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Abstract-The study of empowerment of marginalized 
communities has assumed greater importance in the recent 
decades. The philosophy of decentralization brought 
communities which suffered marginalization for centuries into 
academic ambience and to the focus of empowerment. In this 
paper we use Combined Disjoint Block FCM to analyze the 
empowerment of marginalized indigenous communities in 
India. Fuzzy models have served as effective tools for social 
scientists to analyze such problems. In section two, we 
introduce the fuzzy model and in section three, we adapt the 
model to study the problem. Section four gives conclusion and 
suggestions. 
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I. INTRODUCTION 
 

A mathematical model called Fuzzy Cognitive Maps, 
introduced by L.A. Zadeh in the year 1965 and Political 
scientist R. Axelord in the year 1976, is used to study decision 
making in social and political systems. FCMs can successfully 
represent knowledge and human experience, introduced 
concepts to represent the essential elements and the cause and 
effect relationships among the concepts to model the behavior 
of any system. It is a very convenient, simple and powerful 
tool, which is used in numerous fields such as social, 
economical, medical and so on. 
 

II. PRELIMINARIES 
 

Fuzzy Cognitive Maps (FCMs) are more applicable when the 
data in the first Place is an unsupervised one.  The FCMs work 
on the opinion of experts.  FCMs model the world as a 
collection of classes and causal relations between classes. 

2.1 Definition 
When the nodes of the FCM are fuzzy sets then they are called 
as fuzzy nodes.  

2.2 Definition 
FCMs with edge weights or causalities from the set {-1, 0, 1} 
are called simple FCMs.  

2.3 Definition 
A FCMs is a directed graph with concepts like policies, events 
etc, as nodes and causalities as edges, It represents causal 
relationships between concepts.  

2.4 Definition 
Consider the nodes/concepts C1, C2,…,Cn of the FCM.  
Suppose the directed graph is drawn using edge weight eij∈ {-
1, 0, 1}.  The matrix E be defined by E = (eij) where eij is the 
weight of the directed edge CiCj.  E is called the adjacency 
matrix of FCM, also known as the connection matrix of the 
FCM.  
It is important to note that all matrices associated with an FCM 
are always square matrices with diagonal entries as zero. 

2.5 Definition 
Let C1, C2,…,Cn be the nodes of an FCM.  A=(a1, a2,…,an) 
where eij∈ {-1, 0, 1}.  A is called the instantaneous state vector 
and it denotes the on-off position of the node at an instant. ai= 
0 if aiis off and ai= 1 if aiis on for i = 1, 2,…, n. 

2.6 Definition 
Let C1, C2,…,Cn  be the nodes of and FCM. Let 

1 2 2 3 3 4, , ,..., i jC C C C C C C C
   

be the edges of the FCM (i≠j). 

Then the edges form a directed cycle.  An FCM is said to be 
cyclic if it possesses a directed cycle.  An FCM is said to be 
acyclic if it does not possess any directed cycle.  

2.7 Definition 
An FCM is said to be cyclic is said to have a feedback.  

2.8 Definition 
When there is a feedback in an FCM, i.e, when the causal 
relations flow through a cycle in a revolutionary way, the FCM 
is called a dynamical system. 
 2.9 Definition 

Let 1 2 2 3 3 4 1, , ,..., n nC C C C C C C C

   
 be a cycle.  When Ci is 

switched on and if the causality flows through the edges of a 
cycle and if it again causes Ci, we say that the dynamical 
system goes round and round.  This is true for any node Ci for i 
=1,2,…,n.  The equilibrium state for this dynamical system is 
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called the hidden pattern.  

2.10 Definition 
If the equilibrium state of a dynamical system is a unique state 
vector, then it is called a fixed point.  Consider a FCM with C1, 
C2,…,Cn as nodes.  For example let us start the dynamical 
system by switching on C1.  Let us assume that the FCM settles 
down with C1 and Cn on i.e., in the state vector remains as (1, 
0, 0,…, 0) is called fixed point. 
 
2.11 Definition 
If the FCM settles down with a state vector repeating in the 
form A1→A2→…→Ai→A1 then this equilibrium is called a 
limit cycle.  

2.12 Definition 
Finite number of FCMs can be combined together to produce 
the point effect of all the FCMs.  Let E1, E2,…,Ep be the 
adjacency matrices of the FCMs with nodes C1, C2,…, Cn then 
the combined FCM is got by adding all the adjacency matrices     
E1, E2,…, Ep.  We denote the combined FCM adjacency matrix 
by E = E1+E2+…+Ep.  

2.13 Definition 
Let C1, C2,…,Cn be n distinct attributes of a problem n very 
large and a non prime.  If we divide n into k equal classes i.e., 
k/n=t which are disjoint and if we find the directed graph of 
each of thesek classes of attributes with t attributes each, then 
their corresponding connection matrices are formed and these 
connection matrices are joined as blocks to form a n x n 
matrix.  This n x n connection matrix forms the combined 
disjoint block FCM of equal classes.  If the classes are not 
divided to have equal attributes but if they are disjoint classes 
we get a n x n connection matrix called the combined disjoint 
block FCM of unequal classes/size.  

2.14 Definition 
Suppose A = (a1, a2,…,an) is a vector which is passed into a 
dynamical system E.  Then AE = (a1’, a2’,…, an’) after 
thresholding and updating the vector suppose we get (b1, 
b2,…,bn) we denote that by (a1’, a2’,…, an’)  (b1, b2,…,bn).  
Thus the symbol ‘ ’ means the resultant vector has been 
threshold and updated.FCMs have several advantages as well 
as some disadvantages.  The main advantages of this method it 
is simple.  It functions on expert’s opinion.  When the data 
happens to be an unsupervised one the FCM comes handy.  
This is the only known fuzzy technique that gives the hidden 
pattern of the situation.  As we have a very well known theory, 
which states that the strength of the data depends on, the 
number of experts’s opinions.  At the same time the 
disadvantages of the combined FCM is when the weightages 
are 1 and -1 for the same CiCj, we have the sum adding to zero 
thus at all times the connection matrices E1,E2,…,Ek may not 
be conformable for addition.Combined conflicting opinions 
tend to cancel out and assisted by the strong law of large 

numbers, a consensus emerges as the sample opinion 
approximates the underlying population opinion.  This problem 
will be easily overcome if the FCM entries are only 0 and 1. 
 
Method of Determining the Hidden Pattern 
Let C1, C2,., Cn be the nodes of an FCM, with feedback. Let E 
be the associated adjacency matrix. Let us find the hidden 
pattern when C1is switched on. When an input is given as the 
vector A1= (1, 0, 0,., 0), the data should pass through the 
relation matrix E. This is done by multiplying A1 by the matrix 
E. Let A1E = (a1, a2,., an) with the threshold operation that is 
by replacing ai by 1 if ai >k and ai by 0 if ai < k (k is a suitable 
positive integer).We update the resulting concept, the concept 
C1 is included in the updated vector by making the first 
coordinate as 1 in the resulting vector. Suppose A1E → A2 
then consider A2E and repeat the same procedure. This 
procedure is repeated till we get a limit cycle or a fixed point. 
 

III.  ADAPTATION OF FCM TO THE PROBLEM 
  

Using the linguistic questionnaire and the expert‘s opinion we 
have taken the following nine attributes {A1, A2,…, A9}. 
A1 - Decision Making Power 
A2 - Educational Attainment 
A3 - Employment Opportunities 
A4 - Self Sufficiency 
A5 - Life Expectancy 
A6 - Civic Engagement 
A7 - Perceived Safety 
A8 - Protection of Culture 
A9 - Environment 
These 9 attributes are divided into 3 classes C1, C2 and C3 with 
3 in each class. Let C1 = {A1, A5, A9}, C2 = {A3, A4, A8}, and 
C3 = {A2, A6, A7}. Now we take the expert opinion for each of 
these classes and take the matrix associated with the FCMs. 
The experts opinion for the class C1 = {A1, A5, A9} in the form 
of the directed graph. 

A1

A9A5  
According to this expert, the attributes are Decision Making 
Power, Life Expectancy Environment. The related connection 

matrix M1is given by
1 5 9

1

5

9

0 0 1
0 0 0
0 1 0

A A A

A

A

A

 
 
 
 
 

 

The directed graph is given by the expert on { A3, A4, A8} 
which forms the class C2. 
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A3

A8A4
 

 
According to this expert, the attributes are Employment 
Opportunities, Self Sufficiency and Protection of Culture. The 
related connection matrix M2 is given below: 

3 4 8

3

4

8

0 1 1
0 0 0
1 0 0

A A A

A

A

A

 
 
 
 
 

 

The directed graph is given by the expert on { A2, A6, A7} 
which forms the class C3 

A2

A7A6  
According to this expert, the attributes are Educational 
Attainment, Civic Engagement, and Perceived Safety. 

2 6 7

2

6

7

0 1 1
0 0 1
0 0 0

A A A

A

A

A

 
 
 
 
 

 

Now connection matrix of the fuzzy cognitive maps B is given 
by 

1 2 3 4 5 6 7 8 9

1

2

3

4

5

6

7

8

9

0 0 0 0 0 0 0 0 1
0 0 0 0 0 1 1 0 0
0 0 0 1 0 0 0 1 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0 0
0 0 0 0 1 0 0 0 0

A A A A A A A A A

A
A

A
A

A
A

A

A
A

B

 
 
 
 
 
 
   
 
 
 
 
  
 

 

Suppose we consider the ON state of the attribute Decision 
Making Power and all other states are OFF the effect of X = (1 
0 0 0 0 0 0 0 0) on the FCM is given by 
XB = (1 0 0 0 0 0 0 0 1) = X1 (Say) 
X1B = (1 0 0 0 1 0 0 0 1) = X2 (Say) 
X2B = (1 0 0 0 1 0 0 0 1) =  X3 = X2  
X2 is a fixed point of the dynamical system. They can have a 
decision making power only when the environment in their 
social surroundings are favouring them and the society looks at 
them positively. At the same time, when the life expectancy is 
more and improving, they improve and grow as human 
fully.Suppose we consider the on state of the attributes social 
and religious values and the loss of dear ones or significant 
other and all other nodes are in the off state. Now we study the 
effect on the dynamical system B. 
Let T = (1 1 0 1 0 0 0 0 1) state vector depicting Decision 
Making Power, Educational Attainment, Self Sufficiency and 

the Environment, passing the state vector T into the dynamical 
system B. 
TB = (1 1 0 1 0 0 0 0 1) = T1 (Say) 
T1B = (1 1 0 1 1 1 1 0 1) = T2 (Say) 

T2B = (1 1 0 1 1 1 1 0 1) = T3 = T2 

Here T2 is a fixed point of the dynamical system. When they 
have the power of decision making, attain the proper and 
required education, and when they are capable of providing 
everything that they look for oneself without the help of others 
(Self Sufficiency) and a favorable environment, and then they 
begin to have Life Expectancy, Civic Engagement and 
Perceived Safety. 
 

IV. CONCLUSION  
 

The power to make decision is crucial for any individual or 
community to get his/ her or its share in the growth of the 
society. Therefore indigenous communities need to have a say 
through affirmative action and political participation. 
Education and employment play effective roles in empowering 
a community. Indigenous communities which have been 
rejected their due share in these should be given priority. 
Safety of persons belonging to indigenous communities needs 
to be ensured through constitutional means. 
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