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ABSTRACT  
 Grading the poor helps the government to establish a better policy to distribute resources more reasonably, and 
therefore provide a government aid to the deserving families more effectively. The traditional single-factor model (Income 
and consumption expenditure model) is not adequate, because poverty grade analysis involves various factors of different 
weights. Some factors cannot be analysed by classical algorithm namely income – expenditure and consumption model. In 
this paper we establish a multi-criteria decision model (MCDM). We use fuzzy triangular analytical hierarchy process 
(FTAHP) to analyse poverty. We determine the indexes of poverty grade according to maximum membership degree 
which is derived from the Fuzzy AHP- Fuzzy Triangular Numbers comparison criteria importance matrices .In this way we 
quantify the qualitative data.  
 
Keywords: poverty, multi-criteria decision, fuzzy triangular analytical hierarchy process. 
 
1. INTRODUCTION 
 Any tool to measure poverty has to consider the 
basic needs namely food, house and dress (Roti, Kapda 
and Makkan). By casual observations on one’s living 
conditions we cannot easily decide on the level of 
financial status of a person. Majority of houses in a village 
have the same pattern, all wear almost the same style of 
dress and as the staple food is what is available during the 
season, there is not a big difference in food but there may 
be some difference in quantity and quality.  

A fuzzy hierarchical analytic model and 
triangular fuzzy number are used to quantify the weights 
of the relative importance of the criteria. The relative 
weights are normalized and then fuzzy composite weights 
are calculated for the household performance in each 
criterion to identify the different categories. A case study 
from the rural villages in Nalanda district, Bihar, India is 
present to verify the methodology.  

 
2. NEED FOR A FUZZY AHP APPROACH AND 

DEVELOPMENT      
 Fuzzy logic may be viewed as an attempt to 
communicate reason and make rational decisions in an 
environment of imprecision. Though the aim of the AHP 
is to capture the expert’s knowledge, the conventional 
AHP still cannot reflect the human thinking style. 
Therefore, a fuzzy extension of AHP was developed to 
address and to solve imprecision inherent in the real world 
problem. 
 Fuzzy AHP method has been evolved from 
Multi-Criteria Decision Making process. Analytic 
Hierarchy Process (AHP) was introduced by Thoma L. 
Saaty in the year 1980.The major characteristic of the 
AHP method is the use of pair-wise comparisons, which 
are used to compare with respect to the various criteria, 
sub-criteria and alternatives to estimate criteria weights.  

Van Laarhoven and Pedrycg introduced Fuzzy 
AHP in the year 1983. They proposed a method of fuzzy 

judgement by comparison of the triangular fuzzy numbers. 
They also used fuzzy numbers with triangular membership 
function with simple operation laws and the logarithmic 
least squares method to obtain element sequencing. Later 
in the year 1985, J.J. Buckley extended Saaty’s method to 
incorporate fuzzy comparison ratio by using fuzzy 
trapezoidal fuzzy numbers. In 1992, Da-Yong Chang 
introduced the extent analysis method on fuzzy AHP. In 
1995 Again Chang proposed the principle for comparison 
between the elements of the fuzzy numbers. In 2002, 
Cebeci and Cengiz Kahraman compared some catering 
firms using four attributes and fuzzy AHP. Since then 
many scholars have engaged in the fuzzy extension of 
fuzzy AHP. 

 
3. FUZZY APPROACH TO POVERTY ANALYSIS 
 
a) Defining Poverty 

A person who is poor implies poverty as lack of 
security, low wages, lack of employment opportunity, 
poor nutrition, poor access to safe drinking water, having 
too many children to feed, children being engaged in work 
to bring money to a family, poor educational 
opportunities, and misuse of resources etc. whereas, for a 
non-poor person poverty is a lack of income. There is a 
general consensus that poverty is multi-dimensional. This 
view is clearly expressed by the following definition given 
by the World Bank in the year 2002.  
 “Poverty is hunger. Poverty is lack of shelter. 
Poverty is being sick and not being able to see a doctor. 
Poverty is not being able to go to school and not knowing 
how to read. Poverty is not having a job, is fear for the 
future, living one day at time.  Poverty is losing a child to 
illness brought by unclean water. Poverty is powerless, 
lack of representation and freedom.” 

It is in this context Mozaffar Qizilbash defines 
poverty as a vague concept [4]. Thus we propose to 
measure the degree of poverty incorporating 
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multidimensional aspects of deprivation into the 
definition.  

    
b) Poverty Set:  A matter of degree 

Poverty Set can be defined as a matter of degree 
based on the fuzzy logic concept. In fuzzy logic a 
statement can be true to a certain degree. Therefore, the 
poor individual or a household are assigned a degree in 
relation to the membership functions.  A poor person 
belonging to a given set in a varying degree is assigned 
with membership values 1 (the poorest person) and 0 (the 
non-poorest person). In mathematical terms it can be 
represented as follows: False: Truth value = 0,   True: truth 
value =1,   Uncertain: 0 < Truth value < 1. 
 
c) Poor: A vague predicate 

Poor is a vague predicate because, (i) It involves 
borderline cases (a person is not clearly poor and not 
clearly non-poor), (ii) It lacks sharp boundaries (along a 
hypothetical scale of well- being, an exact point at which a 
poor ceases to be poor does not really exist). 

 
d) Review on fuzzy approach to analyse poverty  

     The studies on fuzzy poverty were made by 
Andréa Cerioli and Sergio Zani in 1990. Totally Fuzzy 
and Relative (TFR) approach was developed by Cheli and 
Lemmi and modified by Betti et al. (2005) in the form of 
an Integrated Fuzzy and Relative (IFR) approach to 
analyse the poverty and social exclusion. In the year 2002 
Chiappero- Martinetti used the 1994 Italian household 
survey data to promote the methodology of the fuzzy set 
theory to measure well-being in the functionings and 
capabilities space. The implementation of this approach 
has been developed by a number of authors. Cheli and 
Betti (1999) and Betti et al. 2005 focusing more on the 
“time dimension”, in particular utilising the tool of 
transition matrices. Afterwards, Betti and Verma (1999, 
2002, and 2004) and verma and Betti (2002) refined the 
approach giving focus on capturing the multi-dimensional 
aspects, developing the concepts of “manifest” and 
“latent” deprivation to reflect the intersection and union of 
different dimensions. 

 
4. FUZZY AHP – FUZZY TRIANGULAR 

APPROACH 
In this study, FAHP is used to analyze the 

relative importance of each criterion and to evaluate each 
poor criterion in order to determine the positioning level of 
the socio-economic status of a person.   

    
a) Fuzzy subset approach to Poverty analysis  

 Let us consider a set E  of n individuals or 

households and let A


be a subset of E consisting of the 

poor, such that a fuzzy membership is given by 
( )x

A i




where ( 1, 2 , 3 , . . . , )i n  denote for each 

individual or household in A


and : [0,1]A 


.Then 

the membership function for the poor is defined by 

1) ( ) 0xA i 
   

if t hi individual is certainly not 

poor; 

2) ( ) 1
A i

x 
     

if t hi   individual is  poor; 

3) 0 ( ) 1A ix 
     

if t hi individual exhibits a 

partial membership in the subset of A


. 

 Fuzzy approach tries to answer: (i) How can we 
assign memberships to elements in a fuzzy set? (ii) How 
can the notion of fuzzy sets be applied to practical 
problems? The first question concerns the construction of 
a numerical scale for membership values in such a way 
that the scale satisfies some conditions imposed on 
rational measurement system. It is done through assigning 
membership function to the criteria and alternatives. 

 
b) Fuzzy AHP-methodology 
 

 
 

Figure-1. Alternatives :( Households) Hierarchy tree for 
ten households (H-1…H-10). 

 
c) Computational procedures of fuzzy AHP  
 To assign the weights of criteria, sub-criteria and 
alternatives, we proceed as given below: 
 

Step-1: Construction of the hierarchical structure with 
decision elements: criteria and sub-criteria. Each decision 
maker is asked to express relative importance of the 
decision elements in the same level with help of a 
reference scale values: 1- 9 scale. 
 

Step-2: Collect the score of pair wise comparison and 
form pair wise comparison matrices for each of the  n  
decision makers. It is done at each level using the scale 
response on the questionnaire. How important is one 
element when it is compared with the other element? 
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Step-3: Construction of a fuzzy judgement Matrix which 
are represented by the positive triangular numbers.  
 

Step-4: Fuzzification is done by normalizing the triangular 
weights.  
 

Step-5:   Calculation of the fuzzy Centre Membership 
values. 
 

Step-6: Computation of the composite weight and finally 
obtaining the ranking of the households into poverty 
category.  
 
d) Construction of triangular numbers 

 

 
 

Figure-2. Triangular fuzzy numbers. 
 

The triangular number is represented by the three 

parameters such as l , 0 and r where l  denotes the 

smallest possible value, 0  the most promising value and 

r the largest possible value respectively.  

Since each number in the pair wise comparison 
represents the subjective judgement opinion of the 
decision maker is a vague judgement. Therefore, the fuzzy 
numbers work the best to consolidate the fragmented 
judgement of the expert opinions. The fuzzy triangular 
number is determined by the following formula as defined: 

  

( 1, , 1), 2,...,8 1 (1,1,1) 9 (9,9,9)and and          
      

where  ̴  tilde symbol represents the fuzziness involved in 
the judgement system.  

 
e) Fuzzy numbers   

A fuzzy set is characterized by a membership 
function mapping the elements of a domain, space or 
universe of discourse X to the unit interval [0, 1]. A fuzzy 
set A


 in a universe of discourse X is defined as the 

following set of pairs: 
{ ( , ( ) ; }AA x x x X 



,

 
: [ 0 ,1 ]A X 



 is a mapping called the degree of 

membership function of the fuzzy set A


 and ( )A x


 is 

called the membership value of x X in the fuzzy set A


. 

These membership grades are often represented by real 
numbers ranging from [0, 1]. 
 
Definition of fuzzy number 

A Fuzzy number A


 is a fuzzy set on the real line 

R, must satisfy the following conditions.  
(i) ( )oA x



 is piecewise continuous  (ii) There exist at least 

one ox R with ( )oA x


= 1 

(iii) A


  must be normal and convex 

 
f) Definition triangular fuzzy number 

Triangular Fuzzy Number is defined as A


 = 

{ l , 0 , r } where  l , 0  and r are real numbers 

and its membership function is  defined by 
 

0
0

0

0
0

( )
[ , )

( )

1

( )
( , ]

( )

0

( )

l
l

l

r
r

r

A

x
i f x

i f x

x
i f x

o t h e r w i s e

x

  
 


  

 



  
 
  
 






 
g) Definition of fuzzy centre value 

 Let  c


 be a fuzzy number and c


be its 

membership function the for a given fuzzy number c


, let 

0  be a core element of c


 such that  

                                               
0

0

0

1 1
( ) ( )

2 2

r

l

c c cF x d x x d x
 

 

     
  

 

Where, 
0

l

l

x
x


 





 and 

0

r

r

x
x


 





, then cF



is 

called a fuzzy centre value of  c


.  

Therefore, for fuzzy triangular Numbers [ l , 0 , r ] 

and  its fuzzy Centre value is derive by  

0 0 0

0

1 1
( ) ( )

4 4
1

( )
2 4

c l r

l r

F     

  

    

  


 

 
h) Construction of fuzzy pair-wise comparison matrix 

( Fuzzification)      
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i j

E
ia = How importancemore(less) is E w.r .t E

ij i jE
j

M = [a ] = a =1 Everyelement has thesameimportance
ij m×n ij

1
a = if E isa times more (less) importance than E , otherwise vice versa

ji i ij ja
ij

where,E and E are thecriter













  

 


ia compared oneover theother and a are the values assigned to the criteria .
ij  

i) Establishment of scale 
1. If a criterion on the Left is more important than the 

one matching on the Right, assign actual judgments 
value to the Left criterion. 

2. If a criterion on the Left is less important than the 
one matching on the Right, assign the reciprocal 
value to the right criterion. 

3. While comparing one household with the other, we 
relate one activity over another by favouring the 
highest possible affirmation. 

j) Comparison Judgement matrix is defined as 
follows:  

                Consider a triangular fuzzy comparison matrix 
expressed by  
 

           (1) 
 
k) Normalization of the fuzzy comparison judgments 

to obtain fuzzy the weights  
 
 

  
         (2) 
where 
 

0
1

( , , ) , 1 , 2 , 3 . . .
i j i j i j

n n n n

i i j l r
j j j j

w i n   


     


and ij


 is the fuzzy triangular numbers.  This can also be 

expressed as   1

1 1 1 2w w w w
  


 

Next step we sum up each row of the above 
normalized matrix of M


 by interval fuzzy arithmetic 

operations then row sums divided to n . 
 

5. CASE STUDY 
We selected a random sample of 10 households 

from Shahpur Village, Nalanda District, Bihar, India from 
the available data by field work done by us. They are 
represented by household- 1, household-2 … household -
10 of are five members respectively.  
          
Table-1. The fuzzy comparison judgments with regard to 

the overall goal. 
 

 
 

Table-2. Comparison Judgement matrix basic need. 
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Table-3. Main certria weights. 
 

 
 

Table-4. Sub criteria weights: food. 
 

 
 

Table-5. Sub criteria weights: clothing. 
 

 

 

Table-6. Sub criteria weights: housing. 
 

 
 

Composite weights of the main criteria and sub-criteria 
 

Table-7. Composite criteria relative weights. 
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Table-8. Survey data normalized weights (All the centre values are only considered). 
 

 

 
Composite weight of the households 

 
Table-9. Results from fuzzy AHP triangular numbers. 

 

 
 

Table-10. Result and interpretation: Poverty categories. 

 
 
a) Result and interpretation: Poverty categories 

From the fuzzy AHP and Triangular fuzzy 
number  analysis of poverty, it is clear that the problem of 
identifying the poor takes a combination of many process 
factors.Household-9 with weight (0.815)  and household-5  
with weight (0.808) are very poor, household- 8 with 
weight (0.749) and house-6 with weight (0.720) are almost 
very poor, household-7 with weight (0.699) and 
household-4 with weight ( 0.647) are poor, household-2 
with weight (0.502) is rather poor, household-3 with 
weight (0.394), household-1 with weight (0.340) are 

almost rather poor and household-10 with weight (0.262) 
is non poor. 

 
6. CONCLUSIONS AND FUTURE WORK 

We have used inherent fuzziness and captured the 
level of poverty of the ten households.  Our result shows 
that impreciseness is accounted as measureable factor 
using fuzzy AHP and Triangular Numbers approach. With 
help of this method we can easily position one’s level of 
poverty. With this method we can overcome the 
dichotomy existing in the traditional method of analysing 
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poverty. Fuzzy set theory can be propagated as further 
scope to address the real world problem. 
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