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Abstract 
Many methods have been adopted by shipping operators to evaluate, analyze and select ports of calls. 

Majority of these methods are generally based on evaluating different port performance criteria involved. 

The ports performance criteria are interrelated and are of a complex nature. Comparison of ports by 

different evaluation methods provides a basis for implementing operating strategies for port and shipping 

operators. However, the analyses of qualitative parameters together with quantitative attributes have been 

under-valued or even neglected in many of the previous studies. 

An Extent Fuzzy Analytical Hierarchy Process (E-Fuzzy AHP) proposed by this study allows multiple 

integrated criteria to be analyzed and evaluated. The study also provides a decision support tool based on 

the principles of E-Fuzzy AHP to rank and introduce the most determining operational attributes for port 

selection through incorporating the quantitative and the qualitative integrated attributes into three main 

criteria including port ownership, port connections and relevant data factors for analysis. The concrete 

basis provided in E-Fuzzy AHP environment has shown that amongst three alternatives nominated, 

notably, financial, customer, and operation perspectives, the operation perspectives has obtained the 

highest priority with a ratio of 41%. 
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1. Introduction 

Due to the global recession, the demand for the 

carriage of maritime cargo does not show a significant 

growth for the last decade. This makes the shipping 

market to face an intense and competitive environment. 

Many ports are looking for grounds to promote their 

industries by increasing their investment in port 

infrastructure, improve their equipment efficiency, 

operating processes and customer services in order to 

succeed and / or survive. To accomplish this goal, a set 

of well-defined operating performance measures is 

required to lead the ports to succeed (Su et al., 2003).  

It is worthwhile investigating the most determining 

and affective attributes in port performance evaluation 

using an Extent Fuzzy Analytical Hierarchy Process (E-

Fuzzy AHP) that embraces interrelated (even scanty) 

qualitative and quantitative criteria,. The attributes and 

weights assigned to these attributes may vary from 

different ports based on their natures and regions they 

serve. Although, considering that the selection priorities 

of ports in different regions with different conditions 

remain unchanged, it may not a guaranty that the 

system produces similar performance measures for 

similar ports.  
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The literature demonstrates enormous number of 

research studies conducted on the East Asian, European 

and American ports, resulted in the ranking of 50 world 

top ports in terms of annual throughput. The objective 

of the majority of these studies has been based on 

assigning the most competitive performance evaluation 

technique for port selection decisions. The competitive 

environment of ports has made many researchers to 

consider the viability of the most effective attributes in 

their performance evaluations. Majority of these studies 

based their analysis on the criteria recommended by the 

experts.  

Numerous studies have been conducted on the 

selection of freight transport modes and carriers’ 

selection rather than addressing the more specific 

criteria, such as port competition factors.  

Studies conducted by Ha (2003), Lirn et al. (2004), 

Ng (2006) and Chou (2010) contain attributes leading 

to ports’ performance evaluation, such as transit time, 

reliability, transport costs, port charges, route and 

service attributes, port size, and accessibility. 

Su et al. (2003) have attempted to establish a 

comprehensive performance measuring system by 

introducing a new management tool, so called the 

,”Balanced Scorecard” (BSc). Considering the nature of 

commercial port activities, they have developed 31 

qualitative performance criteria, notably, attributes such 

as finance, customer services, internal business process, 

training, and growth perspectives. Their study finally 

ranked the most determining criteria through the BSc 

concept. Song and Yeo (2004) applied an Analytical 

Hierarchy Process (AHP) technique to compare 

different criteria of the container terminal operations for 

ports located at China and USA, respectively. They 

selected the most determining criteria based on the 

expert's judgments in the region and in the existing 

literature. Chou (2005), Tai and Hwang (2005) 

compared the fitness of several models for port 

selection, with emphasis on the possibilities of reducing 

transportation costs, as a determining issue in the 

present international container trade and transportation 

market. Majority of research studies have mainly 

analyzed the impacts of hinterland on port selection and 

their performance, however, E-Fuzzy AHP model in 

this research, attempts to rank three main groups, 

including operation and equipment, customer 

satisfaction and financial aspects, of attributes by 

defining the role of main and associated sub-attributes 

and by neglecting the ports ranks and regions. The 

generic Decision-making model introduced in this 

study may be used to rank the performance of ports 

based on specific evaluation attributes with respect to a 

set of pre-defined attributes recommended by the 

literature and the experts. The  main groups were 

selected based on previous studies conducted on ports. 

2. Materials and Methods 

2.1. E-Fuzzy AHP Modeling 

The Fuzzy set theory resembles human reasoning 

since it expresses approximation of information and 

uncertainties to generate decisions. It is specifically 

designed to mathematically represent uncertainties 

and vagueness and provides a set of formalized tools 

for dealing with the imprecision intrinsic to many 

problems (Kahraman et al., 2004). The benefit of 

extending crisp theory and the strong analysis abilities 

to Fuzzy techniques is the strengths of this method in 

solving real-world problems. The E-Fuzzy AHP 

technique entails little degree of imprecision and noise 

in the variables and parameters measured and 

processed for the application (Kahraman et al., 2009). 

2.2. The Extent Fuzzy AHP Methodology 

The Analytical Hierarchy Process (AHP) has been 

widely accepted to solve Multiple Attribute Decision-

Making (MADM) problems. However, due to the 

existence of vagueness and uncertainties in judgments, 

a crisp, pair-wise comparison and a conventional AHP 

may be unable to accurately capture the decision-
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makers' ideas (Kahraman et al., 2004). Therefore, the 

Fuzzy logic is introduced into the pair-wise 

comparison to deal with the deficiency in the 

traditional AHP which is referred to as Fuzzy AHP 

(Zadeh, 1965).  

The Fuzzy AHP can effectively embrace both 

qualitative and quantitative data leading towards a 

multi-attribute decision-making scenario. Chang 

(1996) has masterminded the E-Fuzzy AHP as a new 

approach for handling the Fuzzy AHP problems with 

the use of Triangular Fuzzy Numbers (TFN) for pair-

wise comparison together with the use of extent 

analysis method for the synthetic extent values of 

pair-wise comparison scale. 

The use of extent analysis method to find the 

synthetic extent values of pair-wise comparisons is 

discussed in the study conducted by Kahraman et al. 

(2004). Parkash (2003) compared three approaches 

including AHP, Ideal Vector Approach (IVA) and E-

FUZZY AHP leading to land suitability analysis. 

Parkash (2003) has found that FUZZY AHP method 

provides more accurate and reasonable outputs than 

other methods. Chan and Kumar (2007) have 

proposed a research model which helps to provide a 

framework for an organization to select its global 

supplier by considering risk factors involved. The 

study has applied E-FUZZY AHP for selecting a 

global supplier in the current business scenario. 

Naghadehi et al. (2009) have developed a research 

model by integrating a FUZZY AHP method into an 

advanced type of conventional AHP to select the 

optimum mining method through the most effective 

criteria. At the same time, they have taken subjective 

judgments of decision makers into consideration. 

Celik et al. (2009) have structured a practical 

decision-support mechanism to ensure creating 

concrete grounds for multiple criteria analysis of the 

shipping registry. The FUZZY AHP methodology 

based on Chang’s extent analysis was determined to 

be fully utilized in order to model the selection of 

shipping registry. After structuring the fundamental 

hierarchy, the model was performed with a case 

application on the Turkish maritime industry to 

enable obtaining illustrative results (Kahraman et al., 

2009).  

In this study, the TFNs are used to identify the 

priority of one attribute over another. Further, extent 

analysis method is used to calculate the synthetic 

extent value of the pair-wise comparison.  

The weight vectors will be selected and the final 

normalized weight vectors will be calculated. Based 

on different weights assigned to the attributes, the 

final priority of alternatives will be obtained in 

which the first priority will be associated with the 

highest weight obtained. 

3. Results 

3.1. E-FUZZY AHP Algorithms 

The extent of E-FUZZY AHP will be utilized as 

(Chang, 1996): 

Let  nxxxxX ,.......,,, 321  as an object set, 

and  mggggG ,.......,,, 321  as a goal set. 

According to the Chang’s extent analysis, each 

object is taken and extent analysis for each goal gi, is 

then performed respectively. Therefore; m extent 

values for each object can be obtained using the 

following signs: 

niMMM gi
m

gigi ,....,2,1,...,, ,
21   

Where, all of the M j
gi (j = 1, 2,…, m) are TFNs. 

Followings represent the steps of Chang’s extent 

analysis: 

Step 1: The value of Fuzzy synthetic extent with 

respect to the ith object is defined as: 
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Compute the inverse of the vector above, such that: 
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Step 2: As ),,(
~

1111 umlM   and ),,(
~

2222 umlM   

are two TFNs, the degree of possibility of 

),,(),,( 11112222 umlMumlM   is defined as: 
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Step 3: The possibility degree for a convex Fuzzy 

number to be greater than k convex Fuzzy Mi (i=1, 2, k) 

numbers can be defined by: 
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kiMMV i ,....,3,2,1),(min                   (5) 

Assuming that   )(min kii SSVAd   

for iknk  ;,....,2,1 , then, the weight vector will 

be given by: 
T

nAdAdAdW ))(),......,(),(( 21                      (6) 

Wherein; ),...2,1( niAi   are n elements.  

Figure 1 illustrates equation (4), where d is the 

ordinate of the highest intersection point between 

1M and 
2M . To compare M1 and M2, we need both 

the values of  21 MMV   and  12 MMV  . 

 
Fig. 1: The intersection between M1 and M2 (Kahraman et al., 

2004) 

Step 4: Via normalization, the normalized weight 

vectors are: 
T

nAdAdAdW ))(),......,(),(( 21                        (7) 

Where, W is a non-fuzzy number. 

4. Discussion 

Multi-Attribute Comparison among Port 
Performance Evaluation Attributes 

A profound literature review of studies deals with 

port evaluation criteria enabled to categorize the 

attributes into three main groups including operation 

and equipment, customer satisfaction, and financial 

aspects. Majority of the defined attributes in the 

literature can be categorized directly or indirectly under 

the above three groups. A group of experts including 

academics, port managers, ports’ technical personnel, 

shipping experts, and shipping line mangers have been 

interviewed based on direct and communicative 

interviews to obtain their preferences on the main and 

sub-attributes at different stages of hierarchy. The 

hierarchy of E-FUZZY AHP for ranking the named 

groups is shown in decision tree in Figure 2.  

 
Fig. 2: Decomposition of the Problem into Hierarchy  

The Fuzzy evaluation matrix relevant to the goal is 

represented in Table 1. The main attributes are 

determined as Port Ownership (PO), Port Connections 

(PC) and Data Factors (FD). The sub-attributes of E-

FUZZY AHP decision tree are determined as Public 

Ownership (PU), Private Ownership (PR), Isolated 

Port (IP), Connected Port (CP), Data Availability 

(AV) and Data Analysis (AN). 
Table 1. Fuzzy Evaluation Matrix With Respect to the Goal 

Goal PO PC  FD  

PO (1,1,1) (1,3/2,2) (1,3/2,2)  

PC (1/2,2/3,1) (1,1,1)  (1/2,1,3/2) 
FD (1/2,2/3,1) (2/3,1,2)  (1,1,1)  

 12

~~
MMV 

                 M2                  M1                 

l2             m2   l1  d    u2 m1          u1  

Port Performance Evaluation Factors Selection 

PO FD PC 

AN AV CP IP PR PU 

FP OP CS 
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The experts' opinions obtained from different port 

industries were compared with the three main criteria 

regarding to each sub-attributes. The calculation 

methods of the main and sub-attributes were explained 

in detail to the experts while they were interviewed to 

answer the questions. 

The judgments and opinions obtained from the 

experts and specialists and their relevancies been 

compared with the main and sub-attributes 

respectively.  

Table 2 provides the results of Fuzzy comparison 

of such sub-attributes respect to the main attributes. 

The relative weight vectors of each main attribute is 

shown in Table 2. 
Finally, the main three criteria represented as 

alternatives and their sub-attributes are compared 

with each other. The results have been summarized 

in Table 3. 

Using the data in Table 1, the weight vector is 

calculated as: WQM= (0.43, 0.27, o.30) T 

Combination of priority weights for sub-attributes, 

main attributes, and alternatives to determine priority 

weights for ranking the three criteria are provided in 

Table 4. 

Table 2: Fuzzy Evaluation Matrix of Sub-attributes with Respect to the Main Attributes and Weight Vectors 
PC CP IP  FD AN AV  PO PR PU 

CP (1,1,1) (1,3/2,2)  AN (1,1,1) (1/2,2/3,1)  PR (1,1,1) (1/3,2/5,1/2) 

IP (1/2,2/3,1) (1,1,1)  AV (1,3/2,2) (1,1,1)  PU (2,5/2,3) (1,1,1) 

WPC=(0.68,0.32)T  WFD=(0.32,0.68)T  WPO=(0.0,1.00)T 

Table 3: Fuzzy Evaluation Matrices of Alternatives with Respect to Sub-attributes and Weight Vectors 
PR FP CS OP  PU FP CS OP 

FP (1,1,1) (2/5,1/2,2/3) (1/2,2/3,1)  FP (1,1,1) (1/2,2/3,1) (1/2,2/3,1) 

CS (3/2,2,5/2) (1,1,1) (1/2,1,3/2)  CS (1,3/2,2) (1,1,1) (2/3,1,2) 

OP (1,3/2,2) (2/3,1,2) (1,1,1)  OP (1,3/2,2) (1/2,1,3/2) (1,1,1) 

WPR=(0.17,0.45,0.38)T  WPU=(0.24,0.38,0.38)T 

CP FP CS OP  IP FP CS OP 

FP (1,1,1) (2/5,1/2,2/3) (2/3,1,2)  FP (1,1,1) (1/2,1,3/2) (2/3,1,2) 

CS (3/2,2,5/2) (1,1,1) (1,3/2,2)  CS (2/3,1,2) (1,1,1) (2/5,1/2,2/3) 

OP (1/2,1,3/2) (1/2,2/3,1) (1,1,1)  OP (1/2,1,3/2) (3/2,2,5/2) (1,1,1) 

WCP=(0.25,0.50,0.25)T  WIP=(0.33,0.26,0.41)T 

AN FP CS OP  AV FP CS OP 

FP (1,1,1) (1,3/2,2) (2/3,1,2)  FP (1,1,1) (2/3,1,2) (2/5,1/2,2/3) 

CS (1/2,2/3,1) (1,1,1) (2/5,1/2,2/3)  CS (1/2,1,3/2) (1,1,1) (2/5,1/2,2/3) 

OP (1/2,1,3/2) (3/2,2,5/2) (1,1,1)  OP (3/2,2,5/2) (3/2,2,5/2) (1,1,1) 

WAN=(0.39,0.17,0.44)T  WAV=(0.23,0.16,0.61)T 
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the operations.  

This study suggests that other port decision 

scenarios, such as port planning, development, berth 

selection, quay crane scheduling and crane allocation, 

equipment selection and feasibility study can be 

examined by E-FUZZY technique.  
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Appendix: Experts Judgments 

Experts, academics of the relevant fields, port managers and operators of the commercial and maritime 

services companies were requested to judge and rank the most important attributes identified for container yard 

operating on a preference basis. In some cases, the conception has been taken from the explanations, 

information and instructions given by the operators. A sample of investigations is reflected in this study. 

Table A-1: Average Importance of the Main Attributes 
Port 

Performance 
Evaluation 
Attributes  

Average Importance (preference) of one main – attribute over another 

A
tt

ri
bu

te
s 

Q
ue

st
io

ns
 

A
tt

ri
bu

te
s 

(2
,5

/2
,3

) 
A

bs
ol

ut
e 

(3
/2

,2
,5

/2
) 

V
er

y 
S

tr
on

g 

(1
,3

/2
,2

) 
F

ai
rl

y 
S

tr
on

g 

(1
/2

,1
,3

/2
) 

W
ea

k 

(1
,1

,1
) 

E
qu

al
 

(1
/2

,1
,3

/2
) 

W
ea

k 

(1
,3

/2
,2

) 
F

ai
rl

y 
S

tr
on

g 

(3
/2

,2
,5

/2
) 

V
er

y 
S

tr
on

g 

(2
,5

/2
,3

) 
A

bs
ol

ut
e 

Q1 PO   *       PC 
Q2 PO   *       FD 
Q3 PC    *      FD 

Experts Judgments are reflected in Table A-2. 

Table A-2: Experts Judgments (Main Attributes - Fuzzy Pairwise Comparisons) 

SP SP SP SP 
P
M 

P
M 

A
C 

A
C 

A
C 

C
M 

C
M 

C
M 

C
M 

P
M 

C
M 

P
M 

SP 
P
M 

 

PO PO PO PO PO PO PO PO  -- PO PO  -- PO PO PO PO PO PC Q1 

W FS W VS FS W FS FS E VS FS E W FS VS VS W W S1 

PO PO PO PO FD PO  -- PO PO PO FD PO PO PO PO PO PO FD Q2 

VS Ab W FS W FS E FS FS VS W FS W FS FS FS W VS S2 

PC FD PC PC -- FD PC PC -- PC PC PC PC -- PC PC PC PC Q3 
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Abbreviation: 

Ab: Absolute                 E: Equal 

VS: Very Strong           Ac: Academics and Experts 

FS: Fairly Strong          CM: Managers of Commercial Companies 

W: Weak                      PM: Port Managers 

MS: Managers of Maritime Services Companies 

SP: Shipping Companies’ Personals 
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