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Preface

Neutrosophic logic grew as an alternative to the existing
topics and it represents a mathematical model of uncertainty,
vagueness, ambiguity, imprecision, undefined-ness,
unknown, incompleteness, inconsistency, redundancy and
contradiction. Despite various attempts to reorient logic,
there has remained an essential need for an alternative
system that could infuse into itself a representation of the
real world. Out of this need arose the system of neutrosophy
and its connected logic, neutrosophic logic. This new logic,
which allows also the concept of indeterminacy to play a role
in any real-world problem, was introduced first by one of the
authors Florentin Smarandache.

In this book for the first time we have ventured into the
total analysis of migrant labourers in rural Tamil Nadu who
are victims of HIV/AIDS using FCM, BAM and Neutrosophic
Cognitive Maps. As in our study and analysis we felt several
of the factors related with the psycho, socio, economic
problems of these HIV/AIDS patients from rural Tamil Nadu
(a southernmost state in India) remain indeterminate apart
from the data being an unsupervised one. At the outset, we
first emphasize that the study and analysis (and there by the
conclusions and suggestions) pertain only to migrant
labourers from rural Tamil Nadu who are poor and
uneducated and who are HIV/AIDS infected. So this study
cannot be extended to urban people or rich/ sophisticated/
educated populations of Tamil Nadu.

We have purposefully chosen this study for we saw
majority of the people who come to take treatment for
HIV/AIDS as inpatients of the Government Hospital for
Thoracic Medicine at Tambaram (called the “Tambaram
Sanatorium”) hospital are from rural areas with no education,
they are poor or become poor due to this disease and have
caught this disease due to migration. Further these people
are not empowered with trade unions or welfare associations,
for these labourers are used till they serve the purpose and
once they are ill there is no one to take care of them. At least
75% of them, when they came to know that they had
HIV/AIDS, their first reaction was to think of committing
suicide. These men at large are shaken to the core in their
hearts with fear of stigma and poverty and they suffer from
deep depression when they are just in the prime of life. Thus
our sample under analysis is these migrant poor uneducated
labourers from rural Tamil Nadu. This book is an extended
mathematical analysis of the book Love.Life.Lust.Loss: 101
Real Life Stories of Migration and AIDS—A Fuzzy Analysis.



This book has seven chapters. The first chapter is
introductory in nature and it speaks about the migrant
labourers. In chapter two we use Fuzzy Cognitive Maps to
analyze the socio-economic problems of HIV/AIDS infected
migrant labourers in rural areas of Tamil Nadu. In chapter
three we analyze the role played by the government helping
these migrant labourers with HIV/AIDS and factors of
migration and their vulnerability in catching HIV/AIDS. For
the first time Neutrosophic Cognitive Maps are used in the
study of migrant labourers who have become HIV/AIDS
victims. This study is done in Chapter IV. In chapter V we use
Neutrosophic Relational Maps and we define some new
neutrosophic tools like Combined Disjoint Block FRM,
Combined Overlap NRM and linked NRM. We adopt these new
techniques in the study and analysis of this problem. Chapter
VI gives a very brief sketch of the life history of these 60
HIV/AIDS infected migrant labourers so that people from
different social and cultural backgrounds follow our analysis.
The last chapter gives suggestions and conclusions based on
our study. This book has 8 appendices. The Appendix 1 is the
questionnaire used in interviewing these migrant labourers.
The questionnaire was formatted with the help of Dr. K.
Kandasamy. Appendix 2 gives the table of these 60 migrant
labourers. Appendix 3 to 8 gives the C programs used in
finding the resultant vector for any given state vector using
the dynamical system. Appendix 9 deals with Neutrosophic
logic. We have included a list of further reading.

We deeply acknowledge the TNSACS for its financial
support and encouragement. We personally acknowledge the
project director Mr. Deenabandu, I.A.S of TNSACS for his
constant encouragement. We are indebted to Ms.Kama
Kandasamy who had taken all pains to format, verify the
equations and design the books. We deeply acknowledge the
services of Dr.K.Kandasamy who had done a lot of
background work and for formatting such a scientific
linguistic questionnaire without which we would not have
been in a position to get this data. We thank our research
scholars Mr.Ganesan, Mr.Kanagamuthu and
Mr.Narayanamurthy for taking the interviews. Our deep
thanks are due to Meena Kandasamy who translated the
Tamil interviews of these migrant labourers.

We dedicate this book to the peoples and nations
that are working to rehabilitate and support the poor
men and women living with HIV/ZAIDS in the Third-
World countries.

W.B. Vasantha Kandasamy
Florentin Smarandache



Chapter One

INTRODUCTION

Migration acquires great significance in the study of peoples and
populations, for it not only involves the merely mathematical
spatial redistribution of people, but also because it has enormous
impact on livelihood, life-styles, employment, socioeconomic and
political stability; or in other words, it influences the entire
society. When used in the geographical context, the term
‘migration’ refers to the ‘permanent or semipermanent change in
the residence of an individual person or group of people.’
Traditional studies classify migrants under two broad heads:
voluntary migrants and involuntary migrants.

In this Indian scenario, voluntary migration (where the
migrants move of their own choice) often takes place with the
view to secure a livelihood. On the other hand, involuntary
migration might take place due to natural disasters or war and the
consequent persecution or in some of the cases because of
environmental degradation. In between these two diverse
classifications, there exist a great mass of people, whose
migration is a direct result of their poverty, and whose migration
is often, as much voluntary as involuntary.

In the same manner, researchers also divide the cause for
migration into push factors (factors that push people to search for
new areas to live: poverty, unemployment, agricultural failure)
and pull factors (factors that pull people by exerting an attraction
for a new location), taking into their foremost view the economic
factors. Most migrations are a combination of both push and pull
factors; the best illustration of this is the rural-urban migration. In
this book, we skip doing an exhaustive review of the literature on
the said topic. We like to point out that most of the mathematical
research into migration has dealt with it on purely statistical lines
and studied it on economic terms, while ignoring that migration is



the result of an inter-relationship of an aggregate of several
factors.

As a part of our research study of people with HIV/AIDS we
have selected to study those affected as a result of migration:
migrant labourers, long distance truckers, military servicemen,
commercial sex workers. The term migrant labourers in this book
means not only labourers who migrate from one place to another
place and settle temporarily or permanently for livelihood but also
those workers who travel from one place to another for
completion of work (technically the bridge population: linking
high-risk and low-risk communities and geographic areas) i.e.
labourers like truck/lorry/cab drivers, also long distance
government or private bus drivers and those accompanying them
like the cleaners etc. This category of migrant labourers also
includes construction labourers who stay for a month or so in a
different town and carry out their job. Above all, this includes the
adults or children who leave home due to frustration or
employment i.e. to be precise—runaways from home. The HIV
transmission typically occurs as a result of unprotected sex in
destination areas and between destination and home areas. Thus,
while we use the term migrant workers/labourers, we aim to
include the mobile workers just as much.

Migrant workers are more vulnerable to HIV/AIDS than the
local population because of their poverty, lack of power, lack of
health awareness and unstable life-style. Sometimes, wrong and
mythical notions about sex might lead to their high-risk
behaviour. The main reason for taking up this study is that in the
state of Tamil Nadu, migrant labourers (including truck/lorry
drivers) constitute the major portion of those affected with
HIV/AIDS. This is especially true in districts like Namakkal.
Thus we are justified in studying the psychological, social and
economic status of these HIV/AIDS infected migrant labourers
and from this analysis we can draw conclusions on preventive
measures to be taken to stop the spread of HIV as well as take
steps to counsel and rehabilitate the affected. We observe from
our study that the large-scale patronization of Commercial Sex
Workers (CSWs) by heterosexual (and often married) men is to a
great extent responsible for the spread of the disease. Further it is
to be noted that most of the infected are illiterate or with very low
educational qualifications (secondary/high school dropouts), low
levels of awareness about HIV/AIDS and are addicted to habits
like smoking, drinking and visiting CSWs that too mainly from
rural areas. Further most of them were persons with low sense of



personal accomplishment and they took pride in their flimsy life-
styles.

One of our most important and vital understanding of AIDS
came through when we worked towards a feminization of
understanding and when we employed fuzzy methods of
psychosocial analysis. We could comprehend the risk-behaviours
better and correlate it with the raw data/information/feelings that
we derived from the interviews when we looked into gender-
stereotypes and socialization patterns.

Such conventional beliefs about male (hetero)sexuality have
to be shed and impetus has to be given to shattering stereotyped
patterns of behaviour. For, this embedded concept of
‘masculinity’ often defeats the very premise of the prevention
programs: for, masculinity is predominantly (mis)associated with
having multiple sex partners, and a complete void between
emotional/passionate involvement and sexual activity.

In fact campaigns and earlier researches have also targeted
the promiscuous heterosexual men and has sought to downplay
and distinguish/segregate the concepts of masculinity and risk-
taking (that includes multiple sex partners, unprotected sex with
CSWs). This perceived and heightened sense of masculinity is
garnered from the words the AIDS affected migrant workers use
to describe the reasons for visiting commercial sex workers: to
enjoy, to be jolly, etc. It also is an underlying reason as to why
they pick up habits like alcoholism, addiction to tobacco and
drugs. Doctors associated with our study also linked this
prevalence of high-risk behaviour to popular myths present
among sections of migrants.

For instance, many truck drivers had said to doctors that they
visited CSWs because during the many days of travelling their
body’s heat became greater and because they believed sexual
intercourse would lower the heat, they visited CSWs. They said
they wanted this kind of ‘release.’ In our study we observed that
majority of the HIV infections occurred only in Mumbai,
followed by Andhra Pradesh. This is because of the situation of
both Kamatipura, the largest red-light area in the world, and
Cotton Green, the largest truck terminus in Asia both at Mumbai.
While Kamatipura is notoriously famous for its brothels, Cotton
Green deserves some mention: everyday more than 5,000 trucks
come from different states of India. The inflow and outflow of the
truck traffic is intense, majority of the trucks visit the terminus
once in four to eight days and this perhaps sheds some more light
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on the risk-behaviour and increased chances of casual sex by
migrant workers (in this case the truck drivers) in Mumbai.

Another major fact that we could unearth during this research
on migrant workers with HIV/AIDS was: several of them, (56 to
be precise) were unaware of how HIV/AIDS spreads. This was
very shocking for it shows to us that the ad and awareness
campaigns in the media have not had their sufficient impact and
secondly in the case of women whose glaring ignorance about this
disease has rendered them helpless in averting it mainly in rural
areas. While knowledge of AIDS has been widespread, the
knowledge of its method of spread is not so well known, sadly,
even among the high-risk groups. This is not to say that the
campaigns have failed in their objectives, this is to merely suggest
that methods have to be developed to have greater outreach and
awareness among the vulnerable categories of the people.

This is especially important in the cases of truck-drivers and
lorry-drivers, because this mobile population spreads the disease
at alarming levels. We selected this sample from around 200
people whom we had interviewed as a part of our research project.
Other categories like NGOs, people with AIDS, and members of
the public had been interviewed. From that we have 60 men living
with HIV/AIDS (who had acquired the disease directly or
indirectly due to migration) for our sample study on migration
workers and their families. The interviews were taken from the
people with HIV/AIDS taking treatment from the Government
Hospital for Thoracic Medicine at Tambaram (we refer to this as
the Tambaram Sanatorium). Some of the interviews are
exhaustive, and give us great insight into the minds of people with
AIDS and at the same time some of the patients exhibit a
reluctance to talk about the disease, were we have been left with
the thought of indeterminancy.

Out of 60 HIV/AIDS patients we have taken for this analysis,
they were, at some point of their lives, migrant workers Further,
we could note that in case of workers of the unorganized sector,
medical testing for AIDS remains remote. Moreover, in
intervention programs among migrant labourers, NGOs have
faced several difficulties, one of the outstanding reasons being
that the migrant workers are unorganized labourers and do not
have unions or associations through which successful awareness
programmes can be carried. As a result, they are an exploited
working class that does not enjoy legal safeguards or claim
workers’ rights. Further the peer-group influence among such
migrants causes further havoc to the fabric of society. Our data
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indicates that 85% of the migrant workers (51 of 60) were led into
visiting CSWs because of their friends.

In this study we do not analyze the gender difference in
treatment of HIV/AIDS affected though one is well aware of the
established statistic in India that heterosexual intercourse is in
more than 85% of the cases the cause of HIV transmission.
Difference in status between men and women, supported by social
and cultural systems make it difficult for women to take
preventive and safe-sex measures. Further, the patriarchal Indian
family set-up ensures tragically that men do not divulge their HIV
seropositivity to their wives until at the very last stages. As a
result women come for treatment with full-blown AIDS, suffering
from all types of opportunistic infections and with nobody to look
after them.

Thus women who contract AIDS (from their migrant
husbands) become innocent and hapless victims, and, our research
confirmed the oft-reported fact that women in the dying stages of
AIDS are pathetic as the society shuns them and there is no one to
look after them, whereas women always stay with their husbands
and take care of them when the husbands are affected with AIDS.
Another psychological aspect, which we could notice, was that
couples infected with HIV/AIDS, where both the partners were
alive appeared less depressed and less perplexed than
individuals/surviving members with AIDS. We were also taken
aback by the number of cases where the migrant workers (who
had visited CSWs) did not adopt safe-sex practices even though
the CSWs had themselves requested them to use safe-sex methods
and had offered condoms. This proves that though NGO
intervention has given CSWs responsibility and alacrity in their
functioning, the men from rural areas visiting them do not adopt
safe-sex practices.

Further, by forcing even the CSWs to have unprotected sex,
they expose them to greater risk. Some of the reasons, which were
attributed to not using condoms, were: intoxication at time of
intercourse, non-availability of condoms, no satisfaction,
ignorance/indifference, it is against raw masculinity and inhibition
to buy condoms. We declare that throughout this book, by CSWs
we mean Female Sex Workers (FSWs). Further, we also like to
put forth the economic data about the sample we have chosen for
this study. The 60 men in our selection were not highly affluent or
surrounded by the plushness of rich-urban life. They did not have
educational qualifications or family backgrounds to boast of, and
most of them were from the poor, semi-poor, and lower middle
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class. As a result of our sample remaining in this manner, we
cannot  predict or give information about  the
distribution/prevalence of AIDS among varied economic strata.
This study is also only restricted to the remote villagers with
illiteracy prevailing in them.

Further we felt it essential to study only this sample first; for
the rich and middle class are educated, have awareness and
exposure as well as access to treatment. An important aspect of
our study probed into the hitherto unresearched areas of religion
and its role in the AIDS epidemic. We observed in our study the
attitudes of the people with HIV/AIDS towards religion. We
found out that a substantial number, of men had converted from
their native religion to Christianity. This is an unprobed area and
there is a complete absence of information with regard to the vital
role of religious faith.

Finally as several interlinking of the relations and its effect on
the nodes in some cases may remain to be an indeterminate and to
the best of our knowledge that study of indeterminate relations is
carried out mainly and solely by the neutrosophic models. We in
this book have for the first time adopted the neutrosophic models
in the analysis of the socio-economic problems of the HIV/AIDS
affected patients who are migrant labourers. In our opinion
neutrosophic models in the study of this problems would be better
than the fuzzy models for we can also give the answer as
indeterminate for some relations, where as fuzzy models can say
the existence or non existence of any relation only. Thus we
conclude in the study of the problem of HIV/AIDS in the migrant
labourers the implementation of neutrosophic models is much
more powerful than the fuzzy model. This book uses the notion of
neutrosophic cognitive maps, combined neutrosophic cognitive
maps, neutrosophic relational maps and further define some new
techniques for first time called combined disjoint block FCM,
combined overlapping block FCM. The corresponding notions in
the case FRMs have been defined for the first time and the model
is implemented in the study of the problem. Also the analogous
neutrosophic models, is introduced for the first time in this book
and the analysis of the study HIV/AIDS migrant labourers. To
adopt the technique of neutrosophy, a neutrosophic questionnaire
was used to interview the patients.

The book is organized into 7 chapters. Chapter I is
introductory in nature describing the migrancy problem in India
especially in Tamil Nadu. In chapter II fuzzy matrices are used for
the first time in the analysis of age-group and its related diseases
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among migrant HIV/AIDS affected labourers. In this chapter we
just recall the notion of fuzzy cognitive maps and study the model
using FCMs. Also the new notion of combined disjoint block
FCM and combined overlap block FCM are introduced in this
chapter and these newly defined models are used in the study of
the problem.

In chapter III yet another fuzzy theory technique namely the
bi-directional associative memories is used in the analysis of the
cause for vulnerability to HIV/AIDS and factors for migration. A
C-program is given in Appendix 6, which is used to simplify
working of the problem. In Chapter IV we first just recall some
basic notions of neutrosophic theory, neutrosophic cognitive maps
that are utilized in the analysis of the problem. We use the
combined neutrosophic cognitive maps for the study. In this
chapter we have introduced for the first time the notion of
combined disjoint block NCM and combined overlap block NCM.
They are adopted for this problem and conclusions are based on
the analysis.

In chapter V we analyse the problem of socio economic
conditions of migrant labourers relative to the vulnerability of
being affected by HIV/AIDS, using both fuzzy theory and
neutrosophy theory. We use the fuzzy models like relational
maps, combined fuzzy relational maps and also use neutrosophic
relational maps and combined neutrosophic relational maps. We
in this chapter have introduced the new notions of combined
disjoint block FRM, combined overlap block FRM, combined
disjoint block NRM, combined overlap block NRM. These
models are adopted in the analysis of the problem.

In chapter VI we briefly recall the interviews of the 60
migrants HIV/AIDS affected patients. This is mainly done for any
reader to have a view of the social, economic and the
psychological conditions of the rural migrant men who are mostly
from the economically poor strata from Tamil Nadu.

For unless one knows more about this it will not be easy for a
reader to understand the situation other than the native of Tamil
Nadu; so we have recalled these interviews to make this book
more contextual. This final chapter gives suggestion and
conclusions based on our study.

This book has 8 appendixes; the first one is the neutrosophic
questionnaire. Second the table of the 60 migrant labourers. The
appendixes 3-8 are the C-programs, which are utilized to make the
calculations simple and easy.
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It is important to mention that the relevant mathematical
notions used in each of these chapters are described in the
respective chapters there by making each chapter a self-contained
one. The conclusions are based on several of the state vectors and
many experts opinions are utilized, to make the book a
comprehensive one we have given one or two experts for
illustrating and describing the model. The study is completely
based on the interviews with the patients and the conclusions are
valid mainly for the rural uneducated poor migrants of rural Tamil
Nadu. By no means are these conclusions true for the urban rich
people of Tamil Nadu, for even a proper statistics of how many
urban people suffer with HIV/AIDS cannot be got by any one as
they keep it as a secret due to social stigma.



Chapter Two

ANALYSIS OF THE FEELINGS
OF HIV/AIDS AFFECTED
MIGRANT LABOURERS USING
FUZZY MARICES AND FCM

This chapter has five sections. In the first section we introduce the
fuzzy matrix model and employ it on the sample of 60 HIV/AIDS
patients who are migrant labourers. Conclusions are given based
on the model analysis.

In section two we analyse the socio economic problem of the
HIV/AIDS affected migrant labourers using FCM. By studying
the hidden pattern one can easily derive the results. In section
three we study this model using combined FCMs simplified the
mathematical part of it, so that a social scientist can also follow
the book.

In section four we introduce the notion of combined disjoint
block FCM and use it to analyse this problem. In section five the
same problem is analysed using the new model viz. combined
overlap block FCM model.

So, the demand made on the mathematical knowledge of the
reader is very meager. Also graphs are given to make the
understanding simple and easy. The tools used in section 1 and
section 2 are made very simple for any common reader to follow.

By this we have to a large extent suppressed some of the
laborious technical working but give the results in an explicit way.
The third and the fourth section however happens to be little
difficult but our simple descriptions from the basic level will
certainly make every one understand and follow it, if not at the
first reading, but in the subsequent readings.

The data that we deal with, happens to be an unsupervised
one, for we do not and cannot categorically put a number for a
person visiting the CSWs, for it might be due to uncontrollable
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feeling, no one to monitor them in a different place, because of
being away from the family, it might be easy money, or leisure, or
bad company, or bad habits like alcohol or drugs, family dispute,
luring by the CSWs when the migrants are in a drunken state and
so on. So we cannot give it any statistical form/data representation
for the psychological study for the cause may remain an
indeterminate for which this chapter cannot give any analysis.
Thus, for this study it has become inevitable for us to use fuzzy
theory, as these models function mainly based on the working of
the neurons of the brain.

The dynamical system approximately works like a human
brain, so only we feel these methods are best-suited for this study.

2.1 Estimation of the Overall Age Group of the HIV/AIDS Patients
from migrant labourers in which they are Maximum Infected, Using
Fuzzy Matrices

In this section we give an algebraic approach to the problem of
studying the psychological aspects and the age group of
HIV/AIDS patients using matrices. We determine the peak age
group viz. the maximum number of HIV/AIDS patients with
diseases like TB, STD, skin ailments, stomach problems, fever
and cold and their habits like smoking, alcoholism, bad company
and CSWs. Also we estimate the overall age group. The study is
significant for it can be adopted to other states like Andhra
Pradesh, Madhya Pradesh, Kerala, etc. with suitable
modifications. Thus our study is valid not only to any other state
but also to every district/village/region/town in Tamil Nadu or in
any HIV/AIDS infected nation.

The analysis of our study is mainly focused on the in/out
patients of the Tambaram Sanatorium who have contracted the
disease by migration that is who had migrated (temporarily or
permanently). Migration does not mean a permanent change of
place, even if the period of mobility is for a week, it is taken as
infected or contracted the disease by migration. The raw data
obtained from the 60 HIV/AIDS patients from the in/out patients
of the Tambaram Sanatorium is taken as the raw data for our
study.

This raw data is converted into time-dependent matrices. By
time dependent matrices we mean the matrices which are
dependent on the age of the HIV/AIDS patients. So when we say
time we only mean the age groups. After obtaining the time
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dependent matrices (age-dependent matrices) using the technique
of usual mean/average and standard deviation we identify both
age group in which they are maximum affected by the disease like
STD, TB etc. and also the habits like smoking, alcohol, bad
company, CSWs etc. The identification of the age group when
they are maximum affected plays a vital role in improving the
awareness about HIV/AIDS, and preparing well-tailored
intervention programs. Our study of the related symptoms and the
relevant habits prevalent in those age groups is also effective, for
the government can take proper steps and precautionary methods
to have an effective outreach among that age group and spread
awareness preventing those already infected from further infecting
others.

The maximum affected indicators or the standards used
depend on the type of data collected by us. The majority of such
standards are based on their education, habits, profession,
migration (staying away from family) and bad company and so
on. Study of HIV/AIDS male patients, have been analyzed taking
mainly into account that migration is the main cause for them to
visit CSWs and thereby acquire/contract the disease. The raw data
(who are HIV/AIDS patients) under investigation is classified
under the six broad heads: CSWs, Other Women, Smoking,
Alcohol, Negative peer-group influence (Bad Company), and
Quacks. These six broad heads forms the columns of the matrices.
The time periods are taken as the age groups varying from > 20 to
< 46. Estimation of the age group, which is most likely to be
vulnerable to these bad habits and hence face the risk of becoming
HIV/AIDS patients, is carried out in five stages.

In the first stage we get a matrix representation of the raw
data. Entries corresponding to the intersection of rows and
columns are values corresponding to a live network. This initial M
x N matrix is not uniform i.e. the number of years in each interval
of time period may not be the same; for instance, one period may
be 21-30 and other 31-35 so on.. So, in the second stage, in order
to obtain an unbiased uniform effect on each and every data so
collected, we transform this initial matrix into an Average Time-
dependent Data (ATD) matrix (a;). To make the calculations
simpler, in the third stage, we use the simple average techniques
and convert the above Average Time-dependent Data (ATD)
matrix with entries e;; where e € {-1, 0, 1}. We name this matrix
as the Refined Time-dependent Data (RTD) matrix.
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ejj are calculated using the formula
ifaij < (MJ —Q* Gj) then €ijj = -1

elseif a € (1 — o * o}, hj + o * G ) then g; = 0

else if a;; > (1 + o * o)) then g = 1
where a;; are entries of the ATD matrix and ; and o; are the mean
and the standard deviation of the j™ column of the ATD matrix
respectively. a is a parameter taken from the interval [0, 1].
The value of the e;; corresponding to each entry is determined in a
special way. At the next stage using the RTD matrix we get the
Combined Effect Time-dependent Data matrix (CETD matrix),
which gives the cumulative effect of all these entries. In the final
stage we obtain the row sums of the CETD matrix. A program in
C language is written which easily estimates all these five stages.
The C program shall give details of the mathematical working and
method of calculation. Now we give the description of the
problem and the proposed solution to the problem.

PROPOSED SOLUTION TO THE PROBLEM

Using the raw data available, that is the data collected by us;
we analyze it via matrices and predict mathematically the
maximum age group in which migrant labourers are affected by
HIV/AIDS among migrant labourers in rural areas of Tamil Nadu.
Thus to be more precise our chief problem is the prediction of the
age group which is most affected and most vulnerable to
HIV/AIDS among migrant labourers in rural areas of Tamil Nadu.
We have established that the predicted age group with maximum
HIV/AIDS patients coincides with the real data. This makes the
mathematical research carried out by us extremely valid. This age
group only concerns the HIV/AIDS patients who have migrated
and have acquired the disease due to migration: only of the men.
Our analysis not only predicts the maximum patients in the age
group but also suggests that for certain age group the awareness
program is not so essential and instead the government can pitch
upon that age group which may be given a rigorous awareness
program. The advertisement and awareness program should be
very suggestive to make them aware of the disease and the
consequence of their high-risk behavior which will ultimately
land them with AIDS.

The Initial Raw data matrix of the 55 migrant labourers
affected with HIV/AIDS relating their age group and diseases are
given in the following:
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Age Other . Bad
Group CSWs Women Smoking | Alcohol Company Quacks
21-30 2 10 21 20 18 12
31-35 17 4 14 15 12 8
36-46 16 8 16 16 14 9
ATD Matrix
Age Other . Bad
Group CSWs Women Smoking | Alcohol Company Quacks
21-30 2.2 1 2.1 2 1.8 1.2
31-35 34 0.8 2.8 3 24 1.6
36-46 1.46 0.73 1.46 1.46 1.27 0.82

The Average and the Standard Deviation

Average | 2.35 | 0.84 | 2.12 | 2.15 | 182 | 1.21
standard o6 f 041 | 055 | 0.64 | 0.46 | 032
Deviation

The RTD matrix or fuzzy matrix for oo = 0.3

0 1
I -1
-1 -1

0 0
I 1
-1 -1

1

1

-1 -1

The row sum matrix
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The graph depicting the maximum age group of the migrant
labourers who are affected by HIV/AIDS for o = 0.3
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The RTD or Fuzzy Matrix for a = 0.7
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The row sum matrix
1

5
-6

The graph depicting the maximum age group of the migrant
labourers who are affected by HIV/AIDS for o = 0.7
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-1 -1 -1 -1 -1 -1

The row sum matrix

5
-6

The graph depicting the maximum age group of the migrant
labourers who are affected by HIV/AIDS for a = 1
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The only mathematical inference is that the most vulnerable
age group to have HIV/AIDS is 31-35 among the migrant
labourers of rural area in Tamil Nadu who are uneducated. To
ones surprise they are regular visitors (or have casually visited) of
the commercial sex workers.

Their chances of contracting AIDS from other women is zero
and goes in the negative, whereas it is very important to note that
the age group 21-30 visit other women also. Here by other
women, we mean women who are not CSWs, but those who share
a casual sex partnership with these men, which is extramarital or
premarital.

So one is partly forced to think whether married men seek
CSWs whereas unmarried men seek other women. This is the very
important note which is evident from this model that after the age
of 35 the migration is itself meagre, so the HIV/AIDS patients
among migrants gives a negative value viz. -18, and we feel that
this needs more analysis and attention for after an age the
uneducated rural men do not migrate for livelihood but live in the
same village but their children take up the role of migration.

The CETD Matrix is given in the following, which is formulated
using the three RTD matrices or fuzzy matrices for the values of o
=0.3,a=07and o = 1.

The CETD Matrix

o 3 0 0 0 O
3 -1 3 3 3 3
-3 -3 -3 -3 -3 -3

Row sum of CETD Matrix

3
14
-18

Graph depicting the concentrated age group of HIV/AIDS patients
among the migrant labourers obtained from the CETD matrix is
given in the following page:
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20
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Age Group

Row sum of the CETD matrix

' ' 1 '
oo oo B~ N

-10
-12
-14
-16
-18
-20

Now we increase the number of rows that is the grouping of
the age (making the study more sensitive) and see whether the
decision arrived is more sensitive to the earlier one we have
discussed.

Thus we give the raw data of the matrix for these 58
HIV/AIDS male patients:
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GArgﬁp CSWs V\% rf:}eern Smoking | Alcohol Coi?)c;ny Quacks
20-25 7 3 5 9 10 6
26-30 16 7 16 u 8 6
31-35 17 4 14 15 12 8
36-47 18 8 18 16 14 9
ATD Matrix
G'A;gﬁp CSWs V\%t quern Smoking | Alcohol CoanErlJc;ny Quacks
20-25 1.16 0.5 .83 15 1.67 1
26-30 3.20 14 3.2 2.2 1.6 1.2
31-35 3.40 0.8 2.8 3 2.4 1.6
36-47 1.50 0.67 15 13 1.17 0.75
Average and Standard Deviation
Average | 2.32 | 0.84 | 2.08 2 171 1.14
Sandatd | 099 | 034 0.96 | 067 | 0.44 | 031

The RTD Matrix or fuzzy matrix for o = 0.2
-1 -1 -1 -1

The row sum of the RTD matrix

I 1
1 0

1
1

0
1

-1 -1 -1 -1

-5
2
5

-6

0 -1
-1 0

1

1

-1 -1
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The graph for the parametric value o = 0.2 is given below:
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The age-group 31-35 is most vulnerable just followed by 26-30
least affected or relatively unaffected in the age group 36-47.

The RTD Matrix for .= 0.7

-1 -1 -1 -1 0 O
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Row sum of RTD matrix is given by

The graph for the parametric value . = 0.7 is given below:
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Next we proceed on to present the RTD matrix and the row sum
of the matrix, along with the graph.
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The RTD Matrix for o =1 Row sum of the RTD matrix
-1 0 -1 0 0 O -2

0o 1 1 0O 0 O 2

1 0 0 1 1 1 4

o 0 0 -1 -1 -1 -3

The graph of the fuzzy matrix for o = 1 is given below:
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The age-group 31-35 is very highly affected age group followed
by 26-30. The deviation of 20-25 and 36-47 are equally placed
which implies people do not become victims of HIV/AIDS in the
age group 20-25 and 36-47. Now we give the

Combined Time Dependent Matrix.

-3 -2 -3 -2 0 -1
2 3 3 0 -1 0
30 2 3 3 3
-2 -1 -1 -3 -3 -3

Row sum of the CETD matrix

-11
7
14
—-13

The migrant labourers with HIV/AIDS is very low in the age
group 20-25 there by it implies that migration does not start when
the men are below 20 years, considering the fact that it takes at
least four to five years for the disease to reach recognizable and
advanced stages.

Having worked with four sets of age group we felt it would
be appropriate to try by further increasing the number of age
groups i.e. the time period to test whether more refinement may
give more sensitive prediction. So we now work with 6 sets of age
groups, 20-23, 24-30, 31-34, 35-37, 38-40 and 41-47 and analyze
them using the same type of matrix models.

It is pertinent to mention here that our first model with 3 age
groups could only suggest one class of age groups who are most
vulnerable to the disease whereas the second model with four age
groups suggests two sets of age groups which are vulnerable to
the disease with gradations.

So now we will work with by redefining the age group to six
intervals and draw conclusions from the model.
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20
18
16
14
12
10
8
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S Age Group
3
o -4
g
x -6
-8
-10
-12
-14
-16
-18
-20
Initial Raw Data Matrix
Age Other ) Bad
Group CSWs Women Smoking | Alcohol Company Quacks
20-23 3 2 2 3 3 2
24-30 20 6 15 16 14 10
31-34 15 4 13 14 9 6
35-37 8 2 6 6 3 2
38-40 6 1 4 4 2 1
41-47 8 1 5 6 3 2
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ATD Matrix
GArgﬁp CSWs W%tgeern Smoking | Alcohol Co afjc;ny Quacks
20-23 0.75 0.5 0.5 0.75 0.75 0.5
24-30 3.33 1 2.5 2.67 2.33 1.67
31-34 3.75 1 3.25 3.5 2.25 1.5
35-37 2.67 0.67 2 2 1 0.67
38-40 2 0.33 1.33 1.33 0.67 0.28
41-47 1.14 0.14 0.71 0.86 0.43 0.28

Average and Standard Deviation of the data

Average | 227 | 061 1.72 | 1.85 | 1.24 | 0.83
Standard |y 00 f 535 [ 0.97 | 0.99 | 0.76 | 0.55
Deviation

The RTD matrix for [1=0.5

-1

S = = O

1
1
0
0 -1

-1 -1 -1 -1
1 1 1 1
1 1 1 1
0 0 0 0
0 -1 -1 -1
-1 -1 -1 -1 -1 -1

Row sum of the RTD or fuzzy matrix

s

—4

-6
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Graph of the row sum of the RTD matrix is given for is a2 = 0.5

-
o

I I I I
0 20 30 40 50

Age Group

Row sum of the RTD matrix
o

S © ®» N D> A N -

The maximum vulnerable age group being 24-30 and 31-34. The
RTD matrix for the parameter o = 0.2 is given below:

(-1 -1 -1 -1 -1 —1]
1 1 1 1 1 1
1 1 1 1 1 1
1 0 1 0 -1 -1
0 -1 -1 -1 -1 -1
-1 -1 -1 -1 -1 -1]
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The row sum of the RTD matrix

-5
__ 6_

We see that there are nil or very negligible HIV/AIDS patients in
the age group 20-23, as its value is - 6. The graph for the
parameter o = 0.2 of the RTD matrix is given below:

Row sum of the RTD matrix
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For a = 1, the RTD matrix is Row sum of RTD matrix
-1 0 -1 -1 0 0] [—3]
o 1 0 o0 1 1 3
1 1 1 1 1 1 6
O 0 0 0 0 0 0
O 0 0 0 0 0 0
-1 -1 -1 -1 -1 -1] |—6]

Graph of the RTD matrix for . =1
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Row sum of the CETD matrix
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CETD matrix Row sum of CETD Matrix
-1 -3 -3 -2 -2] [—14]
3 3 3 15
3 3 3 18
0 -1 -1 0
-2 -1 =2 =2 =2 -9
-3 -3 -3 -3 -3] | —18]
Graph of CETD Matrix
18
16
14
12
10
&
€
4
2
I I I I I
10 20 30 40 50
-2 Age Group
-4
-6
-8
-10
-12
-14
-16



36

2.2 ANALYSIS OF Soclo Economic PosITION oF THE HIV/AIDS PATIENTS
UsING FCM

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.

FCMs are fuzzy signed directed graphs with feedback. The
directed edge e;; from causal concept C; to concept Cj measures
how much C; causes C;. The time varying concept function Ci(t)
measures the non-negative occurrence of some fuzzy event,
perhaps the strength of a political sentiment, historical trend or
military objective.

FCMs are used to model several types of problems varying from
gastric-appetite behavior, popular political developments etc.
FCMs are also used to model in robotics like plant control.

The edges e; take values in the fuzzy causal interval [-1, 1]. ; =
0 indicates no causality, e > 0 indicates causal increase, C;
increases as C;j increases (or C; decreases as C; decreases). ¢j; < 0
indicates causal decrease or negative causality. C; decreases as C;
increases (or Cj increases as C; decreases). Simple FCMs have
edge values in {1, 0, 1}.

Then if causality occurs, it occurs to a maximal positive or
negative degree.

Simple FCMs provide a quick first approximation to an expert
stand or printed causal knowledge.

We illustrate this by the following, which gives a simple FCM of
a socio-economic model.

This socio-economic model is constructed with Population,
Crime, Economic condition, Poverty and Unemployment as nodes
or concepts.

Here the simple trivalent directed graph is given by the following
figure which is the expert’s opinion.
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POPULATION
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FIGURE: 2.2.1

Causal feedback loops abound in FCMs in thick tangles.
Feedback precludes the graph-search techniques used in artificial-
intelligence expert systems. FCMs feedback allows experts to
freely draw causal pictures of their problems and allows causal
adaptation laws, infer causal links from simple data. FCM
feedback forces us to abandon graph search, forward and
especially backward chaining. Instead we view the FCM as a
dynamical system and take its equilibrium behavior as a forward-
evolved inference. Synchronous FCMs behave as Temporal
Associative Memories (TAM). We can always, in case of a
model, add two or more FCMs to produce a new FCM. The strong
law of large numbers ensures in some sense that knowledge
reliability increases with expert sample size. We reason with
FCMs. We pass state vectors C repeatedly through the FCM
connection matrix E, thresholding or non-linearly transforming
the result after each pass. Independent of the FCMs size, it
quickly settles down to a temporal associative memory limit cycle
or fixed point which is the hidden pattern of the system for that
state vector C. The limit cycle or fixed-point inference
summarizes the joint effects of all the interacting fuzzy
knowledge.

DEFINITION 2.2.1: An FCM is a directed graph with concepts like
policies, events etc. as nodes and causalities as edges. It
represents causal relationship between concepts.

The following example illustrates how FCMs can be used to
model social problems.



38

Example 2.2.1: In Tamil Nadu (a southern state in India) in the
last decade several new engineering colleges have been approved
and started. The resultant increase in the production of
engineering graduates in these years is disproportionate with the
need of engineering graduates.

This has resulted in thousands of unemployed and
underemployed graduate engineers. Using an expert’s opinion we
study the effect of such unemployed people on the society. An
expert spells out the five concepts relating to the unemployed
graduated engineers as

E; — Frustration

E, — Unemployment

E; — Increase of educated criminals

E, — Under employment

Es — Taking up drugs etc.
The directed graph where E|, ..., Es are taken as the nodes and
causalities as edges as given by an expert is given in the following
figure:

Ea » Es

FIGURE: 2.2.2

According to this expert, increase in unemployment increases
frustration. Increase in unemployment, increases the educated
criminals. Frustration increases the graduates to take up to evils
like drugs etc.

Unemployment also leads to the increase in number of
persons who take up to drugs, drinks etc. to forget their worries
and unoccupied time. Under-employment forces them to do
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criminal acts like white-collar crimes for want of more money and
so on. Thus one cannot actually get data for this but can use the
expert’s opinion for this unsupervised data to obtain some idea
about the real plight of the situation.

This is just an illustration to show how FCM is described by a
directed graph.

{If increase (or decrease) in one concept leads to increase (or
decrease) in another, then we give the value 1. If there exists no
relation between two concepts the value 0 is given. If increase (or
decrease) in one concept decreases (or increases) another, then we
give the value —1. Thus FCMs are described in this way.}

DEFINITION 2.2.2: When the nodes of the FCM are fuzzy sets then
they are called as fuzzy nodes.

DEFINITION 2.2.3: FCMs with edge weights or causalities from
the set {-1, 0, 1}, are called simple FCMs.

DEFINITION 2.2.4: Consider the nodes/ concepts Cy, ..., C, of the
FCM. Suppose the directed graph is drawn using edge weight e;
€ {0, 1, -1}. The matrix E be defined by E = (e;;) where g;; is the
weight of the directed edge CiC; . E is called the adjacency matrix
of the 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.

DEFINITION 2.2.5: Let C4, Cy, ..., C, be the nodes of an FCM. A
= (ay, ay, ... , a,) Where a; € {0, 1}. A is called the instantaneous
state vector and it denotes the on-off position of the node at an
instant.

a; = 0 if a; is off and
a;=1ifajison
fori=1,2,..n.

DEFINITION 2.2.6: Let C4, Cy, ..., C, be the nodes of an FCM. Let
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.

DEFINITION 2.2.7: An FCM with cycles is said to have a
feedback.
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DEFINITION 2.2.8: 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.

DEFINITION 2.2.9: Let C,C,,C,C;,...,C,_,C, be a cycle. When

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

DEFINITION 2.2.10: If the equilibrium state of a dynamical system
is a unique state vector, then it is called a fixed point.

Example 2.2.2: Consider a FCM with C,, C,, ..., C, as nodes. For
example let us start the dynamical system by switching on C,. Let
us assume that the FCM settles down with C; and C, on i.e. the
state vector remains as (1, 0, 0, ..., 0, 1) this state vector (1, 0, 0,
..., 0, 1) is called the fixed point.

DEFINITION 2.2.11: If the FCM settles down with a state vector
repeating in the form

Al>A > ... o>A A

then this equilibrium is called a limit cycle.
Methods of finding the hidden pattern are discussed in the
following section.

DEFINITION 2.2.12: Finite number of FCMs can be combined
together to produce the joint effect of all the FCMs. Let Ey, Ej,...,
E, be the adjacency matrices of the FCMs with nodes C,, C,, ...,
C, then the combined FCM is got by adding all the adjacency
matrices Ey, Ey, ..., Ep.

We denote the combined FCM adjacency matrix by E=E; + E; +
... tE,.

NOTATION: Suppose A = (ay, ... , a,) is a vector which is passed
into a dynamical system E. Then AE = (a’;, ... , a’,) after
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thresholding and updating the vector suppose we get (by, ... , b,)
we denote that by (a’,a’,, ... ,a’,) = (by, by, ..., by).

Thus the symbol ‘>’ means the resultant vector has been

thresholded and updated.

FCMs have several advantages as well as some
disadvantages. The main advantage 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’ opinion we can use
combined FCMs with several experts’ opinions.

At the same time the disadvantage of the combined FCM is
when the weightages are 1 and —1 for the same C; C;, we have the
sum adding to zero thus at all times the connection matrices Ej,...,
Ex 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
0and 1.

We have just briefly recalled the definitions. For more about
FCMs please refer Bart Kosko [58, 62].

The study of the HIV/AIDS affected patients who have
contracted the disease by migrancy involves reasons like socially
free, socially irresponsible behaviour, above all men with no
education or ethics or values with no motivation, no care for the
family, no mind to think about their children or wife, with all
addictive habits are mainly vulnerable to HIV/AIDS. This was
explicitly recorded when we met 60 men who had acquired the
disease due to migration.

Most of them say with pride that they were infected by CSWs
in the Mumbai city. Almost all of them barring one who is a cook
who got infected from his wife, proudly disclose that the number
of times they have visited the CSWs is “innumerable”.

This throws light on their absence of social responsibility,
patronage of commercial sex workers and the underlying
machismo. They acknowledge without the least bit of hesitancy or
reserve that they have/had addiction to alcohol and smoking.
There are others who say that they had visited CSWs and also
taken precautionary methods to prevent the infection, and they
also say that because they were drunk sometimes they might have
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forgotten to wear condoms etc. Most of them quite freely talk
about the CSWs whom they visited.

It is important to mention at least 4% of them acknowledged
that they are reaping the consequences of their deeds. Some of
them were stoic. When we asked what the government should do
for them most of them demanded that the government should
‘fastly’ discover some medicine to cure them all, except only one
individual who was of the opinion that discovery of any medicine
to cure the HIV/AIDS patients will result in complete
degeneration of moral values, hence government should not find
any cure for HIV/AIDS.

Another factor to be worth mentioning is that only one out of
sixty who had contracted the disease from his wife said that
whether horoscope was found to be matching or not one should
test for HIV/AIDS before marriage; for no fault of his he had
acquired this disease. Since the feeling of each and every
individual is so sensitive and intricate to be given any
mathematical expression other than fuzzy mathematics; as it is the
only tool that can give complete expression to such feelings, we
are justified in approaching this problem using fuzzy mathematics
and neutrosophic theory.

Here we approach the problem via attributes using Fuzzy
Cognitive Maps (FCMs) that are basically matrices which predict
the feelings of all the attributes under consideration. It is still
unfortunate and unbearable to state that of the 60 infected men
most of them are very reluctant to carry out the HIV/AIDS test for
their wife for they are in the first place unconcerned and secondly
they fear disclosing it to their wife for fear of their reaction. It is
important to mention here that some of them answered several
questions and some of the answers were inderterminate which will
analyzed using neutrosophic cognitive maps in chapter IV.

Before we proceed on to apply the Fuzzy Cognitive Map
model to this problem we define or precisely recall what we mean
by the 12 attributes given by the expert. So that when we work
with it the reader will have no confusion in noting each attribute
and in analyzing them via the directed graph and its connection
matrices.

A, - Easy Availability of Money
Most of these men worked for eight or ten hours and earn a bulk

amount from Rs.60 to Rs.200 per day. Because of the regular and
the easy availability of this money, these men lavished it on
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drinks, smoking, and in visiting the CSWs. Since they lacked
other social commitments and obligations, these daily wagers
spent their money in all inappropriate ways, did not save or give
considerable amount to their family members.

A,- Lack of Education

The term lack of education when taken as a attribute needs to be
analyzed or given a different interpretation for when we
interviewed the 60 HIV/AIDS patients we saw that 15 have not
even attended the primary school.

Ten of them had studied standards 2, 3, 4 or 5. 14 of them
have studied up to 6, 7, or 8 or 9. A few either completed 10" or
failed 10™. Some completed 11" or failed 11". But categorically
when we say no education, we also mainly mean absence of moral
education: all them had little or no moral values, social
conscience, or social responsibility or an iota of self analysis to
arrive at a conclusion whether they were correct or wrong in
carrying out such a life-style. Miserably with no proper
knowledge of HIV/AIDS became victims of it.

A; - Visiting CSWs

When we studied the sample of 60 HIV/AIDS male patients we
found that of the 60, 59 of them accepted their constant visit to
CSW not only once or twice but regularly. Of these ‘55° of the
men said they have visited CSWs innumerable number of times.

Here few things are worth mentioning: Most of them had not
acquired the disease from Tamil Nadu though the HIV/AIDS
patients are currently taking treatment in Tamil Nadu. One of the
most fascinating spot for them was Mumbai and they paid Rs.50
to Rs.100 per visit to the CSWs there. Some of them had
frequently visited Andhra Pradesh also. In Andhra Pradesh the
CSWs were very cheap, ranging only from Rs.20 to Rs.50 and
most of them were only aged between 18-23.

Another shocking information we derived from them was that
most of the Andhra Pradesh based CSWs had STD/VD even at
such early ages, several of these migrant patients have also taken
medicine for the same after contracting it from them. Another
notable point is only when they are in other states they do not
have any fear or tension of being noted or observed by friends or
relatives: their risk-behaviour heightens during outstation travel.
Yet another information given by them is that the CSWs from the
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Chennai city are a bit costly ranging from Rs.200 to Rs.1000 or
sometimes even more, so they cannot afford for the same. They
also said that commercial sex workers in Chennai was delocalized
and that there were a lot of brokers, middlemen etc. to fix them at
a cheap rate. They (CSWs) in Chennai city carried out their trade
with the help of police and brokers very successfully in all places
which is well known to the interested.

A, - Profession

Since almost all the 60 male patients had not entered college their
profession varied from truck or lorry drivers, weavers, contract
labourers, most of them were agriculture labourers who have
taken up these profession mainly due to failure of agriculture or
due to poor yield. Here also though they were weavers these
persons were mostly businessmen who sold stitched goods or un-
stitched goods from one state to other. One was a cook, one
person was never employed but enjoyed life in cities like
Bombay, Hyderabad and Nagari. One was a milkman (a resident
of Chennai city) contracted the disease in Namakkal, when he
went to buy a cow. Thus these people most of them had forcibly
taken some other profession due to agriculture failure or no proper
yield. It is not wrong if we say that mainly their change of
profession made them as HIV/AIDS victims by giving them easy
money and separation from family, here family means not only
for married men who live away from their wives but also men
who live away from their parents. Finally some (2 or 3) of them
were runaways and they were platform dwellers.

As - Wrong/Bad Company

This term needs lot of explanation as an attribute for it carried lot
of effect on the individual becoming an HIV/AIDS victim. In the
first place wrong company does not mean all are bad: we just use
this broad category to stress on negative peer-group influence that
leads these youth astray. Youngsters join together to do deeds
which have no moral or material significance, like first trying to
smoke, trying to take drugs, trying to consume alcohol, seeing
pornographic movies , pickpockets finally visiting CSWs. Thus
bad company not only induces others in that gang of friends to act
in this indiscrete manner.

It was really surprising for us when several of the drivers
aged from 30 to 40 years humbly acknowledged that it was the
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bad company that landed them to visit CSWs. They proudly say

this sort of friendship was to “enjoy life”, “just in jolly mood” and
SO on.

Ag - Addiction to habit-forming substances and visiting CSWs

By this term we mean smoking, alcoholism, drug addiction, ganja
and visiting CSWs. At the first stage when enquired we were
made to understand that most of these HIV/AIDS patients had
taken up smoking for the sake of male identity, as a display of
aggressiveness. Then it became a habit and they could not come
out of it.

It is pertinent to mention here that most of them had acquired
this habit due to the bad company. The alcohol or ‘drink” was
attributed to their physical labour; they said that they drank after a
day’s long labour for relief from bodyache. Only few were ganja
or drug addicts. Here it has become pertinent to mention that in
Tamil Nadu (unlike in certain states like Manipur etc. where the
spread of HIV/AIDS is due to Injecting Drug Users (IDUs)) the
spread of HIV/AIDS is mainly through their heterosexual
partners.

Some of them, nearly 50% acknowledged that only under
intoxication they had visited CSWs so they were out of their mind
to use any safe sex methods in spite of the CSWs insisting them to
use. Thus to some extent it is not wrong if we say that these
patients had gone off the track due to alcohol. Some said that their
profession damaged their health and raised a lot of the heat of
their bodies--so they had to particularly have intercourse in order
to ‘cool’ their bodies.

The shocking observation was that they are proud to say that
they have all such habits, it is still surprising to see that not only
they take pride in doing so, but that even their wives are very
proud to state that their husbands have all these addictive and bad
habits. It is very sad and unless this attitude is changed it may be
impossible for the government or NGOs to prevent the spread of
HIV/AIDS whatever precautionary steps they may take.

A; - Absence of Social Responsibility

It has become a fashion of the day for men to behave in an
irresponsible and careless way and their family or wife takes it not
as a mistake or a sin but on the other hand accepts it. Parents are
to some extent to be blamed for the same as they do not bring up
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(especially) their male children properly: instead, male children
are pampered, are not taken to task for making mistakes etc.. This
has twofold effect on society (1) they are irresponsible to the
extent of contracting the disease and on the other hand, they are
even more irresponsible for they pass it on wilfully to their life
partners and (there by) to their children. They do not even think
for a minute that for no sin their wife and children become victims
of HIV/AIDS.

(2) The female children are so rigidly brought up by our
society, especially in rural areas of Tamil Nadu, they are not
allowed to question even the improper behaviour of the males,
they are taught the ‘virtues’ of being silent and all-suffering and
as a result that they not only accept the irresponsible nature of
their husbands but take even the disease in a very passive way.

None of them ever had the mind to question his character or
even give derogatory remarks on their husband’s bad activity. On
the other hand, even when the wife was infected through her
husband and whether the husband was dead or living with
HIV/AIDS, the in-laws had the courage and arrogance to say that
their son was good it was only the ‘loose’ character of their
daughter-in-law which had infected him.

A few of them had even beaten up their daughter-in-laws.
Even if we take into account the fact that it is also equally
possible for the women to have had extramarital and unprotected
sex, it does not really account for the husband’s condemnable
habit of visiting CSWs. Thus all these complacent attitudes has
made men more socially irresponsible.

Ag - Socially Free

This attribute as a fuzzy node needs some more explanation.
When we say ‘socially free’ we mean this only for the males in
the patriarchal Indian society, who have greater freedom within
the society.

For in the first stage when a male child is brought up he is
free as ever in contrast with a female child who is from the time
of her birth not free and is enslaved to some patriarchal control.
None of the male child’s behaviour is questioned, he is pampered
beyond limits, he is petted, called the ‘darling’ of the family, and
right from a very young age, the parents put up even with wrong
behaviour among male children. Secondly the male child is given
good food and professional education in contrast with the female
child who may or may not be even given education depending on
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their social and economic conditions. Then when the male is
married a huge wealth is demanded from the female partner as if
he is incapable of supporting the family and the parents of female
child have to bear the money/dowry. Thus all these makes the
male of society very irresponsible and socially free for whatever
way he leads his life his marriage is to compensate the money he
needs.

This pattern of selective social freedom (given only to males,
and at the same time denied to the females) makes the men in our
society even more vulnerable to HIV. Unless this pattern of the
society is changed it may not be possible for us to implement any
awareness program or stop the spread of the disease. It is high
time for the male members of the society to stop for the minute to
think that if their female partners were to behave in an identical
irresponsible manner as they do what would be their situation,
unless self-realization comes to each and every male citizen of our
nation, we would be reduced to the state of another South Africa.

Ag - Economic Status

This term when we accept as a fuzzy node has a very different
meaning from the term “Economic status” in general. This will be
explained shortly. This does not imply the economic conditions
under which the family is living namely as poor, very poor,
middle class, lower middle class, upper middle class, rich, very
rich, or the hereditary richness or economic status of a family or
community. But here by the term the economic status of a person
we mean the individual economic status: what he has earned for
the day and how lavishly it is spent on him for somke, drink, food
and CSWs without a second thought. For an individual may be in
the age group from 20 years to 48 years we say has status as
individual depends on the money he earns per day. As per our
observation these 60 men whom we have interviewed did not
have any craze to dress well (i.e. even meagre clean clothes) or
any interest in jewellery (like ring or watch or a chain) or savings
but what was their economic status: then it is in their capability to
spend money on smoking, drinks, CSWs and in bad company.

When they are irresponsible they psychologically suffer to
maintain their male identity by aggressive attitudes like smoking,
alcohol and CSWs. Thus by economic status we do not view it
collectively, but only as individuals. And this includes their
capacity to spend on CSWs, smoking, drinks, drugs etc.
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Ao - More leisure

When we say more leisure as a fuzzy node we clearly mean the
following: These persons have come from their hometown or
villages to carry out some work, be as a truck driver or a lorry
driver or as a contract labour or as a business errand to self or
deliver the goods.

So once their work is over the rest of the time they are only
free or they have more leisure. To while away their leisure time
they visit the CSWs.

We wish to point out that because they cannot spend/while
away their time, and because of their loneliness in a new place,
they visit the CSWs. This is especially true of those who have
migrated to other cities, and stay alone and have a job there. After
the working hours, they are brazenly free.

Thus they have “more leisure” which is only and mainly
utilized for visiting CSWs.

Ay; - Machismo/ Exaggerated Masculinity

This term is very sensitive but at the same time very essential for
us to describe it in the context of HIV/ AIDS patients.

So as a fuzzy node when we say “Machismo” (meaning,
exaggerated masculinity or alternatively male ego) we mean
exaggerated, emphasized masculinity, macho behaviour and the
following:

(1) they take pride in stating that they have all addictive
habits like CSWs, drink and smoking.

(i1) They are “socially free”.

(i) They are socially irresponsible.

(iv) They have no conscience of how they spend the
money.

) They have no binding on the family members, spend

money only on themselves.
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The main reason for all this is due to their upbringing and the
existing patriarchy.

A, - No awareness of the disease

It is a pity that the infected people are unaware of the disease, its
mode of spread, cure etc..

When we say they are unaware of the disease we as a fuzzy
node mainly mean this:

1.

They are still not aware of the fact that this disease does
not have a cure. That is why of the 60 persons 59 of them
said that the government should find medicines soon to
cure them.

They are not aware of the relation between HIV/AIDS
and their main source of infection is CSWs.

They (most of them) are aware of STD / VD for they are
at one stage or other victims of these diseases. Infact
most of them had suffered this disease very frequently.

As all diseases like cancer, diabetes are incurable, so is
HIV/AIDS. But this attitude has to change and people
must understand that HIV/AIDS is now a livable chronic
disease very frequently.

But it is unfortunate that the doctors when they treat
these patients for STD/VD do not make them know or
convince them that they may end up with HIV/AIDS if
they continue to have these habits. The doctors can
greatly intervene at this stage, and counsel the patients
about risk-behaviour patterns, advice them the
importance of safe-sex methods and also try to slowly
wean them away from this practice of visiting CSWs.
Unless the doctors/ pharmacists make them fear about
the dreadfulness of HIV/AIDS and tell them its methods
of spreading etc. it is not possible to prevent the further
spread of HIV/AIDS.

The society at large is frightened of this disease more as
a social stigma but are not fully aware of it, at large in
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the rural areas where the majority of them are
uneducated.

6. Some of them acknowledge that they were somewhat
aware of HIV/AIDS and even the CSWs advised them
for safe methods yet because of their macho behaviour
and their male ego, they did not listen to the CSWs. This
is doubly risky for it not only puts these men at risk, but
also the CSWs at high risk.

7. Some women said that awareness must not only be made
through television or posters but should be made through
street dramas or songs or radio as most of them were
uneducated so they cannot read the posters or some of
them said that TV was not in their reach.

Now taking these 12 attributes as fuzzy nodes we proceed to
give the directed graphs using the experts opinion.

Here it is important to mention that we do not say we have
exhausted all the attributes related to these patients or it is not
necessary for one to take all 12 attributes the expert can choose to
take only a few out of them or more attributes. Thus it is purely in
the hands of the investigator to take the related attributes as per
his/her wishes.

Further we by no means guarantee that the directed graph has any
motive of the author for they were impersonally taken from the
experts where the experts are taken as NGOs, doctors, public and
the patients themselves.

Here the term ‘expert’ need not strictly mean an expert: it means
someone who gives his views to us and has an understanding and
expertise on the said disease and the related issues.

However using the fuzzy directed graph we obtain the
connection matrix. Using these connection matrix we determine
the hidden pattern.

Here we make use of only simple FCMs. The directed graph
given by the first expert with these 12 attributes is as follows:
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DIRECTED GRAPH OF THE FCM - FIGURE 2.2.3

The connection matrix D of the directed graph

_Al A2 A3 A4 AS AG A? A8 A9 AlO All Alg

Ao o1 110010000
A0 OO 100000001
A; {0001 0000000 O
A1 11000000000
As{0 01 000001000
A0 0100000000 1
A;]00O 101 00000T10
A0 01 000000GO0T10
AyJO O 1010000000
Apl0 0 1.0 01 000000
A;l001000000O0TO00O
A0 O 100100000 0

Now using this connection matrix which we denote by D we find
the effect on the state vectors. Let R=(000100000000) i.e.
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only the attribute profession is in the on state, we study the effect
of the state vector R using the experts opinion

RD S (111100000000) R
RD o (11111001000 1) R,
RD o (111111011011) = R,
R;D o (11111101101 1) R,

where “o ” denotes that the resultant vector that has been updated

and thresholded. Thus the ‘profession’ especially mentioned as
the attribute makes the on state all the nodes except A; and Aj,.
Thus their profession which is described in A4 from the hidden
pattern gives a fixed point. Thus in a way in case of migrant
labourers the profession has a great impact on contracting
HIV/AIDS.

Now suppose let us take the state vector R;=(1 0000010
0 1 0 0) the effect of R; in which the vectors easy money, no
social responsibility, and more leisure i.e. A;, A; and A, are in
the on state and all other states are off. The effect of R; on the
dynamical system D is given by

R,D - (101110110110) = R,
R,D o (111110111110) = Ry
R;D > (I11110111111) = R4
R4D o (I11111111111) = Rs
RsD > (I11111111111) = Rs.

Thus when 3 nodes are on all, the nodes become on which is the
hidden pattern. Thus when easy money, absence of social
responsibility and more leisure is in the on state all the attributes
become on. The expert was specially interested to study when
Exaggerated Masculinity, i.e. A;; alone is in the on state and all
other states are off, the effect on the system D is:

Let X = (000000000010)
XD o (001000000010) = X,

XD - (001000000010) X
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thus if a person has only Exaggerated Masculinity, the person
visits the CSW, nothing can be said or it has no relation to other
attributes. Thus only the ‘macho’ person with positive attitude is
not harmful according to this expert. Now let us consider the
extreme case when X' =(000000000001)i.e. only the
person is not aware of anything about the disease is only in the on
state and all other states are off. Now we study the effect of X' on
D

XD - (001001000001) =X
XD < (001001000001) =X

i.e. when a person is unaware of the disease he visits CSW and
has addictive habits according to this expert some times one may
not be in a position to comprehend what the expert says on certain
attributes, to overcome this problem usually we take the combined
effect of all the experts opinion which gives a consolidated vision
about the problem and its solution.

When we approached the second expert who is an NGO who
has worked over a decade to spread awareness and who was
himself a HIV/AIDS infected persons the following was given as
the fuzzy directed graph. He did not take the twelve attributes as
given by the first expert but he said he would not include the
attribute ‘no education’ for, according to him both the educated
and the uneducated behave in the same way except in case of
uneducated they come to government hospitals for treatment and
the educated get treatment in a different, secret and anonymous
way. He says we are not certain about the percentage of educated
persons infected with HIV/AIDS, they are cautious and don’t
come out.

Further this expert coupled the bad company and bad habits
as a single attribute. Also according to this expert, no social
responsibility and socially free are put in the same node for he
feels a socially free person is socially irresponsible and so on. The
concept of easy money and profession are put under one attribute
for mainly the daily labourers are the persons who think the
money to be an easily earned one, which reflects on their
profession. According to him the economic status is relative, so he
did not wish to deal with it as he is of the opinion the very rich are
also easily susceptable to the disease but they take treatment
staying in their homes or in big hospitals were confidentiality of
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the disease is well maintained in the hospital as well as by the
doctors.

In case of upper middle class or middle class also where ever
the disease is prevalent it is kept secret. In our opinion, a large
percentage of those coming to the Tambaram Sanatorium for the
treatment of the disease are poor uneducated rural people. This is
because, unlike the rich for whom anonymity can be afforded, it is
not the same way with those who are poor.

Thus this expert justifies his non-inclusion of the Economic
Status as one of the attributes, for in his opinion the disease is
prevalent in all economic status. It is only more well-known
outside in the case of lower middle class or middle class. Thus
this expert was contented and he justified for working with only
these seven attributes the directed graph given by the second
expert is as follows.

A'y - Easy Availability of Money
A', - Wrongful company, Addictive habits
A's - Visits CSWs

A'y - Socially irresponsible/free
A's - Macho Behaviour

A's - More leisure

A'; - No awareness about disease.

FIGURE 2.2.4
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The related fuzzy relational matrix is as follows:

AL AL A3 AL A Al A
AL TO ]
A‘2
Al}
A‘4
A'S
A’6
A‘7

S = = O O O =
e e = e
—_——_= O O O O =
SO O O O O = O

0
1
0
1
0
0
1

S O O O o o o

S O O O o O

Suppose A denotes the connection matrix of the directed graph.
Now to find the stability of the dynamical system or to be more
precise the hidden pattern of the system which may be a fixed
point or a limit cycle .

Consider the state vector / initial vector

X;=(1000000)i.e. the only node ‘easy availability of
money which is dependent on the profession’ i.e. A'| alone is in
the on state, all other state vectors are in the off state. Now
passing X; into the connection matrix A we get

XA o (1111000)

3

where ¢ - ’ denotes the resultant of the vector Xi after passing
through A that has been updated and thresholded.

Let

XA o (1111000)
XA o (11111110)

X5
X3

we see X3A = X;. Thus X, on passing through the dynamical
system gives a fixed point so mathematically without any doubt
we can say easy money based on profession (ie coolie,
construction labourer, truck driver etc. easy money related to the
individual who do not care for the family) leads to wrongful
company, socially irresponsible and free, visiting of CSWs, male
ego, more leisure. Only the node awareness of the disease remains
in the off state, that is resulting in a fixed point.
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Now let us take the node ‘macho behaviour’ to be in the on
state i.e. Y =(00 0 0 1 0 0) i.e. all other states are in the off state,

passing Y in the connection matrix YA < (01 1 0 1 0 0) of course
after updating and thresholding the resultant vector YA, let

YA o (0110100) = Y.
YA o (0110110) = Y.
YA o (0111110) Y.

Y; which results in a fixed point. Hence we see that when a
person displays a ‘macho’ and male-chauvinist behaviour he
would opt for bad company and bad habits and would be socially
irresponsible, visit the CSWs thus all the nodes are on except A';
and A';: ‘Easy money’ and ‘No awareness about the disease.’
Now suppose we take the node A'; i.e. no awareness about
the disease IS in the on state we will now find the hidden pattern
with only A'; in the on state, and all other nodes to be in the off
state. Let Z=(0000 00 1), passing Z into the connection matrix

AwegetZA>(0011011).LetZ,=(001101 1), now

ZA o (0111011) = Z,say
ZA o (0111111) = Zysay
ZA o (0111111 = Z,.

Thus we see if the person is not aware of the disease, it
implies that the person is generally a victim of wrongful company,
that he is socially irresponsible, that he visits CSWs, has leisure
and is full of macho behaviour and male chauvinism. However,
only the concept of ‘easy money and profession’ has no relation
with this. Thus we can in all cases obtain an hidden pattern which
is never possible by any other model. Thus this model is well-
suited to give the impact of each attribute in an HIV/AIDS patient
and the effect or inter-relation between these attributes which no
other mathematical model has given.

The third expert is a HIV/AIDS patient himself who is an
inpatient but he says he has become “reformed” and “refined”
after the disease that is, “he is willing to do service and spread
awareness about HIV/AIDS to people as a social service.”
However he was not willing to give his name or identity in this
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book. He was very sincere in giving his opinion about patients as
he has spent over eight years as an in and out patient of the
hospital and has done social work for many other very invalid
patients but he is not a member of any NGO.

As the attributes given by him was different from the other
two experts justification of them in certain cases differ which we
have listed.

The third experts opinion with conceptual nodes Py, ..., Py
and the explanation or the definition of the nodes as given by him
and the inter relation as mapped by him are given.

P, - No binding with family

P, - Male chauvinism

P; -  Women as inferior objects

P, - Bad company and bad habits
Ps - Socially irresponsible

Ps -  Uncontrollable sexual feelings
P; -  Food habits: gluttony

P - More leisure

Py - No other work for the brain

Pyy -  Only physically active
P;; - Visits Commercial Sex Workers (CSW5s)
P;, -  Enjoys life -- jolly mood

P;3 - Unreachable by friends or relatives
Py4 - Pride in visiting “countless” CSWs
P;s -  Failure of agriculture.

He had taken fifteen attributes as fuzzy nodes of any HIV/AIDS
patient i.e. a man who has acquired the disease. He gave what he
precisely means by each of the attributes.

Further a NGO or a doctor expert cannot be so good an expert
as a HIV/AIDS patients who is not only living with the disease for
the past eight years but who is also very closely acquainted with
only HIV/AIDS patients for the past 8 years. He says not only he
has shared his views with HIV/AIDS patients but also spent
several hours talking about it with the kith and kin of many of the
patients both male and female and he was very happy and excited
while giving his opinion and discussing with us.

He is a 7th standard failed man in his late thirties hailing from
a village, and an agriculturist labourer by profession. Since at the
first instance we were not very convinced of the nodes/attributes
he has given we asked the reason for taking those as attributes and
we in order to make the reader know the reason for taking those
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nodes we have given the explanations as given by him.  Also as
this is the unsupervised data and once we seek the opinion of any
expert we have no right to delete or add any new nodes, we had
strictly followed and recorded every thing without any deletion or
addition. Further we felt an opinion by an HIV/AIDS patient may
be much more closer to the solution than by any other expert.

Now we proceed on to give the explanation of each of the nodes

P19P25~~

P, -

P, -

Py —

P —
Py & Pyg

Py -

., P15 as given by that expert:

Most of the HIV/AIDS patients do not have binding
relationship with family that is why they are often
tempted to visit CSW, drink, smoke and waste money on
bad company.

Male chauvinism and macho behaviour.

Most of the men with male ego and who have no binding
in family often think of women as an inferior object and
an object of only pleasure / sex.

Bad company and bad habits.
Socially irresponsible.

Several of these persons go to CSW due to
uncontrollable emotions that is why some of HIV/AIDS
patients had acknowledged to him if ever he had self
control he would not have erred. That is why most of
them do not use safe sex methods even if the CSW
advises them. Further even in the interview some men
wanted medicines to control their urge to have sex.

Gluttony. This man says that ravenous appetite for food
leads to the same kind of urge for sex.

More leisure.

— According to him that when men/women after
a age do not have a goal or an ideal in life then he
terms them as person for whom only the body
functions and they have no work for the brain.

CSW.
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Most when asked why they visited CSWs the answer will
be to ‘enjoy life’ in a “jolly mood”/“pastime” and so on.

When mainly they are in a different state they are more
free from fear of being noticed so without any sense of
shame / sin they visit CSW.

Most of them reply that they have visited countless
CSWs, this is their attitude.

This point he says with his personal experience that
most of the agricultural labour have taken up the
profession of truck or lorry drivers for livelihood. Thus
one of the major reasons is failure of agriculture/poor
yield or not up to anticipation. He says in his village
alone over 70 families have migrated some to Bombay
and some to Madras. Many men have taken the
profession of a drivers.

With these as nodes we give the directed graph of this expert.

FIGURE 2.2.5
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P is the related matrix of the directed graph given in figure 2.2.5.

601r111000O0O0T1TUO0TO0O OO0
1 010100O0O0OO0O1T1TG0O0OO
1 10100O0O0O0OO0O1O0O0OO0OO
0000100T11HO01°O0°O0®O0°FO0
00 00O0OO0OO0OO0OO0OO0OT1T1O0O0OQO
0000O0OO0OI1T1TT1TO0OT1O0O0T1O0
0000O0O1O0O0OT1T1TT1TT1TTO0OT1FPO
0000O0OO0OO0OO01O01T1TTUO0OTO0F®O
000O0O0OO0OO0OO0OOO0OTI1IO0OO0OO0OQO
0000O0OO0OO0OO0O01O01O0O0OT1O0
000O0OO0OOOOOOOOTO0OO0OOQO
0000O0OO0OO0OO0O01O01O0T1O0TFO0O
0000O0OO0OO0OO0OO0OO0OT1T1O0O0OOPO
0000O0OO0OO0OO0OO0OO0O1O0O0OO0OSO
1000000 O0O0O0OO0OOO0OTO0 0]

LetT;,=(000000100000 000 0) be the state vector in
which only P; in the on the state, food habits — glutton. The effect
of T;=(00000010000000 0) on the dynamical system P;

TP (000001101111010) =T,
T,P- (000001111111110) =T;
TP (000001111111110) =T,

Thus if one is a glutton, he gets all the other nodes to be ‘on’,
except Py, Py, P;, P4, Ps and Pys. Since the working becomes very
labourious, we have provided a pseudo code for the C Program
(Appendix 4) The main advantage of using the above pseudo code
program is that it can calculate the hidden pattern viz. the fixed
point and the limit cycle for any number of concepts.

Also it works for all 2n - 2 different combinations of the
concepts involved in the analysis where just mere observation
helps in the prediction of the system behaviour.
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Now we use this program and give the fixed point or the limit
cycle of the given state vector. Suppose we have S=(0100000
000000 0O0) i.e. only male ego is in the on state and all other
nodes are in the off state. To find the effect of S on the system P
consider

SP o (111010000011000) S
SPo (111110000011000) S,
SPo (111110001011100) = S;
SPo (111110011011100) ;.

Thus we see if a person has male chauvinism, all the concepts
P], Pz, P3, P4, P5, Pg, Pg, P]], Pl2 and P]3 comes to the on state.
Likewise any vector can be used and conclusions can be drawn.
We give here the conclusions drawn from several experts which
has been calculated. The three expert’s opinion is given only for
the reader to follow the procedure.

Thus having given the C programming one can use any
number of attributes as per the expert’s need and give the
conclusions. This study reveals that -

(1) No social responsibility and socially free attitude leads to a
further increase of the macho behaviour and male ego forcing the
migrants to take up wrongful company and habits which in turn
leads to treating women as inferior, hence no binding in the
family. So easily, without any sense of shame they visit the CSW,
consequently contracting the disease. This does not stop here for
they consequently infect their wives and (indirectly their future)
children thus the number of HIV/AIDS cases will raise at an
alarming number.

Not only near relatives are infected but these men also are the
root cause of infecting the CSW and this process will certainly
lead to an exponential increase in HIV/AIDS patients. Another
important factor to be observed is that migration of these persons
has forcefully occurred due to poor agricultural yield or failure of
agriculture which is directly attributed to the globalization and
modernization. For most of these labourers have easily taken up
the post of drivers for they have no education or do not have the
knowledge of any other trade. Thus it goes without saying that
one of the causes for increase in HIV/AIDS infected among
migrants is due to their type of job and the full freedom they enjoy
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when they are away from the family. It is above all the
irresponsibility of the government to provide these agricultural
coolis with alternative job opportunities but on the other by
importing harvesting machines etc., and using it had still made
these agriculture labourer a victim of migration. This also shows
if they have concern or any form of binding with the family
members under no natural circumstances they will stoop to betray
them. For the hard money they earn would be saved and spent on
the family members. The general conclusions are given in Chapter
7 of this book.

2.3 COMBINED FCM TO STUDY THE HIV/AIDS AFFECTED MIGRANTS
LABOURERS SOCIO-ECONOMIC PROBLEM

The concept of combine fuzzy cognitive maps (CFCMs) was just
defined in section 2.2. For more about CFCM please refer Kosko
[58, 62]. We analyze the problems of HIV/AIDS affected migrant
labourer using CFCM.

Now we analyze the same problem using combined Fuzzy
cognitive Maps (CFCM). Now we seek experts opinion about the
seven attributes A"}, A', ..., A'; given in page 54 of chapter II of
this book.

The directed graph given by him is

FIGURE 2.3.1

The related fuzzy relational matrix B is as follows:



A Ay Ay AL A A A

A0 0
Al 0
Ajll 0
A0 1
A0 1
A |0 1
A0 0

0

_—— O = O O

0

S O O O O O

0

S O O O O O

0

S O O O O O

1

S O O O O O
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Suppose we consider the state vector X =(1 0000 0 0) i.e.,
easy availability of money to be in the on state and all other nodes
are in the off state. The effect of X on the dynamical system B is

XB L (100000 1)
XB & (1010001)

X:B 5 (1010001)

(X, which a fixed point of the dynamical
money forces one to visit CSWs and he is also unaware of the
disease and how it is communicated so he not only visits the
CSWs but has unprotected sex with them there by infecting
himself. As our motivation is to study the combined effect of the
system we now for the same set of seven attributes seek the
opinion of another expert. The directed graph given by the second

expert is as follows:

X (say)
X, (say)
X3 = X2

system.) i.e., easy

FIGURE 2.3.2
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According to this expert when they have wrongful company
and additive habits they will certainly become blind to awareness;
for he feels as most of the migrant labourer who are HIV/AIDS
patients acknowledge with full sense that they were in a complete
drunken state when they visited CSWs and their statement they
were not able to recollect whether they used nirodh (condom) is
sufficient to explain when have additive habits they fail to be
aware of and to use protected sexual methods. Now we proceed
on to give the related connection matrix C

A Ay Ay A A A A

AJO 1T 10000
AJO 0 01 00 I
AJO0 0 0 0 1 1
C=A,0 100000
A0 001000
A0 0000 0O
A0 0O 1 00 0 0

Suppose for this dynamical system C we consider the on state
of the node visits CSWs to be in the on state and all other nodes
are in the off state thatis Y =(0 0 1 0 0 0 0); to analyze the effect
of YonC

YC % (0010011)

Y. (say)

Y,C B (0010011) Y, = Y (say)
The hidden pattern is a fixed point which shows these migrant
labourer who visit CSWs have more leisure and are not aware of
how HIV/AIDS spreads.

Suppose we consider the on state of the vector easy
availability of money to be in the on state the effect of this on the
dynamical system C. Let P=(1 0 0 0 0 0 0) The effect of P on C
is given by

PC % (1110000)

P, (say)

P, (say)

PC S (1111011)

P,C B (1111011) = P;(afixed point)
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Thus if they earn easy victims of wrongful company and
addictive habits, viots CSWs they are socially irresponsible, with
more leisure and not knowing about the how the disease spreads.

FIGURE 2.3.3

Now we proceed on to take the third experts opinion. The
directed graph given by him and the related matrix D is as
follows:

A Ay Ay Ay A A A

AfO 1T 11000
A0 0 0 00 10
A0 0 01 000
D=A,0 01 00 00
A0 1 000 00
A0 0000 0O
A0 01 01 0 0]

Suppose we consider the on state of the node socially
irresponsible /free and all other nodes are in the off state.

The effect of Z=(000 1 0 0 0) on the dynamical system D is
given by

ZD 5 (0011000)

Z, say

ZD 5 (0011000) Z, = Z,
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Thus the hidden pattern is a fixed point, leading to the conclusion
socially irresponsible persons visit CSWs for they do not have
binding on the family or even the responsibility that they would
face health problem. Thus a socially free / irresponsible person is
more prone to visit CSWs.

FIGURE 2.3.4

Now we take yet another experts opinion so that we can make
conclusions on the combined FCMs. The directed graph given by
the expert for figure 2.3.4.

The related matrix E is given below

AR A A A A

Af0 000 1 11
A1 00100 0
A1 1.0 1 01 1
E=A,0 000000
A;{0 0 000 11
A0 000000
A;J0 1 00 0 0 0]

Suppose the node A', i.e., wrongful company and addictive
habits are in the on state. The effect of U=(010 0 0 0 0) on the
dynamical system E is given by
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UE & (1101000) = U, (say)
UE Y (1101111) = U, (say)
UGE Y (1101111) = U;=U..

The hidden pattern is a fixed point. Thus according to this
expert when a person is in a wrongful company and has additive
habits it need not always imply that he will visit CSWs but for he
has easy money, he is socially free /responsible, may have macho
behaviour, he has more leisure and has no awareness of about the
disease; as our data is an unsupervised one we have no means to
change or modify the opinion of any expert we have to give his
opinion as it is for otherwise the data would become biased.

Now we formulate the Combined Fuzzy Cognitive Maps
using the opinion of the 5 experts including the expert opinions
given in chapter two, page 54.

Let S denote the combined connection matrix by S=A + B +
C+D+E.

A Ay Ay A A A A

A0 3 331 02
A2 01 1 1 21
A2 1020 32
S=A,0 230010
As|003 1101 2
A0 2 21000
A0 1 41 10 0]

We threshold in a different way if a quality addsup to 2 or
less than two we put 0 and if it is 3 or greater 3 than we put as 1.

Now we consider the effect of only easy availability of
money to be in the on state.

The effect of P=(1 00 0 0 0 0) on the combined dynamical
system S.

PS

(0333102) S (0111000)

Py

P;S (4343153) 5 (1111011) P,

P,S = (49138355 Y (1111111) = P,
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P;S L (1111111) = P, = P

The hidden pattern is a fixed point when they have easy
availability of money they have all the states to be on. They visit
CSW have bad habits, find more leasure (if no money they will do
several types of work to earn) and as they are unaware of the
disease they without any fear visit CSWs as they want to show
their macho character they smoke and drink and so on. Thus the
collective or combined FCM shows the on state of all vectors.

Suppose we consider the on state as the only attribute they
have no awareness about the disease say L=(00000 0 1) and
all other attributes are off. We find the effect of L on the
dynamical system E.

LE = (01411000 - (0010001) = L, say
LLE = (2243132 > (0011011) = L,say
L,E = (2694142 S (0111011) = Lysay
L,E = (46105253)> (1111011) = L,say

LE S (111111,

which is a fixed point of the hidden pattern. We can study
and interpret the effect of each and every state vector using the C
program given in appendix 5.

Also we have only illustrated using 7 attibutes only with 5
experts, one can choose any number of attributes and use any
desired number of experts and obtain the results using the C-
program.

2.4. COMBINED DISJOINT BLOCK FCM AND ITS APPLICATION TO HIV/AIDS
PROBLEM

In this section we define for the first time the notion of combined
Disjoint Block FCM (CDB FCM) and apply them in the analysis
of the socio economic problems of the HIV/AIDS affected
migrant labourers.

Let Cy, ... , C, be n nodes / attributes related with some
problem. The n may be very large and a non prime. Even though
we have C- program to work finding the directed graph and the
related connection matrix may be very unwieldy. In such cases we
use the notion of combined disjoint block fuzzy cognitive maps.
We divide these n attributes into k equal classes and these k equal
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classes are viewed by k-experts or by the same expert and the
corresponding directed graph and the connection matrices are got.

Now these connection matrices is made into a n x n matrix
and using the C-program the results are derived. This type of
Combined Disjoint Block FCM is know as Combined Disjoint
Equal Block FCM. Now some times we may not be in a position
to divide the ‘n’ under study into equal blocks in such cases we
use the technique of dividing the n attributes say of some m
blocks were each block may not have the same number of
attributes, but it is essential that there n attributes are divided into
disjoint classes. We use both these techniques in the analysis of
the problem. This is the case when n happens to be a prime
number. We in the next stage proceed on to define the notion of
combined overlap block Fuzzy cognitive maps, for this also we
assume two types the overlap is regular and the overlap happens
to be irregular. Both the cases are dealt in this book.

DEFINITION 2.4.1: Let C; ... C, 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 and if n/k = 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 xn 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 attributers but if they are disjoint classes we get a n x n
connection matrix called the combined disjoint block FCM of
unequal classes/ size.

We illustrate first our models by a simple example. The
attributes taken here are related with the HIV/AIDS affected
Migrant Labourers. Suppose the 12 attributes A;, A,, Aj,
Ay,...A |, given in pages 42-50 is taken i.e.,

A, - Easy availability of money
A, - Lack of Education
A; - Visiting CSWs

A, - Nature of Profession

As - Wrong/Bad company

Ag - Addiction to habit forming substances and
visiting CSWs.

A; - Absence of social responsibility
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Ag - Socially free

Ay -  Economic Status

Ao - More leisure

Ay - Machismo / Exaggerated Masculinity
A, - No awareness of the disease.

Using these attributes we give the combined disjoint block
fuzzy cognitive map of equal size. We take 3 experts opinion on
the 3 disjoint classes so that each class has four attributes / nodes.
Let the disjoint classes be C;, C, and C; be divided by the
following:

Ci = {ALAGAL ALY, G = {Ay A Ay Ayl
and C3 {A5, Ag, A9, A]]}.

Now we collect the experts opinion on each of the classes C,
C, and C;. The directed graph given by the expect on attributes
A1, Ag, A; and A, which forms the class C;.

FIGURE 2.4.1

The related connection matrix B,

A1A6A7A12
ATO 110
All 010

81:
Ao 1 01
A,l0 1 0 0

The directed graph given by the expert on A, Aj, A4, Ajp which
forms the class C,.
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FIGURE 2.4.2

According to this expert the two nodes, lack of education and
the nature of profession are very much interrelated. Also he feels
most of the educated people have awareness about HIV/AIDS.
The related connection matrix B, is given below:

Ay Ay Ay Ay
A0 0 1 0

A0 0 01
A1 100
1100

—_— O

Now we give the directed graph for the class C; as given by
the CXpeI’t C3 = {A5 Ag Ag All}~

FIGURE 2.4.3

According to this expert bad company induces Macho
behaviour. Also when a person has bad habit / bad company he is
not bounded socially he without any fear engages himself in doing
social evil, so he relates bad company with socially free. If he has
no food for the next day, i.e., with this economic status certainly
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he cannot enjoy or have bad company or bad habits. Usually
person with bad company show more of macho behaviour. The

related connection matrix

_—0 O

OOO’—‘\E>

Ay
1

0
0
0

Now the combined disjoint block connection matrix of the FCM

is given by B

A1 A6 A7 A12A2 A3 A4 AIOAS A8 A9A11

A [0

&
T
S O O O O O o o o o~

1

S O O O O O O o = = O =
S O O O O O o o o o~

0

S O O O O O o o o~ O

0

S O O O = = O O O O O

0

S O O O = = O O O O O

0

S O O O O O o = O O O

00 0O0O0

S O O O O o = O O o O
S = =) O O O O O o o Oo
— o O = O O O o o o o
S O O = O O O O o o O
S O O = O O O O O o Oo

Suppose we consider the on state of the attribute easy
availability of the money and all other states are off the effect of
X=(100000000000)onthe CDB FCM is given by

XB
X,B

X,B

5 (111000000000) = X, (Say)

- (111100000000)

X, (Say)

B (111100000000) = X;=X,.
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(X, is a fixed point of the dynamical system). Thus when one
has easy money he has addiction to habit forming substances and
visits CSWs he has no social responsibility and he is not aware of
how the disease spreads.

Suppose we consider, the on state of the attributes visits
CSWs and socially free to be in the on state and all other nodes
are in the off state. Now we study the effect on the dynamical
system B. Let T=(00000 1000 10 0) state vector depicting
the on state of CSWs and socially free, passing the state vector T
in to the dynamical system B.

TB > (000001011100) = T, (say)
TB & (000011111111) = T,(say)
T.B 5 (000011111111) = Ty

(T, the fixed point of the dynamical system. Thus when he visits
CSWs and is socially free one gets the lack of education, money is
easily available to him, Absence of social responsibility and no
awareness about the disease is in the off state and all other states
become on. One can study this dynamical system using C-
program given in appendix.

Now we give another application of the Combined disjoint
equal block fuzzy cognitive maps to the HIV/AIDS affected
migrant labourers. Now we consider the following 15 conceptual

nodes Sy, ..., S;s associated with the HIV/AIDS patients and
migrancy

S, - No Awareness of HIV/AIDS in migrant labourers

S, - Rural living with no education

S; - Migrancy as truck drivers / daily wagers

S; - Socially free and irresponsible

Ss - Enjoy life Jolly mood

S¢ - Away from family

S; - More leisure

Sg - No association or union to protect and channelize their

money / time
So - Visits CSWs
S0 - Unreachable by friends and relatives
S;1 -  Easy victims of temptation
S -  Takes to all bad habit / bad company including CSWs
S;3 - Male Chauvinism
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Si4 -  Women as inferior objects
Sis - No family binding and respect for wife.

These 15 attributes are divided in 5 classes C;, C,,..., Cs with 3 in
each class.

Let Cl = {Sl, Sz, S3},
G, = {S4, Ss, Sé},
G = 1S7, Sg, So},
(O = 1S10, Si1, Si2}

and Cs = 1813, S14, Sis}.

Now we take the experts opinion for each of these classes and
take the matrix associated with the combined block disjoint
FCMs.

Using the 15 x 15 matrix got using the combined connection
matrix we derive our conclusions. The experts opinion for the
class C; = {S;, S,, S3} in the form of the directed graph.

44

The related connection matrix is given by

S15283
s, Jo 10
S,[1 0 0
S;[0 0 0

The directed graph for the class C, = {Sy4, Ss, S¢} as given by the
expert
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S ) :@

FIGURE 2.4.5

The related connection matrix is given as follows:

S, Ss S¢
s,f0 1 1
Sg(1 00
S¢|0 0 0

Now for the class C; = {S;, Sg, So} the directed graph is given
below by the expert

Sg » So
FIGURE 2.4.6

The related connection matrix

S; S So
s,f0 0 1
Sel1 0 1

Se[0 0 0
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The directed graph given by the expert for the class C4 = {So, Si1,

Si»} is given below:

Su )‘ ‘( Si2
FIGURE 2.4.7

The related connection matrix

SlO S11512
Sef0 1 0
S,10 0 1
S,[1 1 0

Now for the class Cs = {Si3, Si4, Sis}, the directed graph is as
follows:

) 4

FIGURE 2.4.8

The related connection matrix

Sl3 S14 SIS
S0 1 1
S,[0 0 1
S;5[0 0 0

Now we give the combined block connection matrix related with
the 15 attributes, let us denote it by S.
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Sl S2 S3 S4 SS S6 S7 S8 89 SIO Sll Sl2 S13 S14 SIS

S50 1. 0000OO0OO0OO0OO0OOOOO0O0
S,/1 00 00000O0O0OOO0OTO0O
S;/0 0 00 OOOOO0OOOOO0OOO
S40 0001 1.000O0O0O0O0O0O
S0 0 01 00 0O0O0O0OO0OOO0OUOO
S¢/0 00 0OOOOO0OO0OOOOO0OO0O
S0 0 0 00O OOT1O0O0O0OO0OO0OO
S=5(0 0 00OOOT1O0O1O0O0OO0O0O0OO
S0 0O OOOO0OO0OOO0OOOOO0OO0OO
S0 000 0OOOOO0OO0OT1TO0OO0OO0OO
S0 00 0000O0OO0O0OO0OTL1O0GO0OO
S,/0 000000001 T1O0O0O0TDO0
S350 00000 OO0OO0O0O0OO0O0OT1 1
S4/0 0 00 0OOOOO0OO0O0OOO01
S50 0000 00O0O0O0O0O0O0O0 O]

Now consider a state vector X =(0100010001000 1 0)
where the nodes/concepts S,, Sg, Sip and Sy4 are in the on state.
The effect of X on the dynamical system S is given by

XS > (110001000110011) = X say
XiS > (110001000110011) = X,say

X; = X, is a fixed point of the hidden pattern. We use the C
program for CFCM given in the appendix 5 to study the problem
and draw conclusions, which is given in the chapter 7 of this
book.

2.5. CoMBINED OVERLAP BLoCK FCM AND ITS USE IN THE ANALYSIS OF
HIV/AIDS AFFECTED MIGRANT LABOURERS

Next we give the model of the combined block overlap fuzzy
cognitive maps and adapt it mainly on the HIV/AIDS affected
migrant labourers relative to their socio economic problems. We
adapt it to the model {A;, A,,..., Ajp} given in section 2.4 of this
book. Let us consider the class
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Ci = {ATAA Ay, C = {A3ALA5A¢},
C; = {AsAgA;Ag), Ci = {A7A5A0 A,
Cs = {AyAj A A} and Cs = {ALARA A

We give the directed graph for each of the classes of
attributes C,, C,,..., C4. The directed graph for the four attributes
given by C; = {A| A, A3 A4} as given by the expert is as follows.

Ovﬁ
)

FIGURE 2.5.1

The related connection matrix

The directed graph for the class of attributes C, = {A; Ay As Ag}
as given by the expert is as follows:

(*) ()
K%

FIGURE 2.5.2
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The related connection matrix
As Ay As Ag
A0 0 0 O
A0
M,=""*
Al
Al
The directed graph associated with the attributes C; = {As Ag A
Ag} as given by the expert.

FIGURE 2.5.3

(= =
=

0
0
0

The related connection matrix

As As A7 Ag
ATO 1 1 0

A[0 0 1
A0 10

A0 0 1

For the class of attributes C, = {A; Ag Ag Ajo} the directed graph
as given by the expert is as follows.

Q.Q
(%)

FIGURE 2.5.4

S = O
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The connection matrix associated with the directed graph.

Ar Ag Ag Aqgo
ATO 1 00
A0 0 0 1
All 1 00
Aolo 0 0 0

The directed graph associated with the class C = {Aq Ajg Aj1 Az}
as given by the expert.

FIGURE 2.5.5

The related connection matrix is

A9A10A11A12
AJO 1 00
Agl0 0 0 1
ALl0 0 0 1
A,|0 0 1 0

Now we give the directed graph of the last class given by the

expert

FIGURE 2.5.6



The related connection matrix

AunhAn AL A
AJO 1 00
A,[0 0 0 0
Al0 1 00
A0 1 00
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The related Combined Block Overlap Fuzzy Cognitive Map
(CBOFCM), matrix is as follows. We denote this matrix by W.

vapagparsr v ar
c oo o ocoo0co oo o oo

>

10
All

_Al A2 A3 A4 AS AG A? A8 AQ AlO All AlZ_

S O O O O O o o = o O =

Al 2

11000

S O O O O O O = O O
S O O O O O = = O O O
S O O O O O O o o o <o
S O O O O = O N o o O
S O O O = O = = O O O
S O = O O N O O o o o O
—_ 0 O O O O O o O o o <o

0

S = O = = O O O O o O

0

— O O O O O O O o o o

1

S N = O O O O O o o

Let us consider the state vector X=(1 0000000000 0)
where easy availability of money alone is in the on state and all
vectors are in the off state. The effect of X on the dynamical
system W is give by

XW -
XW b
X, W b
X;W b
XW b

(111100000001)
(11110000101 1)
(111100001111)
(111100011111)

(111100111111)

X, (say)
X, say

X; (say)
X, (say)

X (say)
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XsW 5 (111101111111) = X (say)

XW > (111101111111)

Il
s
Il
s

The hidden pattern of the CFCM is a fixed point. It says if a
person has easy money one acquires all the attributes except As.
Using the C-program one can work for all the solutions and the
conclusions given in chapter 7 are based on working of this
model.

It is left as an exercise for the reader to compare the
dynamical system W which is formed by combined block overlap
FCM and the FCM obtained form A given in pages 42 to 52 and
69 to 73.

Now we apply the same model to the attributes already
discussed in page 68 to 72 of the book. The attributes associated
with it are Py, Py,...,P5. We format the following classes.

C, = {PP,P;P,4Ps}, C, = {P3P4PsPsP;}
C; = {PsP; P3Py Py}, Cy = {PgPyPyy Py Ppo}
Cs = {PyPyP3PyPisjand Cq = {P3P4PsP Py},

Using these 6 overlapping classes we give the directed graph
and their related connection matrices.

The directed graph related with C, = {P| P, P; P4 Ps} given by the
expert is as follows:

The related connection matrix is given below:

FIGURE 2.5.7



P, P, Py P, Ps

9
_—0 O

S O o O

S = O =

—_—

- o O O

S = O O

&3

Now we give the directed graph of the expert for the class C, =

{P3 P, Ps Pg P;}.

FIGURE 2.5.8

The related connection matrix

Ps P, Ps Pg P;

P[0 0

0
O O =
S O o O

1

S O o O

0

- o O O

0
0
1
1
0

The directed graph related with the class C; = {Pg, P7, Pg, Py, P1o}
given by the expert

FIGURE 2.5.9

@==0
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The connection matrix obtained from the directed graph is as
follows:

Ps P7 Pg Py Pyo

P[0 1 1 0 0]

o0
—_ o O
oS O O O
S o O =
S o O =
oS O O -

Now consider the class Cy, = {Pg, Py, Py P;; Ppp} the directed
graph given by this expert is given below

FIGURE 2.5.10

The related connection matrix
P_s Pg P1o P11 P12_

P[00 0 10
Pl1 00 10
Pol0 0 0 1 0
P,J0 0 0 0 1
P[0 0 0 1 0]

The directed graph given by the expert related with the class Cs =
{P]l P12 P|3 P14P15} is given below:

FIGURE 2.5.11
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The related connection matrix is as follows:

Ii)ll P12 P13 P14 P}S
P,JO 1 0 0 0
Po[1 0 0 0 0
Ps/1 0 0 0 0
Psf1 0 0 0 0
Ps/0 0 1 0 0]

The directed graph given by the expert for the last class of
attributes C(, = {P13 P14 P15 P1 Pz}

FIGURE 2.5.12

The related collection matrix

_P13 I:’14 I:’15 I:’1 PE

P50 1 1 00
P.f0 0 0 0 1
Ps[0 0 0 0 0
PI0 1 00 1
P10 0 00 0

Using the six classes of over lapping attributes we formulate
the combined block overlap connection matrix V.
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P} PZ P3 P4 PS P6 P7 PB PQ PlO Pll P12 Pl3 Pl4 P15_

P/O1T 010O0O0O0OOOOO0OT1@O0
{1 01 00 0O0O0OOO0OO0OUO0O®O0OO 0O
{0 0OOO10O0OO0O0O0OO0O®O0®O0O0O0
P,/OO2010O0O0O0O0UO0UO0O0O0O0
P{1 001 001O0O0O0O0O0OOO OO
Ps{/OO1 00 02100O0O0O0O0TO0
P,1000OO0O020111W0U0U0O0OU0
RIOOOOO0OO0OT1O0O0OOT1O0OO0OTO0O
PO OO OOOOT1O0O0T1TTUO0O0OO0O0
PolO OO 0O O0OT1 0O0O0O1O0O0O0O0O
PO OO OO OOOOOOZ2000
P,fO 0O 0OOOOOOOOZ2U0U0UO00O0
P;0 00 0OOOOO0OOOT1UO0UO0T11
PO 1.0 0 0000 0O0OT1TTUO0O0OO0O0
Ps]0 000 OO OOO0OOOOT1O0 O]

Now V gives the 15 x 15 matrix of the dynamical system
related with the combined block overlap fuzzy cognitive map.
Suppose we are interested in studying the effect of state vectors.

Let us consider the state vector Y=(1000100000000
0 0) where only the two attributes, No binding with the family and
the socially irresponsible co ordinates are in the on state and all
other attributes are in the off state. To study the effect of Y on the
dynamical system V;

YV 5 (110110100000010) = Y, (say)
YV 5 (111111111110110) = Y, (say)
Y.Vvob (111111111111010) = Y;(say)
YV b (1111111111111010) = Ys=Y;

(The hidden pattern of the system).

Thus the hidden pattern of the system is a fixed point. When the
migrant labourer has no binding with the family and is socially
irresponsible we see he has all the other nodes to be working on
his nature i.e., they all come to on state only the nodes
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unreachable by friends or relatives and failure of agriculture is in
the off state.

Now using the C-program given in the appendix 5 the reader
is given the task of finding the effects of each and every state
vector.

Also it is left as an exercise for the reader to compare the
matrix P given in page 57-59 and the matrix V and find which
approach to this problem is better.

Now we give the final model of this chapter namely blocks of
varying size with varying overlap. Consider the 12 attribute model
studied relative to the problems of HIV/AIDS affected migrant
labourers in page 42-50.

Consider the 12 attributes A, A,, ..., Aj,. Divide them into
overlapping blocks

Cl = {Al A2 A3 A4 AS}, C2 = {A4 AS A6 A7},
C = {AcA;AgAq}, Cy = {AsAy Ay} and
Cs = {AAnAnAi A Azl

Now we analyze each of these classes of attributes C; C, C;
C4 and Cs. The directed graph given by the expert for the
attributes {A; Ay A; Ay As}.

oo
O=NolNe

FIGURE 2.5.13

The related connection matrix.

A Ay As Ay As

Ao 0 1 11
AJO 0 1 1 0
A0 0 000
A0 00 0 0
As{0 0 1 0 0
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The directed graph related to the attributes {A,, As, Ag, A7} given

by an expert.

FIGURE 2.5.14

The related connection matrix.

As As Ag A;
AJO 110

A0 0 1 1
A0 1 00
A0 01 0

The directed graph given by the expert related to the attributes As,

A5, Agand Ao.

FIGURE 2.5.15

The related connection matrix.

As A7 Ag Ay
1 11

F P2
o o o o

0
0
0

(=

0
0
0
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Now we give the directed graph given by an expert using the

attributes Ag, Ag and A .

FIGURE 2.5.16

The connection matrix related with this directed graph.

Ag Ay Agg
ATO 1 0

A0 0 1
Aoll 0 0

Finally we obtain the connection matrix given by the expert
related with the attributes Ao, A1, A1, A, Ay and As.

FIGURE 2.5.17
The related connection matrix.

'_AlO All A12 Al A2 A_3

Agfo 0 0 1 01
A0 01T 000
A,l0 0 0 0 1 1
A0 00000
A1 00000
A0 000 0 0
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Now we give the related connection combined block over
lapping matrix N.

Ar Ay As Ay As As Ay Ag Ag A Ay Ar

A0 01 110000000
AJO O 1T 100000T1 00
A0 0 00O0O0DO0O0GOO0O0O
AjJO0O0OO0OT 1000000
As[001 001100000
AJ0O00OO0OTOT1T1 1000
A0 O O0OO0DO0OT1 010000
A0 0 0O0DO0OO0DO0OTOO0O
AjJO OO O0O0OO0DO0O0GOT 0O
AglT 01000010000
A0 00 000O0O0GO0GO 0O 1
A,JO 1 1.0 0000000 0

Now we can analyze the effect of any state vector on the
dynamical system N.

Let X=(000100000000) be the state vector with the
only attribute profession in the on state the effect of X on N is
given by

XN 5 (000111000000) = X, (say)
XN 5 (001111111000) = X, (say)
XN 5 (0011111110000 = X (=Xo)

The hidden pattern is a fixed point. Only the vector Easily
availability of money lack of education more leisure, machismo /
exaggerated masculinity and no awareness of the disease in the
off state and all other attributes come to the on state. We see there
is difference between resultant vectors when using the dynamical
system A and N.

Now we consider the state vector Ry=(10000010010
0) in which the attributes easy money, no social responsibility and
more leisure i.e., A, A; and A, are in the on state and all other
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attributes are in the off state. The effect of R, on the dynamical
system N is given by

RN > (101111110100) = R,(say)
RN 5 (101111111100) = R;(say)
RN & (1011111111000 = R, = R,

R; is a fixed point. The hidden pattern is a fixed point only the
attributes A,, A;; and A, remain in the off state all other vector
became on.

The reader can compare this with the resultant vector given
by A in pages 42 to 50.

Similar studies using the C —program is carried out.

Now we use the attributes Py, P,,...Pys given in page 56 and
model it using the combined block overlap FCM. First we divide
Py, Ps,..., Psinto 5 classes

Ci = {PP,P3P4PsPg},
C, = {P4PsPsP; Py Py Py},
C; = {P;PgPy Py Py},
Cs = {Pi, P12, Pi3}
and Cs = {PP;3P4PisP P, Ps}.

The expert’s directed graph using the attributes Py, P»,..., Ps.

OwmOPO
OO0

FIGURE 2.5.18

The resulting connection matrix using the directed graph is
given below.
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P, P, P3 P, Ps Pg

R[0O1 1010
P,J0 0 0 0 0 0
P10 00000
PJO0 01 010
P00 000 O
P00 0 0 1 0

For the attributes Py, Ps,..., Py, P1y using the experts opinion
we have the following directed graph.

e a
FIGURE 2.5.19

The related connection matrix

|_34 P5 P6 P7 P8 PQ Pl?

P,[O01 10000
P11 010000
P10 OO 1 011
P[00 10000
PI1 000010
P[00 0O0O0O0O
Pol0 0 1 00 0 0

The directed graph given by the expert for the attributes P,
Pg...Py; is given below.



FIGURE 2.5.20

The related connection matrix

93

_P7 PB PQ PlO Pl_l

P[0 1

T
S O o O
(=R - =

1

(= =R )

1

1
1
0
1

0

S = O =

Now the directed graph for the three attributes Py Py, and Ps.

FIGURE 2.5.21
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The related connection matrix

P11P12P13
P,fo 1 1
Po[1 0 0
Ps[1 0 0

We give the expert’s directed graph using Py, P13 P14 Py5s Py P, Ps.

o
°’e""3@ ‘e

FIGURE 2.5.22
The related connection matrix is

_PlZ P13 Pl4 P15 Pl PZ P3_

P,JO 01 000 0
Pl 010100
Pyl 000001
P[00 00100
P00 0O0O0OO
P[00 O0OOT 011
P00 0O0T1 1 0

Let O denote the connection matrix of the combined block
overlap FCM.



PP, P; P,

T
— O P O O O O O O O o o = =

(=]

—_

S O O O O O O o o o o o~ O

—_

S — O O O O O O O o o = O

0

S O O O O O o = O O = O O O O
S O O O O O OO O = O N o o~
S O O O o = O O = O = = O O

0

S O O O O O O o o = O o o O

0

S O O O O O O o = O O o o o

0

S O O O O O = ===, O O O O

0

S O O O = === == O O O O

0

S O O = O = O = O O O O o o

S = = O = O O O O O o o o o <o

0

S O O O = O O O O o o o o o

0

S O = O O O O O o o o o o o

95

PS P6 P7 P8 P9 PlO P11 PlZ P13 I:’14|315_

0

S O O O O O O O o o o o o o

Now consider a state vector S=(01000000000000 0) the
notion male ego alone is in the on state and all other attributes are
in the off state.

The effect of S on the dynamical system O is given by

SO

S0
S,0
S;0
NO)
S5 O

S¢ O

L

L,

L,

L,

(111000000000000)
(111010000000000)
(111111000000000)

(111111101100000)

B (1111111111110000)

5 111111111111100)

L

arr111111111110)

S\ (say)
S, (say)
S5 (say)
4

S5 (say)
6 (say)

S7 (Se).
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Thus the hidden pattern is a fixed point. All vector come to
on state except the notion P;s. Using the C-program the on state of
several vectors have been found out. They are used in deriving
our conclusions.

An interested reader may compare the different techniques
used in this study and derive which model is best suited for this
problem.

In the next chapter we proceed on to use the BAM model for
the analysis of the HIV/AIDS infected labourers and their psycho,
socio economic problems.



Chapter Three

USE OF BAM TO STUDY THE
FACTORS FOR MIGRATION AND
VULNERABILITY TO HIV/AIDS

We live in a world of marvelous complexity and variety, a world
where events never repeat exactly. Even though events are never
exactly the same they are also not completely different. There is a
threat of continuity, similarity and predictability that allows us to
generalize often correctly from past experience to future events.
Neural networks or neuro-computing or brain like computation is
based on the wistful hope that we can reproduce at least some of
the flexibility and power of the human brain by artificial brains.
Neural networks consists of many simple computing elements
generally simple non linear summing junctions connected together
by connections of varying strength a gross abstraction of the brain
which consists of very large number of far more complex neurons
connected together with far more complex and far more structured
couplings, neural networks architecture cover a wide range.

In one sense every computer is a neural net, because we can
view traditional digital logic as constructed from inter connected
McCullouch-Pitts neurons. McCullouch-Pitts neurons were
proposed in 1943 as models of biological neurons and arranged in
networks for a specific purpose of computing logic functions. The
problems where artificial neural networks have the most promise
are those with a real-world flavor: medical research, signal
processing, sociological problems etc.

Neural networks helps to solve these problems with natural
mechanisms of generalizations. To over-simplify, suppose we
represent an object in a network as a pattern of activation of
several units. If a unit or two responds incorrectly the overall
pattern stays pretty much of the same, and the network still
respond correctly to stimuli when neural networks operate similar
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inputs naturally produce similar outputs. Most real world
perceptual problems have this structure of input-output continuity.
The prototype model provides a model for human categorization
with a great deal of psychological support. The computational
strategy leads to some curious human psychology. For instance in
United States people imagine a prototype bird that looks
somewhat like a sparrow or a robin. So they learn to judge
‘penguins’ or “ostriches” as “bad” birds because these birds do
not resemble the prototype bird even though they are birds
“Badness” shows up in a number of ways.

Neural networks naturally develop this kind of category
structure. The problems that neural networks solved well and
solved poorly were those where human showed comparable
strengths and weaknesses in their cognitive computations”. For
this reason until quite recently most of the study of neural
networks has been carried out by psychologists and cognitive
scientists who sought models of human cognitive function. Neural
networks deal with uncertainty as humans do, not by deliberate
design but as a by product of their parallel distributed structure.
Because general statements about both human psychology and the
structure of the world embed so deeply in both neural networks
and fuzzy systems, it is very appropriate to study the
psychological effects of HIV/AIDS patients and their influence on
public using this theory. Like social customs these assumptions
are obvious only if you grew up with them. Both neural networks
and fuzzy systems break with the historical tradition prominent in
western thought and we can precisely and unambiguously
characterize the world, divide into two categories and then
manipulate these descriptions according to precise and formal
rules. Huang Po, a Buddhist teacher of the ninth century observed
that “To make use of your minds to think conceptually is to leave
the substance and attach yourself to form”, and “from
discrimination between this and that a host of demons blazes
forth”.

3.1 SoME Basic CONCEPTS OF BAM

Now we go forth to describe the mathematical structure of the
Bidirectional Associative Memories (BAM) model. Neural
networks recognize ill defined problems without an explicit set of
rules. Neurons behave like functions, neurons transduce an
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unbounded input activation x(t) at time t into a bounded output
signal S(x(t)) i.e. Neuronal activations change with time.
Artificial neural networks consists of numerous simple
processing units or neurons which can be trained to estimate
sampled functions when we do not know the form of the
functions. A group of neurons form a field. Neural networks
contain many field of neurons. In our text F, will denote a neuron
field, which contains n neurons, and F, denotes a neuron field,
which contains p neurons. The neuronal dynamical system is
described by a system of first order differential equations that
govern the time-evolution of the neuronal activations or which
can be called also as membrane potentials.
X; = (X, Y,..)

1

Vi = hi (X, Y, ...)

where x; and y; denote respectively the activation time

function of the i™ neuron in Fx and the j™ neuron in Fy. The over
dot denotes time differentiation, g; and h; are some functions of X,
Y, ... where X(t) = (xi(t), ... , Xx(t)) and Y(t) = (y1(t), ... , yp(t))
define the state of the neuronal dynamical system at time t.

The passive decay model is the simplest activation model,
where in the absence of the external stimuli, the activation decays
in its resting value

Xi = X

and v, -y

The passive decay rate A; > 0 scales the rate of passive decay to
the membranes resting potentials x; =-A;x;. The default rate is A;
=1, i.e. X; =-Aix;. The membrane time constant C; > 0 scales the
time variables of the activation dynamical system. The default
time constant is C; = 1. Thus C; x; = -Ax;.

The membrane resting potential P; is defined as the activation
value to which the membrane potential equilibrates in the absence

of external inputs. The resting potential is an additive constant and
its default value is zero. It need not be positive.

Pi Ci).(i“"AiXi

Ii = Xl +Xi
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is called the external input of the system. Neurons do not compute
alone. Neurons modify their state activations with external input
and with feed back from one another. Now, how do we transfer all
these actions of neurons activated by inputs their resting potential
etc. mathematically. We do this using what are called synaptic
connection matrices.

Let us suppose that the field Fx with n neurons is synaptically
connected to the field Fy of p neurons. Let m;; be a synapse where
the axon from the i™ neuron in Fy terminates. M;; can be positive,
negative or zero. The synaptic matrix M is a n by p matrix of real
numbers whose entries are the synaptic efficacies m;;.

The matrix M describes the forward projections from the
neuronal field Fx to the neuronal field Fy. Similarly a p by n
synaptic matrix N describes the backward projections from Fy to
Fx. Unidirectional networks occur when a neuron field
synaptically intra connects to itself. The matrix M be a n by n
square matrix. A Bidirectional network occur if M = N and N =
M". To describe this synaptic connection matrix more simply,
suppose the n neurons in the field Fx synaptically connect to the
p-neurons in field Fy. Imagine an axon from the i neuron in Fx
that terminates in a synapse my;, that about the jth neuron in Fy. We
assume that the real number m;; summarizes the synapse and that
m; changes so slowly relative to activation fluctuations that is
constant.

Thus we assume no learning if m; = 0 for all t. The synaptic
value mj; might represent the average rate of release of a neuro-
transmitter such as norepinephrine. So, as a rate, m; can be
positive, negative or zero.

When the activation dynamics of the neuronal fields Fx and
Fy lead to the overall stable behaviour the bidirectional networks
are called as Bidirectional Associative Memories (BAM). As in
the analysis of the HIV/AIDS patients relative to the migrancy we
state that the BAM model studied presently and predicting the
future after a span of 5 or 10 years may not be the same.

For the system would have reached stability and after the
lapse of this time period the activation neurons under
investigations and which are going to measure the model would
be entirely different.

Thus from now onwards more than the uneducated poor the
educated rich and the middle class will be the victims of
HIV/AIDS. So for this study presently carried out can only give
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how migration has affected the life style of poor labourer and had
led them to be victims of HIV/AIDS.

Further not only a Bidirectional network leads to BAM also a
unidirectional network defines a BAM if M is symmetric i.e. M =
M'. We in our analysis mainly use BAM which are bidirectional
networks. However we may also use unidirectional BAM chiefly
depending on the problems under investigations. We briefly
describe the BAM model more technically and mathematically.

An additive activation model is defined by a system of n + p
coupled first order differential equations that inter connects the
fields Fx and Fy through the constant synaptic matrices M and N.

p
=

Yi :_Aij+zSi(Xi)mij+Jj (3.2)
i=1

Si(xi) and Sj(y;) denote respectively the signal function of the it
neuron in the field Fx and the signal function of the j™ neuron in
the field Fy.

Discrete additive activation models correspond to neurons
with threshold signal functions.

The neurons can assume only two values ON and OFF. ON
represents the signal +1, OFF represents 0 or — 1 (— 1 when the
representation is bipolar). Additive bivalent models describe
asynchronous and stochastic behaviour.

At each moment each neuron can randomly decide whether to
change state or whether to emit a new signal given its current
activation. The Bidirectional Associative Memory or BAM is a
non adaptive additive bivalent neural network. In neural literature
the discrete version of the equation (3.1) and (3.2) are often
referred to as BAMs.

A discrete additive BAM with threshold signal functions
arbitrary thresholds inputs an arbitrary but a constant synaptic
connection matrix M and discrete time steps K are defined by the
equations

p
=S (v my + 1, (3.3)
=
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yit = ZSi(x{‘)mij +1, (3.4)
i=1

where m;; € M and S; and S; are signal functions. They represent
binary or bipolar threshold functions. For arbitrary real valued
thresholds U = (Uy, ..., U,) for Fx neurons and V = (V4, ..., Vp) for
Fy neurons the threshold binary signal functions corresponds to

1 if xF>uU;
Si(x£)=48;(x{ if x{ =U; (3.5)
0 if  xF<U;

and

Lif oy >V,
S (x¥)=4S.(yHif yk =v, (3.6)
J J J ] J J

0 if  yY<V;

The bipolar version of these equations yield the signal value -
1 when x; < Uj or when y; < V;. The bivalent signal functions
allow us to model complex asynchronous state change patterns.
At any moment different neurons can decide whether to compare
their activation to their threshold. At each moment any of the 2n
subsets of Fx neurons or 2p subsets of the Fy neurons can decide
to change state. Each neuron may randomly decide whether to
check the threshold conditions in the equations (3.5) and (3.6). At
each moment each neuron defines a random variable that can
assume the value ON(+1) or OFF(0 or -1). The network is often
assumed to be deterministic and state changes are synchronous i.e.
an entire field of neurons is updated at a time. In case of simple
asynchrony only one neuron makes a state change decision at a
time. When the subsets represent the entire fields Fyx and Fy
synchronous state change results.

In a real life problem the entries of the constant synaptic
matrix M depends upon the investigator’s feelings. The synaptic
matrix is given a weightage according to their feelings. If x € Fx
and y € Fy the forward projections from Fx to Fy is defined by
the matrix M. {F(x;, y))} =(m;)=M, 1<i<n, 1 <j<p.
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The backward projections is defined by the matrix M. {F(y;,
X))} = (my) = M', 1<i<n, 1 <j<p.Itis not always true that the
backward projections from Fy to Fy is defined by the matrix M".

Now we just recollect the notion of bidirectional stability. All
BAM state changes lead to fixed point stability. The property
holds for synchronous as well as asynchronous state changes.

A BAM system (Fx, Fy, M) is bidirectionally stable if all
inputs converge to fixed point equilibria. Bidirectional stability is
a dynamic equilibrium. The same signal information flows back
and forth in a bidirectional fixed point. Let us suppose that A
denotes a binary n-vector and B denotes a binary p-vector. Let A
be the initial input to the BAM system. Then the BAM
equilibrates to a bidirectional fixed point (A¢, By) as

A > M - B
A« M' « B
AN > M - B
A” « M' « B etc.
Af > M - Bf
Ar <« M' « B; etc.
where A’, A”’, ... and B’, B”’, ... represents intermediate or

transient signal state vectors between respectively A and Arand B
and By The fixed point of a Bidirectional system is time
dependent.

The fixed point for the initial input vectors can be attained at
different times. Based on the synaptic matrix M which is
developed by the investigators feelings the time at which
bidirectional stability is attained also varies accordingly.

3.2 USe oF BAM MODEL TO STuDY THE CAUSE OF VULNERABILITY TO
HIV/AIDS AND FACTORS FOR MIGRATION

Now the object is to study the levels of knowledge and awareness
relating to STD/HIV/AIDS existing among the migrant labourers
in Tamil Nadu; and to understand the attitude, risk behavior and
promiscuous sexual practice of migrant labourers. This study was
mainly motivated from the data collected by us of the 60
HIV/AIDS infected persons who belonged to the category that
comes to be defined as migrant labourers. Almost all of them
were natives of (remote) villages and had migrated to the city,
typically, “in search of jobs”, or because of caste and communal
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violence. We have noticed how, starting from small villages with
hopes and dreams these people had set out to the city, only to
succumb to various temptations and finally all their dreams turned
into horrid nightmares.

Our research includes probing into areas like: patterns and
history of migration work, vulnerabilities and risk exposure in an
alien surrounding, ‘new’ sexual practices or attitudes and
discrimination, effect of displacement, coping mechanism etc. We
also study the new economic policies of liberalization and
globalization and how this has affected people to lose their
traditional livelihood and sources of local employment, forcing
them into migration.

Our study has been conducted among this informal sector
mainly because migrant labourers are more vulnerable to
HIV/AIDS infection, when compared to the local population for
reasons which include easy money, poverty, powerlessness,
inaccessibility to health services, unstable life-style such that
insecurity, in jobs, lack of skills, alienation from hometown, lack
of community bondage. Moreover, migrant labourers are also not
organized into trade unions, as a result of which, they are made
victims of horrendous exploitation: they are paid less than
minimum wages, they don’t receive legal protection, they are
unaware of worker’s rights issues and essentially lack stability.

Their work periods are rarely permanent; they work as short-
term unskilled/ semi-skilled contract labourers or as daily wagers;
but they earn well for a day and spend it badly without any social
binding or savings or investing on their family members or
children. A vast majority around 65% of those interviewed were
essentially also part of the ‘mobile’ population, which was
wrapped not only in a single migration from native village to
metropolitan city, but also involved in jobs like driving trucks,
taxis, etc. which gave them increased mobility. We have also
analyzed the patients’ feelings about the outreach and intervention
programs related to HIV/AIDS and we have sought to
comprehend the patterns of marginalization that has increased the
predisposition of migrants to HIV and other infectious diseases.

A linguistic questionnaire which was drafted and interviews
were conducted for 60 HIV/AIDS patients from the hospitals was
the main data used in this analysis. Then the questionnaire was
transformed into a Bidirectional Associative Memory (BAM)
model (See Appendix 1).

Our sample group consisted of HIV infected migrant
labourers whose age group ranged between 20-58 and they were
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involved in a variety of deregulated labour such as transport or
truck drivers, construction labourers, daily wagers or employed in
hotels or eateries. We have also investigated the feminization of
migration and how women were vulnerable to HIV/AIDS only
because of their partners.

Thus we have derived many notable conclusions and
suggestion from our study of the socio-economic and
psychological aspects of migrant labourers with reference to
HIV/AIDS.

DESCRIPTION OF THE PROBLEM

In view of the linguistic questionnaire we are analyzing the
relation among

a. Causes for migrants’ vulnerability to HIV/AIDS
b. Factors forcing migration
c. Role of the Government.

We take some subtitles for each of these three main titles.

For the sake of simplicity we are restricted to some major
subtitles, which has primarily interested these experts. We use
BAM model on the scale [-5,5]. Here we mention that the analysis
can be carried out on any other scale according to the whims and
fancies of the investigator.

A: CAUSES FOR MIGRANT LABOURERS VULNERABILITY TO
HIV/AIDS

A - No awareness/ no education

A, - Social Status

A; - No social responsibility and social freedom
Ay - Badcompany and addictive habits

As - Types of profession

Ag -  Cheap availability of CSWs.

F: Factors forcing people for migration

F, - Lack of labour opportunities in their hometown
F, - Poverty/seeking better status of life
F; - Mobilization of labour contractors
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F4 - Infertility of lands due to implementation of
wrong research methodologies/failure  of
monsoon.

G: Role of the Government

G; - Alternate job if the harvest fails there by
stopping migration

G, - Awareness clubs in rural areas about HIV/AIDS

G; - Construction of hospitals in rural areas with

HIV/AIDS  counseling cell/  compulsory
HIV/AIDS test before marriage

G; - Failed to stop the misled agricultural techniques
followed recently by farmers

Gs - No foresight for the government and no
precautionary actions taken from the past
occurrences.

Experts opinion on the cause for vulnerability to HIV/AIDS and
factors for migration

Taking the neuronal field Fx as the attributes connected with the
causes of vulnerability resulting in HIV/AIDS and the neuronal
field Fy is taken as factors forcing migration.

The 6 x 4 matrix M; represents the forward synaptic
projections from the neuronal field Fy to the neuronal field Fy.

The 4 x 6 matrix MlT represents the backward synaptic

projections Fx to Fy. Now, taking Aj, A,, ... , Ag along the rows
and Fy, ..., F4 along the columns we get the synaptic connection
matrix M; which is modeled on the scale [-5, 5]

5 4 4

4 53

-1 -2 4 0
M, =

0 4 20

2 4 33

0 1 20

Let X be the input vector given as (3 4 -1 -3 -2 1) at the K™ time
period. The initial vector is given such that illiteracy, lack of
awareness, social status and cheap availability of CSWs have
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stronger impact over migration. We suppose that all neuronal state
change decisions are synchronous.

The binary signal vector
S(Xk) = (110001).
From the activation equation

S(Xx)M, = 9,6,11,7)
= Yk

From the activation equation

S(Yev) = (1111).
Now
S(Yri)M, " = (15,15, 1, 6, 12, 3)
= X2

From the activation equation,

S(X+2) = 11110,

S(Xk+2)M; = (10, 12, 20, 10)
= Y.

S(Yk+3) = (1111).

Thus the binary pair {(1 1 1 1 1 1), (1 11 1)} represents a fixed
point of the dynamical system. Equilibrium of the system has
occurred at the time K + 2, when the starting time was K. Thus
this fixed point suggests that illiteracy with unawareness, social
status and cheap availability of CSW lead to the patients
remaining or becoming socially free with no social responsibility,
having all addictive habits and bad company which directly
depends on the types of profession they choose.

On the other hand, all the factors of migration also come to
on state. Suppose we take only the on state that the availability of
CSWs at very cheap rates is in the on state. Say at the K™ time we
have

Py (00000 4),
S(Px) = (000001),
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S(P)M; = (0120)
= Q1.

S(Qxk+1) = (0110)

S(Qr+)M, " = (682673)
= Px+z

S(Pk+2) = a11i1n

S(Px2)M; = (10 1220 10)
= Px.3

S(Pk+3) = (1111).

Thus the binary pair {(1 1111 1),(1 11 1)} represents a fixed
point. Thus in the dynamical system given by the expert even if
only the cheap availability of the CSW is in the on state, all the
other states become on, i.e. they are unaware of the disease, their
type of profession, they have bad company and addictive habits,
they have no social responsibility and no social fear.

Thus one of the major causes for the spread of HIV/AIDS is
the cheap availability of CSWs which is mathematically
confirmed from our study. Several other states of vectors have
been worked by us for deriving the conclusions.

Experts Opinion On The Role Of Government And Causes For
Vulnerability Of HIV/AIDS

Taking the neuronal field Fx as the role of Government and the
neuronal field Fy as the attributes connected with the causes of
vulnerabilities resulting in HIV/ AIDS.

The 6 x 5 matrix M, represents the forward synaptic
projections from the neuronal field Fx to the neuronal field Fy.

The 5 x 6 matrix Mg represents the backward synaptic

projection Fx to Fy. Now, taking G, G,, ..., Gs along the rows
and A, A, ..., Ag along the columns we get the synaptic
connection matrix M, in the scale [-5,5] is as follows:

34 -2 0 -1°5
54 3 -1 0 4
M,=|1 3 0 1 4 2
23 -2 -3 0 3
32 0 3 1 4
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Let Xy be the input vector (-3 4 -2 -1 3) at the K™ instant. The
initial vector is given such that Awareness clubs in the rural
villages and the Government’s inability in foreseeing the conflicts
have a stronger impact over the vulnerability of HIV/AIDS. We
suppose that all neuronal state change decisions are synchronous.

The binary signal vector

S(Xk) = (01001).
From the activation equation
S(Xx)M, = (863218)
= Y.
Now,
S(Yer) = (11111),
S(Ye) M, = (91511313)
= X2
Now,
S(Xk2) - (11111),
S(Xk+2)M, = (148-10418)
= Y.
Now,
S (Yx+3) = (110111),
S (Yxis ) M,' = (11,12,11,5,13)
= X4
Thus
S (Xk+4) = 11111)
= X2
and
S(Yxe+s) = Y -

The binary pair (1 1 11 1), (1 101 1 1)) represents a fixed
point of the BAM dynamical system. Equilibrium for the system
occurs at the time K + 4, when the starting time was K.

This fixed point reveals that the other three conditions cannot
be ignored and have its consequences in spreading HIV/ AIDS.
Similarly by taking a vector Y one can derive conclusions based
upon the nature of Y.
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All such conclusions derived from this study are given in the
final section.

Experts Opinion on the Factors of Migration and the Role of
Government

Taking the neuronal field Fy as the attributes connected with the
factors of migration and the neuronal field Fy is the role of
Government. The 4 x 5 matrix M; represents the forward synaptic
projections from the neuronal field Fx to the neuronal field Fy.
The 5 x 4 matrix M;" represents the backward synaptic
projections Fx to Fy. Now, taking F}, F,, F3, F, along the rows and
Gy, Gy, ..., Gs along the columns we get the synaptic connection
matrix M; as follows:

4 0 5 3 4

3 -2 -4 4 3
M3:

30 4 -1 -2

2 1 0 5 4

Let Xk be the input vector (-2 1 4 -1) at the time K. The
initial vector is given such that poverty and mobilization of labour
contractors have a greater impact. We suppose that all neuronal
state change decisions are synchronous.

The binary signal vector

S(Xk) = (0110).
From the activation equation
S(Xx) M3 = (6-2031)
= Yk
Now
S(Yen ) - (10111),
S(Yk:1) M5" = (1664 11)
= X+
Now
S(Xk+2) = (rrrr),
S (Xk+2)M3 = (12-15119)

= Y3
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Now
S (Yis) = 10111,
S (Yxia)M;" = (1669 11)
= Xk14-
Thus
S(Xi-+4) = (111
= Xk+2,
S(Yk-+s) = Yiis -

The binary pair {((1 1 1 1), (1 011 1))} represents a fixed
point of the BAM dynamical system. Equilibrium for the system
occurs at the time K+4, when the starting time was K. All the
factors point out the failure of the Government in tackling
HIV/AIDS. Similarly by taking a vector Y one can derive
conclusions based upon the nature of Y.

A complete conclusion about migrant labourers as HIV/AIDS
patients based on the BAM model is given in the fourth chapter
on conclusions.

Thus these illustrations are given only for the sake of making
the reader to understand the workings of the fuzzy models. The
calculations of the fixed point using in the BAM-model is given in
Appendix 6 where C-program is used to make the computation
easy.

Now we use the BAM model in the interval [-4 4] for
analyzing the same liquistic questionnaire and we keep the main 3
heads as it is and make changes only the subtitles. These were the
subtitles. These were the subtitles proposed by the expert whose
opinion is sought.

A: CAUSES FOR MIGRANT LABOURERS VULNERABILITY TO
HIV/AIDS.

A - No awareness / No education

A, - Away from the family for weeks

A, - Social status

Ay - No social responsibility and social
freedom

As - Bad company and addictive habits

Ag - Types of profession where they cannot

easily escape from visit of CSWs.
A, - Cheap availability of CSWs
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No union / support group to chanalize their
ways of living as saving for future and
other monetary benefits from the employer.
No fear of being watched by friends or
relatives.

F: Factors forcing people for migration

Fy

F,
F;
F4
Fs
Fs

Lack of labour opportunities in their
hometown

Poverty

Unemployment

Mobilization of contract labourers
Infertility of land failure of agriculture
Failed Government policies like advent of
machinery, no value of small scale
industries, weavers problem, match factory
problem etc.

G: Role of Government

G

G

Lack of awareness clubs in rural areas
about HIV/AIDS

No steps to help agricultural cooli only
rich farmers are being helped ie.,
landowners alone get the benefit from the
government helped

Failed to stop poor yield

No alternative  job  provided for
agricultural coolie / weavers

No proper counselling centres for
HIV/AIDS in villages

Compulsory  HIV/AIDS test before
marriage

Government does not question about the
marriage age of women in rural areas. 90%
of marriage is rural areas with no education
takes place when women are just below 16
years in 20% of the cases even before they
girls attain puberty they are married).
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Expert's opinion on the cause of vulnerability to HIV/AIDS
factors for migration

Taking the neuronal field F, as the attributes connected with the
causes of vulnerability resulting in HIV/AIDS and the neuronal
field Fy is taken as factors forcing migration.

The 9 x 6 matrix M, represents the forward synaptic
projections from the neuronal field F, to the neuronal field Fy.
The 6 x 9 matrix M', represents the backward synaptic
projections Fx to Fy.

Now taking V,, ..., Vg along the rows and Fy, ..., Fs along
the columns we get the synaptic connection matrix M; which is
modelled in the scale [-4, 4].

2 0 0 0 0 0
32 2 2 1 3
-2 3 0 2 0 0
0 0 0 0 0 0
M=[0 0 0 1 -2 0
4 3 -23 2 0
0 -1 0 0 -2 0
0 0 0 2 0 0
0 -3 0 0 -2 0]

Let Xk be the input vector given as (32 1 -1 0-24 -2 1) at the
K™ time period. The initial vectors as V,, Vs, ..., Vo. We suppose
that all neuronal state change decisions are synchronous.

The binary signal vector

S(Xk) = (111000101)
From the activation equation
S (XM, = (3124-33)
= Y
S(Yk+1) = 111101
Now
S(Ye) M, = (2123018-12-3)

X2
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S (Xk+2) = (111011010)
S (Xk+2) My = (7,8,0,10, 13)
= Y3
S (Yk+s) = 110111)
S(Ykw) M, = (2,11,3,0,-1,12,-32-5)
= Xk+4
S (Xk+4) = (111001010)
SXg-a)M; = (780933)
= Yi+s
S (Yk+s) = 110111)
S(Yx+ S)MTI = Xk+6
= XK+44

Thus the binary pair {(111001010), (11011 1)}
represents a fixed point of the dynamical system. Equilibrium of
the system has occurred at the K + 6 time when the starting point
was K.

Thus the fixed point suggests that when cheap availability of
CSWs, with no proper awareness and no education, with when
they are away from the family with poor social status with no fear
of being watched lead the patients to become victims of
HIV/AIDS due to their profession and no union/support group to
channelize their ways of living. The factors that fuel this are lack
of labour opportunity in their hometown, poverty, mobilization of
contract labourers, infertility of land failure of agriculture and
above all failed government policies like advent of machinery, no
value of small scale industries, weavers problem, match factory
problem etc.

Using the C program given in the appendix 6 of the book we
find the equilibrium of the dynamical system for varying values.
The input vector on which the conclusions are made is given in
chapter 7.

Suppose we consider the input vector Yx = (4 —1 0 -3 0 3) i.e. the
lack of labour opportunities with failed government polices like
advent of machinery which replaces human labour like weaver
problem and match factor problems and no value for small scale
industries to be vector with large positive values and other nodes
being either O or negative value
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S (Yx) = (100001)
S(YK)MTI = 26-2004000)
= X1
S (Yx+1) = (110001000)
S (Xk+1) My = (950533)
= Yo
S (Yk+) = (r1o111n
S (Yk+2) MT1 = 2,11,3,0,-1,12,-3,2,-5)
= Xk+3
S (Xk+3) = (111001010)
S(Yk2)M, = (780933)
= Y3
S (Yxs3) = (110111).

The stability of the BAM is given by the fixed point, i.e., the
binary pair {(1110011010),(1 1011 1)}. The conclusion as
before is derived so if the labourers have no employment in their
home town and failed government policies result in following
problem n the on state of all vectors expect. F;.

Now we proceed on to model using the experts opinion on
the factors of migration and the role of government.

Taking the neuronal field Fx as the attributes connected with
the factors of migration and the neuronal field Fy is the role of
government. The matrix M, represents the forward synaptic
projections from the neuronal field Fx to the neuronal field Fy.
The 7 x 6 matrix M', represents the backward synaptic
projections Fy to Fy. Now taking the factors Fy, F,,..., F¢ along
the rows and Gy, Go,..., G; along the columns we get the synaptic
connection matrix M, as follows:

G1 G, G3 G4 Gs Gs G7

F[0 3 42000

F,0 23320 3

F;/0 232000
M, =

Fel003 23200

Fs|0 2220 01

Fsl0 2 120 0 1]
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Here the expert feels one of the reasons for marrying off their
daughter at a very young age is due to poverty. So they marry
them off to old men and at times as second wife and so on.

Suppose we take the fit vector as Xx = (-3 2 0 4 —1 -2) at the
K™ time period. We suppose that all neuronal state change
decisions are synchronous.

The binary signal vector
S(Xk) = (010100)

From the activation equation

S(Xx) M, = (0556403)
= Y

S(Yk:1) = 0111101)

S(Yx1) MY, = (91371076)
= Xk+2

S(Xk+2) = a11111)

S (Xk+2) M, = (0141514405)
= Y3

S (Yk:3) = O111101).

Thus the binary pair {(111111),(011110 1)} represents
a fixed point of the dynamical system. Equilibrium of the system
has occurred at the time K + 2 when the starting time was K. All
attributes come to on state expect the factors Lack of awareness
clubs in rural areas about HIV/AIDS and Compulsory HIV/AIDS
lest before marriage are just zero, for they have no impact.

While the factor poverty and mobilization of the contract
labourer are at the dominance. Let Yi = (3, -4, -2, -1 0 —1 2) be
the input vector at the K™ instant. The initial vector is given such
that. Next we consider when in the state vector Lack of awareness
clubs in rural areas about HIV/AIDS is given the maximum
priority followed by marriage age of women is not questioned by
the government.

We study the impact of this on migration.

We suppose that all neuronal state change decisions are
synchronous.
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The binary signal vector.

S (Yx) = (1000001)

From the activation equation

S (Y) My! = 030011)
= Xk +1

S (Xk+1) = (010011)

S (Xk+1) My = (0667205)
= Yk

S (Y2 = 0111101)

S (Ye) MY, = (91371076)
= Y+

S (Xk.3) = 111111)

S (Xk+3) M, = (0141514 405)
= Yk+4

S (Y +4) = 0111101).

Thus the binary pair {(0 1 11101),(1 1111 1)} represents a
fixed point of dynamical system. Equilibrium for the system
occurs at the time K + 3 when the starting time waste. All nodes
except government failure to perform HIV/AIDS test as a
compulsory one alone is unaffected and all factors Fy, ..., Fg
become on so these two nodes promote migration in all forms.

Next we study the experts opinion on the role of government and
the causes for vulnerability of HIV/AIDs.

Now taking the neuronal field Fx as the role of government.
and the neuronal field Fy as the attributes connected with the
causes of vulnerabilities resulting in HIV/AIDS.

The 7 x 9 matrix M; represents the forward synaptic
projections from the neuronal field Fx to the neuronal field Fy and
the 9 x 7 matrix M'; represents the backward synaptic projection
FX to Fy.

Now taking Gy,..., G; along the rows and Ay,..., Ag along the
columns we get the synaptic connection matrix Mj; in the scale [-4
4] as follows:
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(3 0 -2 0 0 4 3 4 2]
-10 3 0 0 02 0 0
0 3 1 0 1 00 0 0
M;=[-1 2 3 0 0 00 1 0
301 0 0 11 0 0
0 0 0 -1 =100 -1 -1
130 1 0 0 00 0 O]

Let X be the input vector (2 —1 +3 —2 —1 0 —1) at the K"
instant. The initial vector is given that Failed to stop poor yield
and Lack of awareness clubs in rural area for the uneducated
about HIV/AIDS, takes up the primary position. We shall assume
all neuronal state change decisions are synchronous.

The binary signal vector
S(Xk) = (1010000)

From the activation equation

S(Xk) M3 = (3,3-1014342)
= Yk

S (Yk+1) = (110011111)

S (Yxi1) M5 = (16,1,4,2,5-33)
= Xk+2

S(Xk+2) = 1111101)

S (Xk+2) M3 = (7,5,7015652)
= Y

S (Yk+3) = (111011111)

S (Yk+3) M3 = (534-105631)
= Xk+4

S (Xk-+4) = (111001111)

S (Xia) M3 = (144456-24)
= Ykis

S(Yis) = (1111101).
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Thus the binary pair {(1111101),(111011111)}or
{1111101),(111001111)}where(1111101)isa
fixedpointand (11 101 1111)or(1 1100111 1)occurs.

No social responsibility on the part of the part of the
HIV/AIDS affected migrant labourers is 0 all other co-ordinates
becomes on their by proving all other cases enlisted makes these
labourers vulnerable to HIV/AIDS or the bad habits/bad company
and no social responsibly on the parts of HIV/AIDS affected is 0,
all other causes for vulnerability is 'on': all factors relating
government becomes on except the node (Gg) — compulsory test
for HIV/AIDS before marriage is off. Thus all factors G, G, ...,
Gs and G5 become on.

Now we consider the input vector Yy =(32-1-20-310—
2) at the K" instant. The initial vector is given such that No
awareness no education takes a priority followed by away from
the family for weeks and cheap availability of CSWs.

The binary signal vector
S (Yx) = (110000100).

From the activation equation

S(YoM'; = (6131403)
= X+

S (Xk+1) = (1111101)

S (Xk+1) M; = (757015652)
= Yk

S (Yk:2) = (111011111)

S (Yeo) My, = (14,4,5,56 -3 4)
= Xk

S (Xk+3) = (1111101)
= S (Xk+1)-

Thus the binary pair {(1111101),(111011111)}isa
fixed point of the dynamical system. All factors become on in
both the classes of attributes except G¢ and Ay i.e., compulsory
test for HIV/AIDS remains always off and no social responsibility
and social freedom on the part of migrants in no other cause for
vulnerability to HIV/AIDS.
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Now we obtain the equation. The effect of government
influence and the vulnerability of migrant labour using the
product of the matrices M; and M, and taking the transpose.

0 6 8 4 0 0 0
0 31 33 33 0 10
0 6 8 11 10 0 9
00 0 0 0 0 0
M, xM,)'=[0 -1 -2 -1 0 0 -2
0 27 29 26 12 0 11
0 -6 -7 -7 -2 0 -5
0 6 4 6 4 0 0
0 -10 -13 -13 -6 0 13

We study this in the interval [-14, 14]. This gives the indirect
relationship between government policies and the vulnerability of
migrant labourers to HIV/AIDS.

The reader is expected to analyse this BAM model using C-
program in the appendix 6 and draw conclusions.



Chapter Four

USE OF NCM TO STUDY THE
SOCIO-ECONOMIC PROBLEMS
OF HIV/AIDS AFFECTED
MIGRANT LABOURERS

It is very unusual in India to see migrant labourers to be the
highest HIV/AIDS affected population among the HIV/AIDS
affected persons in rural areas. The major reason being we see
over 90% of the HIV/AIDS patient are uneducated, economically
very poor, and lower middle class from rural areas who take
treatment in Tambaram Sanatorium. When badly affected by
HIV/AIDS they have no other go either die in the same village or
go for treatment in Tambaram Sanatorium hospital. Also it is
pertinent to mention that at least 70% of them are ignorant of the
mode of spread of disease for they said they felt by visiting CSWs
they would be mainly affected by sexually transmitted diseases or
venereal diseases. They said they did not know they would
become HIV/AIDS victims. So only of the 60 persons 45 of them
said after they visited CSWs they took injections and medicines to
save themselves from VD/STD. So one of the conjectures which
we can derive from their statement is that they would have been
doubly careful if they would have been informed about the
HIV/AIDS affliction by visiting CSWs.

It is also important to note that most of the HIV/AIDS
affected migrant labourers when stay in the place away from their
home town are not in a position to channelize their energy in
constructive things on the other hand they go for sex which is
their only recreation. Also these people do not have association or
unions. Thus with no external support they become easy victims
of CSWs. Now we just briefly recall the definition of
Neutrosophic Cognitive Maps and the notion of neutrosophy.
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This chapter introduces the concept of Neutrosophic Cognitive
Maps (NCMs). NCMs are a generalization of Fuzzy Cognitive
Maps (FCMs). To study or even to define Neutrosophic Cognitive
Maps we have to basically define the notions of Neutrosophic
Matrix. Further analogous to Fuzzy Relational Maps (FRMs) we
define the notion of Neutrosophic Relational Maps, which are
clearly a generalization of FRMs. Study of this type is for the first
time experimented in this book. When the data under analysis has
indeterminate concepts we are not in a position to give it a
mathematical expression. Because of the recent introduction of
neutrosophic logic by Florentin Smarandache this problem has a
solution. Thus we have introduced the additional notion of
Neutrosophy in place of Fuzzy theory.

This chapter has four sections. In the first section we just give
a very brief introduction to neutrosophy. In section two, we, for
the first time, use NCM to analyze the HIV/AIDS affected
migrant labourers problem. Section three is the study of the
migrants problem using Combined NCM. Section four defines the
notion of Combined Disjoint Block NCM and Combined Overlap
Block NCM and we apply these two models to this problem.

4.1 Basic notions of Neutrosophy and Neutrosophic cognitive maps

In this section we introduce the notion of neutrosophic logic
created by  Florentin  Smarandache, which is an
extension/combination of the fuzzy logic in which indeterminacy
is included. It has become very essential that the notion of
neutrosophic logic play a vital role in several of the real world
problems like law, medicine, industry, finance, IT, stocks and
share etc. Use of neutrosophic notions will be illustrated/ applied
in the later sections of this chapter. Fuzzy theory only measures
the grade of membership or the non-existence of a membership in
the revolutionary way but fuzzy theory has failed to attribute the
concept when the relations between notions or nodes or concepts
in problems are indeterminate. In fact one can say the inclusion of
the concept of indeterminate situation with fuzzy concepts will
form the neutrosophic logic.

As in this book, application of the concept of only fuzzy
cognitive maps are dealt which mainly deals with the relation /
non-relation between two nodes or concepts but it fails to deal the
relation between two conceptual nodes when the relation is an
indeterminate one. Neutrosophic logic is the only tool known to
us, which deals with the notions of indeterminacy, and here we
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give a brief description of it. For more about Neutrosophic logic
please refer Smarandache.

DerFINITION 4.1.1: In the neutrosophic logic every logical
variable x is described by an ordered triple x = (T, I, F) where T
is the degree of truth, F is the degree of false and | the level of
indeterminacy.

(A). To maintain consistency with the classical and fuzzy logics
and with probability there is the special case where
T+I+F=1.
(B). But to refer to intuitionistic logic, which means incomplete
information on a variable proposition or event one has
T+I1+F<1.
(C). Analogically referring to Paraconsistent logic, which means
contradictory sources of information about a same logical
variable, proposition or event one has
T+I1+F>1.

Thus the advantage of using Neutrosophic logic is that this
logic distinguishes between relative truth that is a truth is one or a
few worlds only noted by 1 and absolute truth denoted by 1.
Likewise neutrosophic logic distinguishes between relative
falsehood, noted by 0 and absolute falsehood noted by ~ 0.

It has several applications. One such given by is as follows:

Example 4.1.1: From a pool of refugees, waiting in a political
refugee camp in Turkey to get the American visa, a% have the
chance to be accepted — where a varies in the set A, % to be
rejected — where r varies in the set R, and p% to be in pending
(not yet decided) — where p varies in P.

Say, for example, that the chance of someone Popescu in the
pool to emigrate to USA is (between) 40-60% (considering
different criteria of emigration one gets different percentages, we
have to take care of all of them), the chance of being rejected is
20-25% or 30-35%, and the chance of being in pending is 10% or
20% or 30%. Then the neutrosophic probability that Popescu
emigrates to the Unites States is

NP (Popescu) = ((40-60) (20-25) ¢ (30-35), {10,20,30}), closer
to the life.

This is a better approach than the classical probability, where
40 P(Popescu) 60, because from the pending chance — which will
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be converted to acceptance or rejection—Popescu might get extra
percentage in his will to emigrating and also the superior limit of
the subsets sum 60 + 35 + 30 > 100 and in other cases one may
have the inferior sum < 0, while in the classical fuzzy set theory
the superior sum should be 100 and the inferior sum p 0. In a
similar way, we could say about the element Popescu that
Popescu ((40-60), (20-25) w (30-35), {10, 20, 30}) belongs to the
set of accepted refugees.

Example 4.1.2: The probability that candidate C will win an
election is say 25-30% true (percent of people voting for him),
35% false (percent of people voting against him), and 40% or
41% indeterminate (percent of people not coming to the ballot
box, or giving a blank vote — not selecting any one or giving a
negative vote cutting all candidate on the list). Dialectic and
dualism don’t work in this case anymore.

Example 4.1.3: Another example, the probability that tomorrow it
will rain is say 50-54% true according to meteorologists who have
investigated the past years weather, 30 or 34-35% false according
to today’s very sunny and droughty summer, and 10 or 20%
undecided (indeterminate).

Example 4.1.4: The probability that Yankees will win tomorrow
versus Cowboys is 60% true (according to their confrontation’s
history giving Yankees’ satisfaction), 30-32% false (supposing
Cowboys are actually up to the mark, while Yankees are
declining), and 10 or 11 or 12% indeterminate (left to the hazard:
sickness of players, referee’s mistakes, atmospheric conditions
during the game). These parameters act on players’ psychology.
As in this book we use mainly the notion of neutrosophic
logic with regard to the indeterminacy of any relation in cognitive
maps we are restraining ourselves from dealing with several
interesting concepts about neutrosophic logic. As NCMs deals
with unsupervised data and the existence or non-existence of
cognitive relation, we do not in this book elaborately describe the
notion of neutrosophic concepts. See Appendix 9 for more on
Neutrosophy. However we just state, suppose in a legal issue the
jury or the judge cannot always prove the evidence in a case, in
several places we may not be able to derive any conclusions from
the existing facts because of which we cannot make a conclusion
that no relation exists or otherwise. But existing relation is an
indeterminate. So in the case when the concept of indeterminacy
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exists the judgment ought to be very carefully analyzed be it a
civil case or a criminal case. FCMs are deployed only where the
existence or non-existence is dealt with but however in our
Neutrosophic Cognitive Maps we will deal with the notion of
indeterminacy of the evidence also. Thus legal side has lot of
Neutrosophic (NCM) applications. Also we will show how NCMs
can be used to study factors as varied as stock markets, medical
diagnosis, etc. “I” denotes the indeterminacy of
notion/concept/relation. In this section we for the first time
introduce the notion of neutrosophic graphs, illustrate them and
give some basic properties. We need the notion of neutrosophic
graphs basically to obtain neutrosophic cognitive maps which will
be nothing but directed neutrosophic graphs. Similarly
neutrosophic relational maps will also be directed neutrosophic
graphs. It is no coincidence that graph theory has been
independently discovered many times since it may quite properly
be regarded as an area of applied mathematics. The subject finds
its place in the work of Euler. Subsequent rediscoveries of graph
theory were by Kirchhoff and Cayley. Euler (1707-1782) became
the father of graph theory as well as topology when in 1936 he
settled a famous unsolved problem in his day called the
Konigsberg Bridge Problem.

Psychologist Lewin proposed in 1936 that the life space of an
individual be represented by a planar map. His view point led the
psychologists at the Research center for Group Dynamics to
another psychological interpretation of a graph in which people
are represented by points and interpersonal relations by lines.
Such relations include love, hate, communication and power. In
fact it was precisely this approach which led the author to a
personal discovery of graph theory, aided and abetted by
psychologists L. Festinger and D. Cartwright. Here it is pertinent
to mention that the directed graphs of an FCMs or FRMs are
nothing but the psychological inter-relations or feelings of
different nodes; but it is unfortunate that in all these studies the
concept of indeterminacy was never given any place, so in this
chapter for the first time we will be having graphs in which the
notion of indeterminacy i.e. when two vertex should be connected
or not is never dealt with. If graphs are to display human feelings
then this point is very vital for in several situations certain
relations between concepts may certainly remain an
indeterminate. So this section will purely cater to the properties of
such graphs the edges of certain vertices may not find its
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connection i.e., they are indeterminates, which we will be defining
as neutrosophic graphs.

The world of theoretical physics discovered graph theory for
its own purposes. In the study of statistical mechanics by
Uhlenbeck the points stands for molecules and two adjacent
points indicate nearest neighbor interaction of some physical kind,
for example magnetic attraction or repulsion. But it is forgotten in
all these situations we may have molecule structures which need
not attract or repel but remain without action or not able to predict
the action for such analysis we can certainly adopt the concept of
neutrosophic graphs. In a similar interpretation by Lee and Yang
the points stand for small cubes in Euclidean space where each
cube may or may not be occupied by a molecule. Then two points
are adjacent whenever both spaces are occupied.

Feynmann proposed the diagram in which the points
represent physical particles and the lines represent paths of the
particles after collisions. Just at each stage of applying graph
theory we may now feel the neutrosophic graph theory may be
more suitable for application.

Now we proceed on to define the neutrosophic graph.

DEFINITION 4.1.2: A neutrosophic graph is a graph in which at
least one edge is an indeterminacy denoted by dotted lines.

NOTATION: The indeterminacy of an edge between two vertices
will always be denoted by dotted lines.

Example 4.1.1: The following are neutrosophic graphs:

. ® 0 e—————
rd
7
e
e
4
rd
7
e
4 °

FIGURE: 4.1.1

All graphs in general are not neutrosophic graphs.
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Example 4.1.2: The following graphs are not neutrosophic graphs
given in Figure 4.1.2:

X W

L] () —

FIGURE: 4.1.2

DEFINITION 4.1.3: A neutrosophic directed graph is a directed
graph which has at least one edge to be an indeterminacy.

DEFINITION 4.1.4: A neutrosophic oriented graph is a
neutrosophic directed graph having no symmetric pair of directed
indeterminacy lines.

DEFINITION 4.1.5: A neutrosophic subgraph H of a neutrosophic
graph G is a subgraph H which is itself a neutrosophic graph.

THEOREM 4.1.1: Let G be a neutrosophic graph. All subgraphs of
G are not neutrosophic subgraphs of G.

Proof: By an example. Consider the neutrosophic graph given in
Figure 4.1.3.

——————

FIGURE: 4.1.3 FIGURE: 4.1.4

This has a subgraph given by Figure 4.1.4. which is not a
neutrosophic subgraph of G.

THEOREM 4.1.2: Let G be a neutrosophic graph. In general the
removal of a point from G need be a neutrosophic subgraph.
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Proof: Consider the graph G given in Figure 4.1.5.

Vl VZ V3
A4
|
|
|
4
V6 V5 V4
FIGURE: 4.1.5

G \ v, is only a subgraph of G but is not a neutrosophic
subgraph of G. Thus it is interesting to note that this a main
feature by which a graph differs from a neutrosophic graph.

DEFINITION 4.1.6: Two graphs G and H are neutrosophically
isomorphic if

i.  They are isomorphic
ii. If there exists a one to one correspondence between their
point sets which preserve indeterminacy adjacency.

DEFINITION 4.1.7: A neutrosophic walk of a neutrosophic graph
G is a walk of the graph G in which at least one of the lines is an
indeterminacy line. The neutrosophic walk is neutrosophic closed
if 1= 1, and is neutrosophic open otherwise. It is a neutrosophic
trial if all the lines are distinct and at least one of the lines is a
indeterminacy line and a path if all points are distinct (i.e. this
necessarily means all lines are distinct and at least one line is a
line of indeterminacy). If the neutrosophic walk is neutrosophic
closed then it is a neutrosophic cycle provided its n points are
distinct and n > 3.

A neutrosophic graph is neutrosophic connected if it is
connected and at least a pair of points are joined by a path. A
neutrosophic maximal connected neutrosophic subgraph of G is
called a neutrosophic connected component or simple
neutrosophic component of G. Thus a neutrosophic graph has at
least two neutrosophic components then it is neutrosophic
disconnected. Even if one is a component and another is a
neutrosophic component still we do not say the graph is
neutrosophic disconnected.

Neutrosophic disconnected graphs are given in Figure 4.1.6.
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FIGURE: 4.1.6

Graph which is not neutrosophic disconnected is given by Figure
4.1.7.

I

& -
[ ]

FIGURE: 4.1.7

Several results in this direction can be defined and analysed.

DEFINITION 4.1.8: A neutrosophic bigraph, G is a bigraph, G
whose point set V can be partitioned into two subsets V,; and V,
such that at least a line of G which joins V; with V, is a line of
indeterminacy.

This neutrosophic bigraphs will certainly play a role in the
study of FRMs and FCMs and in fact give a method of conversion
of data from FRMs to FCMs.

As both the models FRMs and FCMs work on the adjacency
or the connection matrix we just define the neutrosophic
adjacency matrix related to a neutrosophic graph G given by
Figure 4.1.8.

Vg

V5 FGURE: 4.18

The neutrosophic adjacency matrix is N(A)
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Its entries will not only be 0 and 1 but also the indeterminacy I.

DEFINITION 4.1.9: Let G be a neutrosophic graph. The adjacency
matrix of G with entries from the set (I, 0, 1) is called the
neutrosophic adjacency matrix of the graph.

Now as our main aim is the study of Neutrosophic Cognitive
Maps we do not divulge into a very deep study of Neutrosophic
Graphs or its properties but have given only the basic and the
appropriate notions which are essential for studying of this book.

The notion of Fuzzy Cognitive Maps (FCMs) which are
fuzzy signed directed graphs with feedback are discussed and
described in Chapter 1. The directed edge e;; from causal concept
C; to concept C; measures how much C; causes C;. The time
varying concept function Cj(t) measures the non negative
occurrence of some fuzzy event, perhaps the strength of a political
sentiment, historical trend or opinion about some topics like child
labor or school dropouts etc. FCMs model the world as a
collection of classes and causal relations between them.

The edge e;; takes values in the fuzzy causal interval [-1, 1]
(ejj = 0 indicates no causality, e;; > 0 indicates causal increase; that
C; increases as C; increases and C; decreases as C; decreases, ejj <
0 indicates causal decrease or negative causality C; decreases as C;
increases or C;, increases as C; decreases. Simple FCMs have edge
value in {-1, 0, 1}. Thus if causality occurs it occurs to maximal
positive or negative degree.

It is important to note that e; measures only absence or
presence of influence of the node C; on Cj but till now any
researcher has not contemplated the indeterminacy of any relation
between two nodes C; and C;. When we deal with unsupervised
data, there are situations when no relation can be determined
between some two nodes. So in this section we try to introduce
the indeterminacy in FCMs, and we choose to call this generalized
structure as Neutrosophic Cognitive Maps (NCMs). In our view
this will certainly give a more appropriate result and also caution



131

the user about the risk of indeterminacy. Now we proceed on to
define the concepts about NCMs.

DEFINITION 4.1.10: A Neutrosophic Cognitive Map (NCM) is a
neutrosophic directed graph with concepts like policies, events
etc. as nodes and causalities or indeterminates as edges. It
represents the causal relationship between concepts.

Let C;, C,, ..., C, denote n nodes, further we assume each node is
a neutrosophic vector from neutrosophic vector space V. So a
node C; will be represented by (xi, ..., X,) where x,’s are zero or
one or | (I is the indeterminate introduced in Sections 2.2 and 2.3
of the chapter 2) and x, = 1 means that the node C is in the on
state and x, = 0 means the node is in the off state and x, = | means
the nodes state is an indeterminate at that time or in that situation.

Let C; and C; denote the two nodes of the NCM. The directed
edge from C; to C; denotes the causality of C; on C; called
connections. Every edge in the NCM is weighted with a number
in the set {-1, 0, 1, I}.

Let e; be the weight of the directed edge CiC;, e; € {-1, 0, 1,
I}. e; = 0 if C; does not have any effect on Cj, e;; = 1 if increase (or
decrease) in C; causes increase (or decreases) in Cj, e; = —1 if
increase (or decrease) in C; causes decrease (or increase) in C; . ejj
= | if the relation or effect of C; on C; is an indeterminate.

DEFINITION 4.1.11: NCMs with edge weight from {-1, 0, 1, 1} are
called simple NCMs.

DEFINITION 4.1.12: Let C4, C,, ..., C, be nodes of a NCM. Let the
neutrosophic matrix N(E) be defined as N(E) = (e;;) where e is
the weight of the directed edge C; C;, where e;; € {0, 1, -1, I}. N(E)
is called the neutrosophic adjacency matrix of the NCM.

DEFINITION 4.1.13: Let C4, C,, ..., C, be the nodes of the NCM.
Let A = (a;, ay..., a,) where a; € {0, 1, I}. A is called the
instantaneous state neutrosophic vector and it denotes the on-off —
indeterminate state position of the node at an instant

a = 0ifais off (no effect)
a; = lifaison (has effect)
a = | if @ is indeterminate(effect cannot be

determined)
fori=1,2,..,n.
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DEFINITION 4.1.14: Let Cy, C,, ..., C, be the nodes of the FCM.
Let C,C,, C,C;, C5Cy, ..., CiC; be the edges of the NCM.

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

DEFINITION 4.1.15: An NCM with cycles is said to have a
feedback. When there is a feedback in the NCM i.e. when the
causal relations flow through a cycle in a revolutionary manner
the NCM is called a dynamical system.

DErFINITION 4.1.16: Let C,C,,C,C;,---,C,_,C, be cycle, when

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

DEFINITION 4.1.17: If the equilibrium state of a dynamical system
is a unique state vector, then it is called a fixed point. Consider
the NCM with Cy, C,,..., C, as nodes. For example let us start the
dynamical system by switching on C;. Let us assume that the
NCM settles down with C; and C, on, i.e. the state vector remain
as (1, 0,..., 1) this neutrosophic state vector (1,0,..., 0, 1) is called
the fixed point.

DEFINITION 4.1.18: If the NCM settles with a neutrosophic state
vector repeating in the form

AL A —>... A > A;,
then this equilibrium is called a limit cycle of the NCM.
METHODS OF DETERMINING THE HIDDEN PATTERN:

Let Cy, C,,..., C, be the nodes of an NCM, with feedback. Let E
be the associated adjacency matrix. Let us find the hidden pattern
when C; is switched on when an input is given as the vector A; =
(1, 0, 0,..., 0), the data should pass through the neutrosophic
matrix N(E), this is done by multiplying A; by the matrix N(E).
Let AN(E) = (ay, a,..., a,) with the threshold operation that is by
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replacing a; by 1 if a; > k and a; by 0 if a; < k (k — a suitable
positive integer) and a; by | if a; is not a integer. We update the
resulting concept, the concept C, is included in the updated vector
by making the first coordinate as 1 in the resulting vector.
Suppose A|N(E) — A, then consider A,N(E) and repeat the same
procedure. This procedure is repeated till we get a limit cycle or a
fixed point.

DEFINITION 4.1.19: Finite number of NCMs can be combined
together to produce the joint effect of all NCMs. If N(E,),
N(E2),..., N(Ep) be the neutrosophic adjacency matrices of a NCM
with nodes C;, C,,..., C, then the combined NCM is got by adding
all the neutrosophic adjacency matrices N(E;),..., N(Ep). We
denote the combined NCMs adjacency neutrosophic matrix by
N(E) = N(Ey) + N(Ez)+...+ N(Ep).

NOTATION: Let (a;, a, ... , a,) and (a';, a", ... , a'y) be two
neutrosophic vectors. We say (a, a,, ... , a,) is equivalent to (a',
a, ..., ay) denoted by ((a;, ay, ... , a,) ~(a',a", ..., a'y) if (a'y a',

.., a'y) is got after thresholding and updating the vector (aj, a,, ...
, a,) after passing through the neutrosophic adjacency matrix
N(E).

The following are very important:

Note 1: The nodes C;, C,, ..., C, are nodes are not indeterminate
nodes because they indicate the concepts which are well known.
But the edges connecting C; and C; may be indeterminate i.e. an
expert may not be in a position to say that C; has some causality
on C;j either will he be in a position to state that C; has no relation
with C; in such cases the relation between C; and C; which is
indeterminate is denoted by I.

Note 2: The nodes when sent will have only ones and zeros i.e. on
and off states, but after the state vector passes through the
neutrosophic adjacency matrix the resultant vector will have
entries from {0, 1, I} i.e. they can be neutrosophic vectors.

The presence of | in any of the coordinate implies the expert
cannot say the presence of that node i.e. on state of it after passing
through N(E) nor can we say the absence of the node i.e. off state
of it the effect on the node after passing through the dynamical
system is indeterminate so only it is represented by I. Thus only in
case of NCMs we can say the effect of any node on other nodes
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can also be indeterminates. Such possibilities and analysis is
totally absent in the case of FCMs.

Note 3: In the neutrosophic matrix N(E), the presence of | in the
a;j the place shows, that the causality between the two nodes i.e.
the effect of C; on Cj is indeterminate. Such chances of being
indeterminate is very possible in case of unsupervised data and
that too in the study of FCMs which are derived from the directed
graphs.

Thus only NCMs helps in such analysis. Now we shall
represent a few examples to show how in this set up NCMs is
preferred to FCMs. At the outset before we proceed to give
examples we make it clear that all unsupervised data need not
have NCMs to be applied to it. Only data which have the relation
between two nodes to be an indeterminate need to be modeled
with NCMs if the data has no indeterminacy factor between any
pair of nodes one need not go for NCMs; FCMs will do the best
job.

4.2 Use of NCM to analyze the HIV/AIDS affected migrant labourer
problems

We just use the basic concept of NCM in our analysis of
psychological, socio and economic problems of HIV/AIDS
affected migrant labourers. To make the reader compare and
comprehend the effect of NCM in the place of FCM, we first
analyse using the experts opinion giving them a possibility
namely it is not essential to relate or not relate two concepts /
nodes and they can also use the symbol | to denote that they are
not able to determine any form of relation between a pair of nodes
i.e., at that time the relation between the nodes is an indeterminate
to them.

Now we first study the twelve heads given in page 42-52 and
analyzed using FCM.

A, - Easy Availability of money

A, - Lack of education

A; - Visiting CSWs

A4 - Profession

As - Wrong/Bad company

A¢ - Addiction to habit-forming substances-
visiting CSWs

A; - Absence of social responsibility
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Ag - Socially free

Ay -  Economic status
Ao - More leisure
Ay - Machismo / exaggerated masculinity

A, - No awareness of HIV/AIDS disease.

Now the same expert who spelt out there attributes was now
asked to give the opinion suggesting that he has the option to state
his inability to associate two concept of nodes such things will be
denoted by the letter | meaning the relation is an indeterminate.

For the description of each of the 12 attributes please refer
page 42-52 of Chapter 2. The neutrosophic graph of the NCM.

Thus we have obtained the experts opinion, which is given the
neutrosophic directed graph representation.

FIGURE: 4.2.1

Let the corresponding neutrosophic connection matrix of the
neutrosophic directed graph be given by N(E). Now as the opinion
was taken from the same expert we give in this neutrosophic
dynamical system the same state vectors for this will help us in
the easy comparison of both the systems.
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The neutrosophic matrix N(E) is as follows:

ARy Ag Ay As As Ar g Ay Ay Ay Ag
AJOO1 110010000
AJO 00100000001
A0 0 000O0O0O0TO0GO0O0O
A1 11000000000
A{00 1 00000T1000
As|0 01000000001
AJ0O 101 00000T10
A0 01000001 0710
AJJO O 1 010000000
Aol0 01001 1 00000
A0 01 000000000DO
Ax{0 0000100000 O]

LetR=(0001000000 0 0) be neutrosophic state vector in
which only the node A, that is the types of profession is in on
state and all other nodes are in the off state. R is passed into the
above neutrosophic connection matrix N(E),

RN (E) o (111100000000) = R,
RN@E o (111110010001) = R,
RN@E) o (111111011011) = Ry
RN(E) o (111111011011) = Ry
RN@E) o (111111011011) = Ry

Here the symbol ‘<’ denotes that at every stage the resultant

vector has been updated and thresholded.

Thus we see when the attribute profession is in the on state
we see the relation between profession and economic status
become an indeterminate. For one cannot always say by the type
of the profession ones economic status can be determined for it
depends on the mouths he has to feed his commitments and other
factors which determine the economic status and it has not much
to do with the profession.
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Now let us consider the state vector S=(10000000000
0) i.e., the only neutrosophic vector easy availability of money
alone is in the on state and all other vectors are in the off state. To
study the effect of S on the neutrosophic dynamical system N(E).

SN(E) o (101110010000) = S say
SN(E) o (111110011010) = S,(say)
SN(E) o (111110011011) = S;(say)
SSN(E) o (111111011011) = S,(say)
S,N(E) o (111111011011) = S,

S, is a fixed point. Thus the hidden pattern of the neutrosophic
dynamical system is a fixed point easy money makes all other
state on except A7 and Ay, i.e., the absence of social responsibility
has however no relation with easy money also the concept more
leisure has nothing to do with easy money. However the attribute
economic status is an indeterminate for its relation with easy
money remains an indeterminate.

The reader is given as an exercise the study the effect of the
only attribute easy money in the on state of the fuzzy dynamical
system and arrive conclusions based on it and compare it with the
FCM. To have an easy comparison between FCMs and NCMs
consider the state vector

X = (00000000001 0).

Using X in the neutrosophic connection matrix we get

XN(E) o (001000000010) = X (say)
XN@E) o (001000000010) X, =X.

Thus we see in both the cases use of FCM and NCM, this
case gives the same resultant vector.

Now consider the on state of the nodes profession, wrong/bad
company and addiction to habit forming substances and visiting
CSWs and all other nodes are in the off state.

LetY = (000111000000).

The effect of Y on the neutrosophic connection matrix N(E)
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YN@E) o (111111001001) = Y, (say)
YNE) o (111111011011) = Y, (say)
Y.NE) o (111111011011) =  Y;=Y,

Thus the neutrosophic hidden pattern of the dynamical system is a
fixed point. With the three attributes: profession, wrong/ bad
company and addiction of habit forming substances and CSWs are
in the on state we see all attributes come to on state except A; and
Ao and Ay becomes an indeterminate state the off state of the
absence of social responsibility shows that these three nodes have
no influence on the dynamical system.

Also we see the economic status is an indeterminate state.
However more leisure has no effect on the system. Now we
consider the state vector A=(000000000 1 1) where only the
two attributes Machismo/ Exaggerated masculinity and No
awareness are the attributes which are in the on states and all
other nodes are in the off state.

Let A = (00000000001 1).

The effect of A on the neutrosophic dynamical system N(E)

AN (E) > (001001000011) = Ajsay
AN(E) > (00100100001 1).

When the public lack awareness about the disease and the
Machismo/ Exaggerated Masculinity we see they easily visit
CSWs and have addiction to habit forming substances and CSWs.
Several other on state vectors were sent into the system and the
resultant information were recorded for our conclusions given in
Chapter Seven.

One vital point obtained using neutrosophy theory is that the
economic status is an indeterminate factor while studying the
profession; so the truth it imparts is profession and economic
status can not be always interlinked.

Only the concept of profession may have some link with the
concept of social status for we have taken basically the sample of
sixty migrant labourers only from the poor and lower middle class
strata so working on the social status in our context will have no
significance.
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Next we take the view of the same expert now he is given the
option that he can denote the notion it is impossible for him
interrelate or relation between two concepts is an indeterminacy.

As we have just now pointed out that the persons/ patients
whom we had interviewed are largely from the poor or lower
middle class. It lies like a myth about the upper middle class or
middle class or rich educated people that too from the city who
are infected by HIV/AIDS. We are only in a position to conjecture
that even if the disease is prevalent in this society it is largely
suppressed and no data can ever be got.

For they seek treatment secretly taking confidence of private
doctors and paying them a good or sumptuous amount as medical
fees. So at every stage it has become our duty to mention that the
study and analysis pertains only to poor / very lower middle class
with no education and who mainly reside in village or remote
village. But all of them had acquired the disease only by
migration. Thus our conclusion based on study and analysis
regarding the data concerning the remote uneducated poor
villagers who have obtained the disease by migration happens to
be complete authenticated and implementation of these
suggestions will prove to be certainly beneficial to them and avoid
the increase in the number of HIV/AIDS patients from this group.

Thus this expert does not include the attribute the economic
status as one of the attributes for in his opinion the disease
prevalent in all economic status but the publicity or openness is
totally lacking in the middle class, upper middle class and rich.
They confide it for the reasons best known to them. Thus this
expert has already given the justification for working only with
seven attributes given in page 54.

The concepts / attributes given by this expert are:

A\ - Easy availability of money
A', - Wrongful company and addictive habits
A's - Visits CSWs

A'y - Socially irresponsible / free
A's - Macho Behaviour

A's - More leisure

A'; - No awareness about disease.

The neutrosophic directed graph given by the expert.
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FIGURE: 4.2.2

The associated neutrosophic relational matrix N (A) is given in
what follows:
AL A Al Ay A's Alg A

AJo 1 1100 0
A0 01 01 10
A0 0 000 0 I
NA)=A,/0 01 01 10
Aslo 1 11 00 0
Aglo 11100 0
A0 0 1 101 0

Also he says that the relation between the attributes visiting
CSWs and no awareness about the disease is also an
indeterminate. For visiting CSWs need not be only due to the fact
he has no awareness about this disease. Their may be cases where
he says some other factors which would have forced him to visit
CSWs are: extraordinary urge for sex, dejection, absence of wife
in case of married men, long stay away from home, family dispute
or some inexpressible cause which the client is well aware of.
Thus he says he would indicate this relation by |. He says the
relation between macho behaviour and socially free and the
relation socially free or irresponsible and the macho behaviour are
indeterminate to him. Thus using his newly given Neutrosophic
graph and its related matrix N(A) we proceed to work for the
analysis and conclusions i.e., the effect of each of the state
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vectors. N(A) denotes the neutrosophic connection matrix of the
neutrosophic directed graph. Now to find the stability consider the
state vector

X

(1000000)

that is easy money which is dependent on the profession i.e.,
Ajalone is in the on state, and all other attributes are in the off

state. Now passing X into N(A) we get

XN(A) S (1111000) = X (say)
XNA) o (1111111 = X,say
XN(A) o (1111111 = X;=X, (fixed).

Thus we see the hidden pattern is a fixed point. All the nodes
becomes on except the two nodes Macho behaviour and the No
awareness about the disease. Both these co-ordinates are
indeterminates, thus easy money dependent on profession leaves
the nodes, Macho behaviour and the awareness about the disease
as indeterminates i.e., the neutrosophic system is not able to state
whether there is any influence of the profession on the Macho
behaviour or on the awareness about the disease. Further all other
attributes come to on state when the person has easy availability
of money, which is dependent on his profession.

One can easily compare the neutrosophic result with the
fuzzy result. This work is assigned to the interested reader. It is
however pertinent to mention that fuzzy method has no effect on
these two coordinates; so these two coordinates remain in the off
state.

But by using neutrosophy we see that it clearly states we
cannot find the relation between macho behaviour and the easy
money dependent on the profession. There is always a great
difference between saying explicitly no relation exists and the
statement that the relation between them is an indeterminate. Thus
in our opinion Neutrosophy model in this situation gives a
sensitive result than FCMs.

Now let us consider the node ‘macho behaviour’ to be in the
on state i.e., Y =(0 00 0 1 0 0) i.e., all other states are in the off
state. The effect of Y on the neutrosophic dynamical system N(A)
is given by
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Y N(A) > (01111000 = Y, (say)
YN (A) > (0111110 = Y, (say)
Y,N(A) s> o@Ofrrrrnn = Y; (say)

YN(A) o (O111111) Y.=Y; (fixed point)

(‘c” denotes the resultant vector after passing through the

dynamical system has been thresholded and updated.) The hidden
pattern of the system is a fixed point. By the use of Neutrosophic
model we see that the effect of Macho behaviour is indeterminate
on the other coordinates. For a person with Macho behaviour need
not visit CSWs or according to the neutrosophic model one does
not know i.e., the relation of macho behaviour and the node of
visiting CSWs are indeterminate.

Further a person with Macho behaviour need not be a socially
irresponsible / free or he may be socially irresponsible/ free thus
this adaptation of neutrosophy makes this person/ expert to state
that no relation exists between Macho behaviour and the easy
money but the existence or the non existence of other relations
cannot be said precisely that is these concepts happen to be
indeterminates. This is the marked difference between the
adaptation fuzzy theory and neutrosophic theory for we see that
neutrosophic theory is better or more sensitive in the case of the
problem of analyzing the socio economic status of a HIV/AIDS
patients who are migrant labourers. We only say for this model
the Neutrosophic model is more powerful than the fuzzy cognitive
model. The interested reader is expected to work with more state
vectors and derive conclusions. However our results are based on
the study of the dynamical systems with several state vectors.

We have taken the 3™ expert as a refined and a reformed
HIV/AIDS patients (For this patient says several of the male in
patients in this hospital visit CSWs when they are little better).

P, — Most of the HIV/AIDS patients do not have binding
relationship with family that is why they are often
tempted to visit CSW, drink, smoke and waste money on
bad company.

P, — Male chauvinism and macho behaviour.

P; — Most of the men with male ego and who have no binding
in family often think of women as an inferior object and
an object of only pleasure.



Ps
Ps

143

Bad company and bad habits.
Socially irresponsible.

Several of these persons go to CSW due to
uncontrollable emotions that is why some HIV/AIDS
patients had acknowledged to him if ever he had self
control he would not have erred. That is why most of
them do not use safe sex methods even if the CSW
advises them.

Gluttony. This man says that ravenous appetite for food
leads to the same kind of urge for sex.

More leisure.

According to him that when men/women after a age do
not have a goal or an ideal in life.

A person for whom only the body functions, i.e. have no
ideal or higher aspirations in life.

CSW.

Most when asked why they visited CSWs the answer will
be to ‘enjoy life’ in a ‘jolly mood’ ‘pass time’ and so on.

When mainly they are in a different state they are more
free from fear of being noticed so without any sense of
shame/ sin they visit CSW.

Most of them reply that they have visited countless
CSWs, this is their attitude.

This point he says with his personal experience that most
of the agricultural labour have taken up the profession of
truck or lorry drivers for livelihood. Thus one of the
major reasons is failure of agriculture/poor yield or not
up to anticipation. He says in his village alone over 70
families have migrated some to Bombay and some to
Madras. Many men have taken the profession of
drivers.

With these as nodes we give the directed graph of this expert.

Now the same expert is asked the question now with option that
he can also say the relation between two nodes to be an
indeterminate. Thus we use the same expert for this model to
obtain the neutrosophic relation.
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FIGURE 4.2.3

the neutrosophic graph we obtain the following

Using

neutrosophic connection matrix N(P).
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Consider the state vector
T = (000000100000000)

that is only the attribute A; is in the on state and all other nodes
are in the off state i.e., at the first instance the person is a glutton
with regard to food habits, to study the effect of on the
neutrosophical system N(P) consider

TN(P) o (000001101111010) = T, (say)
TNP) o (000001111111110) = T, (say)
T,N(P) > (000101111111111) = Ts(say)

TsNP) o (0001111I1T111111) = T, (say)
T,NP) o (0001111111 11111) Ts (say)
TsNP) & (0001111111111 Ts

Ts is a fixed point. Thus the hidden pattern of the system is a fixed
point with 6 of the coordinates as indeterminates i.e., the on state
of A, cannot precisely say whether these six coordinates become
‘on’ or remain in the ‘off” state; i.e., they are in the indeterminate
state. Thus gluttony in food habits has no or nil impact or one
relation with “no binding with family” and it has nothing to do
with male chauvinism. Gluttony has no effect on women as
inferior object all these three coordinates remain in the off state.
Whether there is any relation between gluttony in food habits
and bad company and bad habits remains as an indeterminate also
the node “socially irresponsible” remains as an indeterminate i.e.,
it is nether ‘on’ nor ‘off’. But however gluttony in food habits
makes the node uncontrollable sexual feelings to be in the on
state. One is not able to say whether there exists any relation
between gluttony and “more leisure ” for the attribute ‘more
leisure’ remains as an indeterminate coordinate. However the on
state of the node gluttony has positive effect on the coordinates
“no other work for the brain” “Only physically active” and Visits
CSWs i.e., all these three coordinates becomes on when a person
is a glutton. But weather a glutton “enjoy life or jolly mode” is in
the indeterminate state. Also the node unreachable by friends or
relatives remains in the indeterminate state. i.e., one is not in a
position to find or say weather any relation exists between
gluttony and unreachable by friends and relatives. But however to
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ones surprise a glutton takes pride in visiting countless CSWs for
this node becomes on. Finally the attribute, “Failure of
agriculture” and its relation with the glutton remain as
indeterminate coordinate.

Thus we see a vast difference between the two models
neutrosophy cognitive maps and fuzzy cognitive maps for we see
the results given by neutrosophy is more sensitive than FCM in
the study of this problem.

Next we consider the coordinate male chauvinism is in the on
state
B=(010000000000000)

i.e., all state vectors are in the off state. We study the effect of S
on the neutrosophic dynamical system N(P).

SN(P) > (111010000011000) = S, (say)
SIN(P)  (111110000011100)= S, (say)
SSNP) o (111110011011111) = S;(say)
SSN(P) o (111110111011111) = S, (say)
S,NP) > (111111111111 111) = Ss(say)
SsN(P) o (1111111111111 = S¢(say)
SsN(P) o (LTT1LITITITIII) =S, (say)
S;NP) o (1111111111111 =S,

a fixed point. If male chauvinist alone is in the on state we see in
the resultant vector the nodes P;, P5, P4, Ps and P,;; become on and
the nodes P, P;, Pg, Pyg, Pia, Pi3, P14 and Pys are indeterminate.
We see that the male egoist has ‘no binding with his family’,
‘thinks women as ‘inferior objects’,” ‘bad company and formation
of bad habits,” ‘socially irresponsible,” ‘have no other work for
the brain’ and ‘visits CSWs’ so all these nodes become on. But we
see that when a male chauvinist has uncontrollable sex feelings or
he is ‘glutton’ or he has ‘more leisure’, ‘only physically active’
and ‘enjoys life — jolly mood’, ‘unreachable by friends and
relatives’ ‘pride in visiting CSWs’ or ‘failure of agriculture’, these
nodes become indeterminate by which we cannot say there no
relevance but we can not or we do not know whether there is
relevance.
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4.3 Combined NCM to study the migrant problems

Just in section 4.2 we have defined the combined NCM. In order
to obtain the combined effect we use combined NCMs, here we
use 5 experts opinion we assign to them the 10 attributes which
we have taken as a compulsory one in order to use it in the simple
combined NCMs.

The 10 attributes given to them after consultation with several
experts are as follows: since the model is mainly based only to
study the relationship between the catching of HIV/AIDS and
migrancy. We give the nodes A, ... Ay and briefly describe what
each of the nodes A, A,,..., Ay signifies

A; — Easy money — no channelizing of mind / body
after work

A, — Living away from family for weeks

A; — Free from fear of being watched by friends and
relatives

A, — Bad habits / company
As — Lack of proper family binding

Ag — No proper counseling for saving money/ proper
spending

A; — Lack of any proper knowledge about
HIV/AIDS.

Ag — CSWs only recreation

Ay — No proper motivation / higher aims in life

Ay — Age abig disadvantage.

We briefly describe each of these attributes relative to the context
of migrant labourers.

A, —easy money - no channelizing of body / mind after work

As far as the migrant labourers are concerned that too specially
affected by the HIV/AIDS we see that they are mainly daily
wagers or given wage after completing a task i.e., going on trips
to deliver goods or people or weekly wagers i.e., paid weekly.
Whatever be their job as far as the 60 migrant labourers are
concerned 58 were not the people who worked for a month to earn
their pay monthly. So for them money was easily earned, further
after hours of labour their only two main recreations were liquor
and visiting CSWs. Apart from this they had no further thinking.
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This is very clear from the interviews. When we say easy money
they after eating and stay they have enough money left over to
spend on CSWs and liquor. None of them ever had the intension
or the knowledge of saving money for when they were with the
disease most of them said they had no money even to buy a cup of
tea to drink or to buy and eat what they liked. If they ever had the
habit of saving they would not have been in this plight. Some of
them really felt their present poor status and their past living how
lavishly they spent money.

A, - Living away from family for weeks

Majority of these migrant labourers lived away from their family
for at least a week or more and some of them had their profession
to be truck / lorry drivers so they had a superstition that their body
would be relived of heat if they indulged in sex.

So most of the truck /lorry drivers said they visited CSWs to
lessen the heat of their body. Also as they basically lacked self
control they easily visited CSWs for sex. As most of these men
were in their twenties and early thirties and also married since 3 to
5 years they easily became victims of temptation . Thus at this
point it is pertinent to mention that even if the patient was just in
his forties must have been infected at his early thirties and late
twenties only. Age played a major havoc in the life of the migrant
labourers to catch HIV/AIDS.

Az - Free from fear of being watched by friends and relatives

These migrant labourers when they are away from their families
i.e., when they are away from their home town they are free in a
sense that they are fully free from being watched reported by their
friends and relatives.

For visiting a CSW according to the Indian society that too in
the Tamil society is a crime, an heinous act, an act very much
condemned by the family people. So these labourers when they
want to or visit the CSWs they are free from the fear of being
watched by friends and relatives as they live in a new place and
with an unknown identify so it favours them to act with courage.

Once they become used to, a stage comes when they have
become really addicted to for it is no exaggeration on the part of
us for we saw out of 60 HIV/AIDS infected migrant labourers
only 1 has not visited CSWs. 58 of them said with pride that they
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had visited in numerable times the CSWs to enjoy life or in jolly
mood. Thus we see an unknown places provides a comfortable
atmosphere to visit CSWs.

A, - Bad habits / company

Only 10% of the HIV/AIDS affected migrant labourers accepted
they did all acts of their own of the 60, 54 of them said they
smoke, drink or visit CSWs because of their friends. Almost all of
them said that it was their friends who spoilt them. Thus we see
that bad habits / bad company is also one of the reasons for these
migrant labourers to catch HIV/AIDS.

As - Lack of proper family binding

This node is mainly put for with a view if the migrant labourers
afflicted by HIV/AIDS have some binding on the family then
certainly

1. They would disclose the disease they suffer from

2. They would test their wife and children for the same
3. They would not infect their wife

4. Above all they would not visit numerous CSWs.

Hence we are justified in taking this node as a related one with the
problem

As - No proper counseling for saving money / proper
spending.

Most of the migrant labourers are only daily wagers they do not
have an association or any form of union which can promote their
welfare by some welfare schemes like building houses, educating
children, buying land etc. or do not know the art of saving the
money they earn by a hard labour.

A, - Lack of any knowledge about HIV/AIDS.

Most of the migrant labourers whom we have interviewed that too
hailing from villages are uneducated so they do not know the
basic knowledge about it, like the way it is caused, the way it
spreads from one to another, the enormous physical suffering due
to HIV/AIDS and above all it has no cure but is a livable disease.
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For certainly if one is fully aware of the problem in catching
HIV/AIDS the persons concerned would by very careful. For 58
of the 60 HIV/AIDS patients we interviewed only after knowing
that they are infected with HIV/AIDS they have come to know
about the disease.

For this reason we see out of 60 at least 52 of them wanted to
commit suicide when they came to know that they had
HIV/AIDS. Thus lack of knowledge about HIV/AIDS had made
them HIV/AIDS patients.

Ag - CSWs are only recreation.

Most of the HIV/AIDS affected migrant labourers openly
acknowledged that after the days work and after taking liquor
only there was urge for sex.

So they were forced to visit CSWs. Also as they stayed away
from the family and as they were mostly in places which had alien
language or atmosphere, they were forced to visit CSWs for sex.
They had no other aim or goal.

That is why 98% of them said they had visited numerous
CSWs to enjoy life in jolly mood and so on and so forth.

Ag - No proper motivation / higher aims in life.

Most of the migrant labourers were from remote villages with no
education so they had no higher aspirations in life they did not
even feel they have to earn and it was equally important to save or
they did not know the value of education or the moral values or
material values so very easily they became victims of all bad
habits so they had no higher aims in life.

Everything started with smoke, liquor and CSWs and ended
with the same. For even while we were interviewing most of them
did not aspire for educating their children or improve the state of
their living conditions. They were so much absorbed with their
living style and satisfied by it.

Only because they were infected by HIV/AIDS which not
only took away their health, even doing routine but it made them
absolutely immobile and very sick for any thing even could not
eat or walk.

If there were strong supportive groups or the remote
uneducated villagers were empowered to improve themselves
certainly this plight can be changed without any difficulty.
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Ay - Age a big disadvantage

Most of the migrant labourers come out from their native village
for seeking employment only in the age group from 17 to 35
where 17 yrs is the approximate least and 35 years is the
approximate greatest there may be age group little lesser than the
least or little greater than the greatest. But we are mostly
interested in taking the maximum clustering age group.

That is why most of the patients affected by HIV/AIDS
among the migrant labourers were in the age group 26 to 35; for it
may take for the infection to show its symptoms in a period of 3
years to 13 years depending on the health conditions of these
persons their food habits and also other habits. Thus we see age in
which they are exposed plays a major criteria in getting the
infection as they are vulnerable to all types of temptations
including CSWs. Thus they catch the disease mainly due to
ignorance catalyzed by age.

Thus if there were effective awareness program given from
the age of 13 years in villages this could be prevented.

Thus we have taken the age as a major criteria for being
infected by HIV/AIDS.

Now having explained the 10 attributes we give the expects
opinion in the neutrosophic model to finally obtain the combined
effect.

The neutrosophic directed graph given by the first expert.

FIGURE: 4.3.1

The related neutrosophic connection matrix N(E)
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Al Ay Ag Ay As Ag Ar Ag Ag Alg

ATO 001010000
AJO O 1T 000O0TO00
As[0 001000001
AJO0O0OO0T 00011
NEy= P50 1 00000000
Ag|0 001 000000
A 0000000000
A0 0 0O0O0O0T 010
Ay 00000000 O I
Al0 00000000 O

Take any state vector say X =(0010000000) i.e., the only
node Aj i.e., “free from being watched is in the on state and all
other nodes are in the off state. We see the effect of X on the
neutrosophical dynamical system N(E)

XN@E) < (0011000001) = X (say)
XNE) o (0011100011) = X, (say)
XNE) o (0111100011) = X;(say)
XNE) o (0111100111) = X, (say)
XNE) o (OI11101111) = X (say)
XNE) o (OI11101111) = Xe=X;s

Xs is the fixed point. Thus we get the hidden pattern of the
neutrosophic dynamical system to be a fixed point which asserts if
a person is free from being watched by friends and relatives and is
alone, is in the on state then the states A4, A5 and Ay become on
and A,, Ay, Ag and Ay become as indeterminable coordinates. i.e.
if a migrant labour in his age group from 20-35 is free from the
fear of being catched by relatives and friends certainly he has or
develops bad habits and bad friends, he certainly lacks family
binding age is the cause of it i.e., age is the big disadvantage for
being so.

However the coordinates living away from the family is an
indeterminate for it is neither ‘off” nor ‘on’. Lack of any proper
knowledge about HIV/AIDS is also an indeterminate coordinate
for one cannot say the on or off state of it. Likewise one cannot
say he visits CSWs as only recreation or does not visit CSWs for
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it also is an indeterminate node. For this expert cannot say for
certain he visits or he does not visit CSWs, Ag also remains as an
indeterminate coordinate. Ay that is ‘No proper motivation /
higher aims in life’ is neither off nor on its is also an
indeterminate coordinate for one is not able to state whether free
from being watched has any relation or not.

Next we consider the on state of the coordinate As. A that is
‘age is a big disadvantage’ and As — ‘Lack of proper family
binding’, all other coordinates remain in the ‘off” state. Let Y = (0
00010000 1) be the instantaneous state vector we study the
effect of Y on the dynamical system N(E,)

YN(E)) > (0100100001) = Y (say)
Y N(E)) > (0110100101) = Y, (say)
Y,N(E)) s> o OIrr1onnrn = Y;(say)
Y;N(E)) s> o OIrr1onnrn = Y4=Y3

(a fixed point).

Thus the hidden pattern is a fixed point and one sees however this
has no effect on easy money but according to this expert A,, Aj,
A4, A7, Ag, and Ay are indeterminates for one cannot say the effect
or no effect of these coordinates but they remain as indeterminate
one there by making the analyzer to think about it. Now let us
consider the state vector in which only the nodes Ag and Ag are in
the on state and all other nodes are in the off state. The effect of Z
=(0000010100) on the neutrosophical dynamical system
N(E,) is as follows:

Z N(E)) s> (0001011110) = Z (say)
Z, N(E)) s> 0001111111y = Z,(say)
Z, N(E)) o> (000111111l = Z;(say)
Z; N(E)) o> (0001111110 = Zy=7Z;4
(a fixed point).

Thus the hidden pattern of the dynamical systems is a fixed point
in which the on state of the vector Ag and Ag makes the on state of
the nodes A4, As i.e., when one has no proper counseling and
visits CSWs for recreation certainly he has bad habits and enjoys
bad company and has no proper binding with the family members
and the attributes A;, Ay and A,y are indeterminates one cannot
say for certain about the on or off state for these nodes viz Lack of
any proper knowledge about HIV/AIDS, No proper motivation /
higher aims in life and age a big disadvantage remain as an
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indeterminate. Thus we see this method gives the on state, off
state and the indeterminate state of attributes. We see that living
away from family for weeks; easy money and no channelizing of
mind and body after work and free from fear of being watched by
friends and relatives remain in the off state their by asserting that
there is no relation between the nodes no proper counseling for
saving money and visiting CSWs has no relation with the easy
money, no fear of being monitored by friends and relatives and
living away from families for weeks. But there exists nodes,
which are indeterminate when A4 and Ag are in the on state.

Now for the same set of nodes/attributes we obtain the second
experts opinion. The neutrosophic directed graph given by him.

FIGURE: 4.3.2

and the related connection matrix N(E,) is given below

_Al Ay Az Ay As Ag Ay Ag Ag A10_

ATO 001000000
A1 010101000
A0 001000000
A1 000010000
A0 000000000
A0 00 00O0T100O0
A0 0000O0O0T 00O
A0 000000000
A0 000000001
AolO 00 00001 00



155

We see the effect of the same vectors as that the first expert for
comparison and take the same state vector X =(001000000
0), that is the node free from being watched by friends and
relatives is in the on state. Now we study the effect of the state
vector X on the dynamical system N (E,).

XN(E,) o (0011000000) = X, (say)
XN@E) o (1011010000) = X, (say)
XN(E) o (1011011000) = X (say)
XsN(@E) o (011011100) = X, (say)
X,N(@E) o (1011111100) = X (say)
XsN(@E) o (1011111100) = Xg(say)=Xs.

X5 is a fixed point. The hidden pattern of the dynamical system is
a fixed point. When the attribute free from being watched by
friends and relatives is in the on state we see the attribute A,
“Easy money and no channelizing of mind / body after work™ is in
an indeterminate state |. However living away from the family for
weeks with A, and Ay are in the off state and all other attributes
Ay, As, ..., Ag become on there by saying when they are not
watched they are free so they carry out all bad activity and their
age and no motivation in life acts as a catalyst for all these acts.
Now we study the effect of state vector Z=(0000010100),
the nodes A¢ and Ag i.e., no proper counseling for saving money
or spending in the proper channel and CSWs only recreation are
in the on state and all other attributes are off. We study the effect
of Z on the neutrosophical dynamical system N(E,).

ZN(E) o (0000011110) = Z (say)
ZN(@E) o (0000011100) Z, (say) = Z,.

Z, is a fixed point. Thus we see when there is no proper
counseling of spending the money they earn as duty wages and
CSWs are their only recreating the attributes A, A,, Az, Ay Ay
and Ay, are in the off state that is easy money, living away from
family, free from being observed, bad habits and company lack of
proper family binding etc. remain in the off state.

Several other state vectors has been substituted and analyzed
in the case of the dynamical system N (E,) given by the second
expert. Next we consider the effect of the neutrosophic dynamical
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system as given by the third expert. The directed graph given by
the 3™ expert related with the 10 attributes Ay,..., A are

FIGURE: 4.3.3

We give the related 10 x 10 connection matrix N (E;)

_Al A2 A3 A4 A5 A@ A7 Ag Ag Alg

AJO 001010000
AJO O T 01 007100
A0 1T 01000000
A0 OO O T 1 1 111
As{0 0 000000 O I
As|0 0000 0O0O0O0O
A {00 00O0O0O0T 00O
As{0 000 0O0O0O0O0O
A {00 0O0O0O0O0O0O0 1
Agl0 00 00000 I 0

Now we consider the state vector U=(001000 0 0 0 0) where
only Aj is in the on state and all other nodes are in the off state.
The effect of U on the neuronal dynamic system N(E3):

UN(E;) o (0111000000) = U (say)
UNE;) o (111111111 = U, (say)
UNE;) o (111111111 = U (say)
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UNE;) o (111111111 = U, (say)
UNE) o (O111111111) Us = U

Uy, is a fixed point. The hidden pattern of the dynamical system is
a fixed point when the HIV/AIDS migrant labourer was free from
being observed by friends and relatives the attributes A, Ay, A5
and Ag become as on states and the nodes As, Ag, Ag and A, were
in an indeterminate state with A, alone in the off state. Their by
meaning easy money had ill effect on them that is when they were
free from being watched by friends/relatives. However they were
for certain living away from the family, they had all bad habits
and company, however lack of family binding and no proper
counseling to spend money remained in the indeterminate state
that is nothing can be said about their family ties or the
knowledge of spending earned money property but certainly they
are unaware of HIV/AIDS and CSWs was their only recreation
came to on state. Nothing could be said about their age criteria or
higher motivation in life.

Now consider the effect of the state vector V=(0000010
1 0 0) on the neuronal dynamical system N(E3) i.e., only the nodes
A¢ and Ag are in the on state and all other nodes are in the off
state that is bad habits/bad company and no proper counseling of
how to spend properly the money they earn are in the on state.
The effect of V on N(E3) is

VN(@E;) < (0000010100) = V,=V.

Thus we see both states happen to be the fixed point. Thus the on
state of these two vectors have nil effect on the system. Next we
consider the on state of the node A, and all other nodes are in the
off state. The effect of the state vector T=(0100000 00 0) on
the neuronal dynamical system N (E;)

TN(@E;) o (0110100100) = T, (say)
TINE;) o (0111100100) = T,say

TNE;) o (O111111111) = T (say)
TsNE;) o (111111111 = Ty(say)
T.NE;) o (OII1IITL1I) = Ts(=Ty

a fixed point of the neutrosophic dynamical system). Suppose for
in the study of the HIV/AIDS affected migrant labourers only the
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node living away from the family is in the on state and all other
nodes are in the off state. We see in the resultant state vector the
nodes A;, A4, A; and Ag become on state A remaining in the off
state. The vectors As, Ags, A9 and Ao are indeterminates,
conclusions are given for this resultant vector earlier. Thus we see
whether they are free from being watched or live away from the
family the net result in their activities is the same.

Next we give the fourth experts opinion on the set of 10
attributes A, A,,..., Ag, Ajp. The neutrosophic directed graph is
as follows:

FIGURE: 4.3.4

The related neutrosophic relational matrix N (E,) is given below.

A1 Ay As Ay As As A7 Ag Ag Ay

ATOOO0OT1000T00
AJO 001 000000
A0 000000O0TO
AJO 000100000
As{[0 001000100
As|0 0000000 O I
A0 00000O0TO0O
As]0000000O0O0O
AJO 000000 T 01
Apl0 00000000 O
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Consider the state vector P=(001 00 0 0 0 0 0) where only the
concept Aj; is in the on state and all other nodes are in the off state
that is free from being observed by friends and relatives is in the
on state. The effect of the state vector P on the neutrosophic
dynamical system N(E,)

P N(Ey) S (0010000010) = P (say)
P,N(E,) S (0010000111) = P,(say)
P,NE) o (0010000111) = Py=(Py)

Thus we get the fixed point of the neutrosophic dynamical system.
We see the nodes A;, Ay, As, As, Ag and A are in the on state.
According to this expert Ag, Ag and Ay become on there by
indicating that CSWs are only recreation, no higher motivation in
life and age stands an catalyst for it.

Next we consider the effect of the state vector Q=(00000
101 00). The effect of Q on the dynamical system N (Ey)

QN(E) = (0000010101) = Q(say)
QN(E) < (0000010101) = Q=Q
(fixed point)

Thus we see when Ag and Ag are in the on state the resultant
vector the question of whether age is an disadvantage becomes an
indeterminacy.

Now consider the on state of the attribute A; alone and all
other nodes are off. The state vector R=(1 000000 0 0 0) that
is only easy money node is alone in the on state and all other
nodes are off. The effect of R on the dynamical system N (Ey,) is

RN(E,) o (1001000100) = R,
RNE) o (1001100100) = R,
RNE) o (1001100100) = Ry(R, say)

Fixed point of the dynamical system. We see the nodes A4, As and
Ag become on that is when they have easy money they have lack
of family binding, no proper counseling to spend/save money and
visiting CSWs is a recreation according to this expert.

Next consider the fifth experts opinion on the 10 attributes
Al, Az, ceey A]().

The neutrosophic directed graph given by him.
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FIGURE: 4.3.5

The related neutrosophic connection matrix N (Es)

AA Az Ay As As Az Ag Ag Ao
AlOOO0OOT 1 O0 00

&
S O O O O O o o O
S O O O = O O = O
— O O O O O o o =
S O O O O O o o O
S O O O O O = O O
S O O O O O o o ==
S O O O O o o o <o
S O O = O O O O o
-0 = O O O O o o
S O O O O O o o O

Consider the state vector X in which Aj; that is free from being
watched alone is in the on state and all other nodes are in the off
state. Let X=(0010000 00 0). The effect of the state vector
X on the neuronal dynamical system N (Es).

XNEs) o (0110000000) = X, (say)
X,NEs) o (0110010000) = X, (say)
XN@Es) o (0110010000) = X5 = (Xo)

X, is a fixed point. In the resultant vector only the nodes A, and
Ag¢ becomes on state and all other nodes remain off, there by
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indicating that they live away from family and have no proper
counseling to spend the money they earn. Now we analyze the
effect of the state vector Y in which the attributes Ag and A, are in
the on state and all other nodes are in the off state i.e. Y =900 0 0
0110 00). The effect of state vector Y on the dynamical system
N(Es)

YN (Es) > (0100010100) Y, (say)
Y N(Es) > (0110010110) Y, (say)
Y,N(Es) > (0110010110) = Y;=Y,

a fixed point of the dynamical system. Thus we see the resultant
vector had made the nodes A,, A; to be in the on state and the Ay
node is an indeterminate and all the other nodes A;, A4, As, A
and A are in the off state; their by indicating that with no proper
counseling of spending the money they earn coupled with CSWs
their only recreation tells that they are away from the family with
no fear of being observed by friends and relatives however the
node no proper motivation/no higher aims in life remain as an
indeterminate state.

We have obtained the effect of the individual neutrosophic
cognitive maps now we find the effect of this 5 NCMs given by
the five experts where N(E) = N(E;) + N(E,) + N(E;) + N(E,) +
N(Es) and we study the effect of each of the state vectors and
draw conclusions based on our analysis

ArAs A Ay AsAg A Ag As Aug

AJO 003130200
AyJT 04T 111200
Ay]02 030000 21
Agfl1 000311122
As{0T 010001 01
Agl00 1.0 0001 00 I
A7[0 000000300
Ag|/0 000001010
Ag/0 00 000O0T 01
Apl0 00 0000 1 1 0]

N(E) is the combined neutrosophic connection matrix associated
with the combined neutrosophic cognitive map. Now we proceed
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on to study the effect of each and every state vector, which the
expert is interested.

We make the modification in the thresholding of the state
vector (ay, .., a,) if a;> 2 put 1, if a; <2 put 0. a; > 2I put I, a; < 21
put0,1+1=0,21+1=Tand 2+ 1= 1. (The thresholding of the
resultant vectors is sometimes based on the norms given by the
expert). Suppose C=(001 00 00 0 0 0) be the state vector in
which only the attribute Aj; is in the on state and all other vectors
are in the off state to study the effect on the dynamical system
N(E).

CN(E) > (0213000021)

= (0111000010) = C(say)
CN (E) > (I111100111) = C,(say)
C)N (E) o I1100I1111) = C5(say)
C3N (E) o I1100I1111)afixed point

which say A; and A4 are indeterminates and A,, A;, Ag, Ay
and A, come to on state with A, and As are in the off state. Thus
we see easy money and no proper counseling of how to spend and
save the earned money remains indeterminate state. Easy money
and no channelizing of mind, lack of knowledge about
HIV/AIDS, CSWs only recreation, no proper motivation for
higher aims in life and age a big disadvantage come to on state.

We analyze different state vectors using the Combined
Neutrosophic Cognitive Map (CNCM) and obtain conclusions
based on our study.

4.4 Combined block NCMs and their applications

Now for the first time we define four new types of combined
neutrosophic cognitive maps. These four techniques are mainly
used when the number of attributes under consideration are large.
Further it is difficult to obtain the neutrosophic directed graphs
when the number of associated attributes is a big number. The
directed graphs are difficult to be constructed using large number
of attributes. So we in this book introduce the four new types of
combined neutrosophic cognitive map techniques. First we define
the new notion of combined disjoint block neutrosophic cognitive
maps.
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DEFINITION 4.4.1: Let Aq,..., A, be n attributes for which the
neutrosophic cognitive map is to be constructed (n large and a
non prime) associated with some problem which is under
investigation. For the combined disjoint block model we divide
the n attributes into equal number of disjoint classes say C;,...,C:.
i.e., t/ n. Now each C; contains n/ t number of chosen A;; 1 <t <n.
(i =1, 2,..., t). To each of the classes C; we using the experts
opinion obtain the neutrosophic directed graph. Using these
neutrosophic directed graphs we obtain their related neutrosophic
connection matrices. This matrices are arranged in such a way we
obtain the n x n connection matrix. This connection matrix
represents the matrix associated with the Combined Disjoint
Block Neutrosophic Cognitive Maps (CDBNCM).

It is important and interesting to note that when the division
of n attributes Ag,..., A, are arbitrary but disjoint into say t
classes say C,, C, ..., C; where C; may have different number of
elements in them, where even n can be a prime number then we
call such structure also as combined neutrosophic block disjoint
cognitive maps here only the blocks need not contain equal
number of elements.

We illustrate as well as exhibit these models in the study of
the real world problem related with the HIV/AIDS migrant
labourers. Now we adopt this mathematical model in the analysis
of the conceptual nodes Py, P»,..., Ps given in chapter 2 page 57.

Suppose we study with equal classes of division. Say C; C,
and C3 where C1 = {Pla Pz, P3, P4, P5}, C2 = {P6: P7, P, Pg, PIO}
and C3 = {Pyy, Pyy, P13 Pyy Ps}.

This expert has already taken 15 attributes now we obtain the
neutrosophic directed graph using experts opinions for the classes
C], C2 and C3.

The neutrosophic directed graph given by the expert related
with the attributes Py, P,, P5, P4 and Ps is as follows:

The related neutrosophic connection matrix is

FIGURE: 44.1
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R0 1 01 0
P[0 01 1 0
P10 00 0O
P,{0 00 00
P00 0 1 0

Now we obtain the experts opinion on the attributes P¢, P;, Pg, Py
and Pyy. The related neutrosophic directed graph is

FIGURE: 4.4.2
The related neutrosophic connective matrix

F16 P7 P8 PQ Pl?

P01 1 00
P10 0 11
P[00 000
P00 0 0 I
Pol0 0 0 0 0]

The directed graph associated with the attributes Py; Py, Pi3 Py
and P;s as given by the expert is

FIGURE: 4.4.3



The related neutrosophic connection matrix

P11P12P13 P14 Pl§

0

S O o

1

S O O O

1 0

- o o O

|
|
0
0

0

S O o O
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Now we give the related combined block disjoint neutrosophic
connection matrix N (A) of the CDBNCM.

PP, P; P, Ps Pg

0

0
S O OO O OO O O o0 o o o o o
S O O O O O O O O O o o o o =
S O O O O O O O O o o o o~

S O O O O OO O o o = o o -

0

SO O O OO O O O oo o o o o

0

S O O O O O o o = O O o o o

3
\,

S O O O O O O o o = O o o o <o

P8 P9 P10P11 P12 P13P14P1_5

0

S O O O O O o0 o o0 —OoO o o o o
S O O O O O o O = O O o o <o

0

S O O O o o — o = O O o o <o

0

S O O = O O O O O o o o o <o

0

S O O O = O O O O o o o o o

0

-_—0 O O = O O O O o o o o <o

0

S O = — O O O O O O o o o o

0

S O O O O O O O O o o o o o

Using N(A) the dynamical system of the given model we study

the effect of state vectors.

Suppose S=(010000000000000) i.e., only the attribute
male ego is in the on state and all other nodes are in the off state.
To find the effect of S on the dynamical system N(A)
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SN(A) & (011100000000000) = S, (say)
SIN(A) > (011100000000000) = S,=S, (say)

Thus a person with male ego presumably treats women as inferior
object and one cannot say then they have bad company or bad
habits. The node A, remains as an indeterminate and all other
nodes remains in the off state. Suppose we consider the state
vector Y=(1000001000 1000 0) that is the nodes A;, A,
and A,; are in the on state and all other nodes are in the off state.
The effect of Y on the dynamical system N(A)

YN(A) o> (1101011011 10000) = Y,(say)
YNA)o (111101111011100) = Ya(say)
Y>N(A) o (111101111011110) = Ys(say)
Y;N(A) o (111101111011110) = Ya= Ys(say).

The hidden pattern of the dynamical system is a fixed point in
which the nodes A,, As, Ag, Ag, Aj> and A3z come to on state. The
nodes As, Ajg and A;s are 0 so they are in the off state. The nodes
A4 and Ag are in the indeterminate state. Thus when no binding
with family, gluttony food habits and visits CSWs the patient is a
male egoist, who treat women as inferior objects, they are men
with unusual desire for sex, with only physical activity, wants to
enjoy life and be in jolly mood, he has no close friends/ relatives
around him. One cannot say whether they enjoy bad company or
they have more leisure or they are sexual perverts.

Thus we see that the combined Neutrosophic disjoint block
cognitive maps works well when we consider different
combination of attributes from different class as the state vector.
This would be still more effective if the classes we reshuffled and
the maps and directed graphs and obtain their related matrices are
added. Now we apply it so another model given in page 42 to 52
of chapter 2.

Let A;, A,,..., A be the 12 attributes related with a
HIV/AIDS migrant labourer and the social and economic problem
he faces. Let us divide these 12 attributes in classes so that each
class has 3 attributes C; = {A; A Az}, C, = {Ay, As Ag}, C3=
{A7 Ag Ag} and Cy = {A g Ay App}.

Now we obtain an expert’s opinion on each of these classes
in the form of directed graph which is transformed on to a
connection matrix.
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The neutrosophic directed graph as given by the expert for
the attributes A;, A,, A; from the class C;.

/
/

/
/
/

FIGURE: 4.4.4

The related connection matrix

AL A A
A0 0 1
Al 01
A0 0 0

The neutrosophic directed graph as given by the expert for
the class Cy = {A4 As Ag}.

The related connection neutrosophic matrix is

A5 ;@

FIGIIRF-4 458

Ay As Ag
A0 1
As[0 0 1
As|0 0 0

The neutrosophic directed graph related to the class C; = {A7, As,
Ay} given by the expert.
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FIGURE: 4.4.6

The related neutrosophic connection matrix

A7 Ag A
A0 11
A0 0 1
A0 1 0

The directed neutrosophic graph associated with the class C; =
{A19 A1 A} given by the expert is as follows:

/)
/
/
/
/

FIGURE: 4.4.7

The related neutrosophic connection matrix is given below

AlOAllAlZ
Aof0 1 0
A 0 0 1
A,[0 0 0

Now we find the combined disjoint block matrix associated with
the classes C;, C,, C; and C4. Let N (B) denote the associated
neutrosophic 12 x 12 matrix related with the attributes A, A,,...,
A12.
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_Al A2 A3 A4 AS A6 A? AB A9 AlO All A1_2

ATO 01000000000
A1 01000000000
A0 00 00O0O0O0OOO 0O
A0 00O T 1 000000
As{0 00001 000O0O0O
A0 00 0000O0O0O0O0O
A /00O 0O0O0O0O0TT1000
A0 00 000O0O0TO000
AyJO O 00O0O0O0OT 0000
Agl0 0000000001 0
A /000 000O0O0O0O 0O 1
A0 0000000000 O

Now let us find the effect of the state vector (00101000110
0) = X on the dynamical system N (B) that is when the nodes Aj;,
As, Ag and A are in the on states and all other nodes are in the
off state. Consider

XN(@B) o (001011001110) = X, (say)
XNB) > (001010011110) = X, (say)
XNB) o (001010011111 = X (say)

X;NB) > (00101001111T)

X; (fixed point)

Xj is a fixed point. Thus we see the effect this state vector on the
dynamical system that is the resultant state vector is such that the
nodes A, Ay, A4, Agand A5 are in the off state. The nodes Ag, Aj;
and Aj, are in the indeterminate state. Apart from this no node
comes to on state a very rare situation.

Now we illustrate for the same two models by the combined
disjoint block neutrosophic cognitive models where now the block
length are not all equal. Each of the block length need not be the
same in general. Now we adopt this model in the study of the
migrant labourers affected by HIV/AIDS and their related socio
economic problems. The 15 attributes Py, P,,..., P;s given in page
57 of chapter two is taken.

Now let us consider the classes C; = {P| P, P; P4} = C, = {Ps
Ps, P7}, C3 = {Pg Py P1g Py; P1p} and Cy = {Py3 Py, Pys}.
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Now using the experts opinion we give the related directed
graph. The neutrosophic directed graph related with the attributes
Cl = {Pla Pza P35 P4}

@
FIGURE: 4.4.8

The related connection matrix.

Now neutrosophic directed graph by the expert related with
the class C2 = {Pg, Pé, P7}

/
7/
/
/
/
(= S

FIGURE: 4.4.9

The related neutrosophic connection matrix

Ps Pg P;
P[0 0 0
P10 1
P11 0

For the class C; = {Pg Py P;y Py; P} we have the experts
opinion given by the following neutrosophic directed graph.
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Pg

U
o
A\ 4

P11 )A T P12

<

FIGURE: 4.4.10

The related neutrosophic connection matrix.

Pg Py P1g P13 P,

M0 1 1 10
P00 00O
Pol0 0 0 1 0
P00 0 0 1
PLl0 1 0 1 0]

Now we give the neutrosophic directed graph of the class Cs
as given by the expert.

FIGIIRF- 4411

The corresponding neutrosophic connection matrix
P13 P14 P15
P3[0 1 1
Pyl 0 |
Ps|{0 0 O

Now we using the 5 neutrosophic relation matrices obtain the
related combined block disjoint neutrosophic cognitive maps
matrix of different length. Let us denote it by N(D)
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Pl P, Pz Py Ps Pg P7 Pg Py Pyg Pyy Pyp P13 Py Pls

P|1O1'1 000 O0O0O0O0OO0OOOUO0OO
P,10 01 0 0000 0O0O0OUOOO
P,/00OOOOOOOOOOOO0OU 0O
P,10 01 0 0 0000 0O0O0OO0OO0O
Psi10O 0O 0OOOOOOOOOOO0O 0O
PO OOOTI O10O0O0O0O0OO0OO0O0
P,{1OOOO0OT11O0O0O0O0O0O0OO0O0O
P10 0OOOO0OO0OOOT1TI1T1TO0O0O0O0
P,1OOOOOOOOOOOOO0O0O
PO O OO OO OOOOT1O0O0TO0O0
P,{/O 0O OOOOOO0OO0OOOT1UO0TO0O
P,10O0 0O OO OOOOT1UO0T1TTO0OO0O0O0
P30 000 0OOOOO0OO0OO0OOOT11
Ps/0 00O OO OOO0OO0OO0OOT1 01
Ps/O 000 0OO0O0O0O0OO0OO0OOO0 0]

Consider the state vector X =(001000100010001)
1.e., the nodes P;, P;, Py; and P;5 are in the on state.

The effect of X on the neutrosophic dynamical system N (D)

XN o (001011100011001) = X, (say)
XND) > (001001101011001) = X, (say)
Xo,N(D) & (001001101011001) X; (=X,)

X, is a fixed point. Thus the hidden pattern for this state vector is
a fixed point.

We see when the nodes women as inferior objects, food
habits, visits CSWs and failure of agriculture to be in the on state
and all other nodes are in the off states we see that the nodes Py,
Py, Py, Ps, Pg, Pyg, Pi3 and Py remain in the off state there by
indicating that no binding with family, male chauvinism, bad
company and bad habits, socially irresponsible, more leisure, only
physically active, unreachable by friends or relatives and sexual
perverts remain unaffected only the nodes P and Py come to on
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state; that is uncontrollable sexual feelings and no work for brain
are the nodes which influence P;, P;, Py; and P;s. One can use any
state vector and derive the conclusion.

Now we model the 12 attributes given in page 42 to 53 the node /
concepts related with an HIV/AIDS affected migrant labourer. Let
A1, As,..., Aj; be divided into classes of different cardinalities i.e.,
each block does not contain same number of attributes.

Let
Ci = {ATAY A AL A,
C = {AcA7Ag)

and C = {AjApAnAp).

Now using the opinion of the expert we give the neutrosophic
directed graph and their related connection matrix.

The neutrosophic directed graph related with the class C, =
{Al, A2 A3 A4 A5} is an follows.

FIGURE: 4.4.12

The related connection matrix

AL A, Ay A A

Ao T 110
A0 0 010
A0 0 0 1 1
A0 1100
As[1 01 0 0

Now we give the neutrosophic directed graph given by the expert
for the class C, = {Ag A7 Ag}.
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A7 <
FIGURE: 4.4.13

The related connection matrix

As A7 Ag
A0 1 1
A1 0 1
Agl1 1 0

Now the directed graph and the connection matrix for the class C;
= (Ag A]() A11 A12) as given by the expert

FIGURE: 4.4.14

The related connection matrix is as follows.

AQ AlO All A12

A0 1 00
Aol 0 0 0
Ayl 0 01
A,[0 0 0 0

Now using these three connection matrices we give the related
connection matrix of the combined block disjoint neutrosophic
cognitive maps of varying length



175

_Al A2 A3 A4 A5 A6 A7 AB A9 AlO AllAEZ

ATO 1T 1100000000
AJO 00100000000
AJ00 0110000000
AJO1 1000000000
As{1 01000000000
A0 00 00O0T 10000
A 00O 0O0O0T1 010000
A|00 0001100000
AyJO 00 0O0O0O0O0O0TO0O
Agl0 00000001 00 0
A /00 0000O0O0TO0O0°1
A0 0000000000 0

Let N(E) denotes the relational connection matrix. Let us
consider the state vector X =(01 0000100 0 1 0) that is A,,
A5 and A, are in the on state and all other attributes are in the off
state; the effect of X on the neutrosophic dynamical system N(E)

XN(E) S (010101111011)
XN@E) o (011101111011 = X,(say)
X,N@E) o (011111111111 = X;say
X;NE) o (I11111111111) = X,
X,NE) o (11111111111 = Xs
XsNE) o Q11111111111 = Xe=(Xs)

Thus the hidden pattern of the dynamical system is a fixed point.
All the state vector become on when the attributes A,, A; and A,
are in the on state so these three nodes are sufficient to make all
the nodes on.

Now we proceed onto define the two new notions about
combined block over lap neutrosophic cognitive maps of same
length and different length:

DEFINITION 4.4.2: Consider a set of nodes / attributes A;, A,,...,
A, to be analyzed using the combined overlap block neutrosophic
maps using blocks of same length, let us divide the attributes A;,
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A,..., A, in to m classes with a overlap of s elements ie Ay, A,,...,
A, is divided into classes Cy,..., C,, where we have number of
elements in each C; is s where there are common elements
between the C;’s and C;+1’s. Now we using the experts opinion on
each of these classes obtain the neutrosophic directed graph and
their related neutrosophic connection matrix relative to
COBNCM.

We arrange these neutrosophic connection matrices into a n
x n combined neutrosophic connection matrix.

Now instead of making the number of elements in each C; to
be the same we can have different number of elements in each C;
and also for any distinct C; and Ci.; we may have different
number of elements in C; » Ci+1. The neutrosophic directed graph
is drawn for each of these C; and their corresponding
neutrosophic connection matrix is obtained. These neutrosophic
connection matrices are combined and a n x n neutrosophic
matrix is obtained which is termed as the combined overlap block
neutrosophic matrix relative to the combined overlap block
neutrosophic cognitive maps (COBNCM) of varying block sizes.

Now we illustrate these two models by the neutrosophic
relation between the HIV/AIDS migrant labourers and their
related socio economic problem. Let Py, P,,..., P;5 be the
attributes given in chapter two in page 57. Now we divide them
into classes Cy, ..., Cs where

C, = {PP,P;P,Ps}, C, = {P4PsPsP;Ps},
C; = {P;PgPyPoPy}, Ci4 = (PP PaPi3Puy
and Cs = {P;3 Py Pis Py Poj.

Now using the experts opinion we obtain the neutrosophic
directed graph for each of these classes. The neutrosophic directed
graph for C, as given by the expert is

FIGURE: 4.4.15



The related connection matrix is

P, P, Py P, Ps

0

S = o -

0

S O O O

0

—_— O O =

0

- O O O

0

S = O O
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The experts opinion on the class C, in the form of the
neutrosophic directed graph

()

H N
N
N
N
. .H\

FIGURE: 4.4.16

The related connection matrix is

P, Ps Pg P; Pg

1

- o o O

0

_— = O O

0

S O = O

1

S O o O

The experts opinion on the class C; = {P; Pg Py Pyy Py;} in the

form of the neutrosophic directed graph

FIGURE: 4.4.17
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The related neutrosophic connection matrix

P7 Pg Py P1y Py

Pio
P

The directed neutrosophic graph related to the class C4 = {Pj Py,

Py P13 Pua}.

1

S O o O

1

(= =R =]

1

[ - =)

S = O O =

FIGURE: 4.4.18

The related neutrosophic connection matrix

Now we give the directed graph for Cs = {P3 P14 P15 Py P»}.

_P10 Pll PlZ P13 P1_4

0

S o o -

1

- O o O

0

S O O =

0

O O = =

0

S = O =

FIGURE: 4.4.19




The related connection matrix

_P13 Pl4 P15 Pl P_Z

0

S = O O

1

_—— O O

0

S = O O

- o O o O

0

S O O O
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Now we give the combined connection matrix related with
the combined overlap block NCM.

Pl PZ P3 P4 PS PG I:)7 PS P9 PlO PllPlZ Pl3 Pl4 P1§

0

P4
Pis

Y
S O O O O OO o oo o o o~ o — O
S O O O O O O O O o o o o <o

0

S O O O O O O O o o = o o

0

S O O O O O O o O O o o o

0

S O O O O O O — O O O b o o

0

S O O O O O o = = O O O o <o

0

SO O o o oo o —_ O = O O o ©

0

S O O O O O o o o o o —= o O

0

S O O O O 2 O O O O o o o <o

0

S O O = — O = O O O O O o <o

0

— O O O O N B O O O O O O O

0

S O O O = O O O O o o o o <o

1

S O O = = O O O O o o o o o

1

S O N O = O O O O o o o o~

1

S O O O O O O o O o o o o <o

Let us denote this neutrosophic connection matrix for the
combined overlap block NCM by N(O). Now consider the state
vector X=(01000001010010 1) where the attributes A,,
Ag, Ay A3 and A5 to be in the on state and all other nodes are in
the off state. The effect of X on the dynamical system N (O) is

given by

XN@©O) =

grrofrrrrr1otrtn

X (say)



180

X;NO)> (110110011111111) = X, (say)
X,N©O)os (110110111111111) X; = (Xo)

Thus the hidden pattern is a fixed point of the dynamical system.
When male chauvinism, more leisure, only physically active,
unreachable by friends and relatives and failure of agriculture is in
the on state that is the HIV/AIDS patient all the five attributes
only and all other attributes are in the off state we see, the
attribute whether he has no binding with the family is an
indeterminate, also whether he has bad habits and bad company is
also an indeterminate. The concept of socially irresponsible and
he is glutton remains as indeterminates. The nodes women as
inferior objects, uncontrollable sex feelings are in the off state. All
other states become on that is he has no work for the brain, visits
CSWs, enjoys life and they are sexual perverts.

Several other state vectors can be substituted and conclusions
arrived at based on them. Now we depict the same model with the
attributes Ay, A,,..., Ajp given in pages 42 to 52. Let us take the
attributes A, A,,..., Ay, and divide them into blocks of equal
length but with over lap.

Ci = {AL A A Ay, G = {A3, Ay, As Ag},
Cs; = {As, Aq, A7 Ag}, Cs = {A7, Ag, Ag Ay}
Cs = {Ag, A, At Aptand Cg = {Aj, A, Aj Ay}

and using the classes C,, C,,..., Cy find using the experts opinion
the neutrosophic graph and their related connection matrix using
which we would find the combined overlap block NCM of blocks
of equal sizes.

The neutrosophic graph related with class C; = {A|, A,, A,
A4} given by the expert is as follows.

FIGURE: 4.4.20
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The related connection matrix is
AL A, Az A
Al0O 1 0 1

0
Al
0

S = O
oS o O

0
|
0

Next we give the neutrosophic directed graph for C, = {A; A As
Ag} given by the expert.

FIGURE: 4.4.21

The relational matrix associated with the above graph.

As Ay As Ag
AJO 0 1 0

1
A1
1

S O O

|
0
0

(= =

The directed graph given by the expert related to the class C; =
{As Ag A7 Ag}.

FIGURE: 4.4.22
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The related matrix

As As A; Ag
Asfo 1 1 1
A0 0 1 0
A [0 0 0 1
A0 0 1 0

The directed graph associated with {A; Ag Ag Ao} is as follows

FIGURE: 4.4.23

The related connection matrix

A7 As Ag A
AlO 1T 1 0
A0 0 I 1
A0 0 01
Agll 0 0 O
The directed graph given by the expert for the attributes {Aq Ao
All AIZ}-

Ag A10

FIGURE: 4.4.24
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The related connection matrix

A9A10A11A12
A0 1 1 0
Agl0 0 1
Ayl0 0 0
A,|0 0 0

S = O

For the attributes Cs = {A}}, A2, A; Ay} and the related graph is
as follows:

FIGURE: 4.4.25

The related connection matrix

A11A12A1A2
Ao 1 0 0
A,|0 0 0 1
Alo 100
Al 110

Using all these connection matrices we obtain the combined block
overlap neutrosophic cognitive map.

Let us denote this 12 x 12 matrix O(A).
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_Al A2 A3 A4 AS A6 A7 AB A9 AlO All A1_2

AJO 10100000001
A1 0000000001 1
A;J1 101 10000000
AJO0O 1T 01 0000000
A0 01T 002110000
A0 01000100000
A0 00000021000
A0 0O 0OO0O0O0T1O0T1 000
A0 O 0OO0O0O0DO0O0GO02T1 1
Agl0 000001 000T0
A0 0000000O0O0TO0 2
A0 1.0 00000O0O0O0 O

Using this matrix we obtain the effect of any state vector.

Suppose X ={1 0000100001 0}, that is the nodes A;,
Ag and A, are in the on state and all other nodes are in the off
state. To find the effect of X on the dynamical system O(A)

XO(A) o (111101100011) = X; (say)
X,0(A) o (111111111011} = X, (say)
X,0(A) o (I11111111111) = X;(say)
X;0(A) o (I11111111111) = X, (say)
X,0A) o (A11111111111) = Xs(=Xy

Thus the resultant vector is a fixed point which has made all
nodes on or indeterminate. Now as the final illustrations we
describe the newly defined combined block overlap NCM with
blocks of varying length. Now we consider the same case where
the attributes associated with the HIV/AIDS migrant labourer is
taken as P P, ..., Pys5. (Page 57 of chapter II).

Now we divide the 15 attributes into classes

C, = (PiPyP3PyPs), C; = (PyPsPsP;PgPyPy),
C; = (PoPypP;P), C4o = (PioPiPiaPi3P14Pys)
and C5 (P15 P1 P2 P3 )
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Now using these attributes in these 5 classes we give the
neutrosophic directed graph given by the experts. The directed
graph related with the attributes {P, P, P; P, Ps}.

N\
N\
\

P. =® ™ Ps

FIGURE: 4.4.26

The related matrix

P, P, Py P, Ps

P01 000
P11 01 00
P00 0 0 I
P11 00 I
P00 1 0 0

The directed graph given by the expert related with the attributes
Cy = {P4 P5 Ps P; Pg Py Py}

FIGURE: 4.4.27

The related connection matrix is
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P4 Ps Ps P7 Pg Py Py

P,JOO1 00000
Ps{1 0001 00
P00 0100 1
P00 1 01 11
P00 000 O 1
P[00 0OO0OO0O0O
Pol0 0 1.0 0 0 0]

using the experts opinion we have the following directed graph
for the attributes C3 = {Pg P10 P11 Pl2}-

FIGURE: 4.4.28

The related connection matrix

P9P10P11P12
P01 10
PolO 0 1 0
P[0 0 0 1
P,{0 0 I 0

The directed graph related to the attributes in Cy; C4 = {Po P11 P12
Pi3 Py Pis}.
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FIGURE: 4.4.29

The related connection matrix

P1 0

_PIO I:’11P12 P13P14P1§

1

S O O O = O

S O O O O

0

(= e =

1

S O O O =

00
10
0 1
11
00
0 0]

The directed graph related with the final class of attributes Cs =

{P15 PP, P3}.

FIGURE: 4.4.30

The related connection matrix

P15 Pl P2 P3

Ps|0
P |1

0

0

1
0
0

0

O = =



188

Now we give the connection matrix of the combined block
overlap NCM with blocks of varying length

_Pl P2 P3 P4 P5 P6 I:)7 PB PQ PlO P11P12 PlS Pl4 Pl§

P02 100000000000 1
P,/ 0200000000GO0O00O0O0
P10 0O OOT1O0O0O0O0O0O0O0O0O0 I
P/[1 1 001 000000O0GO0GO0O
P[0 0O 1 10001 0000000
P10 0O OOO0DO0OT1O0O0TIO0O0O0O0O0
P{00O0OO0OOTLO0OT1T1100000
P[0 0O 0OO0DO0OO0O0O0O0O0O0O0O00
P[0 0OO0OO0DO0OOOOTI1O0O0O0GO0O0
PolO 00001 000010100
PO OOOODO0OOODOTOTILT1T10
P,/OO OO 0OO0O0O0O0OO0GO0O0O0O0 I
Ps/0 00 0O0O0O0O0OO0O0OO OO0 1 1
P,/JOOOO0OO0O0OO0OOO0O0O0GO0O0O0
Ps[0 000 00000O0TO0O0O0 O

Now we study the effect of any state vector on the dynamical
system N(O;) where N(O,) represents a 15 x 15 matrix.

For consider the sate vector A;, As, Ag A;; and A;s in the on
state and all vectors with off state

X = (100010001010001)

The effect of X on the dynamical system N(O,) is given by

XN@©) o (111110011111111) = X, (say)
X;N©O) o (@11111011111111) = X, (say)
XoN©O;) o (11111111111 1111) =  X;(say)
XsN@©) o (I11111111111111)
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The hidden pattern is a fixed point of the system. Using the
resultant vector any reader can interpret the resultant vector.

Next we model the problem given in page 42 to 53 of chapter
two using the combined block overlap NCF.

Let Ay, Ay, ..., A}, be taken as in page 42 to 53. Now divide
Ay, A,,..., A into overlapping classes of different lengths.

Let C1 = {Al A2 A3 A4 A5 A6}, C2 = {A5 A6 A7 Ag} and C3 =
{As Ag Ajg Al A Ay, Ayl

Now using the experts opinion we find the related connection
matrix from the neutrosophic graph given by them for the 3
classes of attributes C; C, Cs.

The directed graph related to C; = {A; Ay Az Ay As Ag} is

FIGURE: 4.4.31

The related neutrosophic connection matrix

AL A, Ay Ay A A

ATO 1 1 1 11
AJO 001 00
A0 00 0 1 1
AJJO 1 0000
A0 0 0 0 0 1
A0 0 0 0 1 0

The neutrosophic directed graph related with C, = {As Ag A7 Ag}
as given by the expert.
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FIGURE: 4.4.32

The related connection matrix.

Now using the class C; = {Ag Ag Ajg Aj; App Ay Ay} we form the
neutrosophic directed graph using the experts opinion.

FIGURE: 4.4.33

Now we give the relational connection matrix associated with the
directed graph.



_AB A9 AlO All A12 Al AE

S - O o o - O

1

S O O = O O

1

S = O O O O

0

S O O O o O

0

- o O = O O

0

S O O O O O

0

S O O O O O
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Now we find the matrix related with combined block over lap

NCM.

AL A2 A Ag As As Ar As Ay AnAuAr

S O O O O O O o o o o o

S O O O O O o o = O O

1

S O O O O O o o o o o

1

S O O O O O O o o o =

1

S O O O O = N O O = O

1

S O O O = O O NN O = O

0

S O O O = O = = O O O

1

S O O — O O = = O O O

0

S = O O = O O O O o o

1

S O O O = O O O O o o

0

S O O O O O o o o o o

0

S = O O O O O O o o

Now we can study the effect of each and every state vector. Let us
denote this 12 x 12 by matrix by N(R).

Let us consider the state vector X=(11000101000 1).
The effect of X on the system N (R) is given by

XN (R) <

(111111111101)
X, NR)o (111111111101)

X (say)
X3 (= X say)
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This is a fixed point. Thus when the nodes A, A,, A, Ag and A,
are in the on state in the input vector we obtain a resultant in
which all nodes come to on state except A;;. Hence these five
nodes have effect on all nodes except Ay;.

The interested reader can construct a C program for NRM
and CNRM as in case of FRMs and CFRMs given in appendix 7
and 8 of this book.



Chapter Five

USE OF FRM AND NRM TO
STUDY THE HIV/AIDS
AFFECTED MIGRANT
LABOURERS AND THEIR SOCIO
ECONOMIC CONDITIONS

In this chapter we study the socio economic conditions and its
relation to the HIV/AIDS affected migrant labourers. The main
observation from our study is that the migration of the labourers
has resulted due to unemployment problems mainly the failure of
agriculture. Thus these people with least knowledge about the
urban life and the evils of urban society come for livelihood and
with a mission for earning for the family but unfortunately they
learn all the evils of the urban society and specially became
victims of HIV/AIDS as their only and sole recreation and past
time after work hours is sex by visiting CSWs.

Urban people are cleaver and well aware of HIV/AIDS so
they go for protected sex on the contrary these rural male go for
unprotected sex by not only infecting themselves but their wife’s
and children in due course of time. This is one of the major
reasons that only rural poor uneducated flood the hospital and we
saw most of them in a very pathetic state. Majority of them (90%
of them) came to know about HIV/AIDS and its incurability only
after they had become infected by it. With a great fear to let the
family know they kept it in dark even from their wives and
unfortunately infected them.

Thus over 95% of the women who have been infected by
HIV/AIDS from rural areas were only infected by their husbands.
As the men to woman transmission is very fast i.e., 24 times
greater than woman to man transmission these infected women
became full blown HIV/AIDS patients in a span of 6months to 5
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years, and they came for treatment only when the disease had
become chromic in them.

Thus here we study the problem using FRMs and NRMs.
This chapter has six sections. In section one we define we define
FRM and study this model using FRM. In this section several
experts opinion are used and the combined FRM model is also
used to find the conclusions. In section two we for the first time
define the notion of linked FRM and its applications. We define
for the first time the new notions of combined block disjoint FRM
and combined block overlap FRM and use them to study this
model.

This is done in section three of this chapter. In section four
we introduce NRM and study the problem using them. In section
five we introduce the new notion of linked neutrosophic relational
maps and apply it in the case of the social problems faced by the
HIV/AIDS patients. For the first time we define the notions of
combined block disjoint neutrosophic relational maps and
combined block overlap neutrosophic relational maps and study
them and adopt them in this model. This analysis is carried out in
section 6 of this chapter.

5.1 Use of Fuzzy Relational Maps in the Study of Relation between
HIV/AIDS Migrants and their Socio Economic Conditions

The notion of FRM is new it was defined in [110, 111]. We just
recall the basic definition of FRM. We introduce the notion of
Fuzzy relational maps (FRMs); they are constructed analogous to
FCMs described and discussed in the earlier sections. In FCMs we
promote the correlations between causal associations among
concurrently active units.

But in FRMs we divide the very causal associations into two
disjoint units, for example, the relation between a teacher and a
student or relation between an employee or employer or a relation
between doctor and patient and so on. Thus for us to define a
FRM we need a domain space and a range space which are
disjoint in the sense of concepts. We further assume no
intermediate relation exists within the domain elements or node
and the range spaces elements. The number of elements in the
range space need not in general be equal to the number of
elements in the domain space.

Thus throughout this section we assume the elements of the
domain space are taken from the real vector space of dimension n
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and that of the range space are real vectors from the vector space
of dimension m (m in general need not be equal to n). We denote
by R the set of nodes Ry,..., R, of the range space, where R =
{(X1so s Xm) |X;=00r 1} forj=1,2,...,m. Ifx;= 1 it means that
the node R; is in the on state and if x; = 0 it means that the node R;
is in the off state. Similarly D denotes the nodes Dy, D,..., D, of
the domain space where D = {(xy,..., X;) | xj=0or1} fori=1,
2,...,n. If x; =1 it means that the node D; is in the on state and if
x; = 0 it means that the node D; is in the off state.
Now we proceed on to define a FRM.

DEFINITION 5.1.1: A FRM is a directed graph or a map from D to
R with concepts like policies or events etc, as nodes and
causalities as edges. It represents causal relations between spaces
DandR.

Let D; and R; denote that the two nodes of an FRM. The
directed edge from D; to R; denotes the causality of D; on R;called
relations. Every edge in the FRM is weighted with a number in the
set {0, #1}.

Let e;; be the weight of the edge DiR;, & {0, #1}. The weight
of the edge D; R; is positive if increase in D; implies increase in R;
or decrease in D; implies decrease in R; ie causality of D; on R; is
1. If ¢ = 0, then D; does not have any effect on R;. We do not
discuss the cases when increase in D; implies decrease in R; or
decrease in D; implies increase in R;.

DEFINITION 5.1.2: When the nodes of the FRM are fuzzy sets then
they are called fuzzy nodes. FRMs with edge weights {0, #1} are
called simple FRMs.

DEFINITION 5.1.3: Let Dy, ..., D, be the nodes of the domain
space D of an FRM and Ry, ..., Ry, be the nodes of the range space
R of an FRM. Let the matrix E be defined as E = (g;) where gj; is
the weight of the directed edge DiR; (or RiD;), E is called the
relational matrix of the FRM.

Note: It is pertinent to mention here that unlike the FCMs the
FRMs can be a rectangular matrix with rows corresponding to the
domain space and columns corresponding to the range space. This
is one of the marked difference between FRMs and FCMs.
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DEFINITION 5.1.4: Let Dy, ..., D, and Ry,..., R, denote the nodes
of the FRM. Let A = (ay,...,a,), & € {0, #1}. A is called the
instantaneous state vector of the domain space and it denotes the
on-off position of the nodes at any instant.

Similarly let B = (by,..., by) by € {0, #1}. B is called
instantaneous state vector of the range space and it denotes the
on-off position of the nodes at any instant a; = 0 if a; is off and a;
=1lifaisonfori=1, 2,..., n Similarly, b; = 0 if b; is off and b; =
lifbjison, fori=1, 2,..., m.

DEFINITION5.1.5: Let Dy, ..., D, and Ry,..., Ry, be the nodes of an
FRM. Let DiR; (or R; D;) be the edges of an FRM, j =1, 2,..., m
and i=1, 2,..., n. Let the edges form a directed cycle. An FRM is
said to be a cycle if it posses a directed cycle. An FRM is said to
be acyclic if it does not posses any directed cycle.

DEFINITION 5.1.6: An FRM with cycles is said to be an FRM with
feedback.

DEFINITION 5.1.7: When there is a feedback in the FRM, i.e.
when the causal relations flow through a cycle in a revolutionary
manner, the FRM is called a dynamical system.

DEFINITION 5.1.8: Let D; R; (or Rj Dy), 1 <j <m, 1 <'i <n. When
Ri (or Dj) is switched on and if causality flows through edges of
the cycle and if it again causes R; (orD;), we say that the
dynamical system goes round and round.

This is true for any node R; (or D;) for 1 <'i <n, (or 1 <j <
m). The equilibrium state of this dynamical system is called the
hidden pattern.

DEFINITION 5.1.9: If the equilibrium state of a dynamical system
is a unique state vector, then it is called a fixed point. Consider an
FRM with Ry, Ry,..., Ry and Dy, Dy,..., D, as nodes.

For example, let us start the dynamical system by switching
on R; (or D,). Let us assume that the FRM settles down with R;
and R, (or D; and D,) on, i.e. the state vector remains as (1, O,
. 0,1)inR(or1,0,0,...,0,1) in D), This state vector is called
the fixed point.

DEFINITION 5.1.10: If the FRM settles down with a state vector
repeating in the form
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AL >A, »>A; > ... »A - A (orB; B, »...—»B; »B))
then this equilibrium is called a limit cycle.
Methods of Determining the Hidden Pattern

Let Ry, Ry,..., Ry, and Dy, D»,..., D, be the nodes of a FRM with
feedback. Let E be the relational matrix. Let us find a hidden
pattern when D, is switched on i.e. when an input is given as
vector A; = (1, 0, ..., 0) in D, the data should pass through the
relational matrix E. This is done by multiplying A; with the
relational matrix E. Let AE = (1, 15,..., 1), after thresholding
and updating the resultant vector we get A E € R. Now let B =
AE we pass on B into E' and obtain BE'. We update and
threshold the vector BE' so that BE' eD. This procedure is
repeated till we get a limit cycle or a fixed point.

DEFINITION 5.1.11: Finite number of FRMs can be combined
together to produce the joint effect of all the FRMs. Let E,,..., E,
be the relational matrices of the FRMs with nodes Ry, Ry,..., Ry
and Dy, D,,..., D,, then the combined FRM is represented by the
relational matrix E = E;+...+ E,.

Of the 60 HIV/AIDS infected migrants labourers interviewed
only one was infected by his wife who was a cook and 3 persons
were infected on their jolly trips to enjoy life. Thus all the 56 of
them were infected only in their work place i.e., a place away
from their hometown. It is also more important to mention that all
the 59 of them were infected only by CSWs and several of them
acknowledged that they visited CSWs innumerable number of
times.

Thus their social conditions in urban life made them visit
CSWs and become HIV/AIDS victims. The urban society so
detached from the rural ones for the busy state of city never
bothers about the happenings in the neighbourhood. This
alfooness, uncared lonely life had lead the rural people to go for
CSWs.

Also being from poor or lower middle class they stay in very
ill furnished places and when the chance of them having a T.V
even in their house is impossible it is still an impossibility to have
a T.V. set so that they can spend their leisure in watching it. Thus
their only spare time job is visiting CSWs.
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For some when they live in an urban place which is not Tamil
Nadu, the problem of language also plays a role forcing them to
CSWs, as they cannot have the satisfaction of watching other
language movies. As they are basically uneducated and poor do
not have the facility of visiting tourist spots or place of
importance to while away their spare time in good and
constructive activities.

Thus after the work hours for majority of them CSWs was the
only pastime. Being unaware of HIV/AIDS had unprotected sex
coupled with all other bad habits became a victim of HIV/AIDS.
The spread of HIV/AIDS was faster as most of them suffered
from STD/VD, so the infection to HIV/AIDS to them was direct
through blood.

Now using FRMs and NRMs we study the socio economic
problem of HIV/AIDS affected persons.

We first take the opinion of an expert and study the problem
using FRM. We take the following attributes as the nodes of the
domain space) of Fuzzy Relational Maps which gives the
problems faced by the migrant labourer from rural areas. D = {D,,
D,, D3, Dy, Ds, ..., Dg} where Dy, Ds,..., Dg are described.

D, - Poverty

D, - Failure of Agriculture

D; - No awareness about HIV/AIDS

D4 - More leisure after work hours

Ds -  Away from home for weeks

D¢ - No association for migrant labourers

D; - No alternatives provided by government.

Dg - No fear of being observed by friends or relatives

in urban life style.

The attributes taken for the range space are {R; R, R3 R4y Rs}

R; - Migration to City (Cause of)
R, -  Visiting as labourers CSWs
R; - Bad Company

R4 - Easy victims of bad habits
Rs -  Easily affected by HIV/AIDS.

We take an experts view who is a migrant labourer affected /
infected by HIV/AIDS.

The directed graph related with this expert’s opinion is given
in the next page.
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FIGURE: 5.1.1

The expert himself agrees that mainly no one observes them
they are totally free so only they choose easily take up to all bad
habits. The expert was in late twenties.

Also he says most of them are unaware of methods to save
money they earn and spend in the same way. Some say they get
some advance or an amount deducted by their employer, which is
given to them when they go home for a week or 3 to four days. So
they freely spend the money they earn daily. Except the truck
drivers majority of these labourers are only daily wagers. They
say the place they stay after work hours is very inconducible so
only they go for CSWs.

Almost 95% (58 out of 60) of these persons drink alcohol
daily. They also acknowledge that when they visit CSWs they are
fully drunk. Thus this opinion of his was sought after discussion.
He felt this was the problem faced by migrant labourers of his age
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group. Some were just married or married for 5 to 6 years so they

invariably went to CSWs for sex.

We give the related matrix E of the directed graph given in

figure 5.1.1.

R:1 R2 R3 R4 Rs

S = O O O O = =

0

1
1
1
1
0
0
1

0

—_—0 = = = O O

0

_—O = = = OO

0

S O = O O = O

Let E denote the connection matrix of the FRM. Now we
study the hidden pattern of the dynamical system E. Suppose we
consider the on state of the node D, i.e., failure of agriculture and

all other nodes are in the off state.

Let

X

(0100000 0).

The effect of X on the dynamical system E is given by

XE
Y,E"
X,E
Y, E"
X, E
Y;ET

XE

¢

¢

¢

¢

(3N

(39

(11000)
(111111011)
(11111)

(11111111)

(11111)

a1111111)
of the hidden pattern. Thus

(11111).

Y, say
X, say
Y, say
X, say
Y; say
X3 =X, a fixed point

Thus we get the pair of resultant vectorstobe {(1 111111
1), (11 1 1 1)}. Thus the only node failure of agriculture has lead
to the on state of all others nodes except poverty and no
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alternatives provided by the government. For when they go for job
in urban area due their earning poverty may not exists. Once they
have taken up jobs in cities it is immaterial whether the
government is providing them with some alternatives or not for
they have taken their own course of action. Once they face failure
due to agriculture they see all the range space coordinates come to
on state.

Now consider the on state of the state vector “easy victims of
HIV/AIDS” i.e., Ry is in the on state. The effect of R4 on the
dynamical system E is given by the following procedure

Let

T = (00010)

TE' < (00011101)= S (say)
SE > (01111) = T, say

TE" o (01111101)= S, (say)

SE o (11111 = T,(say)
T,E" (11111111) S, (say)
S;E o (11111).

¢

Thus the resultant vector is a fixed point given by {(1 111 1
111),(11111)}. Thus when the coordinate easy victims of the
disease HIV/AIDS is in the on state all other co-ordinates come to
the on state i.e., they are easy victims as they are away from the
family, poverty, no awareness, more leisure, no fear of being
observed by the family failure of the agriculture. Several such
conclusions can be obtained using the hidden pattern of the
dynamical system.

Next we use a second expert's opinion to study the problem:
The causes of migrant labourers vulnerability to HIV/AIDS and
the role of the government. We model this using Fuzzy Relational
Maps. The role of government is taken as the domain space and
that of the migrant labourers vulnerability to HIV/AIDS as range
space.

ROLE OF GOVERNMENT
D, - Awareness program about HIV/AIDS in rural

areas where most people  are  uneducated s
insufficient.
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D, - No alternative job provided to rural agricultural
labourers when agriculture fails.

D; - Failure to stop mislead agriculture techniques.

D, - No for sight by the government to take
precautionary measure from the past experience.

Ds - Failure to stop functioning of CSWs. When
CSWs flourish no steps taken to test them for
HIV/AIDS and give them free medical aid and
help them to use condoms.

D¢ - Government does not help rural uneducated
agricultural labourers even after migration.

The attributes given by the expert that causes the migrant
labourer vulnerability to HIV/AIDS.

R, - No education / No awareness.

R, - Cheap availability of CSWs.

R; - Away from family for weeks.

Ry - Superstition about sex / profession.

Rs - No union to channelize them and advice about
HIV/AIDS.

R¢ - Not watched by people in city and unaware of

the disease.

R, - No job in native place.
Rg - Free availability of alcohol.
Ry - Infertility of land, so labour contractors take

advantage of poverty.

Ryo - No proper medical aid by government /
counselling.



The directed graph related with this experts opinion.

FIGURE: 5.1.2

The related connection matrix

"RiR2R3 Ry Rs Rg R7 Rg Rg Ry

S O O o o =

0

S = = O O

0

S O = O O

1

S O O O O

0

- o O O O

1

S O O O O

0

(= e =

S = O O O =

S O O = = O

S O O O o =
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Let F denote the 6 x 10 connection matrix. The effect of the

state vector
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X = (001000),

i.e., the attributes A; is in the on state and all other nodes are in
the off state

XF S (0000000010) = Y (say)
YF' o (011000) = X, say
X, F o (0000001010) = Y, say
YF' o (111000) =  X,say
XF o (1001011111) = Y,say
Y- FT o (111010) = Xjsay
X;F o (1111011111) = Y
Y;ET o (111110) = X,
XF o (1111011111) = Y,say
YF' o (111110) = Xs=X,

Thus we get a binary pair, which is a fixed point of the
dynamical systemi.e., {(111110),(1111011111)}. Thus
because of the government failure to stop mislead agricultural
technique all nodes except Dy in the domain space and in the
range space Rs and all other states are onto the on. For more
please use the program in C given in the appendix 7 of the book
and work for the resultant vectors. However we have worked with
several state vectors to obtain the conclusions given in chapter
VIIL

To study the HIV/AIDS and its relation with migrant labour
we first enlist the Risk/ problems faced by the migrant labourers
in the new place where he has temporarily migrated for job are:

M, - Bad company and Bad Habits.

M2 — CSWs.

M; - No proper union for the migrant labourers.

M, - Living in totally different set up (different from)
the village life.

Ms - lack of education.

My - Away from family for work.

M; - No fear of being observed.

Mg - No higher motivation in life.
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My - No way to engage themselves after work hours.

My, - Their place of stay after work hours in very
inconducive.

Let us consider these ten attributes M, ..., M;, as the nodes

related with the domain space. We describe each of the attributes
now.

M; — Bad company and Bad Habits

The migrants from rural areas become easy victims to bad
company and bad habits. They after work hours take up to alcohol
as it is a way to help them to go to sleep as the family members
are away also the interview showed of the 60 interviewed 58 of
them were drunkards i.e., they drink everyday and they took
proud in saying so. Thus they being already addicted to bad habits
in the absence of family members become more prone to them

M, — CSWs

The sadness about Tamil Nadu and especially cities in it like
Chennai we do not have a red light area like Bombay the CSWs
are present all over the city and the seekers of them know their
places and rates. Thus these uneducated rural men seek after them
after working hours, as they are available for cheap rates. So it is
very easy for them to visit CSWs for sexual satisfaction mainly
when they are away from their family for weeks.

M3 —No proper union for the migrant labourers

The migrant labourers may be sales people, working as
cleaners or servers in hotels, truck drivers, construction labourers,
bore pump labourers, labourer who lay road, etc. These labourers
do not have any form of job security or job related protection they
do all types of even risky jobs for money as they are in dire need
of some job to keep up their living. They do not have union which
can raise their voice at time of problems or any form of
counselling or help as the types of migrant labourers is
heterogeneous not of a particular type. Further government also
does not show any interest about these people for they are very
poor, from depressed classes and uneducated so they show no
concern over them. These people come for their very living.
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M, — Living in totally different set up

96% of the migrant labourers are from very remote or rural
areas with no basic education. The life in the villages are entirely
different from the city for, in city life no one ever knows what is
happening to the neighbour or who is their neighbour, Thus it has
become for the rural people to feel very lonely and left out in city
after work hours so they seek for alcohol and CSWs. Thus the
daring distinction in the life style makes several of the migrant
labourers to be more prone to all sorts of bad habits ultimately
leaving them as HIV/AIDS affected ones.

M; — Lack of education

Of the 60 migrant labourers we have interviewed at least 3%
had never entered school premises and 80% only studied less than
8" std and they lack education. Even those who said they had
studied up to 5™ std or 6™ std or 7™ std. humbly acknowledged
they don’t know to read and have forgotten so they do not have
any form of education. They were totally ignorant of the disease
HIV/AIDS until they became the victims of it. But it is very
important to note that the city people are very well aware of the
disease and are very careful to take care of themselves that they
don’t become affected by HIV/AIDS in contrast to the rural
uneducated migrant labourers.

Ms — Away from family

These migrant labourer are away from the family for weeks;
they do not have any enterprise after the work hours. In most
cases the work hours end by six in the evening or even earlier.
They after this time are fully free and do not and cannot watch
T.V. or engage themselves in any form of productive occupation
the majority of them drink alcohol as it is easily available now as
government sells it and go for CWS; for they have least fear of
being watched for no one ever notices them in the city.

M- — No fear of being observed

The migrant labourers go to CSWs when they are totally
drunk. They think they can do anything for no one can question
them. Thus we see the migrant labourers who live in city for some
days or weeks are prone to all bad habits and at onc stage or other
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become socially irresponsible. When we say they become socially
irresponsible elements we wish to state that they not only infect
themselves but their family members with HIV/AIDS by their
careless and reckless ways of living; like visiting CSWs in a
drunken condition and not following any protected sex. We say
they are socially irresponsible for from the interviews we come to
know that of the 60 migrant labourers whom we interviewed all
the 58 of them took pride in saying they had visited countless
number of CSWs and they took further pride in saying that they
had all habits like consuming alcohol, continuous smokers and
some adids of ganga or drugs. Thus when we say they have no
fear of being observed by other we mean all these, which has
come from live interviews from them.

Mg — No higher maotivation in Life

When we say these HIV/AIDS affected migrant labourers
have no higher motivation in life, for they do not have aspiration
of educating their children or providing a better status to their
family members but on the contrary what they earn they spend on
themselves that too not on good cloths are comfort for them but
they spend on smoke, alcohol and on the CSWs. Thus these
HIV/AIDS patients who are migrant labourers live for the day
enjoy the day they don’t take any effort in improving the family
or their children. They speak of their poverty, if poverty is acute
how do they have mind to spend it in wrong means. Thus we have
put this tile after lot of contemplation and from the interviews.

My — No way to engage themselves after work hours

Most of them complain of their inability to do anything after
work hours what they mainly do after work hours is they self
sympathize themselves by saying they have worked for the day so
to forget the body pain at the first stage they consume liquor.
Once they are drunk invariably they are exposed to CSWs either
by their friends or even in the place where they take the drink.
Thus they being unaware of how the HIV/AIDS spreads they
become easy victims of the same. So their only recreation after
work hours is CSWs. This was clearly acknowledged by 60% of
them for the other migrant labourers whom we had interviewed
were Truck drivers who have sex on the high ways from the
CSWs posted for the same purpose of trapping these truck drivers.
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My — Their place of stay after work hours is very incondusive

They stay after work hours in places where no comfort or any
form of living by any human is possible so some say they drink to
get sleep. The sanitary conditions are still poorer. They pay a rent
of Rs.50 to Rs.150 a month for their stay. Since the place of stay
after work hours is very uncomfortable they spend out. They are
not able to think that they can pay a better rent and stay in a better
place by using the money they spend on CSWs, smoke and drink
(alcohol). They feel that these 3 are impossible to be sacrificed in
comparison with their place of stay. So they prefer in stay in such
dingy corners in the midst of mosquitoes and with no proper
sanitation.

We take a few attributes related with the government.

G; — Lack of fore sight in the part of government to provide
job opportunities for agricultural labourers when they
have no job or failure of monsoon.

G, — No plans of government ever reach the very poor and
the uneducated rural people they survive only by
physical labour.

G; — Till date government has not given any form protection
/incentive / adult education / training in other handicrafts
of the migrant labourers. In most cases the migrant
labourers are victims of harassment, ill treatment by the
rich farmers/employer.

Gy —  Easy availability of liquor.

Gs — Availability of CSWs at very a cheap rate every where in
the city.

G¢ — Government’s failure to take any steps to form a support
group or mobilization of them to empower them leading
to better living conditions and protection from
HIV/AIDS.

G; — Awareness program about HIV/AIDS has never reached
these people so they visit CSWs without fear and is one
of the causes of infecting even the CSWs.
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We take the seven attributes Gy, Go,..., G7 as those nodes of
the range space and M;, M,, ..., My, as the nodes of the domain
space and obtain the directed graph of the FRM using an experts
opinion.

FIGURE: 5.1.3

Using the directed graph given by this expert we obtain the
related connections matrix. Let us denote the 10 x 7 connection
matrix of the FRM by F,



210

G1 G, G3 Gy Gs G Gr

M, [0 001010
M,[0 000110
M;[01 1000 0
M,[0 001 100
= _Msf0000 0 11
""Mg[0 001100
M,[0 001 01 0
Mgl 1.0 01 0 0
Mg[O 0 0 1 1 0 0
Migl0 0 0 0 0 1 1)

Suppose we assume the stability of the dynamical system.
Now we study the effect of the state vector on the system F, taken
from the domain space or from the range space.

Suppose X =(00000 0010 0) is take as the state vector
only the vector a migrant uneducated labouer has no higher
motivation about life and all other states are off. We now study
effect of X on the dynamical system F and also the effect of X on
the range space.

XF,
YF?

Y
Xy

o

(1100100) =
(0111010110)

(3N

say ‘o’ denote the vector is updated and thresholded at each

stage.
XF o (1111110) = Y,
YFT oo (1111111111 = X, =(X)
XF o (1111111) =Y,
Yo F' o (1111111111 = X3 = X,

Thus the hidden pattern of the dynamical system is a fixed

point, when the migrant labour has no higher values life all the
nodes in both the domain and range space become on given by the
pair {(1111111111),(1111111)}. Which show the
importance of the impact of this node on other nodes.
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Now we study the state vector P= (100000000 1) i.e.,
the states vector denotes the on state of the attributes M; and M,
and all other nodes remain off. The effect of P on the dynamical
system F is given by

PF, o (0001011) = Q(say)
QFT o (1101111111) = P (say)
PF, o (1101111) = Qi (say)
QF" o (1111111111) = P,(say)
PF o (1111111) = Qu(say)
QF" o (1111111111) = P3(Py).

Thus the resultant binary pair {(1111111111), (11111
1 1)} is a fixed point of the system. We see all nodes both in the
domain space come to on state when the migrant labourer has bad
habits, bad company and the place of stay of work hours is
incondusive.

Now we consider the effect of the state vector of the range
space on the dynamical system F;. Let Z=(0 100 0 0 0) i.e,
only the attribute G, is in the on state and all other nodes are in
the off state. The effect of Z on the system F is given by

ZF' o (00100000100) = A (say)
AF, o (1110100) = Z, (say)
ZiF" o (0111010110) = A say

AF, o (1111110 = Zy(say)

ZLFT o (1111111111) = A,say
AF, o Q111111 = Zi(say)
Z;F' o (1111111111) = Zjsay.

Thus we see the hidden pattern of the system is a fixed point.
Thus the fixed binary pairis {(1 111111111),111111
1)}. Several such illustrations can be obtained using different sets
of state vectors and conclusions derived on the resultant vector.
Also we can make use of the C program given in the appendix of
the book so that the calculations can be made further simple.
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Next we seek the opinion of another expert for the same data
so that after obtaining say 4 experts opinion we would use the
combined FRM and derive conclusions based on these experts
opinion. Now we consider some four experts opinion over the
same set of attributes given by the domain space as M, M, ...,
M), and that of the range space R given by G, Gy, ... , G;. We
give the directed graph given by the expert using the set of
attributes {M;, M,, ..., Mjo} and {G,, Gy,..., G} in the following:

FIGURE: 5.1.4
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The related 10 x 7 matrix F, of the graph is us following

Gl Gz Gg G4 G5 GG G7

M, JO 001100
M,[0 001000
M;/0 0000T 0
M,[00 00100

£ _Ms[0 000001

2" Mgl0 001100
M,[000O0T1O0O0
Mg|1 000010
Mo|O O 0 01 00
Mig[0 1 1 00 0 0]

Now we study the effect of the dynamical system F, on the
state vectors.

Suppose we have to the find the effect of the state vector X =
(00000001 00)i.e., node attribute Mg alone is in the on state
and all other nodes are in the off state. The effect of X on the
dynamical system F, is given by

XF, > (1000010 = Y (say)
YF,' < (0010000100) = X, say

X F, o (1000010) = Y, (say)
Y, F,' - (0010000100) = X,=X,.

Thus the hidden pattern of the dynamical system is a fixed
point given by the binary pair {(0010000100),(100001
0)} we see the on state of Mg makes the on state of G;, Gg and M.

Now we study the effect of the state vector P=(1000000
00 0) i.e., only the nodes M; is in the on state and all other nodes
are in the off state. The effect of P on the dynamical system F, is
given by

PF, o (0001100) = Q
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QF,' o (1101011010) P,
P,F, < (0001100) = Q=Q
QF" o (1101011010) P,.

Thus the fixed point is a binary pair givenby {(11010110
10), (000110 0)} that is the effect of bad company and bad
habits makes the nodes M,, My, Mg, M, and My on state in the
domain space and this node has no impact on no proper union,
lack of education, no higher motivation and incondusive place of
stay.

We have worked with several state vector to arrive at the
conclusions. Now we consider the state vector B=(1 0000 0 0)
where only the node G, in the on state and all other nodes are in
the off state. The effect of B on the dynamical system F, is given
by

BF,Y < (0000000100) = A
AF, o (1000010) = B
B/F," & (1010000100) = A
AF, o (1001110) = A
B,F,' & (1111011110) = A
AF, o (1001110) = B;=B,
B;F,' o A; (=Ay).

Thus the hidden pattern is a fixed point of the dynamical
system. It is given by the binary pair {(1111011110),(100
1110)}.

The node lack of foresight is so powerful it has made all
nodes in the domain space on expert lack of education.

Now using the same set of attributes we once again calculate
the effect of state vectors using a third experts opinion. We take
the domain space D = {M;, M,,..., Mo} and the range space R =
{Gy, Gs,..., G7}.

The directed graph as given by the expert is as follows:
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[>

FIGURE: 5.1.5

The connection matrix F5 associated with the directed graph given
above is as follows
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G162 G364 Gs GGy

M, [0 001100
M,[0 0000 1°1
M;[1 00000 0
M,[0 01 0000
e _Msj0 100001
2T Mg|0 0001 0 0
M,[0 00010 0
Mg[0 01 000 0
Mo[O 00 0 1 0 0
M0 0 0 0 1 0 0

F; is a 10 x 7 matrix consider any state vector X =(0000 0
1 0 0 0 0) where only the attribute Mg is in the on state and all
other vectors are in the off state the effect of X on the dynamical
system F;

XF; < (0000100)
YF;' o (1000011011)
X, F; < (0001100) = Y;say

Y, Fs' o (1000011011) X, =X.

Thus we see the hidden pattern of the dynamical system is a fixed
point given by the binary pair {(1000011011),(000110
0)}. When the migrant labourer is away from the family is in the
on state we see the nodes M;, M7, My and M, come to on state
and all other nodes in the domains are in the off state in the range
space for easy availability of liquor and CSWs at a cheap rate.

Next we consider the state vector Y =(000 0 1 0 0) from the
range space. Effect of Y on the dynamical system F; is given by

YF;' o (1000011011) X (say)
XF; o (0001100) = Y, say

Y, F" o (1000011011) X, (Say)
XyF; - (0001100) Y, (=Y, say).

Y

X, say

Thus the hidden pattern of the dynamical system is a fixed
point the binary {(1000011011),(0001100)}. We see
when Gs that is the availability of CSWs at a very cheap rate is in
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the on state we see the node G, comes to the on state that the
cheap availability of liquor comes to force. Thus CSWs and
drinking alchol goes hand in hand. Further the nodes M;, Mg, M5,
My and My, come to on state, that is the migrants seek bad
company, they are away from their family, no fear of being
obsevered, no way of engaging after work hours and their place of
stay is incondusive.

Now we seek the fourth expert opinion on the same set of
attributes D = {M|, M, M3, ..., Mo} and R = {R;, Ry, Rj,..., R;}.

The directed graph of the given system is as follows:

FIGURE: 5.1.6
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The related connection matrix is given by Fy4

<
[=2)
©c oo oo~~~ o o

Gl Gz Gg G4 GS GG G7

0

0

S O = O O = O O O

S O O O O o = O O O

0

S O = O O O O O O

1

—_—= O = = O O O O

0

S O O O O o o o ==

S O O O O o O = = O

Let us consider the state vector X =(0 00000010 0)
where only the attribute Mg is in the on state and all other
attributes are in the off state. The effect of X on the dynamical

system F, is given by

XF,
YF,"
X, F,
Y, E,"
X, Fy"
Y, F,!
X; Fy

¢

(0101000)

(0000100100)

(110100 0)

(0101100100

(1111011)

(0101100100)

(1111011)

Y say

X, say

Y, say

X, say

Y, say

X3 (X5=Xy)
Y; (=Y2).

Thus the hidden pattern of the dynamical system is a fixed
point given by the binary pair {(0000100100),(111101

Y.

We see when no higher motivation in life is in the on state we
see the nodes M,, My and M5 come to on state there by indicating
they visits CSWs, they lack education and live on a totally

different set up.

Also Gi, Gy, G3, G4, Gs and G4 come to on state that is
government lacks foresight, it has no plans to help the poor,
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availability of CSWS and liquor and its failure to spread
awareness.

Now using the three experts opinion relative to the matrices
F,, F; and F; we obtain the combined FRM. The Combined FRM
(CFRM), F is given by F =F, + F; + F,4

G1 Gy G3 G4 Gs Gg G

M, [0 002300
M,|0 001022
Myl 00001 1
M,[1 020100
c_Ms|1 200001
Ms[0 001 200
M,[0 001200
Mgl 1 11010
My|O 0 0 0 3 00
Mpl0 1 102 0 0]

Using the dynamical system F of the CFRM we find the
effect of each of the state vector. Also we have given in the
appendix a C-program to work for the stability of the system i.c.,
finidng the hidden pattern be it be a fixed point or a limit cycle.

Now let us consider the state vector
X=0000000100)

i.e., only the node M; is in the on state and all others nodes are in
the off state. The effect of X on the dynamical system F is given

by

XF > (1111010 = Ysay
YF' > (1111111101) = X;say
X F - (111111 = Y;say

YF' o @d111111111).
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Thus using the CFRM the hidden pattern of the dynamical
system s a fixed point given by the binary pair {(1 11111111
11),(1111111)}. Thus all the nodes become on both from the
range and the domain space.

This shows in the combined opinion all states become on
when only the attribut Mg is in the on state. Thus the only node no
higher motivation in life leads to the on state of all attributes and
the government to motivate them.

Let us consider the state vector A = (1 0 0 0 0 0 0) where only
the attribute G; is in the on state and all other vectors are in the off
state. Now we study the effect of A on the CFRM i.e.,

AFT o (0011100100)
BF > (1111111 = A say
AFT o (1111111111).

B say

Thus when the only attribute G is in the on state it gives the
hidden pattern of the system to be a fixed point which is given by
thebinarypair {(1111111111),(1111111)}.

Thus we see when lack of foresight on the part of the
government to provide job opportunities for agricultural labourer
leads to the on state of all attributes in both the domain and range
space.

Now we study the social problems faced by a HIV/AIDS
affected migrant labourer. It is unfortunate to state at least 80% of
these HIV/AIDS affected migrant labourers were first the worest
victims of V.D. and other sexually transmitted diseases. Thus
even before they were tested to have HIV/AIDS they had taken
treatment in different places by different doctors.

By the time they were confirmed to have HIV/AIDS most of
them at least 75% have totally or mostly drained all their
resources for taking treatment and medical aid. Several of them
addressed their doctors in a very abusive language for they felt
that the doctors have cheated them.

Further the prolonged delay in diagonizing the disease has
made the disease in them chronic and very serious or to be more
precise the patients had become very seriously ill and even
immobile. Thus certainly a few died just even before they took
any proper treatment for HIV/AIDS.

Now we study the basic reason for this are two fold; one the
doctors take this as an opportune movement to exploit them
monetarily though they are well aware of the fact that these
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patients suffer from HIV/AIDS. The second part even if some of
the doctors would have informed them they fearing their close
relatives and their social status in the village would not have
disclosed the fact but suffer silently and lonely to death until they
became very serious.

Also HIV/AIDS is a disease, which does not make the
sufferer die soon but it takes sufficient time in making the patient
invalid and very serious for even over six months. Thus fearing
society they don’t even disclose about the disease to their wife
and they infect their wife also. Thus the chain of infection
continues.

It is important to know in several of the villages if they come
to know some one in their village is affected by HIV/AIDS the
whole family is denied water, provision ration even say simple
cup of lea from a tea shop the stigma is so powerful they hide the
disease from the public and from the family due to the fear of
segregation.

This mainly shows that if the awareness program among the
rural uneducated people is powerful certainly they will not make
the mistake of getting the disease through CSWs, even granted
they visited the CSWs they would certainly adopt safe sex
methods due to fear of being infected by the disease. Thus we feel
that awareness program to reach the illiterate would alone will
stop the spread of HIV/AIDS in rural uneducated areas. For of the
60 people interviewed only one said he knew about HIV/AIDS
before he was infected.

All the migrant labourers were infected by HIV/AIDS only
through sexual transmissions. Thus a prevention program is not a
very difficult one. It is not a heterogeneous problem in other
countries where spread in via several ways. It is surprisingly noted
that these patients themselves acknowledged that they were
advised by CSWs to use safe sex methods only they did not
follow it.

So it has become true that several of the CSWs were
spreading awareness about HIV/AIDS but only these uneducated
rural poor migrant labourers became victims due to ignorance and
arrogance.

We say arrogance for they themselves acknowledged that
they did not listen to her (CSW). Some of them said they will start
to respect women; some said for all their acts they are now
undergoing the punishment.

Most of them had become so invalid and poor; they were
fully submissive and in fact depressed and dejected. Several of
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them recalled how they wasted money and now how they do not
have money even to buy and drink a cup of tea.

Now let us consider the attributes leading a HIV/AIDS
migrant patients to socially behave irresponsible.

The attributes, which promote the migration and migrant
labourers becoming victim of HIV/AIDS, is taken as a domain

space.
M,

M,
M;
M,
M;
M
M;
Mg
My
M 10

Government help never reaches the rural
poor illiterate

Availability of cheap liquor

Cheap availability of CSWs

No job opportunities

No proper health center

No school even for primary classes

Poverty

No proper road or bus facilities

Living conditions questionably poor
Government  unconcern  over their
development in any plans so only
introduction of machine for harvest etc has
crippled agricultural labourer.

Now we proceed onto give the attributes related with the
migrant labourers who suffer and are ultimate victims of

HIV/AIDS.

Py
P,
P;

P,
Ps

P
P,

No education / No help by government
Awareness program never reaches them

No responsibility of parents to educate
children

Marriage age of girls very low say even at
11 years they are married

addiction to cheap liquor

Smoke and visit CSWs

Very questionable living condition so
migrate.

Now we take three experts opinion and obtain the directed
graph of the FRM so that making use of these three experts we
can find the combined FRM and its effect on state vectors to draw

conclusions.
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The directed graph given by the first expert for the FRM
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FIGURE: 5.1.7

The related 10 x 7 connection matrix of the above given directed
graph is denoted by G; is as follows
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Py P, P3P, Ps Pg P

0
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S O = O = O O O O O
S O O O o = O = O

0

S O O = = O O O O

S = O = O O O o o O

S O O O O O o o = O

0

S O O O O O O = =
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Let us consider the effect of the state vector X =(000010
0 0 0 0) on the dynamical system G; where M5 alone is in the on

state all other vectors are in the off state

XG]
YGh,
X1G1
Y, GY
X2 G]
Y2 G]

(3N

f e e de

(0100000)

(0010100000) =

(010001 0)

(0110100000)

(01001 10)

(0110100000)

Y

Xy

Y,

X, say

Y, say

X3 = (X2 say).

The hidden pattern of the dynamical system is a fixed point
given by the binary pair {(0100010),(0110100000)}.
We see when only the node no proper health center is in the on
state we see the nodes M, and M; come to on state which implies
they drink cheap liquor and visit CSWs for they do not know its
bad effect on health. Also P, and Ps come to on state that
awareness program never reaches them and they visit CSWs and
also smoke. Now suppose we consider the state vector Y = (0 0 1
0 0 0 0 0) where P; alone is in the on state and all other nodes are
in the off state the effect of Y on the dynamical system G is

given by

YG",
Xl G1
Y, GY
X, G,

r e ¢

(0000011000)

(1011000)

(0000011110) =

(1011000)

X, say
Y, say
X, say
Yz (Y] Say).
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Thus the hidden pattern of the dynamical system is a fixed
point given by the binary pair {(0000011110),(101100
0)}. When only the node no responsibilty on the part of the
parents to educate the children is in the on state and all nodes are
in the off state we see P, and P, becomes on their by indicating
the parents themselves have no education/ government does not
help them automatically the marriage age of the girl children is
very low. The nodes, which becomes on in the domain space are
Mg, M7, Mg and My that is no school even for primary classes,
poverty, no proper road facilities and living condition of them are
questionably poor. Now we consider the second experts opinion
over the same set of attributes. The directed graph given by the
expert relating the attributes {M;, M,,..., Mo} and {P;, P,
Ps,...,P;} is as follows:

FIGURE: 518
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The related 10 x 7 connection matrix G, given below

PP, P; Py Ps Ps Py
M, [1 1.0 0 0 0 O]

—_——_ 0O = O O O O o o

<

=
S O O O = O = O O
S O O O O = O O O
S O = =P O O O O O
S O O = O O O O O
S O O O O o o o =
S O O O O O O = =

r
L

Now using the connection matrix G, one can study the effect
of the state vector on the dynamical system.

Let
X = (0000100000)

be the state vector which has only the attribute M; to be in the
on state and all other nodes are in the off state.
The effect of X on the dynamical system G, is given by

XG, < (0100000) = Y (say)
YG', o (1000100000) = X, say
X;G, = (1100000) = Y, say
Y, G, - (1001110000) = X,say
X,G, = (1100000) = Y,(=Y).

Thus the hidden pattern of the dynamical system is a fixed
point given by the binary pair {(1001110000),(110000

0)}.
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Thus when no proper health center exists in a village we see
the nodes M;;, My and Mg come to on state in the domain space
and P; and P, comes to on state in the range space there by
indicating they have no job opportunities, no school for even
primary education and government help never reaches them and
no education and awareness programs never reach them. So
government has not even extended the help of building a good
health center for these rural uneducated poor.

Now we consider the state vector Y =(0 010 0 0 0) only P;
attribute is in the on state and all other state vectors are in the off
state.

The effect of Y on the dynamical system G, is given by

YG', < (0000001100) = Xsay
XG, < (0011001) = Y, say
Y,G', - (0000001111) = X, say
X,G, = (0011001) = Y, (=Y.

Thus the hidden pattern of the dynamical system is a fixed
point. The fixed binary pair is given by {(0000001111),(00
11001)}.

We see only when the node no responsibility of parents to
educate the children in the range space we see the nodes P4 and P,
become on and all other nodes remain off that is thus the on state
of this node makes the parents get their girl children get married
at a very young age and their living conditions are questionably
poor so they migrate hence can not find means to educate their
children as they constantly move. Also the nodes M;, Mg, My and
M, come to on state in the domain space there by poverty, no
road facility (that is even to send their children for studies to
neigbouring school) living conditions is poor and government
unconcern to help there agriculture labourer with alternatives
come to on state.

Now we proceed on the get the third experts opinion using
same attributes {M;, M,,..., Mo} for the domain space and {P;,
P,,..., P;} for the range space. The directed graph given by the
expert is
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P, P, Py P, Ps PsP;

M, [T 100000
M,[0 01 0110
Ms;[0 0 0 0010
M,[0 00000 1
Ms[1 0 0 0 0 00
Mg[1l 1.0 00 0 0
M;[0 01 1001
Mg[1 00 0 0 00
Mg [0 0 0 0 1 1 0
Mig[0 0 0 0 0 0 1

The effect of the state vector X =(00000 10 0 0 0) where
only the attribute Mg is in the on state and all other nodes are in
the off state. Effect of X on Gj is given by

XG; o (1100000) = Y
YG';, o (1000110100) = X,
X;Gs o (110001) = Y,say
Y, G5 o (1001111101) = X,say
X,G; o (1111001) = Y,say
Y,G o (1101111101) = Xssay
X;G; o (1111111 = X,(say)
XsG; o (1111111) = Y4(=Y;).

Thus the hidden pattern of the dynamical system is a fixed
point given by the binary pair {(1111111111),(111111
1)}. When there is no school even for primary classes alone is int
the on state, we see all the nodes both in the domain space and the
range space come to on state there by indicating the strong impact
on the absence of even a primary school.

Now suppose we consider the state vector Y, =(00100 0 0)
i.e., only the attribute P; is in the on state and all other attributes
in the off state the effect of Y, on the dynamical system is given

by
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Y,G"s o (0100001000) = X say
Y Gy o (0011111) = Y, (say)
Y,G, o (0111001011) = X,say
X,G; o (0011111) = Y;(=Y,say)
Y;G, o (0111001011) = X5 (=X, say).

Thus the hidden pattern of the dynamical system is a fixed
point given by the binary pair {(0011111),(011100101
1)}.

Only when the node parents not responsible enough to
educate their children alone is in the on state in the range space
and all other nodes are in the off state we see that P4, Ps, Ps and P
come to on state in the range space and M,, M3, My, M7, My and
Mjp come to on state their by indicating the significance of
education.

Now we obtain the combined FRM using the matrices G;, G,
and G;; G = G; + G, + G; where G is the connection matrix
related with the combined FRM G is also a 10 x 6 matrix having
{Mi, M,..., Mo} and {Py, P»,..., P;} as the attributes

P, P, P; P, Ps P P,

M, [2 200001
M0 01 02 20
M;/0 1 000 3 0
M,/1 0000 0 2
Ms/1 2000 0 0
Mg|3 1 100 00
M,|0 01 100 2
Mg[2 02 0 0 00
Mg|O 0 0 1 1 11
M0 0 0 0 0 0 3]

Consider the state vector X =(0000 00 0 1 0 0) only the
attributes Mg 1s in the on state and all vectors are in the off state
the effect of X on the dynamical system G is given by

XG o (1010000) = Y
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YG' o (1111110100) = X, (say)
X,G o (1110111) = Y;say
Y,GT o (1111111111) = X,say
X,G o (1111111) = v,
Y,GT o (1111111111 = X;=Xo).

Thus we see the hidden pattern of the dynamical system is a
fixed point given by the binary pair {(1111111111),(1 111
1 11)}. We see when the villiage has np proper road or bus route
we see all the nodes both from the domain space come to on state
there by making the essence of the road or bus facility from one
place too another. Now let us consider the on state the node P,
and all other nodes are in the off state, the effect of given by

YG" o (1001001011) = Xsay
XG" o (1111111 = Y,say
Y.G" o (1111111111) = X,say.

Thus we see the binarypair {(1111111),(111111111
1)} is a fixed point. When P; node alone is in the on state that is
very questionable living conditions so they migrate in the range
space and all other nodes are in the off state we see all the nodes
both in the range and domain space become on in the CFCM.

Using the C-program given in the appendix 8 for the
combined FRM one can easily solve the problem.

5.2 Defintion of Linked FRMs and its applications

Here we introduce the new notion of linked FRMs. We may have
a problems to which we may be able to associate attributes which
may be divided into spaces say D, R and S we would be in a
position to associate say D and R and R and S and find it
impossible to draw the directed graph relating D and S but we
know they are indirectly related in such cases, the method of
linked FRM provides us a means to relate these two using the
connection matrices associated with D and R and R and S.
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DEFINITION 5.2.1: Let P be some problem under study. Suppose
the attributes associated with P be divided into 3 classes say D, R
and S where D has n atiributes (Dy, ..., D,) R has m attributes say
(Ry, Ry,..., Ry) and S has t attributes say (Sy, S,..., Sy). We are in a
position to get the directed graph relating the spaces D and R and
suppose the connection matrix associated with it is a n x m matrix
say A. Suppose we are in a position to associate the attributes in
the classes R and S through a directed graph and the related
connection matrix be B which is a m xt matrix. But we are aware
of the fact that the attributes in the classes D and S are related but
we are not in a position to exibit them in the form of the directed
graph so it may not possible for us to get the related matrix.

Now we can relate the attributes in D and S by calculating
the product of the matrices A and B. AB = C gives the n x t
matrix which links D and S, C will serve as the relational matrix.
We call such FRMs as linked FRMs we can link any finite number
of FRMs. For suppose A;, A,,..., A; denote t classes of attributes.
We can at each stage link them by the above process. The relation
when the linked FRM is given we call the directed graph
representation of the directed graph as the linked directed graph;
for we have linked to get the directed graph.

We now illustrate these linked FRM by the problem of
migrant labourers affected with HIV/AIDS.

The linked FRM inter relate the indirect relation between two
sets of attribute which cannot be related by directed graphs. Now
we consider the 3 sets of attributes related with the migrant
labourers given in chapter III under the three heads

A —  Causes for migrant labourers vulnerability to
HIV/AIDS.

F —  Factors forcing for migration.

G —  Role of government.

Now using the two FRMs relating causes for migrant
labourers vulnerability to HIV/AIDS and its relation to factors
forcing people for migration cannot be found directly so using the
FRM relating the two sets of attributes Factors forcing people for
migration and the Role of government. Now using these two
FRMs and the FRM relating the causes for migrant labourers
vulnerability to HIV/AIDS and its relation with the role of
government one can find the relation between A and F. The FRMs
directed graph relating attributes A = {A, A,, ..., Ag} and G =
{Gi, G2, G5, G4, Gs}
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FIGURE: 5.2.1

The related 6 x 5 connection matrix of the FRM denoted L,

G1 G, G;G4 Gs

0

P
S o o o o =
- o = o ©

0

S O = = O

0

S O o o =

1

S = O O O

Suppose we have the state vector X = (0 0 0 1 0 0) ie the
attribute A4 alone is in the on state and all other nodes are in the
off state. The effect of X on the dynamical system L, is given by

XL, o (00100)
YL, < (001100)
XLy o (01100)

Y say
X, say
Y, say
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Y.L, o (001101) = X,say
XL, o (01100) = Y;=(Y).

Thus the hidden pattern of the dynamical system is a fixed
point given by the binary pair {(0 1 1 00), (00 1 1 0 1)} which
implies bad company and bad addictive habits, when alone is in
the on state we see the nodes Az and Ag come to on state and in
the range space the nodes G, and G; come to on state. Thus we
see the nodes no social responsibility and cheap availability of
CSWs come to on state. So that even persons with bad company
and bad habits can save themselves once they are aware about it.

Next we consider the effect of the state vector in the domain
space where only the node G, is in the on state and all other
vectors are in the off state. The effect of Y = (1 0 0 0 0) on the
dynamical system L, is given by

YL, o (100000) = X

XL, < (10001) = Y,say
YL, o (100010) = X say
X, L; o (11001) = Y,say
Y.L, o (100111) = X,say
XL, o (11101) = Y;(say)
YsL', o (101111) = Xjssay
XLy o (11101) = Y,=(Y3).

Thus the hidden pattern of the dynamical system is a fixed
point given by the binary pair {(11101),(10111 1)}. We see
when the node alternative job if the harvest fails there by stopping
migration is in the on state we see in the resultant statevectors Gy,
G; and G5 come to on state there by stating awareness clubs in
rural areas about HIV/AIDS in villages come on together
government had failes to take precautionary steps to help them
from past experience. Further 11 nodes A, As, Ay, As, Ag come to
on states forcing them as they have no education so the profession
they choose make them seek bad companay and this helped by the
cheap availability of CSWs.
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The directed graph of the FRM relating the factors forcing
migration and the role of government is given by the following
directed graph.

FIGURE: 5.2.2

According to expert, when the mobilization labour
contractors with no awareness about HIV/AIDS as the awareness
program in rural areas especially when they are uneducated and
poor never reaches them, also if there were some health centers or
hospitals in the rural areas the people in those places would have
become aware of HIV/AIDS but this also does not what takes
place is the mobilization of labour contractors; who in the city
become easy victims of HIV/AIDS with the catalyst of liquor and
cheap availability of CSWs.

So this expert has justified his directed graph in this way. As
we have no right to modify these opinion we give it as it is even if
it is meaningless to some the related connection matrix be denoted
by L2

Gy G, G3 G, Gs

FI1 0o 11

F,l0 0 0 11
L=clo 1111

3

F,l1 00 01
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Let us consider the vector X = (1 0 0 0) ie only the attribute F; is
in the on state and all other attributes are in the off state. The
effect of X on the dynamical system L,

XL, o (10011) = Ysay
YL, o (1111) = X;say
XL, o 11111) = Y, say
Y.L, o 1111 = X, (=X).

Thus the hidden pattern is a fixed point given by the binary
pair {(1 111),(11111)} wesee if lack of labour opportunity
alone is in the home town all other nodes both from the domain
and range space become on their by forcing the government to
take better steps to find means to stop unemployment by
alternative means which show vital role played by that node on all
other nodes both from the domain and range space.

Now suppose we consider the state vector in which the
attribute Gs alone is in the on state and all other attributes are in
the off state the effect of the state vector Y = (0 0 0 0 1) on the
dynamical system L,

YL, o (1111) = X(say)
XL, o (11111) = Y, (say)
YL, o 11rrn = X=X

Thus the hidden pattern is a fixed point of the dynamical
system given by the binary {(1 1 1 1), (1 1 1 1 1)}. Thus when the
attributes no foresight for the government and no precautionary
actions taken from the past occurrences in on state all attributes in
both the domain space and range space come to on state there by
showing the importance of that attribute.

Using the C program in the appendix 7 of the book one can
work out for the conclusions.

Now using the FRM matrices L, and L, we link the relation
between the class of attributes {A;, A,, ..., A¢} and {F,, F, F3,
F4}. Let L denote the link relating these two attributes given by L,
x L', ~ L this links the attribute {Aq, ..., Ag¢} with {F, Fy, F3,
F4}.
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—_— = = = = e
S = O O O =

S = O O = =
S = O O = =

Here ‘~’ represents the entries a;; in L; L2, are replaced by 0
if a;; < 0; a;; = 1 if a; is greater than or equal to 1.

Now we can using this linked matrix draw the relational map
connecting {A;, A,, ..., Ag¢} and {F; F, F; F;} which we will be
calling as the linked relational graph, unlike in a linked relational
graph we will have the relations between only two nodes to exist
only implicitly and not explicitly.

The linked relational graph relating {A,,..., A¢} and {F, F, F3
F4} obtained from the matrix L is as follows.

FIGURE: 5.2.3
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Suppose we consider the state vector X = {0 100 0 0} ie the
attribute A, alone is in the on state and all other nodes are in the
off state, effect of X on the linked dynamical system L is given by

XL S (1110) = Y (say)

YL o (1111111) = X (say)
XL o (1111 = Y,

Y, LT o (1111111) = X,(=X,)say.

Thus the hidden pattern is a fixed point of the dynamical
system given by the binary pair {(1 1 1111 1),(1 11 1)}. This
resultant vector shows how powerful is the influence of the node
A, on the whole dynamical systems.

Now consider the state vector X = (0 0 1 0 0 0), ie only the
attribute Aj; is in the on state and all other attributes are in the off
state. The effect of X on the dynamical system L is given by

XL > (0010) = Y say
YL' o (111111) = X say
XL > (1111) = Yjsay
Y, LT o (111111) = X,(=X)).

Thus the fixed point is a binary pair {(1 1 111 1), (111 1)}.
Here also the node A; no social responsibility has so much of
influence on nodes of both the domain and rage space, there by
insisiting if a migrant labourer is socially irresponsible all evil
take over ultimately leaving him as an HIV/AIDS patient.

Next we proceed on to study the model with some different
types of attributes associated the HIV/AIDS affected migrant
labourers.

Thus we can link seemingly unrelated issues but which are
implicitly related into a model. Hence this study is very helpful
when one wishes to study the effect of one set of attributes over
another set of attributes, which are not explicitely related. Now
we consider another three sets of attributes related with the
HIV/AIDS migrant labourers under three separate heads.
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Causes of migration and their vulnerability to HIV/AIDS

G

Easy victims of temptation so fall a pray to
CSWs

Already have all bad habits

No education so have no principle and goals in
life

They are in a new surrounding and all alone

No work after days work

Causes of migrant labourers becoming HIV/AIDS infected

Visiting CSWs

Slaves of bad habits like smoke, alchol and
CSWs

Unaware of HIV/.AIDS

No education so have not learnt about how
HIV/AIDS spreads as the awareness program is
rural area is very poor

Away from family

No friends / relatives to observe their activities
No higher motivation very free after work so,
only recreation is CSWs.

Factors acting as Catalyst in the spread of HIV/AIDS among
migrant labourers in he city

Cheap availability of CSWs in all places

Free sale of liquor

Free from being observed

Bad company / bad friends

Easy money no knowledge of saving / beter
investment

Men in rural areas are rarely aware of the mode
of spread of HIV/AIDS.

Now using the experts opinion we give the directed graph of
the FRM relating the attributes {A,, ..., Aj}and {T;, ..., T¢} in
the following page.
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FIGURE: 5.2.4

The connection matrix related with the FRM be given by L,

Ty T, T3 Ty Ts Tg

A1 000 01
A1 101 00
A1 0 0 0 0 1

L,=A, 0 0 0 0 0 1
A0 0 1 0 0 0
A0 01 00 0
Al1 000 1 1]
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We now study the effect of the state vector X =(000010
0) where only the node Ajs is in the on state all nodes are in the off
state.

XL, o (001000) = Ysay
YL, < (0000110) = X, say
XL o (001000) = Y,(=Y).

Thus the hidden pattern of the dynamical system is a fixed
point given by the binary pair {(001000), (0000 11 0)}. Thus
when the node away from the family is in the on state we see that
the resultant pair Ag comes to on state that is they are free from
the fear of being observed by friends and they are free to act in
any way. All other nodes remain in the off state.

Now we consider the effect of the state vector Y=(000 10
0) ie only the node T, is in the on state and all other vectors are in
the off state; the effect of T, on L, is given by

YL', < (0100000) = Xsay
XL, o (110100) = Y, say
YL, = (1110001) = X,;say
Y.Ly o (110111) = Y,say
Y.L, o (1111001) = X,say
XL oo (110111 = Yy=(Y,).

Thus the hidden pattern of the dynamical system is a fixed
point given by the binary pair {(1 101 11),(1 11100 1)}.
When the node T; is in the on state that is bad company and bad
friends we see in the resultant pair all nodes become on both in
the range and the domain space expert T; and As and Ag there by
indicating free from being observed has no effect when they are
under the spell of bad company and friends. Also they freely visit
CSWs, they are slaves of all bad and addictive habits, unaware of
HIV/AIDS, no education so do not know about HIV/AIDS and as
they have no higher aspiration only CSWs are the main source of
past time after work hours.
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Now we obtain the FRM relating the sets of attributes {C;,

Cy, ..., Cs} and {A4, Ay, ..., Ay}. The directed graph of the FRM

is given below.

FIGURE: 5.2.5

The connection matrix related with the directed graph be

denoted L,

AL Ay Ag Ay

—
LS}
I
O
w

I

o o o o

1

S O = =

0

S O = =

0

S = O O
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Let us consider the state vector X = (1 0 0 0 0) only the
attribute C, is in the on state and all other vectors are in the off
state the effect of X on the dynamical system is given by

XL, o (1100001) = Y

YL, o (11101) = X, say
XL, o (1110001) = Y say
Y.L, - (@1100 = X, (=X)).

Thus the hidden pattern of the FRM is a fixed point given by
the binary pair {(1 1101),(1 11000 1)}. We see when the
node that they are easy victims of temptation and fall a pray is in
the on state we see in the resultant vectors the nodes we see the
nodes C,, C; and Cs come to on state that is they are already
slaves of bad habits, they have no education and priciple and no
work after their days duty. Also in the range space Al, A2, A3
and A7 come to on state there by indicating they are slaves of bad
habits, unaware of HIV/AIDS and visiting CSWs is their only
recreation.

Suppose we consider the state vector Y = (00 1 0 0 0 0) the
attribute A to be in the on state the effect of Y on the dynamical
system L, is given by

YL, o (01100) = X

XL, o 0110000) = Y;say
YL, o (11100) = X, say
XL, < (1110001) = Y,say
Y.L, o 11101) =  X,say
Y.L, o (1110001) =  Y;=Y,

Thus the hidden pattern of the dynamical system is a fixed
point given by the binary pair {(1110001), (1110 1)}. We
see when the node unaware of HIV/AIDS is on the resultant is the
same as when the node easy victims of temptation so they fall a
pray to CSWs is on.

Now we are not in a position to relate the sets of attributes
{Cy C, C3 C4 Cs} and {T; T, T3 T4 Ts T} and we inter link them
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by taking the product of the matrix L, L;. Let L~ L, L; we see L is
a 5 x 6 matrix given as below.

Ty T, T T4 Ts Ts

cft 10111
CyJ1 101 00
Cif1 10100
Cyl0 01 00 0
Cs[1 000 1 1]

Thus we get the matrix linking the attributes {C,, C,,..., Cs}
and {T|, T,, ..., T¢}. We can now get the relational graph which
will be called as the link directed graph.

FIGURE: 5.2.6

Now we can study of any of the state vectors in the
dynamical system L. Let us consider the state vector X =(00 1 0
0 0) ie only the attribute Tj; is in the on state and all other nodes
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are in the off state. The effect of X on the dynamical system L is
given by

XL" o (00010) = Y
YL > (001000) = X;=X

Thus the fixed point is the binary pair given by {(1 000 1 0),
(00100 0)}. When free from being observed is in the on state
we see no attributes from that space become on but A; and As
become on that is they visit CSWs and no one ever sees them.

Now let us consider the state vector Y = (1 0 0 0 0) that is
only the attribute C, is in the on state and all other vectors are in
the off state the effect of Y on the dynamical system L

YL o (110111) = X
XLT o (11101) = Ysay
Y,L o (110111 = X=X

Thus the hidden pattern is a fixed point given by the binary
pair {(110111),(1110 1)}. When easy victims of temptation
is in the on state we see in the resultant vector C,, C; and Cs come
to on state there by confirming they have all bad habits no
education and no work after bad habits no education and no work
after days duty and T,, T,, T4, T5 and T come to on state they
actions are catalyzed by cheap availability of CSWs, free sale of
liquor, bad company and bad habits, easy money and no habits of
saving and they are unaware of how HIV/AIDS spreads. Thus we
can use any state vector and obtain conclusion based on it.

It is left as an exercise for the reader to form a program in C
language to find linked FRMs.

5.3 Use of CDBFRM to analyse the problem of HIV/AIDS affected
migrants

We now define of combined disjoint block FRM of equal and
varied lengths or sizes. We illustrate these only in the context of
the HIV/AIDS affected migrant labourers.
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DEFINITION 5.3.1: Consider a FRM model with n elements {Dj,
D,,..., Dy} in the domain space and {Ri,..., Ry} in the range
space. Now if we divide m into say t blocks and n into r blocks
such that m = st and n = pr then we see that the t blocks are
disjoint and also r blocks are disjoint.

We get many p x r matries, which is formed into an x m
matrix which we call as the combined disjoint block FRM of equal
length/sizes.

If instead of dividing the n attributes of the domain space and
matributes of the range space into equal classes each we can also
divide them into unequal classes but continue to be disjoint. This
case we call as the combined disjoint block FRM of unequal
length/sizes.

DEFINITION 5.3.2: Consider FRM with D;, D,,..., D, as the
attributes related with the domain space and Ry, R,,..., Ry, be the
attributes related with the range space.

Now divide the attributes related with the domain space into
equal number of classes with overlap and the range space is also
divided into classes with equal number of elements but with
overlap. We form the n x m matrix using these blocks of matrices.
This matrix corresponds to the combined overlap block FRM of
blocks of equal length with over lap.

We could also divide the data into blocks of different length
and unequal overlap and sizes.

Depending on the data here we would illustrate both these models
only with the problem of HIV/AIDS affected migrant labourers
affected with HIV/AIDS.

Now using the FRM model given in chapter V page 201 to
202 using the attributes of the domain space {Dj, ..., D¢} and that
of the range space {R;, Ry, ..., Rjy} we give the disjoint block
decomposition of them and give the related directed graphs and
their associated connection matrices.

Let the data be divided into two disjoint classes
Ci = {(D; Dy Ds), (R; R, R; R4 Rs)} and
G, = {(D4 Ds D), (R¢, R7, R, Ro, Ryp)}.

The directed graph for the class C; as given by the expert is as
follows:
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FIGURE: 5.3.1

The related connection matrix is given by

R, Ry Rs Ry Rs
D1 110 1
D,J0 0 1 1 1
D,J0 01 0 0

The directed graph relative to C, = {(D4 Ds D), (R¢, R7, R, Ry,
Ryg)} as given by the expert is as follows:

()
OV O
(o R
(e \ (&)

FIGURE: 5.3.2
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The related connection matrix is given by

Rs R7 Rg Ry Ryg
Do 0 0 1 1
D1 01 0 0
Do 1 0 0 1

Using these two connection matrices we now get the matrix
associated with the combined disjoint block FRM

_Rl R2 R3 R4 R5 RG R7 R8 R9 R10_

D1 110100000
Do O 1 1100000
DyjO 01 0000000
DO 00 0O0O0O0O0 1 1
Ds|0 0000107100
D0 000001 00 1]

Let C (F) denote the 6 x 10 matrix. The effect of the state
vector X =(0 0 10 0 0) on the dynamical system C(F) only when
the D; node is in the an state and all other nodes are in the off
state

XC(F) > (0010000000) = Y

YCE)'r o (111000) - X

X, C(F) < (11111000000 = Y,

Y1 (C(F)" - (111000) - X=X,
So

X, (C(F) = (1111100000) = Y,=Y,

Thus the hidden pattern is a fixed point given by the binary
pair {(111000),(1111100000)}. We see when failure to
stop mislead agriculture techniques alone are in the on state, in the
resultant vector the nodes D;, D, come to on state and R;, R,, Rj,
R4 and Rs come to on state there by indicating awareness program
by government and government has not provided alternative for
agriculture and in the range space no education, cheap
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availablitity of CSWs, away from family for weeks, supersition
about sex and no union to channelize and makle them aware of
HIV/AIDS comes to on state.

Let us consider the state vector Y =(0 00000 1 0 0 0) ie only
the node R; is in the on state and all other vectors are in the off
state. The effect of Y on C(F) is given by

YC(F)" s> (000001) = X

XC(F) S (0000001001) = Y, say
Y(C(F)' o (000101) = X;say
X, (C(F)) <= (0000001011) = Y,say

Y,(C(F)) < (000101) X, =Xy).

Thus the fixed point is a binary pair given by {(00 0 1 0 1),
(000000101 1)}. When only the node R, no job in the native
place is in the on state we see in the resultant vector Ry and Ry on
the range space become on, infertility of land so land contractors
take advantages they also do not get proper medical counseling by
government. Also in the domain space D4 and D¢ come to on state
there by indicating the short sightedness of government regarding
the problems and government do not help these agricultural
labourers.

Now let us consider the model given in page 204-205 with
the domain space {M; M,, ..., My} which the expert wishes to
combine the two attributes My and M into a single attribute M.
The attributes of the range space are taken as {G; G, ..., Gg}
where G; and G, are combined together to give the attribute G, so
Gj; is renamed as G,, Gy as G3, Gs as Gy, Gg as Gs and G as Gg.

Now using the disjoint block decomposition we divide these
two sets of attributes into 3 classes

Ci= {M;, M; M), (G, Gy)},
C, = {(M4 M5 M), (G3 G4)} and
Cs = {(M7; Mg My), (G5 Ge)}

Now using the experts opinion we give the related directed
connection matrices.
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The directed graph for the class C; given by the expert is as

follows:

o
S

The associated relational matrix is

FIGURE: 5.3.3

G, G,
M, [0 1
M,|0 1
Ms[1 0

The directed graph associated given by the expert for the
class Cz = {(M4 M5 Mé) (G3 G4)}

\.
'o

FIGURE: 5.3.4

The associated relational matrix.

Gs G4
M,[1 1
M|l 1
Mg|1 1
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The directed graph related with C; = {(M; M My), (Gs Gg)}.

FIGURE: 5.3.5
The associated connection matrix
Gs Ge
M,|1 1
Mg|1 1
My|O 1

The connection matrix associated with the combined disjoint
block FRM is a 9 x 6 matrix and is denoted by C(G).

G1 G, G; G4 Gs Gg

M, [0 1 000 0
M,[0 1 0000
M;[1 0 0 0 00
M,0 01 100
Ms{0 01 100
Mg/O 0 1 1 00
M,[0 0001 1
M[0O0O0OOT 1
Mg|O 0 0 0 1 1

Let us consider the effect of the state vector X =(000100
0 0 1) of the dynamical system C(G) where the attributes M, and
My are in the on state and all other vectors are in the off state.
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XC(G) > (001101) = Ysay
Y(CG)' < (000111111 = X say
X, C(G) > (0001111) = Y,say
Y, C(G) s> (000111111 = X, (=X).

Thus the fixed point is a binary pair {(000111111),(00
111 1)}. When My and My are in the on state we see in the
resultant vector M;, M, and M3 are in off state but M5, Mg, M; and
Mg come to on state in the domain space and Gj, G4, Gs and Gg
become on and G, and G, remain in the off state.

The combined disjoint block FRM would be more powerful
and useful only when the attributes can be still split into disjoint
disassociated classes other wise it would not be of much use as
over lap relation would not find their role.

Now we give the model when the blocks are of unequal size.
Now we consider the model with the sets of attributes given by
{A1, As,..., Ag} and {G,, Gy, G;, G4, Gs}. Let us divide it into
classes

Ci={A| Ay), (G}, Gy)} and C, = {(A3 Ay A5 Ag) (G, G3 Gs)}.

The related directed graph is given by the expert is as follows:

»
'

)

The connection matrix associated with it

FIGURE: 5.3.6

GGy
All 1
A0 1
The related directed graph of C, is given by the expert is as
follows:
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FIGURE: 5.3.7

The related connection matrix

G; G; Gs
AJO 10
A1 10
As|0 0 1

00

Now we give the associated connection 6 x 5 matrix by S

Gy G, Gs G4 Gs

A1 0010
AJJO 0 0 1 0
A0 01 01
A0 1 1 00
A0 0 0 0 1
A0 1 0 0 0]

S is the matrix of the combined disjoint block FRM is
unequal sizes. Consider the state vector X = (1 0 0 1 0 0) in which
the attributes A; and A, are in the on state and all other vectors
are in the off state the effect of X on the system S is given by
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XS S (11010) =Y
YST o (110101) = X
XS o (11110) = Y,
Y. ST o (111101 = X,
XS o (11111) = Y,
Y,ST o (111111 = X
X3S o (11111) = Y;(=Y)).

Thus the hidden pattern is a fixed point given by the binary
pair {(111111),(11111)}.

Now consider the state vector Y = (0 0 0 1 0) with only Gy in
the on state and all other vectors are in off state. The effect

YS" o (110000) =  Xsay
XS o> (10010) =Y,
YST o (110000) = X, =X).

Thus the fixed binary pairis {(1 1 000 0), (1 00 1 0)} which
makes the on state of G, only in the range space and the on state
of A and A, in the domain space.

Now we consider the model given in page 198 of this chapter
Let the domain space be taken as {(D;, D,,.., Dg), (R; R, R3 Ry
Rs)} consider the classes C; and C, where C; = {(D; D, D; (R,
Rz)} and C2 {(D4 D5 D6 D7 Dg), (R3 R4 R5)} Now we obtain the
experts opinion and give the directed graph of them.

FIGURE: 5.3.8



255

The related connection matrix is given by

Ri Ry
D,[1 0
D,[1 0
D, [0 1

The directed graph related to C, as given by the expert is

NG

FIGURE: 5.3.9

The related connection matrix is given by

Rs R4 Rs
Dyf1 1 0]

O

(=}
—_—O0 O
S = O =
_— o = O
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The connection matrix associated with the combined disjoint
block FRM of different sizes is given by the 8 x 5 matrix and is
denoted by G

Ri R, Rs Ry Rs

D1 000 0
D,[1 0 0 0 0
D;[0 1 0 0 0
DO 0 1 1 0
Ds[0 0 1 1 0
Dg[0 0 0 0 1
D,[0 0 0 1 0
Dg[0 0 1 0 1]

Let us consider the effect of the state vector X =(000010
0 0) where Ds is in the on state and all other attributes are in the
off state. The effect of X on G is given by

XG > (00110) = Y
YG'T o (00011011) = X (say)
X,G o (00111) = Y,
Y, G'" o (00011111)= X, say
X,G o (00111) = Y,=Y.

Thus the hidden pattern is a fixed point given by the binary
pair {(00111),(0001111 1)}, which shows its strong effect
on the dynamical system.

Consider the state vector

Y = (10000).
YG' o (11000000)= X
XG s> (10000) = Y, (=Y)

Thus the fixed binary pair is given by {(10000),(1 1000
000)}.
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Consider the FRM given in pages 204 - 209 of this chapter.
The attributes are taken as {M;, M, ..., Mo} and {G;, G,,...,
G;}. The combined block disjoint FRM of varying sizes is
calculated using the classes

Ci = {(M;, M, M3 My) (G; G, G3)}
C, = {(Ms Ms M; M) (G4 Gs)} and
C; = {(My Myy), (Gs G7)}.

The directed graph of class C; as given by the expert is as

follows:

FIGURE: 5.3.10

The related connection matrix

G, G; G3
M, [0 0 1

The directed graph relative to C, as given by the expert is given in
the following:
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FIGURE: 5.3.11

The related connection matrix

G4 Gs
Ms[1 1
Mg|0 1
M,|1 1
Mg|1 1

The directed graph related to C; given by the expert is

The related connection matrix

Gs Gy

Mo [1 1
Myl0 1
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Now we give the relational matrix associated with the
combined Block disjoint FRM is a 10 x 7 matrix denoted by (CP)

Gl Gz Gg G4 G5 GG G7

M, [0 0 1 0000
M,[1T 010000
Ms[1 1 000 00
M,[0 1 00000
Ms{0 00 1 100
Mg|0O 0 0 0 1 00
M;{0 001 100
Mg{0 0 0 1 100
Mg[0 0 0 0 0 1 1
Myl0 0 0 0 0 0 1]

Let us consider the state vector X =(0000000 10 0)
where the node Mg alone is in the on state and all other nodes are
in the off state. The effect of X on the dynamical system C(P)

X C(P) S (0001100) = Y
YycP)' - (0000111100) = X,
X, C(P) > (0001100) = Y, =Y.

Thus the fixed point is a binary pair given by {(00001 11 1
00), (0001 100)} it makes on the attributes Ms to M;,, which
shows the strong impact of Mg on the other nodes.

We can calculate the result and state vector of any state
vector using the C-program given in the appendex of this book.
Next we consider the combined overlap block FRM used in
modeling the HIV/AIDS migrant laboures problem. Let us
consider the attributes given page 198 of this chapter. The classes
of attributes used are {D;, D,,..., D} and {R;, R,,..., Rs}. We
divide these into overlap blocks C;, C,, C; and C,,

C[ = {(D] D2 D3 D4), (R] R2 R3)},
C, = {(D3; D4 D5 Dg), (R R3 Ry)}
C; = {(Ds Dg D; Ds), (R3 R4Rs)} and
Cs= {(D7 Dg Dy Dy), (R4 Rs Ry)}.
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Now we obtain the directed graph of these four FRMs. The
directed graph related to the class C;.

FIGURE: 5.3.13

The related relation matrix

R; R, Rs
D1 0 0

1
D, |0
0

—_— O
=)

The directed graph given by the expert of class C, is as follows:

FIGURE: 5.3.14

The related relational matrix
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R2 Rs Ry

O

w
—_— = =
S~ O
- o O

Next we consider the directed graph given by the expert for Cs.

"@

FIGURE. 5.3.15
The related connection matrix is
Rz R4 Rs
1 0
1 0
0 1
1 0

Ds|1
D,;|0
The directed graph for the final class {(D; Dg D D»), (R4, Rs R}).

()
OaN

FIGURE: 5.3.16
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The related connection matrix

Rs Rs Rg
D,[0 0 1
De[1 1
Dy [0 0
Dio|0 0

e =)

Now using these four connection matrices we obtain the
connection matrix relative to the combined overlap block FRM
which is 8 x 5 matrix and is denoted by C(T).

R:i R2 R3 Ry Rs

D2 0 0 00
D2 00 00
D0 2 210
DO 2 1 00
Dsf0 1 210
Dg|0 1 1 10
D,[1 0 0 0 2
Dgl0 0 1 2 0]

Let X=(0000 100 0) be the state vector with the node Ds to be
in the on state all other nodes are in the off state. Effect of X on
the dynamical system (CT) is given by

XC(T) S (01110) = Y
YT o (00111101) = X,
X, (CT)) o (01110) = Y, (Y, say).

Thus the hidden pattern is a fixed point given by the binary pair
{01110),(00111T101)},the reader is expected to analyse
the binary pair.

Consider the state vector Y = (1 0 0 0 0) ie only the attribute
R, is in the on state all other nodes are in the off state. Effect of Y
on the dynamical system C(T).
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Y(C(T)" o (11000010) X
XC(T) S (10001) Y,
Y(C(T)' o (11000010) = X, (=X)).

Thus the fixed point is a binary pair {(1 100001 0), (1000 1)}.
This node does not have a very strong impact on the other
dynamical system.

Now we consider the combined overlap Block FRM to study
the model given in page 204 - 205 of this chapter. Take the sets of
attributes. {Ml Mz,. cey Ml()), (G1 Gz,..., G7)}

We divide them into overlapping blocks given by C; C, and
C; where

Cl= {(M;, M; M3 My) (G, G, G3)},
C2 = {(My, M5 Mg My) (G5 G4 Gs)} and
C3 = {(M, Mg My M) (G5 Gs G7)}.

The directed graph given by the expert for the class C, is

FIGURE: 5.3.17

The related relational connection matrix

Gy G; G
M, [0 0 1
M,[0 1 1
Myl 0 1
M,[1 10
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Now the directed graph given by the expert for class C,.
-

FIGURE: 5.3.18

The related connection matrix is

G; G4 Gs

4 1

01
1 01
610 01
00 1

= L

7

Now the directed graph given by the expert for the last class.

FIGURE: 5.3.19

The relational connection matrix is given by



265

Now using these three connection matrices give the 10 x 7
connection matrix associated with the combined block over lap
FRM where the blocks are of equal size, we denote this matrix by

CQ

G1 G, G; Gy Gs Gg Gy

M, [0

<
[=))
©c o o0 oo o~~~ o

0

S O O O o O = O =

1

S O O O O = O = =

S O O O O O = O O

— e = e e e e e e

0

S O O = O = O O O

0

S O = O O = O O O

Let X=(0000000100)ie only Mg node is in the on state
all other nodes are in the off state. The effect of X on the system

C(Q) is given by

XCQ
Y(CQ))'
X; CQ)
Y, C(Q)"

(&N
(&N
(3N
(3N

(0000101) = Y
(1111111111 = X, (say)
(1111111 = Y,

X, =X,

Thus the fixed point is a binary pair givenby {(1 11111 1),
(111111111 1)}, which shows the strong impact of node M8
on the total dynamical system as all nodes come to on state in
both the domain and range space. Let us consider the state vector
Y=(0010000O0) ie only the state G; is in the on state and all
other vectors are in the off state effect of Y on C(Q)
(0111010000) = X

YCQ' -
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ZC(Q) S (1111100) = Y, say
Y, CQ' o (1111111111 = X,
X, CQ) o (1111111 = Y,=Y.

Thus the hidden pattern is a fixed point given by the binary
pair {(1111111111),(1111111)}.Thatis the combined
overlap block FRM is very sensitive and it makes all the nodes to
be in the on state. Next we consider the combined overlap block
FRM of different sizes. Let us consider the attributes given in
page of this chapter, with the sets of attributes {(D; D, D3 D4 Ds
Dg), (R; Ry,..., Rjg)}. Let us form the classes

Ci = {(D1 D, D3 Dy), (R; Ry R3 Ry Rs)}
C2 {(D3 D4 DS); (R3 R4 R5 RG)} and
C3 = {(D4 D5 D6 Dl Dz), (R6 R7 R R9 R]())}.

Now we study the model implications. The directed graph of
the FRM related to class C, as given by the expert is as follows

FIGURE: 5.3.20

The related relational matrix
R; R, Rz R
D;({1 0 0

IS
Pyl
a

- o O O
S = O O

0
D, |0
1

- o O
O =
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The directed graph given by the expert for the class C, is

N

o
©
PR
o

FIGURE: 5.3.21

The related connection matrix is

Rs R; Rs Rs
D,f0 0 1 1
D0 0 1 0
Ds[1 1 00

The directed graph given by the expert for of the last class Cs.

\o

FIGURE: 5.3.22

The related connection matrix of he class Cs is
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Now we give the connection matrix C(T) of the combined
overlap block FRM. This is a 6 x 10 matrix

Ri Rz R3 R4 Rs Rs R7 Rg Rg Rig
D;j1 0 0 0 0 0O

i
S O = O O
S O = O O
S = O = =
S = NN = O
S O O = O
S O = = O
S O = O O
S O = O O =
S O O O = O
—_ = O O O O

Now we study the effect of the dynamical system on any state
vector X =(0 0 0 0 1 0) ie only the node Ds is in the on state all
nodes are in the off state.

X(CT)) < (0011000001) = Y
YT o (011111 = X
X, (CT) o (@1111111111) = Y,

Y. (D" o (Q111111).

Thus the fixed point is the binary pair {(1 11111111 1),
(11111 1)}. Thus the node D5 has a very strong influence on all
nodes making all of them to on state.

Let us consider the state vector Y = (0 0 1 0 0 0) where the
attribute D3 alone is in the on state and all nodes are in the off
state. The effect of Y on C(T) is given by

YC(T) S (0011110000)
X (T & (011110)

[
o

Y,
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Y, C(T) o @A111111111) = X,
X, (T o (@11111).

Thus the binary pair is a fixed point given by {(1 1 111 1),
(111111111 1)}.Both the nodes D; and Ds have same impact
on the dynamical system for the fixed point in both the cases are
the same.

We study another set of attributes the HIV/AIDS affected
migrant labourers and their related problem. Let us consider the
sets of attributes {(A; Ay A, ..., Ag), (G| Go,..., Gs)} is divided
into over lapping classes by

Ci={(A1 Ay A5 Ay), (G| G2,G3)} and
Cy = {(A4 As Ag), (G3 G4 Gs)}

The directed graph relating to the class C; as given by the expert
is as follows:

FIGURE: 5.3.23

The related connection matrix

G, G, Gs
A1 0 0
Ao 11
A0 10
Ao 11
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The directed graph of the FRM related to class C,.

(N A
()" (=)

FIGURE: 5.3.24

The related connection matrix

Gs G, G
A1 0 0

A0 0 1
A0 1 0

The matrix related to the combined overlap block FRM denoted
by C(V)

Gy Gz G3 G4 Gs

A1 000 0
AJO 1 1 0 0
A0 1 00 0
AJO 1 20 0
A0 0 0 0 1
A0 0 0 1 0]

Consider the state vector X =(0 0 0 1 0 0) in which only the
node A, is in the on state and rest of the nodes in the off state. The
effect of X on C(V)

X C(V) S (01100) = Y
Y(C(V)! o (011100) X,
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X, C(V) > (01100) = Y, =Y).

The hidden pattern of the dynamical system in a fixed point
given by {(0 1 100), (0 1 110 0)}, the effect of G, in the
dynamical system is nothing in the view of this expert.

Next consider the state vector Y = (1 0 0 0 0) ie only the node
@G, is in the on state all vectors are in off state effect of the vector
Y on the dynamical system C(V) is given by

X
Y1 =Y

YC(V)" s> (100000)
X C(V) S (10000)

Thus we see the hidden pattern is a fixed point given by the
binary pair {(1 00 0 0), (1 00 00 0)}. The impact of G1 in the
dynamical system is nothing in the view of this expert.

5.4. NRMs to Analyze the Problem of HIV/AIDS Migrant Labourers

Neutrosophic Cognitive Maps (NCMs) promote the causal
relationships between concurrently active units or decides the
absence of any relation between two units or the indeterminance
of any relation between any two units. But in Neutrosophic
Relational Maps (NRMs) we divide the very causal nodes into
two disjoint units. Thus for the modeling of a NRM we need a
domain space and a range space which are disjoint in the sense of
concepts. We further assume no intermediate relations exist
within the domain and the range spaces. The number of elements
or nodes in the range space need not be equal to the number of
elements or nodes in the domain space.

Throughout this section we assume the elements of a domain
space are taken from the neutrosophic vector space of dimension
n and that of the range space are neutrosophic vector space of
dimension m. (m in general need not be equal to n). We denote by
R the set of nodes Ry,..., R, of the range space, where R =
{(Xro s X) |x;=00r1forj=1,2, ..., m}.

If x; = 1 it means that node R; is in the on state and if x; = 0 it
means that the node R; is in the off state and if x; = I in the
resultant vector it means the effect of the node x; is indeterminate
or whether it will be off or on cannot be predicted by the
neutrosophic dynamical system.



272

It is very important to note that when we send the state
vectors they are always taken as the real state vectors for we know
the node or the concept is in the on state or in the off state but
when the state vector passes through the Neutrosophic dynamical
system some other node may become indeterminate i.e. due to the
presence of a node we may not be able to predict the presence or
the absence of the other node i.e., it is indeterminate, denoted by
the symbol I, thus the resultant vector can be a neutrosophic
vector.

DEFINITION 5.4.1: A Neutrosophic Relational Map (NRM) is a
Neutrosophic directed graph or a map from D to R with concepts
like policies or events etc. as nodes and causalities as edges.
(Here by causalities we mean or include the indeterminate
causalities also). It represents Neutrosophic Relations and Causal
Relations between spaces D and R .

Let D; and R; denote the nodes of an NRM. The directed edge
from D; to R; denotes the causality of D; on R; called relations.
Every edge in the NRM is weighted with a number in the set {0,
+1, -1, I}. Let e;; be the weight of the edge D; R;, e {0, 1, -1, I}.
The weight of the edge D; R; is positive if increase in D; implies
increase in R; or decrease in D; implies decrease in R; i.e.
causality of D; on R; is 1. If e = —1 then increase (or decrease) in
D; implies decrease (or increase) in R;. If e;; = 0 then D; does not
have any effect on R;. If e = | it implies we are not in a position
to determine the effect of D; on R; i.e. the effect of D; on R; is an
indeterminate so we denote it by I.

DEFINITION 5.4.2: When the nodes of the NRM take edge values
from {0, 1, -1, 1} we say the NRMs are simple NRMs.

DEFINITION 5.4.3: Let Dy, ..., D, be the nodes of the domain
space D of an NRM and let Ry, R,,..., R;, be the nodes of the range
space R of the same NRM. Let the matrix N(E) be defined as N(E)
= (ej) where g;; is the weight of the directed edge D; R; (or R; D;)
and e € {0, 1, -1, I}. N(E) is called the Neutrosophic Relational
Matrix of the NRM.

The following remark is important and interesting to find its
mention in this book.

Remark: Unlike NCMs, NRMs can also be rectangular matrices
with rows corresponding to the domain space and columns
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corresponding to the range space. This is one of the marked
difference between NRMs and NCMs. Further the number of
entries for a particular model which can be treated as disjoint sets
when dealt as a NRM has very much less entries than when the
same model is treated as a NCM.

Thus in many cases when the unsupervised data under study or
consideration can be spilt as disjoint sets of nodes or concepts;
certainly NRMs are a better tool than the NCMs.

DEFINITION 5.4.4: Let Dy, ..., D, and Ry,..., Ry, denote the nodes
of a NRM. Let A = (a,..., a, ), ai € {0, 1, -1} is called the
Neutrosophic instantaneous state vector of the domain space and
it denotes the on-off position of the nodes at any instant. Similarly
let B = (by,..., by) by € {0, 1, -1}, B is called instantaneous state
vector of the range space and it denotes the on-off position of the
nodes at any instant, a; = 0 if a; is off and a; = 1 if a; is on for i =
1, 2, ..., n. Similarly, b; = 0 if b; is off and b; = 1 if b; is on for i =
1,2,..,m

DEFINITION 5.4.5: Let Dy,..., D, and Ry, R,,..., R, be the nodes of
a NRM. Let D; R; (or R; D;) be the edges of an NRM, j =1, 2,..., m
and i = 1, 2,..., n. The edges form a directed cycle. An NRM is
said to be a cycle if it possess a directed cycle. An NRM is said to
be acyclic if it does not possess any directed cycle.

DEFINITION 5.4.6: A NRM with cycles is said to be a NRM with
feedback.

DEFINITION 5.4.7: When there is a feedback in the NRM i.e. when
the causal relations flow through a cycle in a revolutionary
manner the NRM is called a Neutrosophic dynamical system.

DEFINITION 5.4.8: Let D; Rj (or R; Di) 1 <j <m, 1 <i <'n, when R;
(or Dy) is switched on and if causality flows through edges of a
cycle and if it again causes R; (or D; ) we say that the
Neutrosophical dynamical system goes round and round. This is
true for any node Rj (or D;) for 1 <j <m (or 1 <i <n). The
equilibrium state of this Neutrosophical dynamical system is
called the Neutrosophic hidden pattern.

DEFINITION 5.4.9: If the equilibrium state of a Neutrosophical
dynamical system is a unique Neutrosophic state vector, then it is
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called the fixed point. Consider an NRM with Ry, R,, ..., R, and
D;, D,,..., D, as nodes. For example let us start the dynamical
system by switching on R; (or D;). Let us assume that the NRM
settles down with R; and R, (or D; and D,) on, or indeterminate
on, i.e. the Neutrosophic state vector remains as (1, 0, O,..., 1) or
(1,0,0,...) (or (1,0,0,...1) or (1, 0, 0,...1) in D), this state vector
is called the fixed point.

DEFINITION 5.4.10: If the NRM settles down with a state vector
repeating in the form A, > A, »>A; - ... A - A, (orB; - B,
— ...— B; — By) then this equilibrium is called a limit cycle.

METHODS OF DETERMINING THE HIDDEN PATTERN IN A NRM

Let Ry, Ry,..., Ry and Dy, D,,..., D, be the nodes of a NRM with
feedback. Let N(E) be the Neutrosophic Relational Matrix. Let us
find the hidden pattern when D, is switched on i.e. when an input
is given as a vector; A; = (1, 0, ..., 0) in D; the data should pass
through the relational matrix N(E).

This is done by multiplying A, with the Neutrosophic
relational matrix N(E). Let AN(E) = (r;, ..., 1) after
thresholding and updating the resultant vector we get A\E € R,
Now let B = AE we pass on B into the system (N(E))" and obtain
B(N(E))". We update and threshold the vector B(N(E))" so that
B(N(E))" € D.

This procedure is repeated till we get a limit cycle or a fixed
point.

DEFINITION 5.4.11: Finite number of NRMs can be combined
together to produce the joint effect of all NRMs. Let N(E,),
N(Ey),..., N(E;) be the Neutrosophic relational matrices of the
NRMs with nodes Ry,..., R, and Dy, ...,D,, then the combined NRM
is represented by the neutrosophic relational matrix N(E) = N(E,)
+ N(E) +...+ N(E)).

In this section we for the first time study the socio economic
problems of the HIV/AIDS affected migrant labourers. This study
is pertinent for when we were seeking experts opinion some made
it very clear that they could not say the relationship i.e., they were
unaware of whether a relation existed between two nodes under
the investigation. As fuzzy relational maps of fuzzy cognitive
maps does not help us in marking indeterminancy we are justified
in adopting NRM (i.e., Neutrosophic relational maps for
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investigation). Now we use the NRM model for the attributes
given in page 198 of this chapter. Let us take for the domain space
D of the NRM {D;, D,,..., Dg} and the range space R = {R;,
R,,... Rs} already explained in this chapter.

Now using the experts opinion we give the neutrosophic
directed graph.

FIGURE: 5.4.1

We using the neutrosophic directed graph give the related
neutrosophic connection matrix N(A)

Ri Rz R3 Ry Rs
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S O O = O = O -
—_ O O O O O o O
S - = O O = O O

S O O o - o o o

O
W
S O O O O O = =

Let us consider the state vector X =(0 00 10 0 0 0) ie only
the attribute D, is in the on state and all other attributes are in the

off state XN(A) > (00010 = Y
YN(A)" > (00010000) = X;(=X)
Thus we see that this node has only impact to make the node
D4 an indeterminate. Now consider the state vector Y =(0000 1)

where the node Rs alone is in the on state all other state vectors
are in the off state.

YN(A)" > (00100110) = X
XN(A) S (01001) = Y, =Y)
YNA)' o (10101110) = X, (say)
X;NA) o (11001) = Y,say
YoNAY o (11101110) =  X,say
XN(A) > (11001) = Y;(=Yy)

Thus the hidden pattern of the dynamic system is a fixed
point given by the binary pair {(I1 101 110),(1100 1)}. The
node easily affected by HIV/AIDS leads to the on state of D3, Ds
and Dy and indeterminate state of D;, D, and D,. Also R; is
indeterminate and R, becomes on. Now consider the state vector
X=(10000000) where only the attribute D, is in the on state
and all other attributes are in the off state. Now the effect of X on
the dynamical system N(A) is given by

XN(A) s> (11000) = Y
Y(NA)' o (11101000) = X,
XN@A) o (11001 = Y,
YNAY s @1101110) = X,
X,5N(A) s> (11001 = Y;(=Y>).

Thus we get a fixed point given by the binary pair {(1 10 0 I),
(11101 110)} which is the hidden pattern of the dynamical
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system. Several nodes become indeterminate when D1 alone is in
the on state in the state vector. Now we further illustrate the
problem of HIV/AIDS affected migrant labourers using NRMs.
Take the attributes {M,, M,, ..., Mjo} and {P,, P»,..., P;} given
in page 222 of this chapter. Now we calculate the combined NRM
using experts opinion. We would use 5 experts to find the related
NRM for these pair of attributes.

The neutrosophic directed graph given by the first expert for
the NRM.

FIGURE: 5.4.2
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Now we give the related connection 10 x 7 matrix N(S;)

P,P, P; P, Ps P P,
(1 0 0 0 0 0 O]

<

o
S O O O O O o o o
S O O O O = O O O
S O O O = O O o -
S O O = O O O O O
S O O O O o o o ==
S O O O O O o = O
_— === O O = O O O

Let us consider the effect of the state vector X =(000010
0 0 0 0) on the dynamical system, in this state vector X only the
node Ms is in the on state and all other nodes are in the off state.

XN(@) o (0100000 = Y
N(S)" S (000010000 0).

Thus we get the fixed point. No awareness program by the
government ever reaches them as their villages do not have any
health centers.

Next let us consider the state vector Y =(00 1 0 0 0 0) where
only the node Pj; is in the on state and all other nodes are in the off
state effect of Y on the dynamical system N(S) is

YNGS)T = (0100010000) = Xsay
XN(S)) S (0010100) = Y,
YNGS)" = (0000010000) = X,
X;NGS)' o (001000) =Y,
Y,NGS)" o (0100010000) = X,
XNES) o (0010100) = Y,

Y; N(Sy) < (0000010000).
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Thus we see the hidden pattern is a limit cycle fluctuating
between the binary pairs {{(0010000),(0100010000)}
and {(0010100),(0000010000)}.

Now we consider the second experts opinion over the same
set of attributes and obtain the directed graph given by him.

FIGURE: 5.4.3

We obtain the relational neutrosophic 10 x 7 matrix N(S,)
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P, P, P; P, Ps Pg P,
M, 1 1 000

<

=N
S O O O = O = O O
S O O O O = O O O
S O = O O O O O O
S O O = O O O O O
S O O O O o o o =
S O O O O O O = = O
_— -0 = O O O O O O

Now using thus connection matrix N(S,) we can find the
effect of any state vector on the dynamical system Let X =(0 0 0
010000 0) be the state vector in which the attribute M5 alone is
in the on state and all other nodes are in the off state. Let us study
the effect of the state vector X on N(S,).

XN(@S) = (0100000) = Y
YNGS)' o (1000100000) = X
XiN@Sy) o (*001110000) = X,
Y N(@GS)'T o (1001110000) = X,
X,N@S,) = (1000000) = Y,=Y.

Thus the hidden pattern of the dynamical system is given by
the fixed point which is the binary pair {(10000000),(10011
I 0 0 0 0)} which has only indeterministic influence on the
dynamical system.

Now let us consider the state vector Y = (00 1 0 0 0 0) ie
only the attribute P is in the on state and all other vectors are in
the off state the effect of Y on the dynamical system N(S,) is
given by

YNGS)T o (0000000100) = X
YNGS) o (0010000).
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Thus the fixed point is the binary pair {(0010000), (000
000010 0)} has only influence on Mg and according to this
expert no connection with other nodes.

Now we proceed on to get the third experts opinion using the
same set of attributes {M;, M,..., Mo} and {Py, P,,..., P;}.

The directed graph related to the third experts opinion is

We give

the

FIGURE: 5.4.4

relational

matrix associated with

neutrosophic directed graph and denote it by N(S;)

the
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P, P, P3 P, Ps Pg P,

M, [1 100000
M,[0 01 0000
M;[0 000010
M,[0 000001
Msf1 000100
Mg[1 1 000 00
M,[0 010000
Mgl 00100 0
Mo|O 0 0 0 0 1 0
M0 0 0 0 0 0 1]

Let is consider the state vector X =(00001 000 0 0) only
the node M; is in the on state and all other nodes are in the off
state. The effect of X on N(S;)

XN(@S;) o (1000100) = Y
YNGS;)T o (1000110100) = X,
X;NS;) o (10011 00) = Y,
Y NS;) o (10001110100)= X,=X,.

Thus the hidden pattern of the dynamical system in a fixed
point given by the binary pair {(1001100), (100011010
0)} which makes on the nodes Py, P4 and P;s in the range space.

Now we proceed on to consider the state vector Y =(00 1 0
0 0 0) i.e., only the node P; is in the on state and all other nodes
are in the off state. The effect of Y on he dynamical system N(S3)
is given by

YN(@S;)" o (0100001000) = X
XN (S3) > (0010000).
Thus the fixed point of the state vector Y is given by the

binary pair {(0010000),(010000 100 0)}, the node P3 has
least effect on other nodes.
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Next we consider the opinion of the forth expert for the same
set of attributes {(M;, M,,..., Mo} (Py, Py,..., P;}. The directed
graph related to the forth experts opinion is as follows:

FIGURE: 5.4.5

The related neutrosophic 10 x 7 matrix N(S,) is given in the
following page
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P, P, P3 P, Ps Pg P,

0

<

o
S O O O = O = O O =
S O O = O = O O O

S O = O O O O = O

0

S O O = O O O O O

0

S O O O O O o o =

0

S O O O O o o o =

0

—_——_ 0 O O O O O O

Let us consider the state vector X =(000010000 0) in
which only the node Ms is in the on state and all other nodes are
in the off state. The effect of X on the dynamical system N(S,).

XN(@S,) = (0100000)
YN@S)' o (0000101000)
X;N(@Sy) = (0101000)

Y N@S»)" = (0000101000)

Y
X,
Y
X, =X;.

Thus the fixed point of the NRM is a binary pair {(0 10100
0), (000010100 0)}, which shows Ms has main effect only
M5 and other nodes remain unaffected.

Next we consider the on state of the node P5 alone and all the
othr nodes are in the off state. Let Y =(0 0 1 0 0 0 0) be the state
vector Effect of Y on the dynamical system N(S,) is given by

YN(@G)" o (1010000100)

XN(Sy) o
YIN(S)' o

(1010000)
(1011010100)
XiNS)" o (1010000)

X

Y

X
Y,=Y,.

Thus the binary pair associated with the fixed point in {(1 0 1
0000, d011010T1 0 0)}. P; makes P, alone as an
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indeterminate in the range space. Thus according to this expert P;
has least effect. Also M;, M, and Mg become indeterminate in the
domain space and nodes M; and Mg come to on state.

Now we consider the opinion of the fifth expert on the same
set of attributes {(M;, M,, ..., Mo} (P Po, ..., P7)}.

We give the associated neutrosophic directed graph given by
the expert.

FIGURE: 5.4.6

The related connection matrix of the NRM. Let us denote
this matrix by N(Ss).
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P.P, Py P, PsPg P;

0

<

=N
S O O O O O O O = =
S O O O = = O = O

0

S O = O O O O - O

S O O = O O O o o O

0

S — O O O O o o =

S O O O O o = O O O

*—"—‘OOOOOOOOI

Let us consider the state vector X =(0000100 0 0 0) ie the
node Ms alone in the on state and all other nodes are in the off
state. The effect of X on the dynamical system N(S;).

XN(@Ss) =  (0100000)
YN@S:)' o (0010110000)
X;NSs) o (0111000)

YN@Ss)T o (0000111 100)

X5 N(Ss)

¢

(0111000)

Y
X,
Y
X
Y, =Y,

Thus the hidden pattern of the dynamical system is a fixed
point given by the binary pair {(0111000),(000011110

0)}. Interpret the resultant vector!

Now let us consider the state vector Y =(00 1 0 0 0 0) where
only the node M; is in the on state and all other nodes are in the
off state. Effect of Y on the dynamical system N(Ss)

YN(S5)' o
XN (Ss) <
Y1 N(Ss) g

(0010000100)
(0110000)
(0000110100)
X;NSs) o (0110000)

X

Y,

X
Y=Y,

Thus the hidden pattern is a fixed point given by the binary
pair {(0110000),(0000110100)}. This node has mainly
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indeterministic effect on the dynamical system except on the node
Mg that becomes on.

Now we form the combined NRM using the fire experts
opinion. The related connection matrix of the combined NRM is
given by N(S) = N(S;) + N(S;) + N(S3) + N(S4) + N(Ss) ie sum of
the 5 matrices.

P,P, P; P, P;P; P,
5 01 0 0 0 0]

“n h —, O O O N O O O

<

=N
S O = O W = N = W
S O O = O h~ O = O
S O W o = O O O O
S o = A O O O O O
S - O O O = O O b
S = O O O O = W N

Now we consider the effect of any state vector on the
combined NRM N(S). Suppose X=(0000 10000 0) ie only
the node M;s is in the on state and all other nodes are in the off
state. The effect of X on the CNRM is given by

We threshold the CNRM as a;> 2 we put 1 if a,< 2 we put o
ifajis | + 1, thena;=0

XN (S) S (0100000) = Y
YN@S) o (0000100000).
Thus the fixed ptis {(0000100000)}...

Let Y=(001000)ie only the node P; is in the on state and
all other nodes are in the off state effect of Y on N(S)

YN@)' o (1000000100) = X
XN(S)" > (1010000) = Y,
YINGS) o (1101110100) = X,
X;N@S) o (1110111) = Y,
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YoN@S) o (1o1r1iny = X,
XoNES) o (1111 = Y,
YN o (dHolriorny = X
XN o (11111 = Y.

Thus the resultant vector is a fixed point given by the binary pair
{TTITTITTO0OT 1T 1), (1T 11111)} Most of the nodes of the
dynamical system in the CNRM are indeterminate.

5.5 Linked Neutrosophic Relational Maps and its application to
Migrant Problems

By the term migrant problems we mean the socio economic
problems faced by the HIV/AIDS affected migrant labourer. To
study this problem we were forced to construct a new
neutrosophic model called the linked neutrosophic relational
maps. Neutrosophic relational maps cannot always be obtained
given two classes of attributes, which are formed for a particular
problem. The inter relation between three or more classes at times
becomes so implicit and one finds it difficult to obtain the
neutrosophic bigraph by using them. In such cases we can make
use of the linked neutrosophic relational maps.

DEFINITION 5.5.1: Let P be some problem, which is under
investigation. Let us have 3 sets of disjoint attributes related with
P, i.e,, say (Cy, Cy, ..., Cp), (By, By,..., Bs) and (Ag,Ay,..., Ay) be
the 3 classes of n, t and m attributes respectively. Suppose the
expert gives the two neutrosophic digraphs relating the classes of
attributes {(C,,..., C,) and (B,..., By } and {(By,..., By) and (Ai,...,
Am)} and the classes of attributes {(Cq,..., C,) and (Aq,..., An)} are
related implicitely and not able to give the relation, then form the
neutrosophic relational matrices R and S related to the two
bigraph (say) R is a n xt matrix and S a t x m matrix. Then the
product of the matrix R x S gives a n x m matrix which gives the
relational matrix between {(C, C,,..., C,) and (A4,..., An)}. We
call this matrix the linked relational matrix and the neutrosophic
graph drawn using this linked relational matrix, called the linked
neutrosophic directed graph.

Now suppose we have for any problem P some r set of
disjoint classes of attributes are available and each class has say
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ny, Ny,..., n, elements in them; we can always obtain the relation
between desired ones by linking them. Thus we can get linked
matrices and these linked matrices will give the linked relational
neutrosophic graphs.

We illustrate this by the problem of HIV/AIDS affected
migrant labourers and their socio economic conditions. Let us
consider the three classes of attributes relating the socio-economic
and psychological aspects of migrant labourers with reference to
HIV/AIDS given under the three broad heads

A — Causes for migrants vulnerability to HIV/AIDS
F - Factors forcing migration
G - Role of government

given in chapter 3 page 105-106 of this book. The subtitles under
these three heads are are also given in the same pages.

Suppose the classes (A and G) and (F and G) related by the
neutrosophic relational maps and the classes (A and F) could not
be related explicitely by the expert. We use the method of linked
neutrosophic relational maps and obtain the linked neutrosophic
bigraph using the linked relational matrices.

The neutrosophic directed graph using the attributes A and G.

FIGURE: 5.5 .1
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According to this expert when they have no education / no
awareness it implies the awareness class in rural area about
HIV/AIDS is not effective.

It also implies the health center if they are in the village does
not propagate the awareness about HIV/AIDS or any other related
program about HIV/AIDS. However the expert says relation
between migrant labourers who are victims of bad company and
bad habit and the awareness clubs in rural areas about HIV/AIDS
is an indeterminate. He says only a socially irresponsible man will
be unaware of HIV/AIDS. Also according to this expert the
relation between cheap availability of CSWs and construction of
hospitals to spread HIV/AIDS awareness and related program is
an indeterminate. However he inter-relates. Types of profession
with alternative job if harvest fails, there by stopping migration.

We give the related neutrosophic connection matrix N(L)

G116, G3 G4 Gs

Afo 1 100
AJO 0 0 1 1
A0 1 00 0
AJO 1 00 0
As[1 0 0 0 0
A0 0 1 0 0]

Suppose the node G, alone is in the on state and all other
nodes in the off state let x = (0 1 0 0 0). The effect of X on N(L)
on the dynamical system is given by

XN(L)" > (101100) = Y
YN(L) > (011000 = X,
Y, NL)" o (@ao11on = Y,
Y,NL) o (011000 = X,

X NL)Y o (101101) = Y,=Y,.

Thus the hidden pattern of the neutrosophic dynamical
system is a fixed point given by the binary pair {(101101) (011
0 0)}. The reader is expected to anlyze the fixed point.
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Suppose we consider the node Aj to be in the in the on state
and all other nodes are in the off state. Denote the state vector by
X=(001000)

XN (L) S (01000) = Y
YN(L)" > (101100) = X,
X;NL) < (01100) = Y,
Y, NL)" o (@a0110D) = X,
X,NL) o (01100) = Y,=Y,.

So the hidden pattern of the dynamical system is a fixed point
given by the pair {(0 1 100), (1 01101I)}, which makes Al and
A6 on and A4 is an indeterminate. G2 and G3 become on in the
range space.

It is left as an exercise for the reader to obtain a C-program to
determine the resultant vector given the state vector and the
relational neutrosophic matrix.

Now using the same expert we obtain the neutrosophic
bigraph relating the attributes {F, F, F; F4} and {G; G, G; G4
Gs}.

FIGURE: 5.5.2

The relational connection neutrosophic matrix.
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G G, G3 G4 Gs

FI1 oo 1 1
F,0 0010
Fl0 1 001
F,/1 0001

Let us denote this neutrosophic relational matrix by N(L;).
Suppose consider the state vector X = (0 0 1 0 0). Thus we see the
government construction of hospitals in rural areas with
HIV/AIDS counseling cell / compulsory HIV/AIDS test before
marriage or any other program has no effect on any of the factors
forcing people for migration which is very true for when people
suffer with unemployment.

Hence live under poverty and a third party man takes
advantage of the situation and mobilizes them as contract labour
and when the yield is so poor due to inferlity of land because of
modern techniques.

Next we consider the state vector Y = (0 1 0 0) ie only the
attribute F, is in the on state and all other nodes are in the off
state. The effect of Y on the dynamical system N(L;)

YN(L,) > (00010) = X
XNL)" = (1100) = Y,
Y, NL) < (10011 = X
X, NL)' - (1111 = Y,
YoNIL) o (11011) = X,
X NL)" o (1111 = Y,
YsN@L) o (11011) = X, = X,

Thus the hidden pattern of the neutrosophic system is a fixed
point given by the binary pair (1 1 0 1 1), (1 1 | 1)} all state
become on and indeterminate thus the node F, has a large
influence on the dynamical system.

Now using the neutrosophic relational matrices N(L) and
N(L;) we can obtain the linked connection matrix relating the
class of attributes { A, Ay, Az, Ay, As, Ag} and {F; F, F3 F4}.
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The product of the matrix N(L) N(L;)" ~ N(P) N(P) is
obtained after thresholding the entries by the rule a; = 1 is

replaced by 0.

Fi F, F3 Fy
[0 0 1 0]
1111
001 0
001 0
1 001
000 0]

From matrix N(P) we can obtain the linked relational map
relating {A,, ..., A¢} and {F, F, F; F,}. However the attribute A
remain unrelated seen from figure 5.5.3. Now we can study the
effect of state vector on this linked dynamical system. Now we
study the effect of the state vector say X = (000 1 0 0) ie only the
attribute A, is in the on state and all other attributes are in the off

state.
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Il
=<

XN (P) S (0010)
YN(P)' > (111100) X
X NP) o (1111 = Y,
Y, NP) o (111110 X,
XoNP) o (L),

that is when the attribute A, is in the on state one is not in a
position to state whether the states of the range space that is the
attributes A;, A, A; and Aj is being influenced or not so they
reach a state which is indeterminate i.e., the indeterminate state
only A¢ is in the off state. Thus we see only using the
neutrosophic model we are in a position to say the models
influence on certain state vectors leave even indeterminate state
that is one cannot say the state is off or the state is on. Thus this
provides a very new insight in the study and analysis of the
problem.

Next we consider a state vector say Y = (0 1 0 0) i.e., only the
node F; is in the on state and all other vectors are in the off state.
The effect of Y on the dynamical system N(P) is given by

YNP) o (010000 = X
XN (P) S (1111) = Y,
Y,NP) o (1111100 = X,
X, NP) o (1111) = Y,
Y,N(P) > (111110) = X (=X).

Thus the hidden pattern is a fixed point given by the binary
pair {(1 111), (1 11110)}.F, has a strong influence on the
dynamical system.

Now we proceed on to study some other model using the
linked neutrosophic NRM. We analyze for the model given in
page 239-240 of this chapter Let C = {C; C, C; C4, Cs}, A= {A,,
A2,..., A7} and T = {T[, Tz,..., T6}

Now using the experts opinion we obtain the directed graph
of the NRM relating the attributes {A;, A,, ..., A;} and {T}, T»,
..., T¢} which is given by the following diagram:
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FIGURE: 5.5.4

Now using the neutrosophic directed graph we give the
related connection neutrosophic matrix N(L).

Ty T, T3 Ty Ts Te

ATl 10000
AJO 1 00 0 0
A0 0 00 0 1
A0 0 00 0 1
A0 01 00 0
A0 0 01 00
A0 000 1 0

Using N(L) we obtain the effect of any given state vector. Let
X=(0001000) be the state vector in which only the node A, is
in the on state and all other nodes are in the off state. Effect of X
on the dynamical system N(L) is given by

XN(L) o (000001 =Y
YN(L)" > (0011000) = X,
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X1 N@L) - (000001) = Y, =Y.

Thus the hidden pattern is a fixed point given by the binary
pair {(000001)(0011000)}, which has a very low influence
on the system.

Next consider the state vector X = (0 0 0 0 1 0 0) where only
the node which is on is As. The effect of X on the dynamical
system N(L) is given by

XN(L) > (001000) Y
YN(L)" S (0000100) X, =X

Thus the fixed point of the dynamical system is a binary pair
given by {(001000),(0000 10 0)}, according to the expert
the effect on one node on the other node is very poor. Let us now
consider the effect of the state vector Y =(0 0 0 1 0 0) ie only the
node T, is in the on state and all other nodes are in the off state.
Effect of Y on the dynamical system N(L) is given by

YN(L)" » (0000010) = X
XN (L) > (000100) = Y (=Y).

Thus the binary pairis {(000100), (00000 10)}. Same
conclusion as above. Now we give the directed graph of the NRM
relating the attributes C = {C; C, C; C4; Cs} and A = {A| A,,...,
Ag} given by the expert.

FIGURE: 5.5.5
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Using the directed neutrosophic graph we now obtain the
related neutrosophic connection matrix N(L).

AL Az Ag A

c,.[1 1

O

ESN
o o o =
o o o =

S O = O =

1

S O o O

As A A,

0

0
|
1
0

0

S - O O

0

- O O O

Let us consider the state vector X = (0 0 1 0 0) ie only the
attribute C; is in the on state and all other vectors are in the off
state. The effect of X on the dynamical sytem N(4) is given by

XN(@L) < (0010100)
YN(@L) o (10110)
X NL) o (1111110
Y,NL) o (11110
XNL) o (1111110

Y

X
Y
X2

Y2 =(Y).

Thus the hidden pattern of the dynamical system is a fixed
point given by the binary pair {(1 1 110), (1 111110}. The
effect of the node Cs is strong for it makes other nodes on or

indeterminate.

Now we proceed on to study the effect of state vector X = (1
0 0 0 0) where only the attribute C, is in the on state and all other
vectors are in the off state. The effect of X on the dynamical

system is given by

XN(@L) o (1111000)
YN@L) o (11100)
X;NL) o (1111100)
YNL) o (@11110)
XoN(@L) o (1111110)
Y>N@L)' o  (11110)

Y

Xi
Y,
X
Y,
X3

= Xl.

Thus the hidden pattern of the dynamical system is the fixed
point given by the binary pair {(1 1 11 0), (1 1 1111 0)}. The
influence of the node C; also on the dynamical system is very

strong.
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Suppose consider the state vector Y =(0 0 1 0 0 0 0) ie only
the attribute A; alone is in the on state and all other attributes are
in the off state. The effect of Y on the dynamical system N(L,) is
given by

YN@L) < (10100) = X
XN(@L) o (11111000 = Y,
Y NL)" o (@11110) = X
X NL) o (Q111110) = Y,
Y>NL)" o d1110).

Thus the hidden pattern of the dynamical system is a fixed
point given by the binary pair {(1 1 110), (1 11111 0)}. The
effect of A; on the system is more or less same as the effect of the
node C, on the system.

The expert feels that he is not in a position to interrelate the
attributes (Cand T so now we use the method of linked NRM to
find the link between (Ci,..., Cs) and (Ty,..., T¢) by laking the
product of the matrices N(L;) x N(L) which gives a 5 x 6 matrix
relating C and T. Let N(L;) x N(L) ~ N(L,) whre ‘~’ denote the
entries in the product of the matrices N(L;) x N(L) is replaced by
1 if the entries a; > 1 and by 0 if a;; < 0.

T, T, T3 Ty TsTs

c[1 10001
C,/0 1 000 0
Cs{0 01 001
C,J0 01 1 00
Cs[0 0 0 0 1 0

Now we can obtain the relational neutrosophic directed graph
which will link the attributes {C,..., Cs} and {T,,..., T¢}. We
called this neutrosophic graph as the linked directed neutrosophic
graph for it is not the directed graph given by the expert but only
implicitly, the relations are calculated using the aid of the linked
matrix.

Let as now study the effect of the state vector X =(001000
) i.e., only the attribute Tj; is in the on state and all other nodes are
in the off state. The effect of X on the linked dynamical system
N(L,) is given by
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XN (L))" o (©0101) = Y

YN(@L,) o (001100 = X,
XiNL)' = do0l11o)y = Y,

Y1 N(L,) > (1110D) = X,say

XL NL)' o d111o = Y,
YoN(@Ly) = (11100 = X3 = Xo.

Thus the hidden pattern of the dynamical system is given by
the fixed point, which is given by the binary pair, {(I I 1 1 0), (1 | 1
I 0 )} i.e., several nodes in the domain and range space become
indeterminate with the influence of Ts.

Now let us consider the state vector Y = (1 0 0 0 0) ie only
the attribute C, is in the on state and all other vectors are in the off
state the effect of Y on the dynamical system N(L,) is given by

YN(L,) s> (1100001) = X
XN(@Ly) o (11100) = Y,
Y, NL,) o (11001 = X,
X;NLy) o (11110) = Y,
Y,NLy) o (111101 = X
X, N(@Ly)' = (11110) = Y;=Y,

Thus we get the hidden pattern of the dynamical system to be the
fixed point given by the binary pair {(1 1110), (1 11101)}. The
node C1 has strong impact on the dynamical system N(L,).

5.6 Combined Disjoint Block NRM and Combined Overlap Block
NRM

When the problem under investigation has several attributes it
becomes very difficult to handle them as a whole and all the more
it becomes difficult to get the expert opinion and the related
neutrosophic directed graph so we face the problem of the
management of all the attributes together so in this chapter we
give new methods by which the problem can be managed section
by section or part by part without sacrificing any thing. We define
here four methods.
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DEFINITION 5.6.1: Consider a NRM model with n elements say
{Dy, Dy,..., Dy} in the domain space and {Ri, R,..., Ry} elements
in the range space. Suppose we imagine that both m and n are
fairly large numbers. Now we divide the n elements (ie attributes)
of the domain space into t blocks each (assuming n is not a prime)
such that no element finds its place in two blocks and all the
elements are necessarily present in one and only one block such
that each block has the same number of elements.

Similarly we divide the m attributes of the range space in r
blocks so that no element is found in more than one block ie every
element is in one and only one block. Thus each block has equal
number of elements in them (As m is also a assurance to be a
large number which is not a prime. Now if we take one block from
the t block and one block from the r-block and form the
neutrosophic directed graph using an expert’s opinion. It is
important to see no block repeats itself either from the r blocks or
from the t blocks i.e., each block from the rage space as well as
the domain space occurs only once.

Now we take the directed graph of each pair of blocks (one
block taken from the domain space and one block taken from the
range space) and their related neutrosophic connection matrix.
We use all these connection matrices and form the n x m
neutrosophic matrix, which is called the connection matrix of the
Combined Disjoint Block of the NRM of equal sizes.

Now instead of dividing them into equal sizes blocks we can
also divide them into different size blocks so that still they
continue to be disjoint.

Thus if we use equal size block we mention so other wise we
say the Combined Disjoint Block of the NRM of varying sizes.

Now we give the definition of combined over lap blocks NRM.

DEFINITION 5.6.2: Let us consider a NRM where the attributes
related with the domain space say D = {Dy,..., Dn} is such that n
is very large and the attributes connected with the range space
say R = Ry,..., Ry} is such that m is very large. Now we want to
get the neutrosophic directed graph, it is very difficult to manage
the directed graph got using the expert opinion for the number of
nodes is large equally, large is the number of edges also it may
happen n and m may be primes and further it may be the case
where some of the attributes may be common.
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In such a case we adopt a new technique called the combined
over lap block of equal length. Take the n attributes of the domain
space divide them into blocks having same number of element
also see that the number elements overlap between any two blocks
is either empty the same number of element; carryout the similar
procedure in case of the range space elements also.

Now pair the blocks by taking a block from the range
elements and a block from the domain elements draw using the
experts opinion the neutrosophic directed graph. See that each
blocks in the pairs occur only once. Now using the neutrosophic
directed graphs we obtain every pairs neutrosophic relational
matrices using these matrices we form the n xm matrices which is
the matrix related with the combined overlap block of the NRM of
equal size if we very the number of elements in each of these
blocks we call such a model as the combined overlap block of the
NRM with varying sizes of blocks.

It has become pertinent to mention here that we can by all
means divide a NCM, if the attributes so formed into disjoint
blocks of all them as combined disjoint block of the NCM. On
similar lines we can divide NCM into overlap blocks of equal size
and using this form the combined overlap block NCM. Already
this concept for FCM have been used by Bart Kosko in his book
[62]. Here we only define and study it in case of NCMs. As our
main motivation in this book is to analyze the problem of
HIV/AIDS affected migrant labour from rural areas of Tamil nadu
we illustrate all these models only by HIV/AIDS affected migrant
laboures and the problems faced by them. In several case we draw
the conclusion based on our analysis which is given in chapter 7
of this book.

Now using the NRM model given in chapter V using the
attributes of the domain space {D; D,, ..., D} and that of the
range space {Ry, ..., Ryo}.

We give he disjoint block decomposition of them and give
the related directed neutrosophic graphs and their associated
neutrosophic connection matrices.

C1 = {Dl D2 D3), (Rl R2 R3 R5)} and
C, = {(D4 D5 Dg), (Rs R7 Rg Ry Ryg)}

The neutrosophic directed graph for the class C; given by the
expert is as follows.
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FIGURE: 5.6.1

The related neutrosophic connection matrix is

R; Ry Ry Ry Rs
D1 11 00
D,J0 1 1 10
D,|0 0 1 0 1

The directed graph for the class C, = {(D4 D5 Ds), (R¢ R7 Rg Ry
Ryg)} given by the expert is as follows.

FIGURE: 5.6.2

The related neutrosophic connection matrix is
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R6R7R8R9R10
DO 0 1 1 1
D1 0 0 00
D0 1 000

Using these two connection matrices we obtain the 6 x 10
matrix associated with the combined disjoint block NRM which
we denote by C(N).

_Rl R2 R3 R4 RS RG R7 R8 R9 le)

D1 110000000
Do 1 1 1000000
D;J/0 0 10100000
D0 0000001 11
Ds/0 000010000
Dgl0 000001 00 0

Now we analyze the effect of the state vector X =(00100
0) i.e., only the attribute D; alone is in the on state and all other
nodes are in the off state.

XC (N) S (0010100000) = Y
YCON) o (111000) = X
X,CN) o (111100000) = Y,
Y.CON)' o (111000) = X, (=X)

The hidden pattern is a fixed point given by the binary pair
{011000), 11111000 0 0)}, which has influence in the
system which is evident by the resultant vector.

Let us now consider the state vector Y =(0000001 00 0)
i.e., only the node R; is in the on state and all other nodes are in
the off state. Effect on Y on the neutrosophic dynamical system
C(N) is given by

YCAN)' o (000001) = X

XC(N) o (0000001000)
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Thus we see the binary pair {(00 0000 1 0 0 0). Thus pair
{0000001000), 00000 1)is a fixed point of the
dynamical system. This pair has no influence on the dynamical
system. Now let us consider the model given in page with the
domain space {M; M,,..., My} where this expert wishes to
combine the attributes My and M.

The attributes of the range space are taken as {Gy, ..., Gg}
where G, and G, are combined together to form the attribute G, so
G; is labeled as G,, G4 as G; and so on G¢ as Gs. Now we use the
method of disjoint block decomposite and divide these sets into 3
classes

Ci={M; M, M), (G, Gy)},
Cy = {(M4 Ms M), (G3 (G4)} and
C; = {(M7 Mg My), (Gs (Ge)} -

Now using the expert’s opinion we give the related directed
neutrosophic graphs for the classes C;, C, and C; respectively.

FIGURE: 5.6.3

The associated neutrosophic connection matrix is

G G
M, [0 1
M,|0 1
My |1 0

The directed neutrosophic graph given by the expert related with
the class C,.
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o

FIGURE: 5.6.4

The related connection matrix.

G; Gy
M, [0 1
Mg|1 |
Mg|1 1

Now using the experts opinion give the related neutrosophic
directed graph for the class Cs.

FIGURE: 5.6.5

The related connection matrix

Gs Ge
M, [1 1
Mg|1 1
Mo|0 1

Now using these three connection matrices we get the related
relational matrix of the combined disjoint block NRM which is

denoted by C(M) and C(M) is a 9 x 6 matrix.
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G, G,G; G, Gs Gg
(0 1. 0 0 0 0]

<

W
S O O O o o == O O
_——=— O O O O O O

S = = O O O O O

S O O O o o o =
S O O = = O O O
S O O = = = O O

Let us consider the effect of the state vector X =(000100
0 0 1) of the dynamical system where only the attributes M, and
My are in the on state and all other nodes are in the off state. The
effect of X on C(M) is given by

XCM) o (000101) = Y
Yco)' o ©oo0111111) = X

X, CM) o (00I111) = Y,
Y,CM) o (000111111 = X,

X, CM) o (001111) = Y,
Y,CM) o (000111111 = X,
X;CM) o (001111 = Y;=Y,
Y,C(M) o X,

Thus the binary pair is a fixed point given by {(00 I 1 I T), (0
0011111 1)} which shows a very strong influence on the
system.

Now we illustrate the model in which the blocks are disjoint
but the number of blocks are not the same. We consider the model
with the sets of attributes given by {A;, A,, ...,A¢} and {G; G,...
Gs}. Let us divide into equivalence classes.

Ci = {(A1 Ay) (G Gy)} and
G = {(A3 A4 As Ag), (G2 G3 Gs)}
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The directed neutrosophic graph related with the class C;.

A, > G,
FIGURE: 5.6.6

The connection neutrosophic matrix associated with the above

graph is
G, Gy

Al

A0 1
The related neutrosophic direct graph given the expert associated
with the class C, is given by

FIGURE: 5.6.7

The related connection matrix.
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Now we give the associated connection 6 x 5 matrix C(S) given
by
G; G; G3 G4 Gs

A1 001 0
A0 0 0 1 0
A0 0 0 0 0
A0 1T 1 00
As[0 0 0 0 1
A0 1 0 0 0]

C(S) is the neutrosophic matrix of the combined disjoint
block NRM of unequal sizes, consider the state vector X = (1 0 0
1 0 0) in which the attributes A; and A4 are in the on state and all
other nodes are in the off state. Effect of X on the dynamical
system C(S) is given by

X C(S) > (11110) = Y
YCES) - @dlo101) = X
X, C) = (@A1110) = Y, (=Y)

Thus the hidden pattern of the dynamical system is the fixed
point given by the binary pair {(1 1 110) (1101 0 1)}. The nodes
A; and A, together have a very strong impact on C(S). Now
consider the state vector Y = (0 0 0 1 0) ie only the attribute G, is
in the on state and all other vectors are in off state. The effect of Y
on the dynamical system C(S) is given by

YC(S)" - (1100000 = X
X(C(@) < (@(0010) = Y,
Y. CS)' o (1100000 = X=X

Thus the hidden point is the fixed point given by the binary
pair {(110000), (1001 0)}. The effect of the node G4 on the
dynamical system C(S) is not very strong. Now let us consider yet
a new model given in page 198 of this chapter let the domain
space of the NRM be taken as {(D; D,,..., Dg) } and that of the
range space be {R; Rs..., Rs)} consider the classes C; and C,
where C] = {(D[ D2 D3), (R] Rz)} and C2 = {(D4 D5 D6 D7 Dg), (R3
R4 Rs)}. Now we obtain the experts opinion and give the directed
graph related to them.
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FIGURE: 5.6.8

The related neutrosophic connection matrix is

Ri Ry
D, [1 0
D,[1 I
D, |0 1

The directed graph related to the class C, is as follows

The related connection matrix is given by

FIGURE: 5.6.9
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Rs Rs

S = o -

-_—o = O

Now we obtain the related neutrosophic connection matrix of
the combined disjoint block NRM of different sizes given by the 8
x 5 matrix and is denoted by C(G)

R; R2 R3 Ry Rs

0

O

i
= = =
o o 0 O O = =

0

S O O = = O O

0

S =, O - - O O

0

- o = O O o O

Now we obtain the effect of a state vector X=(0000100
0) where only the node Ds is in the on state and all other nodes are
in the off state. The resultant vector of X using the dynamical

system C(G)
XC (G) > (00110) =
YC@G)' < (00011000)=
X C(G) >  (00110) =

Y
X
Y (=FY)

Thus the fixed point is given by the binary pair {(0 0 1 |1 0),
(0001100 0)}, which has a least effect on the system.

Let us consider the state vector Y = (1 0 0 0 0) that is R; is in
the on state and all nodes in the rage space are in the off state

YCG) o (11000000)

XC(G) o

(11000)

X
Y
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YC@G)' o (111000000) = X,
X, CG) o (11000) Y, (=Y)

Thus the hidden pattern of the dynamical system is a fixed
point given by the binary pair {(1 1 000), (L1 1000 0 0)}
according to this expert the effect of the node R, is least on the
system. Consider the NRM given in the attributes are taken as
{M; M,,...Mjo} and {G; G,,....G7} the combined block disjoint
NRM of varying sizes is calculated using the classes C; = {M; M,
M; My) (G; Gy )}, C; = { Ms Mg M; Mg) (G4 Gs )} and C3 = {(My
M), (Gs, G7)}-

The neutrosophic directed graph of class C, given by the
expert is as follows.

The related neutrosophic connection matrix

G, G, Gg
M, [0 0 1

=)

1 1
[ 0
M,[0 1 0

Now using the expert opinion we give directed graph for class C,.
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FIGURE: 5.6.11

The related connection matrix

Gs Gs
Ms[1 1

—_— = O

1
M, |1
0

Now the directed graph given by the expert is

FIGURE: 5.6.12

The related neutrosophic matrix

Gs G

Mo [1 1
M|l 0
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Now we give the relational connection matrix of the
combined disjoint block NRM of varying sizes. We denote this 10

x 7 matrix by N(W)

Gl Gz G3 G4 Gs GG G7

M, [0

<
~
©C o0 oo o o — —

0

S O O O O O = = O

1

S O O O O O o o =

0

S O O = = = O O O

S O = = O — O O O O

0

— = O O O O O O O

0

S — O O O O o o O

Let us consider the state vector X =(0 00000010 0)
where only node Mg alone is in the on state and all other nodes are
in the off state. The effect of X on the dynamical system C(W) is

given by
XC(W) o
YCW) o
Xi X(W) o
Y, (C(W))' ~
X C(W) -
Y,C(W)' o

(0000100)
(0000101100)
(0001100)

(00001111100)

(000110 0)
(0000111100)

Y
X
Y,

Y,
X3 (=Xa).

Thus the fixed point is given by the binary pair {(0 00110
0), 000011110 0)}. The reader is expected to give the effect

of the node Mg on the system.

Next we consider the combined overlap block NRM used in
modelling the HIV/AIDS migrant labourers problem. Let us
consider the attributes given 198. The classes of attributes used
are {Dj, D,,..., Dg} and {R;, R,,..., Rs} We divide these into over
lap blocks Cl, C2 C3 and C4 where C1 = {(D] D2 D3 D4), (Rl Rz
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R3)}, C; = {(D3 D4 D5 Dg), (R R3 Ry)}, C5 = {(Ds De, D7, Dy), (R;
R4 Rs)} and Cy = {(D7 Ds Dy, D), (R4 Rs Ry)}.

Now we obtain using the experts opinion the directed graph
of these NRMs. The directed graph related to the class C;.

FIGURE: 5.6.13

The related connection matrix

R; R, Rs
D,[1 0 0

0
0
1

_—_—

I
D,|0
The directed graph given by the expert related to the class C,.

(o) > \
\

FIGURE: 5.6.14
The related connection matrix is given as follows
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R, Rs Ry
Dy[1 1 1
D,/1 0 1
Ds|0 1 0
Ds|0 0 1

Directed graph given by the expert for the class C; is as follows.

FIGURE: 5.6.15

The related connection matrix of the above directed graph

Rs R4Rs
Ds[1 1 0
De|O 1 1
D,/0 0 1
Dg|0 1 1

8

The directed graph given by the expert for the last class Cy.

FIGURE: 5.6.16



316

The related neutrosophic matrix

R: Rs Rg
D,[0 I 1
Dell 0 0
D0 0 1
D,[0 0 1

Now using these four connection matrices we obtain the
relational neutrosophic matrix of the combined block overlap

NRM denoted by N(V)

Ri R2 R3 Ry Rs

200 00
200 00
I 1 1 10
02110
00210
00 01 1
1 0 0 0 1
00 0 21

Let X=(0000 100 0) be the state vector with the node D5
to be in the on state and all other nodes are in the off state the
effect of X on the dynamical system N(V)

XN (V) >
YNV o
X1 N(V) g
Y. NV o
X2 (N(V)) =

00110)

©O0111101)

(A1
ATIT1T11D)
(111

Y
X
Y
X,
Y. =Y.

Thus the fixed point is a binary pair given by {(I I 1 1 1), (I I'l
I 111 1)}which has a very strong influence on the dynamical
system as D5 makes all nodes to on state or in an indeterminate

state.

Next we consider the state vector Y = (1 0 0 0 ) that is only
the node R, is in the on state and all other nodes are in the off
state. The effect of Y on the dynamical system N(V) is given by
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YN(V)T o (11100010) - X
XN(V) S (11117 SRS
Y (N(V) & (111111171 = X
X, N(V) o (11111 - Y,=Y.

Thus the hidden pattern of the dynamical system is a fixed
point given by the binary pair {(L 111 1) (1 1 11111 1)}as before
this node has very strong impact on the system.

Next we consider the combined overlap block NRM to study
the given model in page 205 - 208 of this chapter. Take the sets of
attributes given by {M; M,..., My} and (G| G,... G7}. We divide
them into over lapping blocks given by the classes C;, C, and Cs.
where C; {(M; My M3 My), (G G, G3)} C, = {(My M5 Mg My),
(G3 G4 Gs)} and C3 = {(M7 Mg Mg M), (Gs G5 G7)}.

The directed graph for the class C; as given by the expert as
follows

FIGURE: 5.6.17

The related connection matrix of the NRM is
G: G; G
M; [0 0 1

01
M1 0
11

S O
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The neutrosophic directed graph given by the expert for the

class C,.

FIGURE: 5.6.18

The related connection matrix of the above directed graph is as
follows

G; Gy Gs
M, [0 1 1
Myl 1 0
M¢l0 0 1
M,[0 0 1

Now we using the experts opinion give the directed graph of
the last class.

4

FIGURE: 5.6.19

The related neutrosophic connection matrix is given below
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Now using there three connection matrices we obtain the 10 x
7 connection neutrosophic matrix associated with the combined
block overlap NRM where the blocks are of equal size. We denote

this matrix by N(Q).

Gy G2 G5 G4 Gs Ge Gr

S O O O O O = = O O

0

S O O O o O = O =

1

S O O o o = O o -

0

S O O O o = = O O

0

— e e O = OO

S O O =) O O O O o o

0

S O = = O O O O O

Let X=(0000000100) be the state vector in which only the
node Mg is in the on state and all other nodes are in the off state.
The effect of X on the dynamical system N(Q).

XN (Q) >
YNQ' -
XN(Q) o
Y. NQ)'! o

X2 NQ) <

(0000101)

(0001011111) =
(1101111)
OI11111111)

arrrrrn
It is left as exercise to reader to find the fixed point.

Y

Xy
Y
X

Y,.

Let us consider the state vector Y =(0 0 1 0 0 0 0) ie only the
node Gj is on the on state and all other nodes are in the off state.
The effect of Y on N(Q)
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YN@Q)' > (1101000000)
XN(Q) > (10111 00) Y,
Y, (NQ)' o (1111111111)= X,
YINQ) o (1111111,

I
~

Thus the hidden pattern of the dynamical system is a fixed
point given by the binary pair {(11111111),(1 11111111
1)}. The node Gj has a very strong influence on the system so all
nodes come ti on state. We see the combined overlap block NRM
is every sensitive to the situation.

Next we consider the combined overlap block FRM of
different sizes. Let us consider the attributes given in page 201-
202 with set of attributes {(Dl D2 D3 D4), (RI R2 R3 R4 R5)}, C2 =
{(D3 D4 Ds ), (R3 Ry Rs Rg)}, C3 = {(D4 Ds Dg Dy, Dy), (Rs R7 Rg
Ry0)}. Now we analyze the model.

The directed given by the expert for the class C; of the NRM.

Lr)

/

FIGURE: 5.6.20

The related relation matrix is as follows

Ri R, Rs Ry Rs

D1 0 000
D,[0 0 1 0 0
D,J0 0 0 0 1
DO 1 010
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Directed graph given by the expert relative to the class C; is

FIGURE: 5.6.21

The related matrix of the directed graph is as follows.

FIGURE: 5.6.22



322

The related connection matrix for this neutrosophic directed

bigraph is
RsR7 Rg R Rio

D1 1 1 00
Ds[0 0 0 0 1
Dg[0 0 0 0 1
D0 0 1 00
D,J0 0 0 1 0

Now using this matrices we give the connection matrix N((T)
which gives the related combined overlap block NRM.

This is a 6 x 10 matrix as given below:

_Rl Rz R3 R4 R5 Rs R7 Rg Rg Rl_O

000O0O0OO0OT1@®O

S
S O O o o ==
S O - O O
(= A
S = = O O
S O O o O
S O = = O
(= e ===
S o - O O
S O O o =

0

—_—_ O O O

Now we consider the effect of the state vector X =(0000 1 0) on
the dynamical system where only the node Ds is in the on state

and all nodes are in the off state

XN (T) S (0001000001)
YN(T)" S (000111)
X NT) o (0111011101)
Y. NT)' o (11111
XN(T) o (1111011011)

Y(N(T)' - (11111

X,
Y,

X5

X5 = (=X).
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Thus the hidden pattern of the dynamical system is a fixed
point given by the binary pair {(111111),(111101101 1)}.

The influence of Ds on the dynamical system is very strong
so it affects most of the nodes. Let us consider the state vector Y
= (001 0 0 0) where the attribute D5 alone is in the on state and
all other nodes are the off state.

The effect of Y on the dynamical system (N(T)) is given by

YN(T) o (0000010000) X

XN(M" = (001100) = Y,
Y.N(T) o (0111011100) = X,
XN o (111110) = Y,
YoN(T) o (111011111) = X,
XLNMOY o (111111 = Y,
YsN(T) o (111011111 = X3(=Xy).

Thus the hidden pattern of the dynamical system is the fixed
point given by the binary pair. {(111111),( 111011111
)}.The Dj; also has a strong effect on the dynamical system for it
influences all nodes expect Rs.

We now study another set of attributes related with the
HIV/AIDS affected migrant labours. Let us consider the sets
attributes {(A; A, ,.... Ag), (G Go,... Gs)} of the NRM. This is
divided into two overlapping classes C; and C,

Ci={(A1 A2 A5 A, (G G, G3)}
and
Co = {(As As Ag) (G3 G4 Gs)}.

The directed graph as given by the expert for the attributes in
class C;.
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FIGURE: 5.6.22

The related relational neutrosophic matrix is

G: G G
All 00
A0 1 1
A0 IO
A0 1T 1
The directed graph given by the expert for the class C, = {(A4 As
Ay) (G; G4 Gs)} is as follows:

ONLO

FIGURE: 5.6.23

The related connection matrix
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Gs G4 Gs
AJ1 0 0
As|0 0 1

A0 1 0
The matrix related to the combined block overlap NRM

denoted by N(V).
G1G,; G3 G4 Gs

A1 0000
AJO 1 0 0 0
A0 1 00 0
AJO 1 20 0
A0 0 0 0 1
Asl0 0 0 1 0]