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ABSTRACT 
 

Multi domains in quality of life summarize the information provided by several domains into a single value 
of index for immediate interpretability.  Establishing a new quality of life index that combines different domains 
is not a trivial task as these domains may be qualitative or quantitative. Fuzzy rule-based system has been 
repeated proposed as an effective technique to cope with such situations. This paper proposes Malaysian quality 
of life index based on the architecture of fuzzy inference system. The system allows capturing the expert 
knowledge of multi domains of quality of life to efficiently generate a single index. Data of nine domains from 
Malaysian Quality of Life Report were employed to illustrate the application of the system in establishing new 
index.  Malaysian quality of life index in a degree of membership and a linguistic term were finally generated by 
the system. The index 0.501 with linguistic of ‘medium’ suggests that the quality of life among Malaysians was 
mediocre. This index was relatively lower than the indices yielded using the averaging aggregation operator s 
and hierarchical need methods.  
 
Key words: Fuzzy rule, Fuzzy Set, Index,  Quality of life, Social indicator 
 
Introduction 
 

Quality of life (QoL) has been increasingly attracted much attention due to its contribution to whole well 
being of a society or nation. The notion of QoL has been discussed from different perspectives and views. The 
QoL is defined by Ferrans (1990) as a person's sense of QoL  that stems from satisfaction or dissatisfaction with 
the areas of life that are important to him/her.  Ferrans & Powers (1985) viewed that the measure of QoL must 
be in terms of satisfaction with life. Therefore, QoL measures both satisfaction and importance to various 
aspects of life. Different countries are using different definitions of QoL and used different domains to compute 
QoL index. Some may include domains of health and functioning, psychological/spiritual, social and economic, 
and family in computing index (Ferrans, 1990; Ferrans and Powers 1985; Ferrans, 1996).  In Malaysia, the 
Economic Planning Unit (2004) defined QoL as encompassing personal advances, a healthy  life style, access 
and freedom to pursue knowledge and attaining a standard of living which surpasses the fulfillment of the basic 
and psychological needs of individuals, to achieve a level of social well  being compatible with the nation 
aspirations. Income, education, health, transports are among the domains that are included in evaluating QoL 
index. Generally, the QoL in Malaysia has been analyzed with a focus on socio-economic status.   

While the concept of QoL are varies according to the recognized values, it also varies with the wealth of 
societies as well as with the pass of time. QoL appears as a multi domains concept. It is defined with respect to a 
variety of quantitative and qualitative criteria that may change with societies and cultures. The arbitrary in 
definitions of QoL opens fuzzy theory to be deemed relevant.  Arbitrary is one of the major concepts in 
describing QoL. It is therefore,  fuzzy theory (Zadeh, 1965) provides an approach to deal with arbitrary and 
uncertain concept.  Fuzzy theory comes with understanding that every vague phenomenon can be expressed in 
membership. Fuzzy set is the main thought in the flagship of fuzzy theory. Membership of a set in fuzzy theory 
always been expressed in closed interval [0, 1]. The concept of fuzzy theory has been gaining popularity and 
applied in diverse areas of knowledge including in social indicator studies.  For example, fuzzy set has also been 
used extensively in multi-dimensional poverty analysis as a mean to avoid the problem of having to introduce an 
artificial dichotomy between poor and non-poor. The fuzzy approach was applied by researchers in poverty 
analysis (Miceli, 1998;  Cerioli and Zani, 1990; Abdullah, 2011).  Apart from the application in poverty, fuzzy 
set was also knowingly used in creating multi-dimensional concept of quality of life. Abdullah and Md Tap 
(2009), and Abdullah and Md Tap (2008), for example,  introduced weight for dimensions in QoL prior to 
establishing fuzzy QoL index.  

In the midst of well acceptance of fuzzy sets as a new mathematical notion of set, there was another notion 
for dealing with reasoning. Fuzzy logic was derived from fuzzy set theory dealing with reasoning. It was 
discovered as extension of Boolean logic which restricts logic values of 1 or 0. In recent years, fuzzy logic has 
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been successfully applied in a variety of disciplines including computer vision, weather prediction, image 
processing, nuclear reactor control, control of biomedical processes, automatic tuning and many other fields of 
research (Yager and Zadeh, 1993; Gzogala and Rawlik, 1989; Al-Jarrah and Al-Rousan, 2001). Knowledge of 
fuzzy logic was undisputedly embedded well in the fuzzy inference systems. Fuzzy inference system is one of 
the most famous applications of fuzzy logic and operations of fuzzy sets theory which was introduced by Zadeh 
(1965).  The system is the process of formulating the mapping from a given input to an output using fuzzy logic 
(Kwiatkowska, 2006). The mapping then provides a basis from which decisions can be made, or patterns 
discerned. Fuzzy inference system is sometimes called fuzzy rule based reasoning or approximate reasoning 
(Alayon et al., 2007). It is used in a fuzzy rule to determine the rule outcome from the given rule input 
information. Fuzzy rules represent control strategy or modeling knowledge/experience. When specific 
information is assigned to input variables in the rule antecedent, fuzzy rule is needed to calculate the outcome 
for output variables in the rule consequence.  Mamdani fuzzy inference system type was proposed as the first 
attempt to solve control problems by a set of linguistic rules obtained from experienced human operators 
(Mamdami and Assilian, 1975). The main feature of such type of fuzzy inference system is that both the 
antecedents and the consequents of the rules are expressed as linguistic constraints (Zadeh, 1975). Fuzzy 
inference system is not exclusively applicable to engineering and industry disciplines but can equally be 
extended to social indicator research. Based on these premises, this paper  extends the supremacy of fuzzy 
inference system in proposing new index for multi domains of QoL. Specifically this paper aims to propose a 
new Malaysian quality of life index using fuzzy inference system.   
 
Fuzzy Sets and Fuzzy Inference System: 

 
The concept of fuzzy sets provide an ideal framework to deal with problems in situation where a definite 

criterion for discerning what elements belong or do not belong to a given set does not exist. Mathematically, 
fuzzy sets can be defined as follows.  

 Let X be a set and x some element of X. A fuzzy set A of X is defined as the set of couples,  
 

A = { x, µA(x)│x X},          
 
µA(x), is called a membership function, and is an application from X in [0, 1]. In other words, the fuzzy 

subset A of X is characterized by a membership function µA(x) associating a real number in the interval  [0, 1] to 
each point of X. The value of µA(x) represents the degree of belonging of x to A. The degree of membership of x 
to A rises as the values of µA(x) get closer to 1. If A is an classical set, its membership function can then take 
only the values of 0 and 1. The basic operations on classical sets are union, intersection and complement. 
Corresponding to those basic operation, Zadeh (1965) defined similar operations on fuzzy sets.  Based on the 
basic operation in fuzzy sets, fuzzy rules If-Then form the ruled-base system in fuzzy inference system.  All 
parts of the antecedent are evaluated simultaneously and resolved to a single number using the logical operators.  
The concept of fuzzy set theory, If-Then rules, and fuzzy reasoning together constitute a computing framework 
which popularly known as fuzzy inference system. The structure of a fuzzy inference system consists of three 
major parts: a rule base that holds the fuzzy If-Then rules used in the inference process, a database that contains 
the membership function that characterize the fuzzy sets, and a reasoning mechanism that performs the 
inference procedure and derives conclusion depending on a set of rules.  

Fuzzy inference systems are also known as fuzzy rule-based systems, fuzzy expert systems, fuzzy models, 
fuzzy associative memories, or fuzzy logic controllers when used as controllers. The main component of the 
system include fuzzification interface, inference engine and defuzzification.  The fuzzy inference system can be 
envisioned as involving a knowledge base and  processing stages. The knowledge base provides membership 
functions and fuzzy rules needed for the process. In the processing stage, numerical crisp variables are the input 
of the system. These variables are passed through a fuzzification stage where they are transformed to linguistic 
variables, which become the fuzzy input for the inference engine. This fuzzy input is transformed by the rules of 
the inference engine to fuzzy output. These linguistic results are then changed by a defuzzification stage into 
numerical values that become the output of the system. The fuzzy inference process basically consists of five 
steps including fuzzification, application of the fuzzy operators, fuzzy implication, fuzzy aggregation, and 
defuzzification. The last steps use a defuzzificarion method to produce a single crisp number for each output 
variable (Ros, 1995). The essence of the system  can be represented in Fig. 1.  
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Fig. 1: Framework of Fuzzy Inference System 

 
Managing the system is not a straight forward process as it involves several steps. These steps are employed 

to obtain a new Malaysian quality of life index.   
 

Quality of Life Index: A Case of Malaysia: 
 
To illustrate the QoL index using the system, data of Malaysian QoL domains for the year 2002 issued by 

Economic Planning Unit (2004) are gathered. The Malaysian government used the domains of income, 
registered cars, doctor patient ratio, student-teacher ratio, telephone line, dentist ratio, beds in hospital and water 
supply to be included in measuring Malaysian QoL index.  Based on these secondary data, the nine domains are 
selected as input variables for the purpose of obtaining QoL index using the fuzzy inference system. The 
proposed system utilizes the supremacy of fuzzy sets in unfolding the uncertainties in multi domains of QoL. 
The system uses Mamdani and Assilian (1975) inference which allows the system to take in a set of crisp input 
values and apply a set of fuzzy rules to those values, in order to derive a single crisp output value.  The five 
linguistic variables are defined as very low, low, moderate, high and very high. The score for each domain from 
Malaysian QoL data for the year 2002 is executed into the system based on the defined linguistic input. The 
output of the QOL in the system is defined in three linguistic as Low, Medium, High.  The defined input and 
output variables are permitted to create set of fuzzy rules. The rule based describes various contributions of 
these domains onto the QoL index.  The contribution of the domain is defined as weight (wi,,  i= 0, 1,2...,8) by 
the system. The whole architecture of the process is presented in Fig 2.  

 

 
 
Fig. 2: Architecture of QoL domains in fuzzy inference system. 
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The system works on the following steps to obtain the  quality of life index.  
 

Step 1:  Identifying input and output variables: 
 
The QoL variables are become the input and the quality of life index is the output of the system.  
The Input variables: Income, Registered Cars,  Doctor ratio, student ratio, telephone line, dentist ratio, beds 

hospital, urban water supply  and rural water supply.  
Output Variable: QoL Index 
 

Step 2:  Defining fuzzy sets for system variables : 
 
The system variables need to fuzzify in order to obtain fuzzy membership. The system recognizes the input 

and output variables and defines its memberships.  Each domain of QoL is represented by a linguistic variable 
defined by researchers based on the real crisp value of Malaysian QoL data. The linguistic variables for  income, 
for example,  are defined in five linguistic terms, ‘Very Low’, ‘Low’ ‘Moderate’, ‘High’ and  ‘ Very High’. The 
fuzzy sets for income, for example  are defined as a sigmoid function. Fig. 3 shows the sigmoid functions  for 
the five linguistic terms of income.   

 

 
 

Fig. 3: Membership function of Income 
 
Fuzzy sets for the other eight quality of life domains are defined with the similar fashion. For the output 

variable, index of QoL is defined in three linguistic terms ‘Low’, ‘Medium’, and ‘High’. As to show the 
flexibility of defining input and output in the system, fuzzy sets for QoL are defined in trapezoidal functions. 
Membership for the output is defined  from 0 to 1 for the three linguistic terms.  

 
Step 3: Defining fuzzy rules: 

 
The next step is defining the rule base to describe the system behavior. The defined input and output 

variables are permitted to create set of fuzzy rules. The rule based describes various contributions of these 
domains toward the QoL index. The score for each domain from Malaysian QoL data for the year 2002 is fed 
into the system based on the defined linguistic input.  

 
Step 4: Defuzzification: 

 
Finally defuzification step is needed to transform all variables to an aggregated index. The defuzzification 

process transforms the fuzzy set into a crisp value that is meaningful to end-user.  Part of the processes is shown 
in Fig 4.  
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Fig. 4: Defuzzification Process 

 
Fig 4 shows the values of each quality of life domains as the input of the system and also the output. It can 

be seen that for the year 2002, the system computes the QoL index at 0.5010 with the linguistic term ‘medium’. 
This index reflects a mediocre QoL indicator among Malaysian for the year 2002.   

The present index is compared to the indices for the same year under different methods. The comparative 
results among these indices for the year 2002 is given in Table 1.  

 
Table 1: Comparison of indices under three different methods 

Method Index 
Fuzzy sets and hierarchical needs (Abdullah, 2009) 0.6712 
Averaging aggregation operator of sub-indices (EPU, 2004) 109.82 
Fuzzy Inference System  0.5010 

 
The index obtained using fuzzy inference system is different to the two indices for the same year. It is due 

to the different scales and mathematical operations defined for each method. The method averaging aggregation 
operator of sub-indices, for example, using 100 as the base index. The method of fuzzy inference system and 
fuzzy sets and hierarchical methods are computed based on the scale from 0 to 1. However, these two fuzzy-
based methods used different mathematical operations. These findings suggest that the choice of  methods  exert 
remarkable effects to the indices.  

  
Conclusion: 

 
The approach developed in this paper is an example of the application of the intelligent method of fuzzy 

inference system based on memberships in fuzzy set theory combined with fuzzy rules in expressing the quality 
of life index in Malaysia. The proposed index began with identification of input and output linguistic data in 
form of crisp values prior to generating index using the system. The fuzzy membership together fuzzy rules 
were composed by the system to generate quality of life index. The works presented in this paper have some 
limitations. The proposed index was purely based on the secondary data released by Economic Planning Unit 
thereby the first hand data were totally absent. The index was valid based on the selected quality of life domains 
and also the rules set by the authors. The system absolutely depends on the intelligent of the inference rules thus 
the index was not rigor in term of real experimental data. In spite of these limitations, to the best of author’s 
knowledge, the application of fuzzy inference system in proposing quality of life index is unprecedented move 
in expanding the wing of fuzzy theory in social indicator research. Further research is needed to develop quality 
of life index for another sets of data. The proposed index is not meant to replace or dispute with the official 
Malaysian Quality of Life Index but rather an approach to enrich intelligent methods in economic measurement 



1287 
J. Appl. Sci. Res., 9(3): 1282-1287, 2013 
 

  

and social needs. The index could be used as an alternative measure in depicting the quality of life among  
Malaysian.  
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