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ABSTRACT 

This paper applies the modified extent analysis method of 
fuzzy AHP approach for selecting suitable partners of strategic 
alliance for a liner shipping company.  An empirical survey for 
selecting partners is studied to find out the most appropriate 
company based on the proposed fuzzy AHP algorithm.  To 
facilitate the main issue for selecting a partner, a hierarchical 
structure of partner selection for a liner shipping company 
with seven criteria, thirty-two sub-criteria, and three alterna-
tives was constructed to perform the empirical survey via AHP 
expert questionnaires.  When the operations of fuzzy AHP 
algorithm are computed, the optimal alternative is selected as 
the partner for the liner shipping company. 

I. INTRODUCTION 

Strategic alliances between liner shipping companies have 
progressively displaced the traditional Shipping Conferences 
or Freight Conferences as the competitive form for liner car-
riers.  Beginning in 1994, massive alignments between liner 
shipping carriers, and related shipping operators, took place 
with American President Line (APL), Orient Overseas Con-
tainer Line (OOCL), Mitsui O.S.K.  Line (MOL), and Ned-
lloyd Line forming the so-called “Global Alliance” [9] or the 
“First Generation Strategic Alliance” [13].  With limited re-
sources, the formation of strategic alliances will enable indi-
vidual carriers to share risks and resources, exchange know-
ledge, and access new markets [6, 15]. 

Based upon the strategic demand to maintain, or to increase, 
the competitive advantage, some liner shipping companies 
joined forces with one or more than two carriers on the col-
lective relationships provided by contracts.  Midoro and Pitto 

[13] pointed out that the most important factors in the advent 
of strategic alliances in liner shipping include the need for 
wider geographical scope, the possibility of vessel planning 
and co-ordination on a global scale, risk and investment 
sharing, economies of scale, entry into new markets, increas-
ing frequency of services, combining purchasing power and 
volume, etc. 

In any partnerships, there are always inherent risks and 
potential structural and cultural incompatibilities.  To ensure 
success, it is crucial that the partners, harboring different ob-
jectives and expectations, have a clear understanding of each 
other’s similarities and differences and, at the same time, 
recognize the opportunities for mutual benefits under cooper-
ative arrangements.  Since partner selection is crucial, it is 
imperative for decision-makers to devise and recognize ef-
fective partner selection criteria as well as evaluate questions 
of compatibility and feasibility prior to the formation of any 
alliance. 

The decision for partner selection poses a multi-criteria 
problem.  There are situations in which information is in-
complete, or imprecise, or views that are subjective, or en-
dowed with linguistic characteristics, that collectively create a 
fuzzy decision-making environment.  The extent analysis 
method of fuzziness-based analytic hierarchy process (AHP) 
approach, proposed by Chang [3] in 1996, is designed to mi-
nimize such adverse conditions and strengthen the choice 
process. 

The aim of this paper is to apply the modified extent analysis 
method of fuzzy AHP approach to improve the quality of 
decision-making in selecting a suitable partner.  The following 
section presents the research methodology.  The modified 
extent analysis method of fuzzy AHP approach is proposed in 
Section II.  A survey of selecting a partner is empirically studied 
in Section III.  Conclusions are drawn in the last section. 

II. RESEARCH METHODOLOGY 

In this section, some of the concepts used in this paper are 
briefly introduced.  These include the fuzzy set theory and 
extent analysis method of fuzzy AHP. 
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1. Fuzzy Set Theory 

The fuzzy set theory [20] is designed to deal with the ex-
traction 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.  Triangular fuzzy num- 
bers and the algebraic operations of fuzzy numbers are two 
major components of this section. 

1) Triangular Fuzzy Numbers 

In a universe of discourse X, a fuzzy subset A of X is defined 
by a membership function fA(x), which maps each element x in 
X to a real number in the interval [0, 1].  The function value 
fA(x) represents the grade of membership of x in A. 

A fuzzy number A [7] in real line ℜ is a triangular fuzzy 
number if its membership function ]1,0[: →ℜAf  is 
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with ∞<≤≤<−∞ bac .  The triangular fuzzy number can be 
denoted by ).,,( bac  

The parameter ‘a’ gives the maximal grade of fA(x), i.e.,  
fA(a) = 1; it is the most probable value of the evaluation data.  
In addition, ‘c’ and ‘b’ are the lower and upper bounds of the 
available area for 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. 

The triangular fuzzy numbers are easy to use and easy to 
interpret.   For example, ‘a value approximately equal to 300’ 
can be represented by (295, 300, 306); and it can be 
represented with more leeway by (290, 300, 313).  In addition, 
the non-fuzzy number, an exact number, ‘a’ can be repre- 
sented by (a, a, a).   For example, ‘a value of 300’ can be repre- 
sented by (300, 300, 300). 

2) The Algebraic Operations of Fuzzy Numbers 

In 1985, Chen proposed the Function Principle [4], which 
could be used as the fuzzy arithmetical operations between 
fuzzy numbers.  The merit of the Function Principle not only 
does not change the type of membership function of fuzzy 
number after operations, but also can reduce the trouble-
someness and tediousness of operations.  In here, the Chen’s 
Function Principle is used in this paper.  Let ),,( 1111 bacA =  
and ),,( 2222 bacA =  be fuzzy numbers.  The algebraic opera-
tions of any two fuzzy numbers A1 and A2 can be expressed as 
• Fuzzy addition, ⊕ : 

),,,( 21212121 bbaaccAA +++=⊕  

where ,,,,, 22111 acbac  and b2 are any real numbers. 

 
Fig. 1.  Hierarchical structure. 

 

• Fuzzy multiplication, ⊗ : 

),,,( 21212121 bbaaccAA =⊗  

where ,,,,, 22111 acbac  and b2 are all nonzero positive real 
numbers. 
• Fuzzy division, ∅ : 

),1,1,1(),,()( 111
1

111
1

1 cabbacA == −−  

where c1, a1, and b1 are all positive real numbers or all negative 
real numbers. 

A1∅ ),,,( 2121212 cbaabcA =  

where ,,,,, 22111 acbac  and b2 are all nonzero positive real 
numbers. 

 2. The Modified Extent Analysis Method of Fuzzy AHP 

The systematic steps for selecting a partner using the extent 
analysis method of fuzzy AHP, which is modified Chang’s 
method [3], is described below. 

Step 1: Develop a Hierarchical Structure 

A hierarchy structure is the framework of system structure.  
We can skeletonize a hierarchy to evaluate research problems 
and benefit the context.  It is not only useful in studying the 
interaction amongst the elements involved in each level, but it 
can also help decision-makers to explore the impact of different 
elements on the evaluated system.  Figure 1 is a complete 
hierarchical structure of selecting partners of strategic alliances 
with k criteria, kt ppp ++++ LL1  sub-criteria and m alterna-
tives. 

Step 2: Build Fuzzy Pair-wise Comparison Matrices 

Collecting pair-wise comparison matrices of each layer to 
represent the relative importance is an important step in fuzzy 
AHP method.  Consequently, the relative importance are 
evaluated by experts and are transformed into triangular fuzzy 
numbers using the geometric mean approach [16] to convey 
the opinions of all experts.  However, Chang’s method used an 
arithmetic mean approach to obtain the relative importance.  In 
this paper, the geometric mean approach is used instead of the 
arithmetic mean approach because the geometric mean is more 
effective in representing multiple decision-makers’ consensus 
opinions [16]. 
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Remark: The generalized means is a typical representation of 
many well-known averaging operations [11], e.g., min, max, 
geometric mean, arithmetic mean, harmonic mean, etc.  The 
min and max are the lower bound and upper bound of gene-
ralized means, respectively.  Besides, the geometric mean is 
more effective in representing the multiple decision-makers’ 
consensus opinions [16].  To aggregate all information gener-
ated by different averaging operations, the author uses the 
grade of membership to demonstrate their strength after con-
sidering all approaches.  For the above- mentioned reasons, 
the triangular fuzzy numbers characterized by using the min, 
max and geometric mean operations is used to convey the 
opinions of all decision-makers. 

That is, let ],9,1[]1,9/1[ ∪∈h
ijx  h = 1, 2, …, n, ∀i, j = 1, 

2, …, k, be the relative importance given to criteria i to criteria 
j by expert h on the Criteria layer in Fig. 1.  Then, the pair-wise 
comparison matrix is defined as kk

h
ijx ×][ .  After integrating the 

opinions of all n experts, the triangular fuzzy numbers can be 
denoted by C
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We use the integrated triangular fuzzy numbers to build a 
fuzzy pair-wise comparison matrix (given to criteria i to cri-
teria j).  For the Criteria layer, the fuzzy pair-wise comparison 
matrix can be denoted by 
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By the same concept, let ],9,1[]1,9/1[ ∪∈sh
uvx  h = 1, 2, …, 

n, ∀u, v = 1, …, p1; ∀u, v = 1, …, pt; …; ∀u, v = 1, …, pk, be 
the relative importance given to sub-criteria u to sub-criteria v 
by expert h on the Sub-criteria layer in Fig. 1.  Then, the 
pair-wise comparison matrices are defined as ,,][

11
Lpp

sh
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tt pp
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opinions of all n experts given to sub-criteria u to sub-criteria v 
on the Sub-criteria layer, the triangular fuzzy numbers can be 
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We use the integrated triangular fuzzy numbers to build the 
fuzzy pair-wise comparison matrices for the Sub-criteria layer 
can be denoted by 
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As regards with collecting pair-wise comparison matrices 
of m alternatives versus all kt ppp ++++ LL1  sub-criteria, 
let ],9,1[]1,9/1[ ∪∈ah

yzx  h = 1, 2, …, n, ∀y, z = 1, …, m, be the 
relative importance given to alternative y to alternative z 
versus all sub-criteria (C11, …, C1p1, ……, Ct1, …, Ctpt, ……, 
Ck1, …, Ckpk) by expert h in Fig. 1.  Hence, there are  p1 + … + 
pt + … + pk pair-wise comparison matrices and these matrices 
can be defined as mm

ah
yzx ×][ .  Therefore, the triangular fuzzy 

numbers of integrating all n experts’ opinions that given to 
alternative y to alternative z versus all sub-criteria (C11, …, 
C1p1, ……, Ct1, …, Ctpt, ……, Ck1, …, Ckpk) can be denoted by 
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Then, we use the integrated triangular fuzzy numbers to 
build kt ppp ++++ LL1  fuzzy pair-wise comparison ma-
trices for the Alternatives layer versus all sub-criteria, and this 
can be denoted by 
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Step 3: Calculate the Value of Fuzzy Synthetic Extent 

An important step of Chang’s extent analysis method on 
fuzzy AHP is to define the value of the fuzzy synthetic extent.  
Let },,,{ 21 nxxxX K=  be an object set, and U = {u1, u2, …, 
um} be a goal set.  According to Chang’s extent analysis me-
thod, each object is taken, and an extent analysis for each goal, 

ig , is performed, respectively.  The m extent analysis values 
for each object can be denoted as 

,,,2,1,,,, 21 niMMM m
ggg iii

KL =  

where all the ),,,( jjj
j

g bacM
i

=  j = 1, 2, …, m, are triangular 
fuzzy numbers. 

Let m
ggg iii

MMM ,,, 21
L  be the values of extent analysis of 

ith object for m goals.  Then, the value of fuzzy synthetic extent 
with respect to the ith object is defined as 
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To easily interpret each layer, now we take the Criteria layer 
in Fig. 1 as the subject matter.  The fuzzy pair-wise compari-
son matrix on the Criteria layer is denoted by 
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By using (2), the value of fuzzy synthetic extent with respect 
to the C1 can be obtained and denoted by 
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Fig. 2.  The intersection point of D between fA1 and fA2. 

 

To save space, the value of fuzzy synthetic extent with re-
spect to the Ct (t = 1, 2, …, k) can be obtained by the same 
concept as for the Criteria layer.  The equations of value of 
fuzzy synthetic extent with respect to the Sub-criteria layer 
and Alternatives layer versus all sub-criteria are omitted to 
reason by analogy. 

Step 4:  Compare the Degree of Possibility Among Fuzzy 
Synthetic Extent Value 

Calculating the degree of possibility of any two fuzzy 
numbers is another important step in Chang’s method.  This 
step can obtain to compare which is the greatest fuzzy value 
among several fuzzy numbers. 

Let ),,( 1111 bacA =  and ),,( 2222 bacA =  be fuzzy num-

bers, then the degree of possibility of 12 AA ≥  is defined as 
( )[ ])(),(minsup)(

2112 yfxfAAV AA
xy≥

=≥ .  The degree of possi-

bility of 12 AA ≥  can be also expressed as 
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where d is the ordinate of the highest intersection point of D 
between fA1 and fA2 (see Fig. 2).  In order to compare A1 and A2, 
we need both the values of )( 21 AAV ≥  and ).( 12 AAV ≥  

The degree of possibility for a convex fuzzy number A to be 
greater than k convex fuzzy numbers Ai (i = 1, 2, …, k) can be 
defined by 
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Step 5: Calculate and Normalize the Weight Vector of Each 
Layer 

After collecting the pair-wise comparison matrices of each 
layer, the value of the fuzzy synthetic extent and the degree of 
possibility of k convex fuzzy numbers can be calculated from 
Chang’s method.  The next step is using this information to 
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obtain the weight vector of each layer.  To easily interpret for 
each layer, now we take the Criteria layer in Fig. 1 as the 
subject matter. 

Assume that ),(min{)( ptt SSVCd ≥=′  for p = 1, 2, …, k; 
p ≠ t.  Then, the weight vector of the Criteria layer is given 
by ( )TtCdCdCdW )(,),(),( 21 ′′′=′

K , where Ct (t = 1, 2, …, 
k) are k criteria. 
For being convenient to obtain the relative importance of 

each layer, the normalized weight vector is W = (d(C1), 
d(C2), ...., d(Ct))

T, where W is a non-fuzzy number.  Here, the 
normalized weights can be also expressed as 
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To save space, the weight vector of Sub-criteria layer and 
Alternatives layer versus all sub-criteria can be obtained by 
the same concept. 

Step 6: Choose the Optimal Alternative 

Let , , tjt WW  and ,i
tjW  t = 1, 2, …, k, j = 1, 2, …, p1, j = 1, 

2, …, pt, …, j = 1, 2, …, pk, i = 1, 2, …, m, be the normalized 
weights of the Criteria layer, be the normalized weights of the 
Sub-criteria layer, and be the normalized weights of Alterna-
tives layer versus all sub-criteria, respectively.  Then, the final 
integrated weights for each alternative can be denoted by 

i
tjtjti WWWFIW ××= .  Finally, based on these final integrated 

weights, the decision-maker can determine the optimal alter-
native. 

III. EMPIRICAL STUDY 

 In this section, an empirical study of selecting a partner of 
strategic alliance for a liner shipping company is utilized to 
demonstrate the computational process of this modified fuzzy 
AHP as described above.  The process of the algorithm is 
empirically implemented, step by step, as follows. 

1. Identify the Alternatives and Adopt the Selection Criteria 

In a multi-criteria evaluation problem, the prospective al-
ternatives and numerous selection criteria needed to be con-
sidered.  The following paragraphs record the hierarchical 
structure of partner selection for a liner shipping company 
with seven criteria, thirty-two sub-criteria and three alterna-
tives.  These can be constructed as in Fig. 1. 

In our case, a container shipping company needs to choose 
a partner to expand business.  Three candidate companies, 
named A Line (AL), B Line (BL), and C Line (CL), are chosen 
after a preliminary screening for further evaluation.  The cri-
teria and sub-criteria used for the partner selection are derived 
from the related literature [1, 2, 5, 6, 8-10, 12, 13, 15, 17-19], 
suggestions of management, government officials and academic 
professors.  Finally, seven criteria and thirty-two sub-criteria are 

suggested and the code names of these criteria and sub-criteria 
are shown in parentheses. 

 
• Complementary capabilities (C1).  This criterion includes six 

sub-criteria, that is, wider and deeper geographical scope 
(C11), managerial capabilities of lines (C12), service channels 
or places (C13), increase in frequency of service (C14), net 
handling performance at container terminal (C15), and in-
crease in local or regional market access (C16). 

• Deeper contents and forms of collaboration (C2).  This crite-
rion includes five sub-criteria, that is, ships fitting with the 
cooperative routes (C21), using dedicated terminals together 
(C22), extending interests in the integrated hinterland trans-
port service (C23), business-supported activities (C24), and 
co-ordination of sales and marketing activities (C25). 

• Similarities match with partners (C3).  This criterion includes 
six sub-criteria, that is, cultures (C31), communication and 
coordination (C32), symmetry in organizational size (C33), 
trust and commitment (C34), compatibility in strategic goals 
(C35), and conflict management techniques (C36). 

• Financial health (C4).  This criterion includes four sub-criteria, 
that is, return on stockholders’ equity (C41), profit margin 
(C42), return on assets (C43), and return on long-term in-
vestment (C44). 

• Adequate physical facilities and equipment (C5).  This crite-
rion includes four sub-criteria, that is, handling equipment 
(C51), terminal hectares (C52), using containers and chassis 
together (C53), and information-sharing system (C54). 

• Intangible assets (C6).  This criterion includes three sub-criteria, 
that is, brand and firm reputation (C61), experience sharing 
(C62), and good human resources (C63). 

• Market knowledge access (C7).  This criterion includes four 
sub-criteria, that is, understanding competitors and custom-
ers (C71), experience with government regulations (C72), 
unique competencies (C73), and capabilities to provide total 
quality service (C74). 

2. Questionnaire Design and Data Collect 

Seven criteria, thirty-two sub-criteria with three alterna-
tives were used to design the Saaty’s [16] AHP questionnaire, 
and to collect pair-wise comparison matrices of each layer to 
represent the relative importance.  The AHP problem is in-
volved with the group decision-making, where Robbins [14] 
suggested five or seven decision-makers are suitable for 
dealing with a group decision-making problem.  For this re-
search, a committee of seven senior directors and managers in 
a company had been engaged to answer the survey question-
naire.  The surveys were completed in 2007 through e-mails, 
phone calls, and in-person interviews conducted by the author.  
All of the seven questionnaires were checked for validity. 

3. Empirical Results 

In our case, with seven criteria, thirty-two sub-criteria with 
three alternatives, there are forty (1+7+32) pair-wise com- 
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Table 1.  The fuzzy pair-wise comparison matrix of seven criteria. 
 C1 C2 C3 C4 C5 C6 C7 

C1 (1, 1, 1) (0.2, 1.640, 5) (2, 4.820, 9) (0.333, 2.370, 7) (0.5, 2.135, 6) (1, 3.717, 7) (2, 4.787, 8) 

C2 (0.2, 0.609, 5) (1, 1, 1) (1, 4.494, 9) (0.2, 1.952, 5) (0.167, 1.060, 5) (0.167, 2.411, 9) (0.167, 2.827, 9) 

C3 (0.111, 0.207, 0.5) (0.111, 0.223, 1) (1, 1, 1) (0.167, 0.319, 3) (0.2, 0.399, 2) (0.143, 0.704, 3) (0.143, 0.895, 4) 

C4 (0.143, 0.422, 3) (0.2, 0.464, 5) (0.333, 3.138, 6) (1, 1, 1) (0.2, 0.548, 2) (0.167, 1.121, 6) (0.167, 1.341, 7) 

C5 (0.167, 0.468, 2) (0.2, 0.943, 6) (0.5, 2.508, 5) (0.5, 1.825, 5) (1, 1, 1) (0.333, 2.283, 6) (0.333, 2.860, 7) 

C6 (0.143, 0.269, 1) (0.111, 0.415, 6) (0.333, 1.420, 7) (0.167, 0.892, 6) (0.167, 0.438, 3) (1, 1, 1) (1, 2.034, 3) 

C7 (0.125, 0.209, 0.5) (0.111, 0.354, 6) (0.25, 1.118, 7) (0.143, 0.746, 6) (0.143, 0.350, 3) (0.333, 0.492, 1) (1, 1, 1) 

 

parison matrices to collect.  The author uses the seven criteria 
(C1 – C7) of the seven valid questionnaires as an example for 
illustrating the computational process of the modified fuzzy 
AHP.  As regards to the 39 pair-wise comparison matrices, 
these are omitted by reasoning by analogy.  Then, the weight 
vectors and normalized weights for the Criteria layer are cal-
culated.  Finally, the computing process and empirical results 
are shown as follows. 

Step 1: Build Fuzzy Pair-wise Comparison Matrix 

The author used the data of the relative importance of seven 
valid questionnaires to collect pair-wise comparison matrix 
and then transformed these data into triangular fuzzy numbers 
using the geometric mean approach, as mentioned in Step 2 of 
modified extent analysis method of fuzzy AHP.  The 

 result of the fuzzy pair-wise comparison matrix ( [ ]
77

~
×= C

ij
C
k BB )  

for the Criteria layer (C1 – C7) is shown as Table 1. 

Step 2: Calculate the Value of Fuzzy Synthetic Extent 

Using the (2), the value of fuzzy synthetic extent with re-
spect to the C1 to C7 can be obtained.  The computational 
process is described below. 
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Step 3: Compare the Degree of Possibility Among Fuzzy 
Synthetic Extent Value 

By using (3), the degree of possibility (V (Si ≥ Sj)) among 
these seven fuzzy synthetic extent value (S1 to S7) can be ob-
tained.  The computational process is described below. 

(1) 1)( 21 =≥ SSV ; 1)( 31 =≥ SSV ; 1)( 41 =≥ SSV ;  

1)( 51 =≥ SSV ; 1)( 61 =≥ SSV ; 1)( 71 =≥ SSV . 

(2) 956.0
)033.0296.0()948.1207.0(

948.1033.0
)( 12 =

−−−
−=≥ SSV ;  

1)( 32 =≥ SSV ; 1)( 42 =≥ SSV ; 1)( 52 =≥ SSV ;  

1)( 62 =≥ SSV ; 1)( 72 =≥ SSV . 

(3) 721.0
)033.0296.0()657.0054.0(

657.0033.0
)( 13 =

−−−
−=≥ SSV ; 

808.0
)014.0207.0()657.0054.0(

657.0014.0
)( 23 =

−−−
−=≥ SSV ;  

913.0
)01.0116.0()657.0054.0(

657.001.0
)( 43 =

−−−
−=≥ SSV ;  

845.0
)014.0172.0()657.0054.0(

657.0014.0
)( 53 =

−−−
−=≥ SSV ;  

943.0
)014.0093.0()657.0054.0(

657.0014.0
)( 63 =

−−−
−=≥ SSV ; 

 988.0
)01.0062.0()657.0054.0(

657.001.0
)( 73 =

−−−
−=≥ SSV . 
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(4) 881.0
)033.0296.0()359.1116.0(

359.1033.0
)( 14 =

−−−
−=≥ SSV ; 

937.0
)014.0207.0()359.1116.0(

359.1014.0
)( 24 =

−−−
−=≥ SSV ;  

1)( 34 =≥ SSV ;  

960.0
)014.0172.0()359.1116.0(

359.1014.0
)( 54 =

−−−
−=≥ SSV ; 

 983.0
)014.0093.0()359.1116.0(

359.1014.0
)( 64 =

−−−
−=≥ SSV ;  

1)( 74 =≥ SSV . 

(5) 919.0
)033.0296.0()449.1172.0(

449.1033.0
)( 15 =

−−−
−=≥ SSV ; 

 976.0
)014.0207.0()449.1172.0(

449.1014.0
)( 25 =

−−−
−=≥ SSV ;  

1)( 35 =≥ SSV ; 1)( 45 =≥ SSV ; 1)( 65 =≥ SSV ; 

 1)( 75 =≥ SSV . 

(6) 854.0
)033.0296.0()223.1093.0(

223.1033.0
)( 16 =

−−−
−=≥ SSV ;  

914.0
)014.0207.0()223.1093.0(

223.1014.0
)( 26 =

−−−
−=≥ SSV ;  

1)( 36 =≥ SSV ;  

981.0
)01.0116.0()223.1093.0(

223.101.0
)( 46 =

−−−
−=≥ SSV ;  

939.0
)014.0172.0()223.1093.0(

223.1014.0
)( 56 =

−−−
−=≥ SSV ;  

1)( 76 =≥ SSV . 

(7) 822.0
)033.0296.0()11.1062.0(

11.1033.0
)( 17 =

−−−
−=≥ SSV ; 

883.0
)014.0207.0()11.1062.0(

11.1014.0
)( 27 =

−−−
−=≥ SSV ; 

1)( 37 =≥ SSV ;  

953.0
)01.0116.0()11.1062.0(

11.101.0
)( 47 =

−−−
−=≥ SSV ;  

Table 2.  The normalized weights of the seven criteria. 

Criteria C1 C2 C3 C4 

Normalized weights 0.163 0.155 0.117 0.143 

Criteria C5 C6 C7  

Normalized weights 0.149 0.139 0.134  

 

909.0
)014.0172.0()11.1062.0(

11.1014.0
)( 57 =

−−−
−=≥ SSV ;  

.972.0
)014.0093.0()11.1062.0(

11.1014.0
)( 67 =

−−−
−=≥ SSV  

Step 4: Calculate and Normalize the Weight Vector 

Using the equation of )},(min{)( ptt SSVCd ≥=′
,
the weight 

vector and normalized weight vector of the Criteria layer can 
be obtained.  The computational process is described below. 

;1)1,1,1,1,1,1min(

)},,,,,(min{)( 76543211

==
≥=′ SSSSSSSVCd

 

;956.0)1,1,1,1,1,956.0min(

)},,,,,(min{)( 76543122

==
≥=′ SSSSSSSVCd

 

;721.0)988.0,943.0,845.0,913.0,808.0,721.0min(

)},,,,,(min{)( 76542133

==
≥=′ SSSSSSSVCd

 

;881.0)1,983.0,960.0,1,937.0,881.0min(

)},,,,,(min{)( 76532144

==
≥=′ SSSSSSSVCd

 

;919.0)1,1,1,1,976.0,919.0min(

)},,,,,(min{)( 76432155

==
≥=′ SSSSSSSVCd

 

;854.0)1,939.0,981.0,1,914.0,854.0min(

)},,,,,(min{)( 75432166

==
≥=′ SSSSSSSVCd

 

.822.0)972.0,909.0,953.0,1,883.0,822.0min(

)},,,,,(min{)( 65432177

==
≥=′ SSSSSSSVCd

 

The weight vector of the Criteria layer is calculated as W′ = 
(1, 0.956, 0.721, 0.881, 0.919, 0.854, 0.822)T, and the nor- 
malized weight vector is W = (0.163, 0.155, 0.117, 0.143, 
0.149, 0.139, 0.134)T.   

Therefore, the weight of each criterion (C1 – C7) of the 
Criteria layer can be shown as Table 2. 

Step 5: Calculate the Weights for Each Layer 

To save space, the author used the same computational 
process of the proposed fuzzy AHP for each layer to obtain the 
normalized weights.  And then, the results of the normalized 
weights for each layer can be shown as Table 3. 
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Table 3.  The normalized weights for each layer. 

Criteria 
layer 

Weights 
Sub-criteria 

layer 
Weights 

Alternatives layer versus 
all sub-criteria (Weights) 

AL BL CL 

C1 0.163 

C11 0.261 0.255 0.226 0.519 

C12 0.109 0.261 0.432 0.307 

C13 0.175 0.269 0.397 0.334 

C14 0.189 0.226 0.391 0.383 

C15 0.127 0.289 0.238 0.473 

C16 0.139 0.452 0.299 0.249 

C2 0.155 

C21 0.293 0.351 0.334 0.315 

C22 0.186 0.229 0.412 0.359 

C23 0.243 0.301 0.287 0.412 

C24 0.159 0.279 0.258 0.463 

C25 0.119 0.259 0.358 0.383 

C3 0.117 

C31 0.121 0.286 0.295 0.419 

C32 0.193 0.324 0.298 0.396 

C33 0.181 0.298 0.283 0.419 

C34 0.208 0.357 0.314 0.329 

C35 0.159 0.389 0.253 0.358 

C36 0.138 0.298 0.251 0.451 

C4 0.143 

C41 0.223 0.228 0.283 0.489 

C42 0.403 0.297 0.387 0.316 

C43 0.215 0.353 0.226 0.421 

C44 0.159 0.236 0.312 0.452 

C5 0.149 

C51 0.263 0.319 0.383 0.298 

C52 0.241 0.296 0.345 0.359 

C53 0.318 0.326 0.248 0.426 

C54 0.178 0.382 0.245 0.373 

C6 0.139 

C61 0.381 0.389 0.218 0.393 

C62 0.256 0.294 0.287 0.426 

C63 0.363 0.391 0.235 0.374 

C7 0.134 

C71 0.224 0.378 0.276 0.346 

C72 0.216 0.248 0.384 0.368 

C73 0.257 0.297 0.278 0.425 

C74 0.303 0.374 0.231 0.395 

 
Table 4.  The final integrated weights for three alternatives. 

Company Final integrated weights (FIWi) Ranking order 

AL 0.314 2 

BL 0.299 3 

CL 0.387 1 
 

Step 6: Choose the Optimal Alternative 

Finally, the final integrated weights for each candidate (AL, 
BL, and CL) are obtained.  The results are shown in Table 4.  
The ranking order of three alternatives is CL, AL, and BL.  It is 
obvious that the optimal partner selection is alternative CL. 

IV. CONCLUSIONS  

The strategic alliances amongst leading container carriers 
in the liner shipping industry have gained importance and 
prominence in recent years.  The literature has shown that the 
formation of viable strategic alliances in the liner shipping 
industry has accelerated by necessity.  However, the selection 
of a suitable partner for the strategic alliance is no easy matter.  
It not only involves a multiplicity of complex considerations 
but also concerns about data of vague information.  This de-
cision for partner selection poses a multi-criteria problem and 
endows with linguistic characteristics creating a fuzzy deci-
sion-making environment. 

Hence, this paper aims to apply the modified extent analy-
sis method of fuzzy AHP approach for selecting partners of 
strategic alliance for a liner shipping company.  To find out the 
most appropriate company for selecting a partner based on the 
proposed fuzzy AHP algorithm, an empirical survey of a liner 
company was studied.  To facilitate the main issue for selecting 
a partner, a hierarchical structure of partner selection for a liner 
shipping company with seven criteria, thirty-two sub-criteria 
and three alternatives was constructed.  These criteria and 
sub-criteria have already been discussed and publicized in the 
academic and management fields.  Finally, the proposed fuzzy 
AHP approach, which modifies Chang’s method, was used to 
perform the empirical survey via an AHP expert questionnaire. 

The surveys selected seven senior directors and managers 
to answer the survey questionnaires in 2007.  When the oper-
ations of fuzzy AHP algorithm are computed, alternative CL 
was selected as the optimal partner for the liner shipping 
company.  The proposed model does not only overcome the 
limitations of crisp values, but it also facilitates computer- 
based implementation as a decision support system for choice 
in fuzzy environments.  In addition, the proposed algorithm 
can also be applied to similar selection problems, such as port 
selection, pilot selection, and so on. 
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