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Abstract 

In this article, we try to analyze the various factors affecting the Indian Economy using Fuzzy Cognitive Maps 

(FCM’s). 

Keywords: Fuzzy set, Indian Economy, Fuzzy cognitive maps, factors affecting Indian Economy, remedial 

measures, Globalisation.   

 

INTRODUCTION: 

The main aim of this study is to find solution to the problem of finding remedial measures to improve the Indian 

Economy.  Even though the Government of India taking several measures to improve the Economy and standard 

of living of the citizens but still what was achieved so far is well below par.  Still today we don’t have any control 

over Price rise, Inflation, Industrial output, Currency value and so on.  So now we have to find some meaningful 

solution to the above problem that will be discussed in the following section of this paper.   

PROBLEM: 

As mentioned above the objective is to find solution to the problem of finding remedial measures to improve 

the Indian Economy.  The experts (Economist, Industrialist) found the following factors are affecting the Indian 

Economy.  

The factors are: 

1) School Education 

2) Higher Education 

3) Employment in Public sector 

4) Employment in Private sector 

5) Agriculture 

6) Industrial output 

7) Implementation of Plans 

8) Infrastructure 

9) Money management 

10) Human Resource management 
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11) Anti Corruption measures 

12) Disaster management 

13) Natural Resource management 

14) Alternative Resource management 

15) Fund level 

Note: The above factors were taken for the study after doing enough research on this subject.  And also note 

that some of them are inter related (positively or negatively). 

Now we try to explain the factors briefly. 

F1. School Education: It plays a vital role in our Economy so that the Government takes several measures to give 

basic education to all its citizens.  But we need improvement in this sector because people in the rural areas still 

don’t get proper school education. 

F2. Higher Education: It is also an important one because the Industrial output and Improvement in Technology 

in all sectors depends on the Higher Education.  But the worst thing is, the country is still far behind to give top 

level of Education and the Global survey shows none of our Educational Institutions in the above par level. 

F3. Employment in Public sector: Employment is one of the biggest challenges in India and the Government 

takes several steps to create job opportunities to all kinds of people.  Millions of people are working in Public 

sector companies and the Government is spending billions of rupees to the Public sector companies to serve the 

people of India.  So it is also plays an vital role in the Indian Economy 

F4. Employment in Private sector: Due to Globalisation several Multinational companies and Indian companies 

give thousands of jobs to the people and it plays an important role in the economy of India. 

F5. Agriculture: Everyone knows India lives in villages and villages live in Agriculture.  More than any other 

sector the Government of India is spending several billions of rupees for the agricultural sector (by giving 

subsidies to the farmers) and the agricultural output plays an important role in the Economy because production 

of food and several other commodities depend on it. 

F6. Industrial output: In modern India, Industries played a vital role in the economy and the good Industrial 

output is needed to the growth of the country.  Both the Government and Private sectors are working together 

in several areas in order to compete with the world market.  The Government is also providing a lot of subsidies 

to the Industries (both public and private). 

F7. Implementation of Plans: The Government of India has been preparing several plans in the Education, 

Agriculture, and Industrial sectors and so on through Five year plans and many other ways.  But, proper 
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implementation of such plans will become a huge challenge to the Government and this also plays an important 

role in the Indian Economy.    

F8. Infrastructure: India is lagging in Infrastructure when compared to several countries in the world.  Still now 

we don’t have proper Road, Rail and Sea connections.  A lot of resources are wasted due to poor infrastructure.  

Proper infrastructure is needed in all sectors and so it plays a vital role in the Economy. 

F9. Money management: The Funds allotted by the Government to several sectors were not utilized properly 

and in return we can’t able to get the expected growth in most of the sectors.  This affects the growth of the 

country and so Money management plays a vital role in the Economy.   

F10. Human Resource management: India is the second largest populated country in the world.  Having more 

than 1.2 billion people, the country is rich in human resource and particularly more than 60 percent of the 

people are below 40 years of old.  So it is very much important to use this resource in a proper manner and it 

plays an important role in the Economy.    

F11. Anti Corruption measures:  Corruption is everywhere in India particularly in Public sector.  So much of 

money and resources of our country are looted by the corrupted people.  This affects the Implementation of 

plans and subsequently spoils our Economy.  So taking measures against corruption is the need of this hour.     

F12. Disaster management:  Due to natural calamities and other reasons many of our resources, human life 

were destroyed in each and every year.  The Government spends so much on rehabilitation and this affects our 

Economy.  So the Government should concentrate more on this subject and it plays a vital role in our Economy. 

F13. Natural Resource management:  In the past, Economy of each family and subsequently the Economy of the 

entire country had depended on Natural resources.  Unfortunately the people did not realize the value of the 

Natural resources and destroyed them for their own benefit.  Now we are facing the consequences of our past 

mistakes and so, the Government and each one of us must act together to save our Natural resources.  

F14. Alternative Resource management:  Currently, the entire world runs on two things one of them is Coal (or 

petroleum products) and the other one is Power (Electricity).  The Government of India spends more on, either 

producing or buying the above things.  Obviously this affects our Economy more than anything.  All the other 

commodity prices are depending on the above.  So the Government has to find alternative ways to supply the 

needs of the people without affecting the Economy. 

F15. Fund level:  In order to implement any plan, the main thing is Fund.  Unless the Government have sufficient 

funds to spend, it is not possible to move forward and subsequently not possible to improve our Economy. 
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MATHEMATICAL MODELING: 

Now we are going to use the Fuzzy Cognitive Maps (FCM) technique to find solution to the problem of finding 

remedial measures to improve the Indian Economy.  Fuzzy cognitive map is a tool to solve a complex system 

having networks.  This technique was first introduced by Bart Kosko[1].  Using fuzzy cognitive map technique, we 

can create a fuzzy relational matrix Rij = (rij), in which each cell entry rij represents the impact of one factor on 

another with fuzzy membership values.  The algorithm of the FCM model had been designed to tackle the 

factors having both positive as well as negative impacts on each other.  Now we will see how to create such a 

matrix in detail. 

Since our aim to find solution to the problem of finding remedial measures to improve the Indian Economy, we 

have to add the term Economy also, in our list of factors (as F16).  Before forming the matrix, we have to form 

fuzzy sets which transforms the linguistic terms in to fuzzy membership values.  For example, as we all know the 

Agriculture has a very high positive impact on the Economy of our country.  In order to represent it 

mathematically we give the membership values to the linguistic terms.  The following table shows the linguistic 

terms we are going to use in our problem and their membership values.  

Linguistic term Membership value 

Very High (VH) 90 

High (H) 70 

Medium (M) 50 

Low (L) 30 

Very Low (VL) 10 

Table 1 

In the above table 1, the fuzzy values are represented in 100 point scale because the software [2] (Java program 

applet) takes the values in the interval [0,100] but usually it is represented in the interval [0,1].  So now, if we 

want to represent the fact that the Agriculture has a Very High (VH) positive impact on the Economy by simply 

assigning the membership value 90 in the fuzzy relational matrix cell which connects the above two factors.  

Suppose if there is a negative impact of one factor on the other (for example, spending money to the School 

education have a negative impact on the Fund level), we simply put a negative sign (-) before the Membership 

value.  Now we define the Fuzzy relational matrix Rij = (rij) in the following manner with the Linguistic terms and 

it can be converted in to Membership values using the above table (Table 1): 
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Impact values 
(in Linguistic terms) 

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 

F1 _ H L H _ _ _ _ _ M _ _ _ _ -M H 

F2 _ _ H H _ H _ _ _ H _ M M M -M VH 

F3 _ _ _ _ _ VH _ _ _ VH _ _ _ _ -H VH 

F4 _ _ _ _ _ H _ _ _ _ _ _ _ _ M H 

F5 _ _ _ _ _ M _ _ _ _ _ L H M -M VH 

F6 _ _ _ _ _ _ _ _ _ _ _ _ _ M H H 

F7 _ _ L L _ VH _ _ H H _ _ _ _ M H 

F8 _ _ _ _ M H H _ _ _ _ M M _ -M H 

F9 _ _ _ _ M M VH H _ _ _ _ _ _ M M 

F10 H H H _ _ H _ _ M _ VH _ _ _ M M 

F11 _ _ _ _ _ _ H _ H H _ _ _ _ M M 

F12 _ _ _ _ M M _ M _ _ _ _ H _ -M M 

F13 _ _ _ _ VH _ _ _ _ _ _ _ _ M M M 

F14 _ _ _ _ _ H _ _ _ _ _ _ _ _ -M M 

F15 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ M 

F16 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

 

Table 2 
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With the above Fuzzy relational matrix (table 2), we can start our simulation by entering the impact values of the 

above factors on each other in the Java program applet [2].   

In order to understand how the Java applet works, let us explain it with the following web screenshot of the 

software applet.  

 

Figure 1 

In the above screenshot, we have clearly seen two parts of the applet.  One part in the right hand side 

containing the factors list, then the other part (popup screen) is the factor editor having a number of columns.  

The first column ‘Name’ contains the name of the factor; the second column ‘Level’ contains the initial value of 

the factor that is the strength of the factor.  In the above applet the factor levels are also assigned in the interval 

[0,100], the higher the value implies the higher the strength of the factor.  For example in the above applet we 

gave the level value 70 for the factor Industrial output(F6) means that the Industrial output is assumed at High 

satisfactory level.  Then in the ‘Causes’ column contains the remaining factors, here we select the factor, 

Infrastructure (F8) and in the next column of the applet ‘Effect on factor’ we chose positive, and in the final 

column ‘Intensity of effect’, we chose 70 because as given in the above Fuzzy relational matrix Rij the factor, 

Infrastructure (F8) has a High positive impact on the factor, Industrial output (F6).  
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In the same way we input the initial state (strength) of each factor and the effect on one another using the 

above Fuzzy relational matrix Rij on the Java applet.  Once we enter all the required values, we can run the 

simulation in two ways in the Java applet: (i) we can run it with a fixed number of iterations (ii) we can run the 

simulation till it converges.  We chose the second option to run our simulation.  Now we will analyze our 

problem with different set of factor levels.  For more see [2],[3]. 

 Factors F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 

Case 1 
(09 Iter.)  

Input 40 50 40 60 60 35 35 35 40 40 25 30 40 35 50 50 

Final 40 43 41 42 39 40 35 35 37 39 37 39 40 42 49 40 

Case 2 
(15 Iter.) 

Input 70 70 40 60 60 35 35 35 40 40 25 30 40 35 50 50 

Final 52 53 51 52 43 47 41 40 42 48 44 45 46 48 34 46 

Case 3 
(11 Iter.) 

Input 35 35 70 70 60 35 35 35 40 40 25 30 40 35 50 50 

Final 37 36 38 38 37 37 35 35 37 37 37 35 37 38 49 38 

Case 4 
(14 Iter.) 

Input 70 70 70 70 60 35 35 35 40 40 25 30 40 35 50 50 

Final 55 56 53 55 44 49 44 43 45 51 47 46 46 50 35 48 

Case 5 
(14 Iter.) 

Input 70 70 70 70 70 70 35 35 40 40 25 30 40 35 50 50 

Final 55 56 53 55 44 49 44 43 45 51 47 46 47 50 35 48 

Case 6 
(24 Iter.) 

Input 70 70 70 70 70 70 70 70 40 40 25 30 40 35 50 50 

Final 61 62 60 61 53 56 51 53 52 57 54 54 54 56 24 54 

Case 7 
(12 Iter.) 

Input 70 70 70 70 70 70 70 70 70 70 25 30 40 35 50 50 

Final 69 70 68 69 60 64 62 61 62 66 63 62 62 63 50 63 

Case 8 
(10 Iter.) 

Input 70 70 70 70 70 70 70 70 70 70 70 70 40 35 50 50 

Final 70 70 70 70 68 69 70 70 70 70 70 70 68 68 50 68 

Case 9 
(03 Iter.) 

Input 70 70 70 70 70 70 70 70 70 70 70 70 70 70 50 50 

Final 70 70 70 70 70 70 70 70 70 70 70 70 70 70 50 68 

Case 10 
(08 Iter.) 

Input 90 90 70 70 90 70 90 70 70 90 70 70 70 70 50 50 

Final 87 88 84 85 77 81 78 75 78 83 80 78 78 80 49 79 

Case 11 
(12 Iter.) 

Input 90 90 90 70 90 70 90 70 70 90 90 70 70 70 50 50 

Final 90 90 89 87 80 84 81 79 83 88 85 81 81 83 49 82 

Case 12 
(08 Iter.) 

Input 90 90 90 70 90 90 90 90 70 90 90 70 90 90 50 50 

Final 90 90 90 88 84 86 85 83 85 89 86 84 85 87 48 84 
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Table 3 

In the above table 3, the first column shows the case number along with the number of iterations taken till the 

factors in the system converges to a value (final value) in that particular case.  The Input value (Input row) 

represents the initial strength of each factor in that particular case and then the FCM Java applet simulator 

starts its iteration procedure and after several iterations (depends on the case) it converges to a value and that 

is represented in the final value row of that particular case.   In the above table the input value of the factor 

Economy (F16) is assumed to take the par value 50 always since the objective of this problem is to find the 

impact of the other factors on the factor Economy (F16).  Now we will discuss the above table values in detail 

(case by case). 

The input values of the factors of case 1 shows the normal Indian economy condition otherwise we may call it as 

our current economical scenario which shows that all the factor values are below par level and that means none 

of the factor are at satisfactory level.  With this condition when we simulate our values after 9 iterations we get 

the final value of the factors which shows that there is no much improvement in any of the factor levels (values) 

and the level of the factor Economy (F16) comes down from 50 to 40.  And now we will see what it means.  It 

shows that suppose if we follow the current economical scenario for the next few years (as in case 1 with no. of 

iterations to converge is 9 and we may assume that one iteration is equivalent to one financial year without loss 

of generality) and at the end of the ninth year (9 iterations) we may end up with much worsen situation and our 

economy will drastically come down. 

Now we see case 2, the difference between case 1 and case 2 is, there is an increment in the initial value of the 

factors School education (F1) and Higher education (F2) (initial value of F1 and F2 are 70).  And the changes in 

the final values of all the factors are comparatively better than the final values of the factors of case 1.  This 

shows that if we concentrate on Education with High level of Importance then after some years (In this case the 

no. of iterations is 15) we may see some improvement in all the sectors but still our overall economy is below 

par level (since the final value of Economy (F16) is 46 which is less than the initial par value 50).  In the same way 

Case 13 
(04 Iter.) 

Input 90 90 90 90 90 90 90 90 90 90 90 90 90 90 50 50 

Final 90 90 90 90 90 90 90 90 90 90 90 90 90 90 50 87 

Case 14 
(28 Iter.) 

Input 30 30 30 90 30 90 30 90 90 30 30 90 30 90 50 50 

Final 38 37 40 39 49 45 49 50 47 42 45 47 47 46 51 45 

Case 15 
(25 Iter.) 

Input 90 90 90 30 90 30 90 50 50 90 90 50 90 50 50 50 

Final 88 89 86 85 77 81 77 76 79 84 81 79 79 81 46 79 

Case 16 
(03 Iter.) 

Input 30 30 30 30 30 30 30 30 30 30 30 30 30 30 50 50 

Final 30 30 30 30 30 30 30 30 30 30 30 30 30 30 50 32 
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we can analyze the cases from case 3 to case 8.  In each and every case, we gradually increase the initial values 

of the factors one by one and the final value of the Economy is also slowly improved (case by case).      

Now we see an interesting case (case no. 9) in which all the factors except Fund level (F15) and Economy (F16) 

are assumed to take the High level (initial value is 70) of Importance.  And we see that, the final values of the 

factors except F15 and F16 are maintained at High level after 3 iterations (i.e., 70) and there is no change in the 

factor value of the Fund level but there is an increment in the factor value of the Economy from the Initial par 

value 50 to the final value 68.  This clearly shows that if we concentrate on all these factors with High level of 

Importance definitely within a short period of time (because no. of iterations is only 3 in this case) we may 

achieve some improvement in the Economy as well as we can maintain the standard of all other sectors.  And 

now if we need further improvement in the Economy we may take the actions as in the cases, from case 10 to 

case 13. 

 

In case 10, we increase the Input values of the factors School education (F1), Higher education (F2), Agriculture 

(F5), Implementation of Plans (F7) and Human Resource management (F10) from the High level to the Very High 

level.  And the final value shows that there is an increment in the other values of the factors and a huge 

increment in the Economy level from the initial value 50 to the final value 79 and is also takes comparatively less 

time (8 iterations) to achieve this.  This shows that, the above factors play an important role in our Economy.   In 

the same way, we can improve the Economy as in the cases of 11, 12 and 13. 

 

Now we compare the cases, case 14 and case 15 and both of these are contrary to each other.  Because, In case 

14 we give Very High level of importance to the factors namely Employment in Private sector (F4),  Industrial 

output (F6), Infrastructure (F8), Money management (F9), Disaster management (F12) and, Alternative Resource 

management(F14).  And a Low level importance to all factors except Fund level (F15) and Economy (F16) which 

are maintained at par level.  This type of approach is similar to Globalisation which bothers about the 

International market but not bother about the people of the Land.  When we run the simulation under these 

conditions, after 28 iterations (comparatively a very long cycle) all the factors except Fund level are below par 

and the value of the fund level is also increased by only one unit from 50 to 51.  This clearly shows even though 

some of the factors have risen a little bit from their initial values but overall, this approach will kill our Economy 

in a long run. 

 

Now we analyze the case 15, In this case Very High level of importance is given to the factors namely School 

education (F1), Higher education (F2), Employment in Public sector (F3), Agriculture (F5), Implementation of 

Plans (F7), Human Resource management (F10), Anti corruption measures (F11) and, Natural Resource 

management (F13).  And give a Low level importance on Employment in Private sector (F4) and Industrial output 

(F6).  The other factors are given medium level importance.  This type of approach is followed by the people in 
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the past and they were self sufficient in most of the factors affecting their economy.  And when we run the 

simulation, we see a wonderful effect of this system.  The final values of all the factors either in Very High level 

(nearer to 90) or in between High and Very High level (between 70 and 90).  The only factor having a decrement 

in the value is Fund level (F15) (from 50 to 46) but the change is not much to worry.  This shows that instead of 

moving with the Globalisation (as in case 14), we have to stick with the traditional way of tackling our Economy 

and it will yield good results in the long run (because here also the convergence achieved only in the 25th 

iteration which is also comparatively very long). 

 

Now finally we compare the case 16 with case 13.  Both of them are unimaginable and contrary to each other.  

In case 13, except the factors F15 and F16 all the other factors are assumed to have a Very High level of 

importance.  In case 16 again, except the factors F15 and F16 all the other factors are assumed to have a Low 

level of importance.  The situation in case 13 is not possible because concentrating on all the sectors and giving 

Very High importance to all the sectors is not possible for any Government.  At the same time no Government 

wants to have a worst situation as in case 16.  So one may not able to accept the assumptions in case 13 and 

case 16 practically but still theoretically we see the consequences in the final values of the factors of the case 13 

and the case 16.  

 

CONCLUSION: 

By analyzing all the above cases, we conclude that the best way to tackle the economy is to follow the footsteps 

of our forefathers that is we have to follow our traditional way (as in case 15) by giving Very High importance to 

Education, Agriculture, Implementation of Plans in a proper manner, Corruption free environment and properly 

using the Human Resources and also concentrating on preserving Natural resources and finding Alternative 

Resources.  Even though it takes time to achieve our goal but still this is the only proper way to achieve the goal 

because the best way to tackle any situation is to play with our strengths (Land and Human Resources). 

Otherwise if we follow the current world trend (Globalisation) for our Economy by depending on the Coal and 

Gold prices, Currency value, International share markets and so on, then one day we have to face the dreadful 

consequences of our approach.  We have enough resources in our Country but what we have to do is, to use 

them in proper manner.  This cannot be achieved only by the State and Central Governments but it is the duty of 

every citizen of India.  Finally the factors like Monsoon, Natural disasters (Flood, Tsunami and so on) may affect 

the Economy but these were not taken into account in our Model because these type of things cannot be 

controlled by us and this shows that we have to depend the One who above all of us.    
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Abstract 

Stress is a wide phenomenon as it seems to have universal spread.  Many people think they understand stress. 

Stress is a related with providing quality services to human being and it shows a personality depend upon their 

stress levels.  However this study is about working women getting stress and the causes that create a high level 

stress at IT/BPO/Call Center in Chennai using Combined Disjoint Block Fuzzy Cognitive Maps (CDBFCMs). This 

method is introduced by W.B. Vasantha Kandasamy  and  A. Victor Devadoss, it becomes effective when the 

number of concepts can be grouped and are in large numbers.  This paper has five sections. In section one gives 

the introduction to IT/BPO/Call center.  Second section, we give preliminaries of FCMs and CDBFCMs.  In section 

three, we explain the method of determining the Hidden pattern. In fourth section, we give the main concept of the 

problem and using Combined Disjoint Block Fuzzy Cognitive Maps (CDBFCMs). Final section, we derive the 

conclusion based on our study.  

Keywords: Fuzzy Cognitive Maps, Combined Disjoint Block Fuzzy Cognitive Maps, Women, Stress, IT/BPO/Call 

Center. 

1. INTRODUCTION 

Over the last decade and a half India has emerged as a strong provider of IT enabled services (ITeS) to US, 

European and Asian companies. Governmental agencies from several western countries have also lately begun to 

embrace IT outsourcing, and much of this business has been directed towards India. As a result, India’s ITeS 

sector has seen meteoric growth in recent times. In the year 2004-2005, the five-year old Business Process 

Outsourcing (BPO) segment in India enjoyed revenues of $5.2 billion (Nasscom, 2005).   “BPO” is the practice 

of outsourcing various business processes that occur along various parts of the value chain of a business 

enterprise. 
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Indian BPO firms currently provide a variety of ITeS including customer care, payment services, finance, 

administration, Human Resource management and content development in sectors such as banking, 

financial services, insurance, manufacturing, retail, government, utilities, transportation and 

healthcare. Over the last few years the Indian ITeS sector has rapidly developed into a highly 

capable, vertically-integrated BPO industry player. Its BPO firms offer a range of services, from low-

level call-center services to high-level knowledge processing, IT consulting, design and R & D services. 

According to Kapur and Ramamurthy (2001) in the year 2001 alone there were “more than 800 firms, 

located in Indian cities  like Bangalore,  Hyderabad,  Pune,  Chennai,  and  New Delhi that  provided  a 

range of software services, mostly targeted at foreign customers.” The BPO services which originated in 

the IT sector have now expanded into other sectors such as bio-technology, medicine, legal, publishing, 

accounting and financial analysis, just to name a few. This growth in India’s BPO sector is projected to 

continue over the next several years. 

Business process outsourcing organizations, commonly known as call centre – work when rest of 

the India sleeps! Most of the BPO organizations work according to the international (US and UK) 

timings, therefore most of the BPO employees work in night shifts starting anywhere from 10 p.m. 

to 2 a.m. and ending at 6 a.m. to 10 a.m. There is also a graveyard shift starting at 4 a.m. working in 

such shifts having odd timings have started showing hazardous results on the health of Indian youth. 

Our aim is to find out women getting stress in industries using CDBFCM model. 

 

2. 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 

     An 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.  
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     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 ai is OFF 

and ai = 1 if ai is 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 

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 
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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 there k 

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 classess/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 thresholded 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. 

 

3. METHODS 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 C1 is switched ON.  When an input is given as the vector A1 = (1, 0,…, 

0), the data should pass through the relation matrix E.  This is done by multiplying Ai by the matrix E.  Let 

AiE = (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 AiE→ A2 then consider A2E 

and repeat the same procedure.  This procedure is repeated till we get a limit cycle or a fixed point. 
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4. CONCEPT OF THE PROBLEM 

      Using stress in BPO/Call Centre linguistic questionnaire and the expert’s opinion.  We have taken the 

following twelve attributes {A1, A2,…,A12} 

A1- Lack of involvement in making organizational decisions 

A2- Unrelenting and unreasonable expectations for performance 

A3- Poor communication with coworkers. 

A4- Fear of losing one’s job 

A5- Spending long amounts of times away from home. 

A6- Office politics and conflict 

A7- Not being paid enough given one’s level of responsibility and performance 

A8- Sexual problems 

A9- Constantly monitoring devices or materials 

A10-Repeatedly exchanging information with others 

A11-Working in unpleasant physical conditions 

A12-Performing constructed rather than structured tasks. 

      These 12 attributes are divided into 3 classes C1, C2,…,C5 with 4 in each class. 

Let C1={A1,A6,A9,A12} 

      C2={A3,A5,A8,A11} 

         C3={A2,A4,A7,A10} 

     Now we take the expert opinion for each of these classes and take the matrix associated with the 

combined disjoint block FCMs, the experts opinion for the classes C1={A1,A6,A9,A12} in the form of the 

directed graphs. 

A1 A6

A9A12

 
Fig. 4.1 

According to this expert, the attribute lack of involvement in making organizational decisions is 

interrelated to with office politics and conflict. 
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The related connection matrix is given by 

                                                                              A1   A6     A9    A12 

1

6

1

9

12

0 1 0 0

1 0 1 1

1 0 0 0

1 0 0 0

A

A
M

A

A

 
 
 
 
 
 

 

 

The directed graph is given by the expert on A3, A5, A8 and A11. 

A3 A5

A8A11

 
Fig. 4.2 

According to this expert, the attribute spending long amounts of time away from home is interrelated to 

with sexual problems among women worker in BPO/Call Centre.  Poor Communications with coworkers 

is interrelated to with working in unpleasant physical conditions.  The related connection matrix M2 is 

given below: 

                      

 

 

                                                                              A3  A5  A8 A11 

3

5

2

8

11

0 0 1 1

0 0 1 1

0 1 0 1

1 0 0 0

A

A
M

A

A

 
 
 
 
 
 

 

 

Now we give the directed graph for the class C3 is given by the expert C3={A2,A4,A7,A10}. 
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A2 A4

A7A10

 
Fig 4.3 

According to this expert, unrelenting and unreasonable expectations for performance is connected to 

repeatedly exchanging information with others and fear of losing one’s job.  The attributes un relenting 

and unreasonable expectations for performance and fear of losing one’ job are connected to repeatedly 

exchanging information with others.   

The related connection matrix M3 is given below: 

                                                                             A2   A4   A7   A10 

2

4

3

7

10

0 1 0 1

0 0 0 1

1 0 0 0

0 0 1 0

A

A
M

A

A

 
 
 
 
 
 

 

 

Now we combined disjoint block connection matrix of the fuzzy cognitive maps B is given by 
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                                                               A1    A2    A3    A4    A5     A6   A7    A8    A9    A10  A11  A12 

1

2

3

4

5

6

7

8

9

10

11

12

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

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

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

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

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

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

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

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

1 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 1 0 0 0 0 0 0 0 0 0

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

A

A

A

A

A

A
B

A

A

A

A

A

A

 
 
 
 
 
 
 












 













 

     Suppose we consider the ON state of the attribute lack of involvement in making organizational 

decisions and all other states are OFF the effect of X=(1 0 0 0 0 0 0 0 0 0 0 0 ) on the CDBFCM is given by 

XB    (1 0 0 0 0 0 0 0 0 0 0 0) =X1(Say) 

X1B    (1 0 0 0 0 1 0 0 1 0 0 1) =X2 (Say) 

X2B    (1 0 0 0 0 1 0 0 1 0 0 1) =X3 (Say) = X2 

     X2 is a fixed point of the dynamical system. A1 is ON, Office politics and conflict, constantly monitoring 

devices or materials, performing unstructured rather than structured tasks are ON states. 

     Suppose we consider, the attributes lack of involvement in making organizational decisions, poor 

communication with co-workers, office politics and conflict, working in unpleasant physical conditions 

are ON States all other states are OFF.   

     Now we study the effect of dynamical system B.  Let T= (1 0 1 0 0 1 0 0 0 0 1 0) state vector depicting 

the ON state, the state vector T into the dynamical system B. 

TB    (1 0 1 0 0 1 0 1 1 0 1 1) = T1 (Say) 

T1B    (1 0 1 0 1 1 0 1 1 0 1 1) = T2 (Say) 

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

T2 is the fixed point of the dynamical system.  Thus the attributes A1, A3, A5, A6, A8, A9, A11 and A12 are 

ON states. Unrelenting and unreasonable expectations for performance fear of losing one’s job, not 

being paid enough given one’s level of responsibilities and performance, repeatedly exchanging 

information with others are in OFF states all other become ON. 
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5. CONCLUSION  

     Now a days women working in all fields, in such a field women are getting stress.  In our research we 

analyzed the women getting more stress in BPO/Call Centre using CDBFCM model.  The limit point of the 

dynamical system reveals that the attributes A1, A3, A5, A6, A8, A9, A11 and A12 are the main causes of the 

problem i.e., lack of involvement in making organizational decisions, poor communication with co-

workers, spending long amount of time away from home, office politics and conflict, sexual problems, 

constantly monitoring devices or materials, working in unpleasant physical conditions, performing 

constructured rather than structured tasks.  These are all causes will create more stress in BPO/Call 

Centers. 
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