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Abstract: This paper highlights a case study on fuzzy decision making method for
determining weights of criteria and sub-criteria that constitute the definition of quality of
life (QOL). The weight determination of QOL is a complex problem since many uncertain
criteria and sub-criteria that need to considered concurrently. Furthermore, these criteria
and sub-criteria are inter-dependent in network of decision making problem. In response to
these challenges, the fuzzy analytic network process (fuzzy ANP) is applied to the proposed
global weights of ten sub-criteria of QOL for a coastal community of Setiu Wetlands
Terengganu. A major advantage of the fuzzy ANP is that it incorporates interdependence
relationships between criteria and also sub-criteria. An expert that is familiar with the QOL
of coastal community was invited to provide linguistic judgment over the importance of
criteria and sub-criteria. The linguistic terms that attached to triangular fuzzy numbers have
been used as input to the fuzzy ANP. The result suggests that economics carry the highest
weight out of the three criteria. The results also unveiled that the sub-criteria, namely
education, health care, and, public transport and communication are the main contributors
to the QOL. The main contribution of this paper is the introduction of a fuzzy multi-criteria
decision approach for proposing weights of QOL among the coastal community.

Keywords: Analytic network process, coastal community, quality of life (QOL), triangular

fuzzy number, weighted criteria

Introduction

A number of decision making tools have been
developed over the last four decades to deal with
either qualitative or quantitative information
of multi-criteria decision making (MCDM)
problems. Saaty (1980) pioneered in proposing
the decision tool and analytic hierarchy process
(AHP) to handle the multiplicity of choices of the
decision problems. The AHP is a mathematical
device of MCDM in which the decision
problem is structured hierarchically. However,
in decision analysis, there are many decision
problems that cannot be analysed hierarchically
due to their interaction and dependencies of
higher-level elements in a hierarchy on lower-
level elements. In response to these issues,

Saaty (1996) proposed the method of analytic
network process (ANP) where dependencies
and interactions among criteria are taken care
of.

Unlike the AHP, the ANP is
represented by a network. Furthermore, the
ANP is constructed based on feedback in
clusters (Saaty, 1996). Many researchers have
shown their interest over the applications of this
method. The ANP has been widely applied in
energy policy planning (Ulutas, 2005), market
and logistics (Agarwal ef al., 2006), economics
and finance (Niemura & Saaty, 2004) and civil
engineering (Neaupane & Piantanakulchai,
2006). There were also studies on selection
of wastewater treatment technology in small
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communities (Malinos-Senante et al., 2015),
and territorial and environmental assessment
(Promentilla et al., 2006; Bottero et al.,
2008; Wolfslehner & Vacik, 2008) using this
method. There are two types of ANP, which is
conventional and fuzzy types.

The conventional ANP gives crisp
decision making, but it is unstable and unable
to deal with subjective judgement. Therefore,
the concept of fuzzy ANP is recommended due
to the inheritance of vagueness and tentative
decision making with conventional ANP. In
light of the uncertainty in decision problems
and also in judgment process, fuzzy ANP
was introduced. The fuzzy ANP replaces the
hierarchies into network structure and it is more
applicable (Nobar ef al., 2011).  The fuzzy
ANP is a multi-criteria decision making method
where interdependencies amongst many diverse
criteria can be dealt with a network. The unique
features of fuzzy ANP include the development
of pair-wise comparison matrices, utilization of
interdependencies among decision levels and
development of more reliable solutions (Ayag
& Ozdemir, 2009).

In the fuzzy ANP, crisp numbers
of linguistic evaluation are replaced with
triangular fuzzy numbers. With the introduction
of triangular fuzzy numbers into the fuzzy ANP,
defuzzification process from triangular fuzzy
numbers to the final optimal solution in crisp
number become more complicated. To alleviate
the problem of defuzzification process, Chang
(1996) proposed extent analysis method to
transform fuzzy numbers to crisp numbers. The
extent analysis deals this transformation using
the knowledge of intersection between two
fuzzy numbers and degree of possibility. Within
its complexity to deal with interdependencies
among criteria, the fuzzy ANP has been applied
in a handful of research. Dagdeviren and
Yuksel (2010), and Hermawan et al. (2016), for
example, introduced the application of fuzzy
ANP for Balanced Scorecard (BSC).
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The BSC approach was integrated
with the fuzzy ANP technique to determine the
level of performance of a business on the basis
of its vision and strategies. Dagdeviren and
Yuksel (2013) have conducted research on the
application of fuzzy ANP for measurement of the
sectorial competition level. Vinodh et al. (2011)
and Wicher et al. (2016) have proposed a study
on applications of the fuzzy ANP for supplier
selection in manufacturing organizations and
metallurgical supply chain respectively. Very
recently, Govindan ef al. (2016) proposed a
model framework of structural modelling and
fuzzy ANP and applied to an Indian auto part
case industry. So far, however, there has been
little past research about the applications of
fuzzy ANP to the quality of life (QOL) of a
small group of community.

Most studies in the applications
of fuzzy ANP have only been carried out in
business and manufacturing areas. In contrast
to previous works, this paper assessed the
QOL among inhabitants of the Setiu Wetlands,
Terengganu. Specifically, this paper proposed
weights for criteria and sub-criteria of QOL
using the simplified eight-step computation of
fuzzy ANP. Interdependence among the criteria
of QOL would provide an additional effect to
the assessment.

In this decision analysis, the
importance of QOL criteria could be measured
thanks to the interactions and dependencies that
characterized the fuzzy ANP.

Preliminaries

Definitions that are attached to the fuzzy ANP
are presented in this section. It includes fuzzy
sets, triangular fuzzy number, and linguistic
variables.

Definition 1 Fuzzy Sets (Zadeh, 1965)

A fuzzy set A in the universe of discourse
X = {x x X } is defined by
154250005y
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A= {<x, U (x)>‘x ceX

characterized by membership function

M X = [Oal],where M (X)E[O,l]

indicates the membership degree of the element
X totheset 4 .

} Which is

Definition 2 Triangular Fuzzy Number

(Kauffman & Gupta, 1985)

!
A triangular fu,zzy number (TFN), 4 can be
denoted as 4 =(/m,u) and the membership
function is given by:

‘

l<x<sm

x=I/m-1,

(0

u—x/u—m, msxsu

\ 0, otherwise
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The framework of this research is explained in
the next section.

Research Framework and Location

This section briefly describes the site or location
of Setiu Wetlands. The criteria and sub-criteria
of QOL that are employed in this study are
also presented. Setiu Wetlands is located in the
district of Setiu in the state of Terengganu, east
coast of Peninsular Malaysia and directly facing
the South China Sea.

Networks of Criteria and Sub-Criteria

Figure 1 shows three stages of networks and
interdependencies among criteria and sub-
criteria. All these criteria are retrieved from
numerous sources of QOL and well-being
literature.

Stage 1: Weights of criteria and sub-criteria

= m

Stage 2: Economics Social Physical

Criteria

Stage 3: Income Politics Environment

Sub-

criteria Education Public Transport and Housing quality
communication

Social participation

Health care

Public safety

Power and water provision

Figure 1: Networks of goal, criteria and sub-criteria of Quality of Life (QOL)
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Data Collection

Linguistic data collections were administered to
a decision maker who is knowledgeable about
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QOL among coastal populations. A personal
communication was conducted with one of the
community leaders in the investigated region.
Table 1 shows the scale used in the personal

Table 1: Linguistic scale of importance and scale value

Linguistic scale of importance

Triangular fuzzy  Triangular fuzzy

scale reciprocal scale
Just equal (JE) (1,1,1) (1,1,1)
Equally important (EI) (1/2,1,3/2) (2/3,1,2)
Weakly more important (WMI) (1,3/2,2) (1/2,2/3,1)
Strongly more important (SMI) (3/2,2,5/2) (2/5,1/2,2/3)
Very strongly more important (VSMI) 2,5/2,3) (1/3,2/5,1/2)
Absolutely more important (AMI) (5/2,3,7/2) (2/7,1/3,2/5)

communication which represents the linguistic
scale of importance of the criteria and sub-
criteria.

Assessment Model

Chang’s Extent Analysis is integrated with
the fuzzy ANP to build an assessment model.
Details of assessment model are given in the
following sub-sections.

Chang’s extent analysis

I ”}be an object,
U=, u,,...u, be the goal set. Each object
is taken and extent analysis for each goal, g;
Then, for each m Chang’s extent analysis for
each object can be present by M}, M2 ..., M2
wherei=1,2,...,n,suchthatforall; {1,2,3,....m},
all the M} are TFNs.

Firstly, the value of fuzzy synthetic extent with
respect to the i th object is defined as:

-1

E M{;® [% 3 MY

i=1j=1 } where

gMgz (Elj’gmjsg )
j=1 J=1

Next we perform the fuzzy addition operation
of My values to get

nom . -
3 3 My
i=1j=1

such that

SS M

i=1j=1

b (El],zm],Eu])

j=1" j=1
We then compute the inverse of vector,

-1

nom 1 1 1
El ElMg,, Sl 0,
= 2 uj E mj 2 lj
j=1 Jj=1 Jj=1
Therefore
1 1 1
m m m n > n > n
s,z(Elj,Emj,Euj)@ Suj Xmj Xl
= I = | 2 R |
(1

Secondly, the degree of possibility of

is defined as
(2 My 2)ZS ( “)

V(522 51)=sup|min(ug, (x). g, ()]

and can be stated as follows:
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1, if ma=mj
V(s,2s5,)=10, if112uz

liruz otherwise,

(mo=u2)(m=17)’

ViM,>M))
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Figure 2 shows the intersection between m,
and m,

Figure 2: Intersection between m, and m,

To compare sjand s, , both the values of

V(S1 > Sz) and V(S2 2 S1) are needed.
Thirdly, the degree possibility for a convex
fuzzy number to be greater than k convex fuzzy
numbers S_ (1,2, --k)can be defined by

V(SZS1,Sz,- : -,Sk)= V(S > S1), V(SZSz)

and V(§ > 53) =min/(S25) |
1= ],2,' ok

Assume that d,(Al‘) = minV(S,- 2 Sk)

k=12 n&k=i. 3)
Then the weight vector is given by
W’ =(d'(a)d (42):d (4,)) (4)

where Ai(i =12,-- ~,n) are n element. Via
normalization, the normalized vectors are

W’ = (d(4)).d(45):--d(4,)) where W is
non-fuzzy number.

Fuzzy ANP

Fuzzy ANP replaces the hierarchies into network
structure, where criteria and sub-criteria are
interdependent. Interdependence weights of the
criteria are calculated, in which the dependencies
among the criteria are assumed. Interdependence
weights of criteria are calculated by multiplying
degree of relative impact and local weight of
criteria. Local weights are determined from the
Chang extent analysis.

Wcriteria=% [Degree of relative impact for criteria
x local weights of criteria].
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i A

Xd(AD,d(Ag)...d(Ag ) T

1
Wcriteria:E
m] A

)

Global weights of the sub-criteria are calculated
by using interdependence weights of the criteria
and local weights of sub-criteria.

Global sub-criteria weight =

local weight of sub-criteria x relative-
interdependence weight of the criteria to which
it belongs

= Weriteria*d(A)).d(A,),..dA )T (6)

The eight-step computation is proposed as to case
the computational procedures. Linguistic data
collected from the investigated region become
the input data to the eight-step computational
procedures. Details of the computations are
presented in the following section

Computations and Results

Chang’s extent analysis is utilised to calculate
the fuzzy pairwise comparison weight matrix.
The output of this extent analysis is local
weights of criteria or sub-criteria (Goztepe et al.,
2013). The local weights are transformed into
crisp numbers as to simplify the computation
of the fuzzy ANP. The final global weights are
obtained as a result of sequenced computation
steps. This section presents a simplified eight-
step computational procedures where the
linguistic data are computationally processed to
obtain global weights of the sub-criteria.
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Step 1: Construct pairwise comparison matrix
A judgment made by an expert is translated into
a pairwise comparison matrix of criteria.
Pairwise comparison matrix of criteria =

) [3,2,5] 322

2 2 2 2

2120 ) (222

523 2 2

212)(212 (1 1 ])
5°2°3 5°2°3 7

Step 2: Find the value of fuzzy synthetic extent
using equation (1)
where

nm

" —1
i=1 j=1

-2 2 10
25721787

S1= S2 —

Economics Social

53 = Physical
S
=[n.m1.01]
=[0.32,0.47619,0.6897]
S2
= [lz,mzauz]
=[0.232,0.3333,0.4789]
S3
= [13,m3,u3]
=[0.216,0.1905,0.2682]
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Step 3: Determine the degree of possibility of
S1,82,S3using equation (2)
V(s7282)=1.0(m;=m)) V(sp2s3)=1.0 (npzm3)
V(s> 81)=0.5265

V(s3251)=002u3)

V($2253)=1.0(m22m3)
>5,)

=1
V(s3 =0.20223

Step 4: Find minimum of degree of possibility
using equation (3)

d'(41) d'(42)
— min¥(1.0,1.0) — min¥(0.5265,1.0)
=0.5364 =0.4094

d'(43)

=min}(0,0.20223)

=0.0542

Step 5: Find therelative local weights of
criteriausing equation (4)

0.5364
W’ =|0.4094
0.0542

Table 2 shows the local weights for respective
criteria.

Table 2: Local weights of criteria

Criteria Local
Weights

Economics  0.5364
Social 0.4094
Physical 0.0542

The result suggests that the criteria of economics
are relatively more important that other two
criteria. It comprises more than 50% of relative
local weights where interdependencies are not
assumed.
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Step 1 to Step 5 are iterated to obtain local
weights for all sub-criteria. Table 3, Table 4, and
Table 5 show the local weights for sub-criteria
of economics, social and physical respectively.

Table 3: Local weights of sub-criteria

(economics)
Economics Local
weights
Income 0.1283
Education 0.8717

Table 4: Local weights of sub-criteria

(social)

Social Local
weights

Politics 0.1654

Public transport and 0.2194

communication

Health care 0.2431

Public safety 0.1810

Power and water provision 0.1911

Table 5: Local weights of sub-criteria

(physical)
Physical Local weights
Environment 0.0000
Housing quality 0.4324
Social participation 0.5676

Step 6: Find the degree of relative impact for
criteria

The three criteria are now assumed to be
interdependent where one criterion depends
on other criteria. The better judgment to deal
with these interdependencies is through finding
relative weight with respect to a criterion.
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Again, Step | until Step 5 are iterated to obtain
the relative impact of criteria and sub-criteria.
However, at this stage, degree of impact is
measured relatively one criterion with respect
to another criterion. These degrees of relative
impacts reflect the interdependencies among
the criteria. Table’s 6, 7 and 8 summarize
the relative impact of criteria with respect to
economics, social and physical respectively.

Table 6: Degree of relative impact of social and
physical with respect to economics

Economics Degree of
relative
impact
Social 0.6842
Physical 0.3158

Table 7: Degree of relative impact of economics
and physical with respect to social

Social Degree of
relative
impact

Economic 10
Physical 0

Table 8: Degree of relative impact of social and
economic with respect to physical

Physical Degree of
relative
impact

Social 0

Economic 1 0

Step 7: Find the relative interdependence weight
of criteria using equation (5).

The degree relative impact is multiplied by the
local weights to obtain relative interdependence
weights. Table 9 shows the relative
interdependence weights of criteria.

Table 9: Relative interdependence
weights of criteria

Criteria Relative Inter-dependence-
weights
Economic 0.5000
Social 0.3882
Physical 0.1118

The result suggests that the criteria of economics
are relatively more important that other two
criteria. It comprises exactly 50% of relative
weights where interdependencies are assumed.
Step 8: Find global weights

Finally global weights for sub-criteria are
calculated using the multiplication formula (see
equation (6)).

Global weights represent the magnitude of each
sub- criteria to the QOL. Table 10 shows the
global weights of all sub-criteria. The assessment
model indicates education as the highest global
weight compared to other sub-criteria. It is
good to note that the results identify three main
sub-criteria contributed to the total QOL. The
three sub-criteria are education, health care,
and, public transport and communication.
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Table 10: Global weights of sub-criteria

Sub-criteria Global weights
Income 0.06415
Education 0.50000
Politic 0.06421
Public Transport and communication 0.08517
Health care 0.09437
Public safety 0.07026
Power and water provision 0.07419
Environment 0.00000
Housing quality 0.04834
Social participation 0.06346

The assessment model indicates education as
the highest global weight compared to other
sub-criteria. It is good to note that the results
identify three main sub-criteria contributed
to the total QOL. The three sub-criteria are
education, health care, and, public transport and
communication.

Conclusion

Assessment of QOL is not a straightforward
process as too many criteria and sub-criteria
need to be considered concurrently. There is no
direct way to assess the QOL as different people
have different opinion on the QOL (Cobb,
2000).

In this paper, fuzzy ANP has been applied as
an assessment model in proposing weights of
criteria and sub-criteria of QOL of a coastal
community in Setiu Wetlands, Terengganu,
Malaysia. Linguistic assessments provided by
an expert were used as input data to the fuzzy
ANP. The results suggest that economics
is the most important criteria out of three

criteria. Sub-criteria of education, health care,
and, public transport and communication are
identified as the main contributors to the QOL
of Setiu Wetlands. The fuzzy ANP is found to be
practically feasible and compatible not only in
the industrial scenario, but also can be extended
to social economics studies. This study has
shown the ability of fuzzy ANP in finding a
way to close the gaps between applications
in industries and social research. However,
the present study is far from comprehensive.
Reliability of the results and sensitivity analysis
are among the potential research areas that
could be reserved for future research direction.
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