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Abstract: The main purpose of this paper is to present an ISM/FANP model for evaluating location 
characteristics for appropriate selection of CNG station location. This study uses Interpretive Structural 
Modeling (ISM) for identifying interrelationships between criteria and sub-criteria and Fuzzy Analytic 
Network Process (FANP) for appointing the weight of each criterion and sub-criterion. Criteria and sub-
Criteria used in this study were obtained from literature review and practical interviews. Finally, an 
empirical study was used for verifying the feasibility of the evaluation model. 
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INTRODUCTION 

 
 Location theory was first introduced by Weber who 
considered the problem of locating a single warehouse 
in  order  to  minimize  the  total  travel  distance 
between the warehouse and a set of spatially distributed 
costumers. Indeed, he proposed a material index for 
selection of the location in which if the index is greater 
than one, the warehouse should be installed in the 
vicinity of the source of raw material and otherwise, it 
must be close to the market [1]. Isard reconsidered this 
work with the study of the industrial location, land use 
and related problems [2]. Hotelling introduced another 
early location problem that considered the problem of 
locating two competing vendors along a straight line 
[3]. Hakimi considered the general problem of locating 
one or more facilities on a network to minimize the sum 
of the distances and the maximum distance between 
facilities and points on a network [4]. Considerable 
research and theoretical interest in the location problem 
has been carried out after this seminal paper. 
 Brown and Buffa proposed a primary facility 
location model for a multi-dimensional location 
problem based on critical factors, objective factors and 
subjective factors [5, 6]. A model for the location-
allocation problems considering both qualitative and 
quantitative factors was presented by Berry and Mitra 
[7]. Kahne used a weighting model to determine the 
relative importance with uncertainty in attributes [8]. 
Charnetski proposed the case of selecting one of the 

three proposed sites for a modern air terminal with a 
large  number  of attributes [9]. Bahattacharya proposed  
a holistic method for the facility location selection with 
the aid of AHP, but he did not consider the critical 
factors from his model [10]. 
 Location choice is a multi-criteria decision-making 
(MCDM) problem. In order to solve this problem, Wu 
et al. applied FANP to the practical problem of hospital 
location selection [11]. Conceptually, the location 
choice problem involves interdependencies among 
elements of the same cluster or different clusters [12]. 
 The ANP proposed by Saaty can assess 
multidirectional relationships among decision elements 
[13]. The ANP is a comprehensive decision-making 
technique that captures the outcome of dependence and 
feedback within and between clusters of elements. ANP 
involves a combination of two parts, where the first 
comprises a control hierarchy or network of criteria and 
sub-criteria that controls the interactions and the second 
part comprises a network of influences among the 
elements and clusters. Whereas AHP represents a 
framework based on a unidirectional hierarchical 
relationship, ANP permits interrelationships among 
decision levels and attributes that are more complex. 
Not only does the importance of the criteria determine 
the importance of the alternatives as in a hierarchy, but 
the importance of the alternatives may also influence 
the importance of the criteria [14]. This study 
empirically examines the location choice assessment 
criteria and their relationships for CNG Station.  
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METHODOLOGY 

 
 The criteria for the evaluation decision model are 
derived from an exhaustive literature review. After 
interviewing experts, the evaluation criteria hierarchy 
was constructed. Then, interpretive structural modeling 
was applied in order to identify interrelations between 
criteria and sub-criteria. Finally, we calculated the 
weight and rank of importance of the alternatives by 
applying fuzzy ANP method. 
 
Interpretive structural modeling: Interpretive 
Structural Modeling (ISM) was proposed by Warfield. 
This model is a computer-assisted methodology for 
constructing and understanding the fundamentals of the 
relationships of the elements in complex systems or 
situations. The theory of ISM is based on discrete 
mathematics, graph theory, social sciences, group 
decision-making and computer assistance. The 
procedures of ISM begin through individual or group 
mental models to calculate binary matrices. Relation 
matrix presents the relations of the elements.  
 A relation matrix can be formed by asking 
questions like ‘‘Does the feature ei inflect the feature 
ej?’’ If  the  answer  is  ‘‘Yes’’  then  pij = 1, otherwise 
pij = 0. The general form of the relation matrix can be 
presented as follows: 
 

12 1n

21 2n

n1

0 . . .
0 . . .

. . 0 . . .
D .

. . . 0 . .

. . . . 0 .
. . . . 0

π π 
 π π 
 

=  
 
 
 
π  

 

 
where ei is the ith element in the system, p ij denotes the 
relation between ith and jth element and D is the 
relation matrix. 
 After constructing the relation matrix, we can 
calculate the reachability matrix using Esq. (3) and (4) 
as follows: 
 where I is the unit matrix, k denotes the powers and 
M* is the reachability matrix.  
 
Fuzzy set and fuzzy number: Zadeh introduced the 
fuzzy set theory to deal with the uncertainty due to 
imprecision and vagueness. A major contribution of 
fuzzy set theory is its capability of representing vague 
data. Generally, a fuzzy set is defined by a membership 

function, which represents the grade of any element x 
of X that has the partial membership to M. The degree 
to which an element belongs to a set is defined by a 
value  between   zero  and  one. If  an  element  x  really  
 

 
 
Fig. 1: A triangular fuzzy number 
 
belongs to M, µM(x) = 1 and clearly not µM(x) = 0. A 
triangular fuzzy number is defined as (l, m, u), where l 
≤m≤u. The parameters l, m and u respectively, denote 
the smallest possible value, the most promising value 
and the largest possible value that describe a fuzzy 
event. (L, m, u) has the following triangular type 
membership function [20].  
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A triangular fuzzy number has been shown in Fig. 1. 
 
Fuzzy analytic network process methodology: ANP 
represents relationship hierarchically but does not 
require as strict as hierarchical structure and therefore, 
allows for more complex interrelationships among the 
decision  levels  and  attributes. The  overall  objective 
is to find out the best concept. The determinants, 
dimensions and attribute-enablers used for evaluating a 
set of conceptual design alternatives are determined 
based on the needs and expectations of both customers 
and company. That is why they may differ from a 
company to another or from a product to another. They 
are also critical elements at the stage of concept 
evaluation of an NPD environment, because they 
directly affect determination of the ultimate concept out 
of the available options. 
 After constructing a flexible hierarchy, the 
decision-maker is asked to compare the elements at a 
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given level on a pairwise basis to estimate their relative 
importance in relation to the element at the immediate 
proceeding level. In conventional ANP, the pairwise 
comparison  is  made  using  a  ratio scale. A frequently 
 
 
 
 
W21                                             W21  
  
 
 
W32                                             W22  
 
 
 
 
Fig. 2: Structural difference between a hierarchy and a 

network-(a) a hierarchy; (b) a network 
 
Table 1: Linguistic scales for difficulty and importance 

Linguistic scales for importance Triangular fuzzy scale 

Just equal (1,1,1) 

Equally important (EI) (1/2,1,3/2) 

Weakly more important  (1,3/2,2) 

Strongly more important Very strongly  (3/2,2,5/2) 

more important Absolutely more important  (2,5/2,3) 

 (5/2,3,7/2) 

 
used scale is the nine-point scale (Saaty, 1989) which 
shows the participants’ Judgments or preferences. Even 
though the discrete scale of 1-9 has the advantages of 
simplicity and ease of use, it does not take into account 
the uncertainty associated with the mapping of one’s 
perception or judgment of a number. 
 
Steps of the proposed approach: The fuzzy ANP-
based approach is presented step-by-step in the 
following. 
 
Step I: Model construction and problem structuring 
 The problem must be stated clearly and 
decomposed into a rational system, such as a network. 
The structure can be generated based on decision-
makers’ opinions generated through, say, brainstorming 
or other methods. Figure 2b presents an example of a 
network format [21]. 
 
Step II: Formation of fuzzy matrices 
 After modeling, paired comparisons under each 
control  criterion  are  performed. This phase is 
conducted  by  using  Delphi  method. To make sure 
that the result is more exact and reasonable; more 
experts are asked to participate in the pairwise 

comparison. The elements  in  a  cluster  are compared 
by applying fuzzy scale. The fuzzy scale regarding 
relative  importance  to  measure  the  relative  weights 
is given in Table 1 [22]. 
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where A% denotes a triangular fuzzy matrix for the 
relative importance of criteria. Meanwhile ija%  

represents the triangular fuzzy numbers by the 
following formulae [23]: 
 
Step IV: Weighting studies 
 There are many fuzzy AHP methods proposed by 
various authors. These methods are systematic 
approaches to the alternative selection and justification 
problem  by  using  the  concepts  of  fuzzy set theory 
and hierarchical structure analysis. Decision makers 
usually find that it is more reliable to give interval 
judgments  than  fixed  value  judgments. This is 
because usually he/she is unable to be explicit about 
his/her preferences due to the fuzzy nature of the 
comparison process. In this study, we prefer Chang’s 
extent analysis method because the steps of this 
approach are easier than the other fuzzy AHP 
approaches. The steps of Chang’s extent analysis 
approach are as follows: Let X={x1,  x2… xn} be an 
object set and U={u1,u2,…,um} be a goal set. According 
to the method of Chang’s [4] extent analysis, each 
object is taken and extent analysis for each goal is 
performed, respectively. Therefore, m extent analysis 
values for each object can be obtained with the 
following signs [24]: 
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 The steps of Chang’s extent analysis can be given 
as in the following: 
 The value of fuzzy synthetic extent with respect to 
the ith object is defined as: 
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and then compute the inverse of the vector in Eq. (6) 
such that 
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 The degree  of  possibility  of  M2 = (l2, m2, u2)≥M1 
= (l1, m1, u1) is defined as 
V (M2≥M1) = sup [min ( ) ( )( ) ]M1 M2X , Yµ µ  

And can be equivalently expressed as follows. This is 
giving in Fig. 3. 
 The degree possibility for a convex fuzzy number 
to be greater than k convex fuzzy numbers Mi 
(i=1,2,…,k) can be defined by 
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 Assume that d’(Ai) = min V(Si≥Sk) For k = 
1,2,…,n; k≠i. Then the weight vector is given by  
 

 
 
Fig. 3: Intersection between M1 and M2 
 

TW'= (d'(A1), d'(A2),…, d'(An))  
 
where Ai (i=1,2,…,n) are n elements. 
Via normalization, the normalized weight vectors are   

TW'= (d (A1), d(A2),…, d(An))  
 
Where W is a non-fuzzy number. 
 
Step V: Super matrix formation 
 The Super matrix concept is similar to the Markov 
chain process. To obtain global priorities in a system 
with interdependent influences, the local priority 
vectors are entered in the appropriate columns of a 
matrix, known as a Super matrix. As a result, a Super 
matrix is actually a partitioned matrix, where each 
matrix segment represents a relationship between two 
nodes (components or clusters) in a system. The local 
priority vectors obtained in Step (IV) are grouped and 
located in appropriate positions in a Super matrix based 
on the flow of influence from one component to another 
component, or from a component to itself as in a loop 
[14]. As an example, the Super matrix representation of 
a hierarchy with three levels as shown in Fig. 3a is as 
follows [14]: 
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where W21 is a vector that represents the impact of the 
goal on the criteria, W32 is a matrix that represents the 
impact of criteria on each of the alternatives, I is the 
identity matrix and entries of zero corresponding to 
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those elements that have no influence. If the criteria are 
interrelated among themselves, the hierarchy is 
replaced by a network as shown in 
 Figure 3b. The (2, 2) entry of Wn given by w22 

would indicate the interdependency and the supermatrix 
would be [14]. 
 

n 21 22
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W w w 0
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 Note that any zero in the super matrix can be 
replaced by a matrix if there is an interrelationship of 
the elements in a component or between two 
components. Since there usually is interdependence 
among clusters in a network, the columns of a super 
matrix usually sum up to more than one. The super 
matrix must be transformed first to make it stochastic, 
that is, each column of the matrix sums to unity. A 
recommended approach by Saaty (1996) is to determine 
the relative importance of the clusters in the super 
matrix with the column cluster (block) as the 
controlling component [13]. That is, the row 
components with non-zero entries for their blocks in 
that column block are compared according to their 
impact on the component of that column block [14]. 
With pair-wise comparison matrix of the row 
components with respect to the column component, an 
eigenvector can be obtained. This process gives rise to 
an eigenvector for each column block. For each column 
block, the first entry of the respective eigenvector is 
multiplied by all the elements in the first block of that 
column, the second by all the elements in the second 
block of that column and so on. In this way, the block 
in each column of the super matrix is weighted and the 
result is known as the weighted super matrix, which is 
stochastic. 
 Raising a matrix to power gives the long-term 
relative influences of the elements on each other. To 
achieve a convergence on the importance weights, the 
weighted super matrix is raised to the power of 2k + 1, 
where k is an arbitrarily large number and this new 
matrix is called the limit super matrix [14]. The limit 
super matrix has the same form as the weighted super 
matrix, but all the columns of the limit super matrix are 
the same. By normalizing each block of this super 
matrix, the final priorities of all the elements in the 
matrix can be obtained. 
 
Step VI: Selection of best alternatives 
 If the super matrix formed in Step V covers the 
whole network, the Priority weights of alternatives can 
be found in the column of alternatives in the normalized 
Super matrix. On the other hand, if a super matrix only 
comprises of components that are interrelated, 

additional calculation must be made to obtain the 
overall priorities of the alternatives. The alternative 
with the largest overall priority should be the one 
selected. In this paper, the first method is applied and a 
super matrix that covers the whole network, as shown 
by the bracket in Fig. 4, is formed. 
 

 
 
Fig. 4: Network form for this paper 
 
 According to what was mentioned above, fuzzy 
ANP is a multi-attribute, decision-making approach 
based on the reasoning, knowledge and experience of 
the experts in the field. Fuzzy ANP can act as a 
valuable aid for decision making involving both 
tangible as well as intangible attributes that are 
associated with the model under study. Fuzzy ANP 
relies on the process of eliciting managerial inputs, thus 
allowing for a structured communication among 
decision makers. Thus, it can act as a qualitative tool 
for strategic decision-making problems. Mohanty et al. 
propose an application of fuzzy ANP along with fuzzy 
cost analysis in selecting R&D projects [25]. Kahraman 
et al. use the fuzzy ANP model for QFD planning 
process, which proposes an application in a Turkish 
Company producing PVC window and door systems 
[26]. Because fuzzy ANP can produce a comprehensive 
analytic framework for solving social, governmental 
and corporate decision problems.  
 

APPLYING FUZZY ANP TO SELECT 
THE LOCATION OF CNG STATIONS 

 
 By reviewing the evaluations of the location 
selection of CNG stations, this study has constructed 
the criteria to evaluate the location selection. Fuzzy 
ANP is used to illustrate the problems and combine the 
three factors in order to establish the hierarchy and 
network structure for performance evaluation in this 
study. The proposed fuzzy ANP evaluation model 
attempts to select the location of CNG stations in 
Ramsar City with respect to criteria and comprises the 
following steps: 
 

Goal 

Criteria 

Sub-criteria 

Alternatives 
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Step 1: Identify effectiveness criteria and establish an 
ANP model 
 To establish a location selection model, this study 
proposes the following three-step procedure: building 
initial criteria; modifying criteria and sub-criteria; and 
building an evaluation model (Fig. 5.). 
 

 
 
Fig. 5: The procedure of building selection model 
 

 
 
Fig. 6: Modified model 
 
Building the initial model: In this step, this study uses 
literature review findings to build an initial model for 
selecting an appropriate location for CNG stations into 
3 criteria and 30 sub-criteria. 
 
Modifying the initial model: By using Delphi method, 
30 experts in CNG station location selection were 

invited to identify appropriate criteria and sub-criteria 
for selecting CNG station locations. When >90% of 
reviewers judged a criterion as suitable while 
evaluating the performance of an upper level criterion 
then  that  criterion  is  listed  in  the modified model. 
When >70%  and  ≤90 percentage of  reviewers  judge a  
 
Table 2: relation matrix  

 C1 C2 C3 

C1 1 1 0 

C2 0 1 0 

C3 1 0 1 

 

Table 3: Reachability matrix  

 C1 C2 C3 

C1 1 1 0 

C2 0 1 0 

C3 1 1 1 

 

 
 
Fig. 7: Relationships between criteria 
 
criterion to be suitable for location selection, the value 
of this criterion is discussed with reviewers. Finally, 
three criteria and 9 sub-criteria in the modified model 
are listed in the proposed evaluation model as showed 
in Fig. 6.  
 
Applying interpretive structural modeling for 
identifying the interrelationships among the criteria 
and sub-criteria: After identifying the criteria for 
selecting a CNG Station location and the associated 
criteria, these reviewers identified the interrelationships 
among the criteria and sub-criteria. 
 
Establishing the relation matrix: We will judge the 
relationships of the criteria and sub-criteria, which can 
be done by seeking experts’ opinions to form the 
relation matrix, D, as shown in Table 2. 
 From the relation matrix, we can calculate the 
reachability matrix, M*, Based on Esq. (3) and (4) and 
as shown in Table 3. 
  The reachability matrix presents the relationships 
of  all  criteria. These relationships  have  been  shown 
in Fig. 7. 

C1 

C2 C3 

Industrial use 
(SC6)
Residential 
use (SC7)
Agricultural 
use (SC8)
Pasture and 
plain (SC9)

Distance from 
townships (SC3) 
Distance from big 
cities (SC4) 
Distance from 
intersection road 
arcs and technical 
structures 
(SC5) 

Preparing natural 
gas (SC1) 
The 
telecommunicatio
n and electricity 
transmitting lines 
(SC2) 
 

Road safety (C2) Infrastructures 
facilities (C1) 

Land use 
(C3) 

A1 A2 A3

Appropriate location selection for CNG 

station 

Initial Model 

Sum up the literatures of selection 
indicators 

Confirm the criteria and sub-criteria 

Identify the relationships between criteria 
and Sub-criteria 

Modified model 

Final evaluation model 



World Appl. Sci. J., 19 (12): 1752-1763, 2012 

1758 

 After calculating the reachability matrix for sub-
criteria (Table 4 and 5), the relationships between sub-
criteria have been shown in Fig. 8. 
 After assigning interrelationships between criteria 
and sub-criteria, we designed the network structure 
problem that has been shown in Fig. 9. 

 

Table 4: Relation matrix  

 SC1 SC2 SC3 SC4 SC5 SC6 SC7 SC8 SC9 

SC1 1 0 1 0 0 1 1 0 0 

SC2 0 1 0 0 0 1 0 0 0 

SC3 0 0 1 0 0 0 0 0 1 

SC4 1 1 1 1 0 1 1 1 0 

SC5 1 1 0 1 1 1 1 1 0 

SC6 0 1 1 1 0 1 0 0 0 

SC7 0 1 1 0 1 0 1 0 0 

SC8 0 1 1 0 1 0 0 1 0 

SC9 0 0 1 0 0 0 0 0 1 

 

Table 5: Reachability matrix  

 SC1 SC2 SC3 SC4 SC5 SC6 SC7 SC8 SC9 

SC1 1 1 1 1 1 1 1 0 1 

SC2 0 1 1 1 0 1 0 0 0 

SC3 0 0 1 0 0 0 0 0 1 

SC4 1 1 1 1 1 1 1 1 1 

SC5 1 1 1 1 1 1 1 1 0 

SC6 1 1 1 1 0 1 1 1 1 

SC7 1 1 1 1 1 1 1 1 1 

SC8 1 1 1 1 1 1 1 1 1 

SC9 0 0 1 0 0 0 0 0 1 

 

 
 
Fig. 8: relationships between Sub criteria 
 
Step 2: Doing the pair-wise comparison matrix 
 
 According to Table 1, we distributed the 
questionnaire among a sample group of 30 experts, with 
each respondent making a pair-wise comparison of the 

decision elements and then assigning those relative 
scores. For example, Table 6 shows one of the pair-
wise comparison matrixes. 
 
Step 3: Doing the fuzzy positive reciprocal matrix 

SC6

SC1 

SC7 

SC8

SC3 

SC9 

SC5 

SC4 

 

SC2
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Fig. 9: Network structure problem 
 

Table 6: Pair-wise comparison matrix  

D1 C1   C2   C3 

C1 1.000 1.000 1.0 2.0 2.5 3.000 1.0 1.5 2.0 

C2 0.333 0.400 0.5 1.0 1.0 1.000 1.5 2.0 2.5 

C3 0.500 0.667 1.0 0.4 0.5 0.667 1.0 1.0 1.0 

 

Table 7: Fuzzy positive reciprocal matrix  

G C1   C2   C3 

C1 1.00 1.00 1.00 0.76 1.30 1.83 1.25 1.76 2.27 

C2 0.55 0.77 1.32 1.00 1.00 1.00 0.94 1.50 2.02 

C3 0.44 0.57 0.80 0.49 0.67 1.06 1.00 1.00 1.00 

 
Table 8: Fuzzy synthetic degrees 

Sum Ri L M U 

R1 3.003 4.062 5.093 

R2 3.492 4.264 5.341 

R3 2.935 3.236 3.862 

 

Table 9: Fuzzy synthetic degrees 

Si L M U 

S1 0.211 0.351 0.541 

S2 0.244 0.368 0.566 

S3 0.205 0.279 0.409 

 
 After doing all pair-wise comparisons between 
criteria and sub-criteria and doing fuzzy pair-wise 
comparison matrixes, the fuzzy positive reciprocal 

matrix based on Eqs (9-11) is formed. Table 7 shows 
the fuzzy positive reciprocal matrix for the criteria. 
 
Step 4: Weighting studies  
 Paired comparison values, which were completed 
based on experts’ ideas, have been transformed into a 
single value by taking their geometric average. Then, 
the values of fuzzy synthetic degrees are calculated for 
comparing values matrix in every line between 
alternatives. After this step, fuzzy artificial magnitude 
value is accumulated (Table 8) and passed to the other 
process. 
 After the implementation of fuzzy artificial 
magnitude, the account values of alternatives are 
calculated by using the value of fuzzy synthetic degrees 
(Table 9). 

Industrial 
use (SC6)
Residential 
use (SC7)
Agricultural 
use (SC8)
Pasture and 
plain (SC9)

Distance from 
townships (SC3) 
Distance from 
big cities (SC4) 
Distance from 
intersection road 
arcs and 
technical 
structures (SC5) 

Preparing 
natural gas 
(SC1) 
The 
telecommunicati
on and 
electricity 
transmitting 
lines (SC2) 
 

Road safety 

(C2) 

Infrastructures 

facilities (C1) 

Land use 

(C3) 

A1 A2 A3

Appropriate location selection for 

CNG stations 
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 Hence, the probabilities of preference an object is 
found. The combination of probabilities introduces the 
weight vector. The normalized version of weight 
vectors are the values we are going to use when 
choosing alternatives. After the implementation of 
Chang’s secondary step, we can acquire weight vectors. 
In Table 10, probabilities of preferences have been 
presented. 
Table 10: Probabilities of preference 

V(Sj/Si) S1 S2 S3 

S1 1 1 0.736 

S2 0.944 1 0.651 

S3 1 1 1.000 

 

Table 11: The minimum values of Table 10 

W j Unweighted 

W1 0.944 

W2 1.000 

W3 0.651 

 

Table 12: Normalized weighted 

W j Weighted 

W1 0.364 

W2 0.385 

W3 0.251 

 
 The minimum values of columns are used for 
calculating the weights (Table 11). 
 After finding weight vectors, we must normalize as 
in Chang’s fourth step. The weights are accumulated 
for this process and every weight is divided into this 
total to become normalized. Here, W weight vector is 
not a fuzzy number that shows in Table 12.  
 
Step 5: Supermatrix formation 
 The unweighted supermatrix, seen in Table 13, 
weighted supermatrix and limit supermatrix have been 
calculated.  
 Weighted supermatrix has been created considering 
the equally important clusters (Table 14). 
 Raising the weighted supermatrix to an arbitrarily 
large number, the convergence of the interdependent 
relationships has been obtained, in other words, the 
long-term  stable  weighted  values  have  been 
achieved. These  values  appear  in  the  limit 
supermatrix. (Table 15) 
 

Table 13: Unweighted supermatrix  

 G C1 C2 C3 SC1 SC2 SC3 SC4 SC5 SC6 SC7 SC8 SC9 A1 A2 A3 

G 1 
C1 0.364 0.561 0.369 
C2 0.385  0.261 0.546 
C3 0.251 0.441 0.370 0.454 
SC1  0.534   0.221 0.141 0.078 0.208 0.143 0.134 0.126 0.000 0.211 
SC2  0.464   0.000 0.109 0.056 0.058 0.000 0.091 0.000 0.000 0.000 
SC3  0.000 0.435  0.000 0.000 0.113 0.000 0.000 0.000 0.000 0.000 0.151 
SC4   0.356  0.178 0.023 0.093 0.219 0.238 0.117 0.164 0.123 0.024 
SC5   0.209  0.258 0.137 0.138 0.149 0.137 0.148 0.052 0.229 0.000 
SC6    0.375 0.187 0.248 0.173 0.184 0.000 0.093 0.106 0.213 0.163 
SC7    0.247 0.097 0.163 0.125 0.106 0.139 0.168 0.211 0.308 0.215 
SC8    0.193 0.059 0.179 0.126 0.076 0.343 0.249 0.341 0.127 0.138 
SC9    0.185 0.000 0.000 0.097 0.000 0.000 0.000 0.000 0.000 0.098 
A1     0.241 0.395 0.384 0.585 0.454 0.582 0.253 0.317 0.465 1 
A2     0.495 0.255 0.345 0.192 0.187 0.107 0.281 0.217 0.235  1 
A3     0.264 0.350 0.271 0.222 0.359 0.310 0.465 0.466 0.300   1 

 
Table 14: Weighted supermatrix  

 G C1 C2 C3 SC1 SC2 SC3 SC4 SC5 SC6 SC7 SC8 SC9 A1 A2 A3 

G 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C1 0.182 0.281 0.185 0 0 0 0 0 0 0 0 0 0 0 0 0 
C2 0.193 0 0.131 0.273 0 0 0 0 0 0 0 0 0 0 0 0 
C3 0.126 0.220 0.185 0.227 0 0 0 0 0 0 0 0 0 0 0 0 
SC1 0 0.267 0 0 0.111 0.071 0.039 0.104 0.072 0.067 0.063 0 0.106 0 0 0 
SC2 0 0.232 0 0 0 0.055 0.028 0.029 0 0.046 0 0 0 0 0 0 
SC3 0 0 0.218 0 0 0 0.057 0 0 0 0 0 0.076 0 0 0 
SC4 0 0 0.178 0 0.089 0.012 0.047 0.110 0.119 0.059 0.082 0.062 0.012 0 0 0 
SC5 0 0 0.105 0 0.129 0.069 0.069 0.075 0.069 0.074 0.026 0.115 0 0 0 0 
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SC6 0 0 0 0.188 0.094 0.124 0.087 0.092 0 0.047 0.053 0.107 0.082 0 0 0 
SC7 0 0 0 0.124 0.048 0.082 0.063 0.053 0.070 0.084 0.106 0.154 0.108 0 0 0 
SC8 0 0 0 0.097 0.030 0.090 0.063 0.038 0.172 0.125 0.171 0.064 0.069 0 0 0 
SC9 0 0 0 0.093 0 0 0.049 0 0 0 0 0 0.049 0 0 0 
A1 0 0 0 0 0.120 0.197 0.192 0.293 0.227 0.291 0.127 0.158 0.233 1 0 0 
A2 0 0 0 0 0.248 0.127 0.173 0.096 0.094 0.054 0.141 0.108 0.117 0 1 0 
A3 0 0 0 0 0.132 0.175 0.136 0.111 0.179 0.155 0.233 0.233 0.150 0 0 1 

 
Table 15: Limited supermatrix  

 G C1 C2 C3 SC1 SC2 SC3 SC4 SC5 SC6 SC7 SC8 SC9 A1 A2 A3 

G 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
SC1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
SC2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
SC3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
SC4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
SC5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
SC6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
SC7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
SC8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
SC9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
A1 0.400 0.375 0.419 0.412 0.327 0.395 0.396 0.500 0.423 0.486 0.320 0.362 0.423 1 0 0 
A2 0.265 0.290 0.257 0.234 0.372 0.248 0.294 0.221 0.217 0.177 0.263 0.220 0.252 0 1 0 
A3 0.335 0.335 0.324 0.354 0.300 0.357 0.310 0.279 0.359 0.337 0.417 0.418 0.325 0 0 1 

 
Step 6: Prioritizing and selecting alternatives 
 The values in the column of alternatives of the 
limit supermatrix show the priority weights of 
alternatives. Then, the alternative with the highest 
overall priority should be selected. Thus, in this paper, 
location A1 is selected as the best alternative. 
 

CONCLUSION 
 
 In this paper, we propose a fuzzy extension of the 
Analytic Network Process (ANP) technique that uses 
uncertain human preferences as input information in the 
decision-making process. Instead of the classical 
Eigenvector prioritization method, employed in the 
prioritization stage of the ANP, a new fuzzy preference 
programming method, which obtains crisp priorities 
from inconsistent interval and fuzzy judgments, is 
applied. The resulting fuzzy ANP enhances the 
potential of the ANP for dealing with imprecise and 
uncertain human comparison judgments. It is 
appropriate for multiple representations of uncertain 
human preferences, as crisp, interval and fuzzy 
judgments and can find a solution from incomplete sets 
of pair-wise comparisons. 
 ISM/FANP approach has been successfully 
conducted in the selection of an appropriate location for 
a CNG station.  

 It has been seen that it is crucial for the decision 
makers to fully comprehend the desired information in 
forming mutual comparisons and in appointing the 
relation levels. In addition, it has been seen that 
selecting experts on the present subject in various 
experience, information and education branches is one 
of the most important issues in ensuring the accuracy of 
the study and the results. This decision has  been made 
under today’s circumstances, so it is quite normal to 
have different results with changing conditions in the 
future. All experts stated that the information they 
presented could have been quite different 5 years ago. 
CNG station selection process that is a complicated 
process with many alternatives influencing each other 
was completed successfully thanks to ISM/FANP 
approach. 
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