice of berthing ports, port attractiveness (Ng,
2006) usually consists of the prerequisites for the port's com-
petitiveness, and is also a springboard for exploring a port's
competitive advantage. Therefore, to determine whether a
port is competitive, it is necessary to first investigate whether
the port has certain factors that are sufficient to attract users.
The competitiveness of a port is based on its attractiveness,
which by attracting users to berth, load, unload, and ware-
house goods, and by adding value to the logistics activities at
the port, can thereby induces users to include the port as a port
of call in its route planning.

Container carriers first select certain ports and then plan
their route and frequency, and these decisions will directly
affect the ports' status and competitiveness. As a consequence,
a port's possession or lack of attractive factors will influence
its evaluation by container carriers during their selection of
ports. Ports' attractive factors have characteristics that made
the use of multi-criteria decision-making (MCDM) an appro-
priate means of port selection, and the various port criteria
have qualitative, fuzzy, and vague characteristics (Zadeh,
1965). Since it would be extremely difficult to adequately
express the fuzzy information contained in decision-making
criteria and evaluation schemes while dealing with ambiguous
criteria weights and inaccuracy in the transmission of deci-

sion-making information, thus, the precision-based MCDM
may not be practical. It seems that a fuzzy MCDM method is
needed. Although the fuzzy MCDM method has been widely
used for assessment in various areas of maritime affairs (Ding,
2013; Stani¢ et al., 2017) and port selection (Ding and Chou,
2013; Zavadskas et al., 2015), a systematic and fuzzi-
ness-based MCDM method can efficiently be utilized to select
the best container port from the view point of attraction is rare.

Generally speaking, there are two key steps requiring at-
tention during use of the fuzzy MCDM method, where the first
step consists of determining the weights of the assessment
criteria and sub-criteria, and the second consists of obtaining
the performance values of the solutions in terms of the various
criteria, and then obtaining the overall performance value of
each possible solution, which will enable comparison of the
solutions and selection of the optimal solution. During the
first step (i.e., determining the criteria weights), because the
fuzzy AHP method (Analytic Hierarchy Process) (Ding, 2013;
Ding et al., 2017; Stani¢ et al., 2017) can effectively analyze
the interactions between different criteria, obtain the consen-
sus views of a majority of experts and decision-makers, and
express the relative importance of the different criteria as
concrete weight values, this study chose to use the fuzzy AHP
method to find the weights of the assessment criteria and
sub-criteria. During the second step (i.e., solution assessment),
because some solutions may have criteria that are mutually
exclusive, non-quantifiable, or cannot be measured on the
same scale, it is possible that there is no one solution that is
optimal on the basis of satisfying all criteria. At that time
fuzzy TOPSIS (Technique for Order Preference by Similarity
to Ideal Solution) can be used to resolve the problem through
the ranking of candidate solutions (Hwang and Yoon, 1981).
The basic concept of TOPSIS is to first define a positive ideal
solution and a negative ideal solution (also known as an ideal
solution and an anti-ideal solution (Liang, 1999)), where the
positive ideal solution has the highest values of the candidate
solutions' effectiveness criteria and the lowest values of their
cost criteria. Conversely, the negative ideal solution has the
lowest values of the candidate solutions' effectiveness criteria
and the highest values of their cost criteria. Afterwards, when
selecting a solution, the optimal solution is the solution closest
to the positive ideal solution and farthest from the negative
ideal solution.

In summary, the chief purpose of this paper is to develop an
evaluation model based on the fuzzy MCDM method—
namely the fuzzy AHP-TOPSIS method—for selecting the
most attractive port for container carriers. The following sec-
tion introduces the research methods, the third section proposes
the fuzzy AHP-TOPSIS method, the fourth section provides a
case illustration, and the final section presents conclusions.

II. RESEARCH METHODS

This section briefly introduces the research methods
adopted in this paper.
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1. Fuzzy Sets Theory

Fuzzy set theory was first proposed by Zadeh in 1965, who
realized that since human thinking, reasoning, and cognition is
often ambiguous, traditional analytical methods relying on
precise numerical values cannot be completely applicable to
the volatility and complexity of human-centered systems.
This study therefore used fuzzy mathematical methods instead
of traditional quantitative methods when dealing with decision
analysis in fuzzy business situations.

2. Triangular Fuzzy Numbers and Its Algebraic Opera-
tions

In a universe of discourse X, a fuzzy subset A of Xis de-
fined by a membership function z;(x) , which maps each
element x in X to a real number in the interval [0, 1]. The
function value g (x) represents the grade of membership of x
ind.

A fuzzy number A (Dubois and Prade, 1978) in real line R

is a triangular fuzzy number (TFN) if its membership function
Hy R —>[0,1]is

(x—a)/(b—a), a<x<bh

p(x)=4(x-c)/(b-c), b<x<c )
0, otherwise

with -o<a<bhb<c<o .
A=(a,b,c).

According to extension principle (Zadeh, 1965), let
;11 =(a;,b,c) and ;12 =(a,, b,,c,) be TFNs, the algebraic

The TFN can be denoted by

operations of any two TFNs ;11 and 1:12 can be expressed as

(1) Fuzzy addition, @ :
;11 (B;lz =(a,+ay,b+b,,c,+c,);
(2) Fuzzy subtraction, © :
,:11 S ;12 =(a,—c,,b,=b,,c,—a,);
(3) Fuzzy multiplication, ® :
k® A= (ka, kb, ke), k>0,keR;
;11 ®;12 =(a,a,,bb,,cc,), a,20,a,20;
(4) Fuzzy division, & :
A DA, =(a/c,,b /by, ¢ [ay), a>0,a,>0.

3. Linguistic Variables

Zadeh proposed the concept of linguistic variables (Zadeh,
1975; 1976), which can provide a convenient quantitative
syntax for complex or imperfectly defined descriptions. A
linguistic variable is a variable expressed in words or natural

sentences. For example, the “degree of preference” is a lin-
guistic variable and has a linguistic value rather than numeric
value, such as “very bad,” “normal,” or “very good.” Lin-
guistic values can be reasonably expressed through the ap-
proximate reasoning of fuzzy set theory. Linguistic values are
used in this paper to express the "goodness" or "badness" of
alternatives relative to subjective criteria. We used TFNs to
convey this information. In this paper, the linguistic value set
of the superiority evaluation is S = {VP, P, F, G, VG}. The
membership function of the linguistic value contained in set S
can be subjectively defined by the decision-maker (DM) as
follows: Very Poor (VP) = (0, 0, 0.25); Poor (P) = (0, 0.25, 0.5);
Fair (F) = (0.25, 0.5, 0.75); Good (G) = (0.5, 0.75, 1); Very
Good (VG) =(0.75, 1, 1).

4. Distance Method

Heilpern's (1997) mean distance method and the geometric
distance method are well-known distance methods. Hsieh and
Chen (1999) proposed a modified geometric distance formula
to make up for the deficiency of Heilpern's geometric distance
formula. According to the modified geometric distance for-
mula proposed by Hsieh and Chen (1999), the

two-dimensional distance of the TFN 4 =(a,,b,,¢,) and

A ;=(a;,b;,c;) canbe obtained, which is expressed as:

D03 A)={V4[@ -4 +26,-b) +(c, ¢ ] @

Based on the modified geometric distance method as an
extension of the traditional precise steering distance, this paper
proposed using the distance formula of Eq. (2) as the basis for
solving the distance between the subsequent two TFNs.

5. Ranking of TFNs

Ranking methods for TFNs have been studied by numerous
scholars (Heilpern, 1997; Hsieh and Chen, 1999; Yang et al.,
2005). Chen and Hsieh (2000) proposed the graded mean
integration representation method (GMIR) after comparing
various methods. In this paper, the GMIR method was used to
solve the problems of the defuzzification of TFNs and the
fuzzy number ranking of the advantage evaluation for each
alternative.

According to the GMIR method proposed by Chen and

Hsieh (2000), ifzi. =(a;,b,c), i=12,...,n, are n TFNs,
the GMIR representative values of the TFNs after defuzzifi-
cation can be expressed as follows:

a, +4b, +c,

G(‘;i[) = 6

€)

Suppose G(;L.) and G(;l/) are the GMIR representative

values of the TFNs 1:1,. and Z1j , respectively. We define:
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(1) 4>4, & G(A)>G(4,);
@ 4=4,©G(4)=G(4);
(3) 4 <4, & GA)<G(4,).

III. THE PROPOSED FUZZY AHP-TOPSIS
METHOD

This study constructed a fuzzy AHP-TOPSIS port selection
evaluation model for container carriers, and we hoped that the
establishment of this systematic model will make selection
more objective and easier to perform.

1. Sort Out the Attractiveness Evaluation Criteria of
Container Port

To determine whether a port is competitive, it is necessary
to first check whether the port has certain determinants suffi-
cient to attract port users. In order to screen out the more
important criteria and construct a hierarchical structure, we
therefore gathered a wide range of attractive factors that affect
container carriers’ choice of ports.

Based on literature concerning port selection factors (Lirn
et al., 2004; Song and Yeo, 2004; Cullinane et al., 2005; Tai
and Hwang, 2005; Guy and Urli, 2006; Ng, 2006; Ugboma et
al., 2006; De Langen, 2007; Tongzon and Sawant, 2007; De
Martino and Morvillo, 2008; Yeo et al., 2008; Notteboom,
2011; Tang et al., 2011; Steven and Corsi, 2012; Yuen et al.,
2012; Talley and Ng, 2013; Fraser and Notteboom, 2014;
Cantillo et al., 2018; UNCTAD, 2012; Xing et al., 2018), as
well as the recommendations of the interviewed experts,
scholars, and carrier personnel, this study ultimately deter-
mined attractive factors affecting container carriers’ choice of
ports, and found a total of six major evaluation dimensions and
24 important evaluation criteria as follows:

(1) Sources of goods of location and hinterland (Ci): This
evaluation dimension includes the four evaluation criteria
of ‘geographic location (C11),” ‘trade activities and sources
of goods (Cj2),” ‘port hinterland accessibility and con-
nectivity (Ci3),” and ‘outbound traffic conditions (Ci4).’

(2) Physical facilities of the port (C,): This evaluation di-
mension includes the four evaluation criteria of the ‘port’s
natural conditions (C>1),” ‘port infrastructure and facilities
(C2),” “wharf and back-line land (C»3),” and ‘loading and
unloading machinery equipment (C).’

(3) The port’s operation function (C3): This evaluation di-
mension includes ‘loading and unloading technology
(Cs1),” ‘stack-end operation efficiency (Cs),” ‘port
back-up operative activities and services (C33),” and ‘the
use of the ICT level (Css).”

(4) Time and cost (C4): This evaluation dimension includes
the four evaluation criteria of ‘port charges (Cs1),” ‘port
transshipment cost (Cs2),” “ship detention time (Ci3),” and
‘customs administrative effectiveness (Cis).’

| Selecting an attractive container port

Objective Layer

Dimension Layer | C;| ...

Criteria Layer il ... |Cmy| o . .....

Alternatives Laver

Fig. 1. Hierarchy structure.

(5) Service and quality (Cs): This evaluation dimension in-
cludes the four evaluation criteria of ‘high-quality port
services (Cs1),” ‘dense airline networks and flights (Cs»),”
‘fast-response to customers (Cs3),” and ‘reputation for port
goodwill/brand (Csa).’

(6) External environment of the ports (Cs): This evaluation
dimension includes the four evaluation criteria of ‘local
political and legal environment stability (Cs1),” ‘social
situation and labor force environment (Cy),” ‘port safety
management system (Cs3),” and ‘implementation of green
energy and environmental protection policy (Css).’

2. Establish A Hierarchical Structure

A hierarchical structure (Ding and Liang, 2005) can be used
to study the interactions between various elements in the hi-
erarchy and their impact on the system as a whole, and the
complexity of a hierarchical system will be determined by the
needs of analysis. This paper used the hierarchical structure
shown in Fig. 1 as the basis for container carriers' selection of
the most attractive port. In this structure, the 1% layer con-
sisted of the goal, which was the selection of the best container
port from the ports evaluated. The 2" layer consisted of the &
evaluation dimensions. The 3™ layer consisted of the
n +---+n,+---n, evaluation criteria under all evaluation
dimensions, and the 4™ layer consisted of the m alternative
schemes.

3. Use the Fuzzy AHP Method to Solve the Weights

This paper used fuzzy AHP (Saaty, 1980; Ding et al., 2017;
Stani¢ et al., 2017; Tsai et al., 2018) to obtain the weights of
the evaluation dimensions and evaluation criteria. The steps
of fuzzy AHP could be summarized as follows:

Step 1: Establishment of a pairwise comparison for crisp
values.
A paired comparison questionnaire was used to get the
opinion of the experts on the relative importance of the two
evaluation dimensions.

(1) Set y; e[é,é,...,%,l]u[l, 2,...,8,9] as the opinion
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of expert £, E=1,2,..., h, on the relative importance of
any two evaluation dimensions i, j in the 2™ layer. Its
pairwise comparison matrix will be [y!.‘f ] in the 2

layer.

1

1
— = UL 2,
51Vl

(2) Set y. 6[9, ,8,9] as the opinions

oo | —

of expert E, E=1,2,..., h, on the relative importance of

the two evaluation criteria u, v in the 3™ layer under
evaluation dimensions C,, ..., C,, ..., C, of the 2" layer.

Then, the pairwise comparison matrix with respect to each
evaluation dimensions C,,...,C,,..., C, in the 3™ layer

E E E .
are[y,, 1o » --os [ dusn, > -0 [Vin 1y, - TESPECHIVELY.

Step 2: Establishment of a pairwise comparison for crisp
values.

Hsu (1998) regarded the minimum of the evaluation value
of a certain selection criterion as the lower bound of the TFN
and the maximum of the evaluation value as the upper bound
of the TFN, and took the geometric mean of all evaluation
values as a value of one in the TFN membership degree.

11 1

Therefore, set y, e [5, PR 11U[L,2,...,8,9] as the

opinions of expert £, E =1,2, ..., &, on the relative importance

of the two evaluation dimensions i and j, Vi, j=1,2,...,k in
nd iad _ . .
the 2" layer. Here H, = (ay, b, ¢;) is the integrated TFN of

all E experts in the 2" layer, wherein a; = mjn{ y;j, y;,. - y:} ,

I 1/h
b, :UE_Jyfj e :max{y;.,y;.,...,y;}.

Similarly, the integrated TFN of all E experts in the 3™ layer
is FIW =(a,,b,.,c,), Yu,v=L2,..,n;..Vu,v=12,...,

uv

— 1 i 1 2 h
n,--Vu,v=1,2,...,n, wherein q, —mm{ym,, Vupseeos yw},
L v 1 2 h
E —
buv = Hyuv > cuv _max{yuv’ yuv""’ yuv}'
E=1

Step 3: Establishment of a fuzzy positive reciprocal matrix.

A fuzzy positive reciprocal matrix was established for the
integrated fuzzy numbers after pairwise comparison by the
experts at each layer. For the 2™ layer, the fuzzy positive
reciprocal matrix was

LA, e
we()o Ve L)
Va, VH, - 1
where A, ® H, =1, Vi,j=12,..,k

To save space, the equations of fuzzy positive reciprocal
matrices are omitted by reason of analogy on the 3™ layer.

Step 4: Calculation of the fuzzy weights of the fuzzy positive
reciprocal matrices.
- ~ ~ ~ Ik

For the 2" layer, if Z = (Hl.1 ®H, ®---®Hik) ,
Vi=1,2,..., k,will be the geometric mean of the TFN of the i
evaluation dimension. The fuzzy weight of the i evaluation
dimension can be expressed as W, = Z, ®<Z~] ®L,®QZ, )_] :
For symbolic convenience, the TFN is expressed as
ZETRUNTN

To save space, the equations of fuzzy weights are omitted
by reason of analogy on the 3™ layer.

Step 5: Defuzzification of the fuzzy weights.

This paper used Eq. (3) for defuzzification, as Chen and
Hsieh's GMIR method is more effective and easier to use in
If W= W, W),
Vi=1,2,...,k, will be k triangular fuzzy weights, and the k&

the process of defuzzification.

explicit weight values after defuzzification will be
- ¢4 And 4wt
G(Wl.)zw’—Z’W’, Vi=1,2,...k.

To save space, the defuzzification of fuzzy weights is
omitted by reason of analogy on the 3" layer.

Step 6: Standardization of the explicit weights.
In order to facilitate the comparison of the relative im-
portance of each evaluation dimension, it was proposed to

standardize the k& explicit weight values after the
. . GU¥)
above-mentioned defuzzification as g, = ————.
2.GO)
i=1

Step 7: Integrated weights of each layer.
If the explicit weight values of the 2" and 3™ layer after
standardization are expressed with £ (Vi=1,2,...,k) and

¢, (Vu,v=12,..,n;..Yu,v=12,...,

n, ) respectively. Then

n;..Vu,v=12,...,

(1) The integrated weight @, of each evaluation dimension at
the 2™ layer will remain as ¢, ie., 6, =¢,, Vi=
L,2,... k.

(2) The integrated weights 6, of the evaluation criteria of the
3" layer will be 8, =¢, x¢,, Vi=1,2,....k; Yu=12,

ceon; L Nu=L2,..,n;5.. . Yu=12,...,n,.

4. Evaluate the Fuzzy Superiority Values of All Evaluation
Criteria versus All Alternatives
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Evaluating the performance values of all evaluation criteria
versus all alternatives, and then using these performance val-
ues as the basis for decision-making, is one of the important
processes of the MCDM evaluation. In the real world, eval-
uation criteria can be generally divided into two types:

(1) Subjective criteria, which can be linguistically or qualita-
tively defined; e.g., geographic location (C1), trade ac-
tivities and sources of goods (C\»), etc.

(2) Objective criteria, which can be defined as monetary or
quantitative terms; e.g., port charges (Cs1), port trans-
shipment cost (Ciy), etc.

Let SC={s,,... s,} and OC={o,,...,0,,...,0,}

denote all g subjective criteria and p objective criteria above
the alternatives layer, respectively.

P\ PR

Case I: For the subjective criteria.

(1) First, for the container port to be evaluated, the superiority
of all the evaluation criteria above the alternatives layer
are compared, and the linguistic variables shown in Sec-
tion 2.3 are used to convert the evaluation results of these
linguistic variables into TFNs. For example, suppose an
expert evaluates the “good geographic location (Ci;)” for
port A, as “Very Good (VG)”. This can then be converted
toa TFN as (0.75, 1, 1).

(2) Secondly, the concept of arithmetic mean is used to cal-
culate the fuzzy superiority. Let 7. =(a.,b.,cy

(i=1,2,....om; t=12,...,q; E=1,2,...,h ) represent

the fuzzy superiority of the E™ expert for the #" subjective

criterion corresponding to the i port. By using the
concept of arithmetic mean, the average superiority of the
£ subjective criterion corresponding to the i port may be

h E h E h E
ZE:lait ZE:]b” ZE:IC”
2

h R h

expressed as , =

Case II: For the objective criteria.
Under the objective criteria, the fuzzy superiority of each
alternative can be dealt with in the following two ways:

(1) If it is not possible to accurately evaluate the numerical
value, it can be evaluated by researchers or deci-
sion-making groups using objective data. For example,
when the port charge (Ca1) is about $50,000 per time, the
TFN can be expressed as (48900, 50000, 51300) or
(49100, 50000, 50900).

(2) Using the historical data of the past several periods, the
following method can be used for conversion. If
Xiyewis Xy X, (d=1,2,...,2z) is used to denote the

port charges in the past z period, the fuzzy evaluation value

z )
can be expressed as (mdin{xd 1, (}'_I1 X, )A, m;lx{xd }j .

5. Solve the Ideal and Anti-ideal Solutions of All Evalua-
tion Criteria versus All Alternatives

In this paper, the concepts of the ideal solution and an-
ti-ideal solution (Liang, 1999) were used to obtain the optimal
alternative, which was developed from the concept of the
relative closeness between the evaluation alternative and the
ideal solution. That is, the nearer the evaluation criterion is
from the ideal solution and the farther from the anti-ideal
solution, the better the alternative that will be determined.

Assuming that there are m alternatives to be evaluated and
m+--+n +--m =N evaluation criteria, let 7, = (a;, b;, c;
(i=1,2,....,m; j=1,2,..., N) be the average fuzzy superi-
ority of the j" evaluation criterion corresponding to the it
alternative. Since the evaluation criteria include the positive
(or benefit) criteria and negative (or cost) criteria, in order to
consistently measure the performance value, all benefit crite-
ria and cost criteria must be standardized. That is, the ideal
solution will be the maximum value of all benefit criteria or
the minimum value of the cost criterion. Based on such a
principle, set a; =mlax{c!.,.} and p, =ml_in{a!.,.}. The fuzzy

superiority p, of the j™ evaluation criterion corresponding to

the i alternative after standardization can be defined as fol-
lows:

(1) For the benefit evaluation criterion j, the larger the value
the better. That is, the criterion j has a positive contribu-
tion to the performance value, the standardization of the
fuzzy superiority p; can be expressed as p, =

a. b. c.
_ 7 y i
(‘%wf’v’gff){a—’a—’a—}
i %Y
(2) For the cost evaluation criterion j, the smaller the value the

better. That is, the criterion j has a negative contribution
to the performance value, the standardization of the fuzzy

superiority p, can be expressed as p, = (e,.j, Sy gij) =

b b A
¢. b a. |

i ij ij

This study adopted the GMIR method to calculate the rep-
resentative value of p, as G(p,) and compared these GMIR
values to determine the fuzzy ideal value @; and the fuzzy
anti-ideal valuey/; . Then
(1) For the benefit evaluation criterion j:

() If G(p,) =maxG(p,) , then the fuzzy ideal val-
ueP; =p; .

(i) IfG(p,;) =minG(p; ) , then the fuzzy anti-ideal val-

uey; =p,.
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(2) For the cost evaluation criterion j:
1) If G(,é,g.) =minG(p;) , then the fuzzy ideal val-
uep; =p,;.
(ii) If G(p,) = max G(p; ) , then the fuzzy anti-ideal val-
uey; = py.
Finally, the fuzzy ideal solution ®* and the fuzzy an-
ti-ideal solution P~ can be defined:

O = (G By @) P
and
N 77N /RN O
6. Solve the Distance of Each Alternative between the

Ideal and Anti-ideal Solutions

Let a)j* (j=1,2,..., N) be the integrated weight of evalua-

tion criterion j obtained by fuzzy AHP in Section 3.3. The
distances between the alternatives to be evaluated and the

fuzzy ideal solution @ and the fuzzy anti-ideal solution P
can be expressed as &, and J; , respectively.

2 =JZ{(wr)2x[Dm (6.2)]

J=1

and

5,_:\/ﬁ:{(@j)zX[Dm(wj,/sl.j)}z},izl,2,...,m.

j=1
Here, D, (e) can be calculated using Eq. (2) from Section 2.4.

7. Calculate the Relative Closeness of Each Alternative
and Select the Best Choice

In this paper, the relative distance between each alternative
A, and the ideal solution was used to measure the priority of
the alternatives. That is, the relative closeness index RC, was
used to evaluate the priority of the alternatives. Define
. o

RC, =—4—,
5 +3,

i=12,...,m.

The foregoing equation, where 0 < RC; <1, implies that
the larger RC; , the larger &, will be, and the farther the dis-
tance between alternative A, and the anti-ideal solution is (i.e.,
the closer the distance between alternative 4, and the ideal

solution), the better the ranking of alternative 4,. The m al-

ternatives can therefore be ranked according to the size of their
RC; value, and the best alternative can be chosen.

IV. CASE ILLUSTRATION

This paper took three container ports as simulation cases to
illustrate the evaluation method of fuzzy AHP-TOPSIS pro-
posed in this paper. The operational steps of this simulation
case were as follows:

Step 1: Form a review committee and construct a hierar-
chical structure.

Firstly, a hierarchy was established, as shown in Fig 1, for
evaluating the attraction of container ports. The hierarchy
consisted of four levels; layer 1 was the goal, which is hope-
fully the priority of container ports in the alternative solutions;
layer 2 was the six dimensions used to evaluate the container
ports; layer 3 was the 24 criteria proposed in Section 3; and
layer 4 was the solutions of 3 container ports. Then, AHP and
TOPSIS expert questionnaires based above hierarchy were
designed. Furthermore, three experts (i.e., X, Y, Z) in the areas
of marine transport and port affairs (one container carrier, one
shipping agent, and an import and export shipper) are em-
ployed to evaluate the attraction of three container ports (i.e.,
Ay, A, A3) based on designed expert questionnaires.

Step 2: Use the fuzzy AHP method to solve the weights of all
evaluation dimensions and evaluation criteria.

In this paper, the AHP expert questionnaire and fuzzy AHP
method were used to evaluate the integrated weights of the six
evaluation dimensions and the 24 evaluation criteria. Finally,
the integrated weights of the evaluation dimensions and
evaluation criteria could be obtained by using the fuzzy AHP
steps. The results are shown in Table 1.

Step 3: Evaluate the fuzzy superiority of all evaluation cri-
teria versus three schemes.

Using the concept of Section 3.4, it is assumed that the three
experts will evaluate the value of the fuzzy superiority of all
criteria versus the three container ports. In our case, three
criteria (i.e., C41, Cs2, and Cy3) are objective and cost criteria;
while the other 21 criteria are subjective and benefit criteria.
The three experts in this paper evaluate the fuzzy superiority
of the 21 subjective criteria and three objective criteria in the
three ports, and the results are shown in Table 2 and Table 3.

Step 4: Calculate the ideal solution and anti-ideal solution.
Firstly, there are 21 subjective criteria and three objective
criteria, as well as 23 benefit criteria and three cost criteria in
this case. In order to provide a consistent performance value,
the concept of Section 3.5 is used to standardize all benefit
criteria and cost criteria to obtain the fuzzy superiority p, and

GMIR value after standardization. The results are shown in
Table 4.
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Table 1. The integrated weights of all evaluation dimensions and evaluation criteria.

) Relative weights ) Relative weights Integrated weights
Evaluation aspects Evaluation factors "
(A) ®) © =@A*B)
Cu 0.2427 0.0483
Ci 0.3874 0.0771
Ci 0.199
Ci3 0.1915 0.0381
Cis 0.1784 0.0355
Ca 0.1669 0.0247
Cn 0.2108 0.0312
(@) 0.148
Cx 0.3608 0.0534
Cos 0.2615 0.0387
Csi 0.2167 0.0351
Cn 0.3377 0.0547
(6] 0.162
Cs3 0.2136 0.0346
Cs4 0.2320 0.0376
Cai 0.3059 0.0624
Ca 0.2784 0.0568
Cs 0.204
Cs 0.2358 0.0481
Ca4 0.1799 0.0367
Csi 0.2833 0.0527
Cs 0.3247 0.0604
Cs 0.186
Cs3 0.2102 0.0391
Cs4 0.1818 0.0338
Co1 0.2980 0.0301
Ce2 0.3307 0.0334
Cs 0.101
Ce3 0.1990 0.0201
Ce4 0.1723 0.0174

Table 2. The fuzzy superiority of 21 subjective criteria evaluated by three experts in three ports.

Criteria Experts Linguistic values Fuzzy superiority values
Ai A2 A3 A1 A> A3

X G F VP

Cu Y G G F (0.333,0.583, 0.833) | (0.333, 0.583, 0.833) (0.083, 0.25, 0.5)
Z P F P
X F VG F

Ci2 Y VP VG F (0.333, 0.5, 0.667) (0.667,0.917, 1) (0.25,0.5,0.75)
Z VG G F
X G G P

Ci Y G G P (0.417,0.667,0.917) | (0.417,0.667,0.917) (0.25, 0.5, 0.667)
Z F F VG
X F VG F

Cus Y VP 46, F (0.083, 0.167, 0.417) (0.667,0.917, 1) (0.25,0.5,0.75)
Z VP G F
X VP VG P

Ca1 Y G G P (0.25,0.417, 0.667) (0.5,0.75,0.917) (0,0.167,0.417)
Z F F VP
X F P F

Cn Y F G G (0.167, 0.333, 0.583) | (0.25,0.417,0.583) | (0.25,0.417,0.667)
Z VP VP VP
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Table 2. (Continued)
o Linguistic values Fuzzy superiority values
Criteria Experts
A A2 As A A2 A3

X P G P

Cx Y F VG VP (0.167,0.417, 0.667) (0.5, 0.75,0.917) (0,0.167,0.417)
A F F P
X F P F

Cos Y F F P (0.167,0.333, 0.583) | (0.333,0.583, 0.75) (0.083, 0.25, 0.5)
A VP VG VP
X G 45 G

C3i Y F 45 VG (0.5, 0.75, 0.917) (0.583, 0.833,0.917) (0.5, 0.75, 0.917)
Z VG F F
X F G F

Cn Y VG 45 45 (0.333, 0.5, 0.75) (0.25, 0.5, 0.75) (0.167, 0.333, 0.583)
A P P P
X F F F

Cs3 Y F F VP (0.25, 0.5, 0.75) (0.25, 0.5, 0.75) (0.167, 0.333, 0.583)
A F F F
X F G F

Cs Y F G F (0.417, 0.667, 0.833) (0.583,0.833, 1) (0.417, 0.667, 0.833)
A VG VG VG
X G 45 G

Cas Y F VG 45 (0.25,0.417,0.667) | (0.583,0.833,0.917) (0.5, 0.75, 0.917)
Z |44 F F
X F VG F

Csi Y VG VG F (0.333, 0.5, 0.667) (0.667,0.917, 1) (0.25,0.5, 0.75)
A VP G F
X F G F

Cs2 Y F VG VP (0.333, 0.583, 0.833) (0.5, 0.75, 0.917) (0.083, 0.25, 0.5)
A G F P
X F VG F

Cs3 Y VG VG F (0.333, 0.5, 0.667) (0.667,0.917, 1) (0.25,0.5,0.75)
A VP G F
X G 45 G

Css Y F VG VG (0.25,0.417,0.667) | (0.583,0.833,0.917) (0.5, 0.75, 0.917)
Z |44 F F
X F VG F

Ces1 Y VG 45 45 (0.333, 0.5, 0.667) (0.667,0.917, 1) (0.417, 0.667, 0.833)
A VP G F
X VP VG P

Ce2 Y F F P (0.083,0.167,0.417) | (0.417,0.667, 0.833) (0,0.167,0.417)
A VP F VP
X F VG F

Cs3 Y VG VG F (0.333, 0.5, 0.667) (0.667,0.917, 1) (0.25,0.5,0.75)
A VP G F
X G 45 G

Ces Y F VG 45 (0.25,0.417,0.667) | (0.583,0.833,0.917) (0.5, 0.75, 0.917)
Z |44 F F




D.-C. Liu et al.: Fuzzy AHP-TOPSIS to Select Container Port

Table 3. The fuzzy superiority of the three objective criteria evaluated by three experts in three ports.

101

L. Original data Fuzzy superiority values
Criteria
Month Al A2 A3 Al A2 A3
Jul. 41.2 37.8 45.6
Aug. 42.3 354 49 .4
Cal Sep. al 94 poR (41.1,42.16,44.1) | (35.4,38.13,40.1) | (41.6,44.83,49.4)
Oct. 41.1 40.1 41.6
Jul. 190 182 176
Aug. 184 173 167
Ca2 Sep. 179 170 193 (173, 181.4, 190) (170, 175.2, 182) (167, 179.01, 193)
Oct. 173 176 181
Jul. 3.1 3.6 3.1
Ca3 2:5 ;z ;? ig (2.2,2.68,3.1) (2.8,3.21, 3.6) (2.6,2.94,3.2)
Oct. 2.7 2.8 2.9
Table 4. Standardized superiority and GMIR value for all criteria.
o A1 A2 A3
Criteria Py GMIR Py GMIR Py GMIR
Cui 0.4,0.7, 1) 0.7 (0.4,0.7, 1) 0.7 (0.1,0.3, 0.6) 0.317
Ci2 (0.333, 0.5, 0.667) 0.5 (0.667,0.917, 1) 0.889 (0.25, 0.5, 0.75) 0.5
Ci3 (0.454,0.727, 1) 0.727 (0.455, 0.727, 1) 0.727 (0.273, 0.545, 0.727) 0.530
Cia (0.083, 0.167, 0.417) 0.194 (0.667,0.917, 1) 0.889 (0.25, 0.5, 0.75) 0.5
Cai (0.273, 0.455, 0.727) 0.470 (0.545, 0.818, 1) 0.803 (0, 0.182, 0.455) 0.197
Cx (0.25, 0.5, 0.875) 0.521 (0.375, 0.625, 0.875) 0.625 (0.375, 0.625, 1) 0.646
Cas (0.182, 0.455, 0.727) 0.455 (0.545, 0.818, 1) 0.803 (0, 0.182, 0.455) 0.197
Cos (0.222, 0.444, 0.778) 0.463 (0.444,0.778, 1) 0.759 (0.111, 0.333, 0.667) 0.352
Csi (0.545, 0.818, 1) 0.803 (0.636, 0.909, 1) 0.879 (0.545, 0.818, 1) 0.803
Ca (0.4,0.7,0.9) 0.683 (0.5,0.8, 1) 0.783 (0.4,0.7, 0.9) 0.683
Cs3 (0.333,0.667, 1) 0.667 (0.333, 0.667, 1) 0.667 (0.222, 0.444, 0.778) 0.463
Css (0.417, 0.667, 0.833) 0.653 (0.583,0.833, 1) 0.819 (0.417, 0.667, 0.833) 0.653
Ca1 (0.803, 0.84, 0.861) 0.837 (0.883,0.928, 1) 0.933 (0.717,0.79, 0.851) 0.788
Ca (0.879, 0.921, 0.965) 0.921 (0.918, 0.953, 0.982) 0.952 (0.865, 0.933, 1) 0.933
Caq3 (0.71,0.821, 1) 0.832 (0.611, 0.685, 0.786) 0.690 (0.688, 0.748, 0.846) 0.754
Caa (0.273, 0.455, 0.727) 0.470 (0.636, 0.909, 1) 0.879 (0.545, 0.818, 1) 0.803
Csi (0.333, 0.5, 0.667) 0.5 (0.667,0.917, 1) 0.889 (0.25, 0.5, 0.75) 0.5
Cs2 (0.364, 0.636, 0.909) 0.636 (0.545, 0.818, 1) 0.803 (0.091, 0.273, 0.545) 0.288
Cs; (0.333, 0.5, 0.667) 0.5 (0.667,0.917, 1) 0.889 (0.25, 0.5, 0.75) 0.5
Css (0.273, 0.455, 0.727) 0.470 (0.636, 0.909, 1) 0.879 (0.545, 0.818, 1) 0.803
Cei (0.333, 0.5, 0.667) 0.5 (0.667,0.917, 1) 0.889 (0.417, 0.667, 0.833) 0.653
Ce2 (0.1,0.2, 0.5) 0.233 (0.5,0.8, 1) 0.783 (0, 0.2, 0.5) 0217
Ces (0.333, 0.5, 0.667) 0.5 (0.667,0.917, 1) 0.889 (0.25, 0.5, 0.75) 0.5
Cea (0.273, 0.455, 0.727) 0.470 (0.636, 0.909, 1) 0.879 (0.545, 0.818, 1) 0.803

Then, by using the data of Table 4 and by comparing the
GMIR values of all the ports corresponding to the three ports,

it is possible to determine the fuzzy ideal value ¢; and the

fuzzy anti-ideal valuey/; , as shown in Table 5.

Finally, using the data of Table 5, it is possible to determine

tionV~, respectively.

O =[(0.4,0.7,1), (0.667,0.917,1),..., ...,

(0.667,0.917, 1), (0.636, 0.909, 1)]

the fuzzy ideal solution @' and the fuzzy anti-ideal solu-
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Table S. The fuzzy ideal value ¢§j+ and fuzzy anti-ideal value v for all criteria.

Criteria Fuzzy ideal value ¢ Fuzzy anti-ideal value y7;
Cu (0.4,0.7,1) (0.1, 0.3, 0.6)
Cix (0.667, 0.917, 1) (0.25,0.5, 0.75)
Cis (0.455, 0.727, 1) (0.273, 0.545, 0.727)
Cus (0.667, 0.917, 1) (0.083, 0.167, 0.417)
Ca (0.545, 0.818, 1) (0, 0.182, 0.455)
Cn (0.375, 0.625, 1) (0.25, 0.5, 0.875)
Cn (0.545, 0.818, 1) (0, 0.182, 0.455)
Cos (0.444, 0.778, 1) (0.111, 0.333, 0.667)
31 (0.636, 0.909, 1) (0.545, 0.818, 1)
Cp (0.5,0.8, 1) (0.4,0.7,0.9)
Cs3 (0.333,0.667, 1) (0.222, 0.444, 0.778)
C34 (0.583, 0.833, 1) (0.417, 0.667, 0.833)
Ca (0.883, 0.928, 1) (0.717,0.79, 0.851)
Ca (0.918, 0.953, 0.982) (0.879, 0.921, 0.965)
Cs (0.71,0.821, 1) (0.611, 0.685, 0.786)
Cas (0.636, 0.909, 1) (0.273, 0.455, 0.727)
Cs) (0.667, 0.917, 1) (0.25,0.5, 0.75)
Cs2 (0.545, 0.818, 1) (0.091, 0.273, 0.545)
Css (0.667, 0.917, 1) (0.25, 0.5, 0.75)
Css (0.636, 0.909, 1) (0.273, 0.455, 0.727)
Cs1 (0.667, 0.917, 1) (0.333, 0.5, 0.667)
Cer (0.5,0.8, 1) (0,0.2, 0.5)

Ces (0.667, 0.917, 1) (0.25, 0.5, 0.75)
Ces (0.636, 0.909, 1) (0.273, 0.455, 0.727)

Table 6. Distance between the three alternatives to the ideal solution and anti-ideal solution.

Alternatives Distance between alternatives and ideal solution &' Distance between alternatives and anti-ideal solution &
Al 0.003711098 0.001165407
A2 0.000059327 0.005951648
A3 0.005068177 0.000448383
and Finally, the RC values of three alternatives versus ideal solu-
~ tion can be obtained:
¥~ =[(0.1,0.3,0.6), (0.25, 0.5, 0.75), ..., ...,
(0.25,0.5,0.75), (0.273, 0.455, 0.727)] RC: _ 0.001165407 —0.2390;
" 0.003711098+0.001165407
Step 5: Calculate the distance between each alternative to
the ideal solution and the anti-ideal solution. 0.005951648
The data in Table 1, Table 4, and Table 5, as well as the RCZ = . =0.9901; and
formula in Section 3.6 can be used to calculate the distance 0.000059327 +0.005951648
between the three alternatives to the ideal solution and an-
ti-ideal solution. The results are shown in Table 6. . .
RC, = 0.000448383 —0.0813.
> 0.005068177 +0.000448383

Step 6: Calculate the relative closeness of all alternatives
and ranking to select the best choice.
Using the data from Table 6 and the formula in Section 3.7,

Because RCf12 >RCf1l SRCj13 the alternative A4, is consid-

the relative closeness of each alternative can be calculated.  ered to be the most attractive port for container carriers.



D.-C. Liu et al.: Fuzzy AHP-TOPSIS to Select Container Port 103

V. CONCLUSIONS

Efforts to improve the competitiveness of container ports
should focus on how to provide better port services to meet the
needs of users and enhance their satisfaction and loyalty,
which will strengthen the ports' sustainable competitive ad-
vantage. If a port system is not competitive in terms of service
quality or circulation efficiency, this will lead to the trans-
shipment of goods to other, more-effective ports, which will
affect route deployment and port selection by container carri-
ers, and eventually result in the port's decline. In contrast,
ports providing attractive services and products will effec-
tively strengthen the consumer behavior of container carriers,
which will induce carriers to berth, load and unload, ware-
house, and increase their value-added logistics activities at the
port, which will enhance the port's competitiveness. Port
attractiveness is consequently the prerequisite for a port's
achieve competitiveness, and is also a means of investigating a
port's competitive advantages.

The attractiveness of a port will affect container carriers’
port selection choices, which in turn will affect the port’s
competitiveness. To efficiently tackle the ambiguity fre-
quently arising in available information and do more justice to
the essential fuzziness in human judgment, and properly in-
tegrate the opinions of the decision-makers, as well as to ap-
propriately score and rank alternatives so as to find an optimal
solution, combining the concepts of fuzzy set theory, AHP, and
TOPSIS, a fuzzy AHP-TOPSIS evaluation method for se-
lecting the most attractive container port is developed. After
first establishing a hierarchical structure, which consisted of a
target layer, evaluation dimension layer, criteria layer, and
scheme layer, this paper used the fuzzy AHP method to de-
termine the weights of the evaluation criteria layer. After-
wards, this paper used the fuzzy TOPSIS method to construct
an evaluation method enabling container carriers to select the
most attractive port, and then employed a simulated case to
elucidate operating processes of this method.

In our simulation case, a hierarchy structure—with six di-
mensions, 24 criteria, and three hypothetical container
ports—was developed. Three experts were then invited to fill
in the questionnaires. Subsequently, the proposed fuzzy
AHP-TOPSIS method is utilized to demonstrate the compu-
tational process of the systematic approach. Finally, the result
of the numerical study showed the container port A, is de-
termined as the most attractive port for container carriers
based on the proposed fuzzy MCDM algorithm.

The simulated case in this paper involved three experts and
three hypothetical ports, and its results of this case supported
the use of the proposed method. If container operators and
carriers adopt this method to evaluate and select ports in the
future, they can freely change the number of experts, feasible
ports and valuation criteria. To make this method more suit-
able for practical decision-making, the method can also be
systematized and computerized, so that selection of an optimal
port selection can be automatically performed by computer
after inputting the relevant data.
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