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ABSTRACT: Fuzzy Associative Models (FAMs) leverage fuzzy logic to effectively represent uncertain and imprecise
knowledge in a compact, interpretable form. By accommodating the inherent ambiguity of real-world data, FAMs excel in
applications where relationships between variables are complex, nonlinear, and uncertain. This makes them a powerful tool for
handling real-world complexities, enabling more nuanced decision-making and problem-solving in fields like Al, data analysis,
and beyond.
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1. INTRODUCTION

Fuzzy associative Models (FAMs) are a type of fuzzy logic -based model that enables the representation of uncertain and
imprecise knowledge in a compact and interpretable from FAMs are particularly useful in applications where the relationships
between variables are complex, nonlinear, and uncertain.

1.1. FUZZY SET
FAMs use fuzzy sets to represent the input and output variables, allowing for the modelling of uncertain and imprecise data.

1.2. ASSOCIATIVE MEMORY
FAMs are based on associative memory, which enables the model to learn and recall patterns are relationships between
variables.

1.3. RULE-BASED STRUCTURE
FAMs consist of a set of fuzzy rules that describe the relationships between the input and output variables.

1.4. CONTROL SYSTEM
FAMs can be used to model and control complex systems with uncertain and nonlinear dynamics.

1.5. PATTERN RECOGNITION
FAMs can be used for pattern recognition and classification tasks, such as image and speech recognition .

1.6. DECISION- MAKING
FAMs can be used to support decision-making in uncertain and complex environments.

2. BENEFITS OF FAMS

2.1. IMPROVED ACCURACY

FAMs can provide more accurate results than traditional modelling approaches, especially in applications with uncertain and
nonlinear relationships.

2.2. INCREASED INTERPRETABILITY
FAMs provide a transparent and interpretable representation of the relationships between variables, enabling uses users to
understand the underlying dynamics of the system.

2.3. FLEXIBILITY

FAMs can be used in a wide range of applications, from control systems to decision-making and pattern recognition. This
paper introduce FAM and in subsection two FAM is used to study the socio economic problem of women with HIV/AIDS. In
subsection three we study the environmental pollution due to dyeing industries using the FAM model.
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3. APPLICATION OF FUZZY ASSOCIATIVE MODEL

A Fuzzy Associative Model (FAM) is primarily used in applications where imprecise or uncertain data needs to be associated
and recalled, making it valuable in fields like medical diagnosis, pattern recognition, control systems, and decision making,
allowing for flexible reasoning with “degrees of membership” rather than strict binary classifications; some specific
applications include

3.1. MEDICAL DIAGNOSIS
Analyzing patient data with fuzzy logic to identify potential disease patterns based on symptoms, where certain symptoms may
not be clearly present or absent, but rather fall within a fuzzy range.

3.2. INTRODUCTION TO FUZZY ASSOCIATIVE MEMORIES

A fuzzy set is a map p : X — [0, 1] where X is any set called the domain and [0, 1] the range i.c., p is thought of as a
membership function i.e., to every element x € X p assigns membership value in the interval [0, 1]. But very few try to
visualize the geometry of fuzzy sets. It is not only of interest but is meaningful to see the geometry of fuzzy sets when we
discuss fuzziness. To date researchers over overlooked such visualization [Kosko, 108-112], instead they have interpreted
fuzzy sets as generalized indicator or membership functions mappings p from domain X to range [0, 1]. But functions are hard
to visualize. Fuzzy theorists often picture membership functions as two-dimensional graphs with the domain X represented as a
one-dimensional axis.

The geometry of fuzzy sets involves both domain X = (x; .......x,) and the range [0, 1] of mappings p : X — [0, 1]. The
geometry of fuzzy sets aids us when we describe fuzziness, define fuzzy concepts and prove fuzzy theorems. Visualizing this
geometry may by itself provide the most powerful argument for fuzziness.

An odd question reveals the geometry of fuzzy sets. What does the fuzzy power set F(2X), the set of all fuzzy subsets of X,
look like? It looks like a cube, what does a fuzzy set look like? A fuzzy subsets equals the unit hyper cube In = [0, 1]™. The
fuzzy set is a point in the cube In. Vertices of the cube In define a non-fuzzy set. Now with in the unit hyper cube 1" = [0, 1]
we are interested in a distance between points, which led to measures of size and fuzziness of a fuzzy set and more
fundamentally to a measure. Thus within cube theory directly extends to the continuous case when the space X is a subset of
Rn. The next step is to consider mappings between fuzzy cubes. This level of abstraction provides a surprising and fruitful
alternative to the prepositional and predicate calculus reasoning techniques used in artificial intelligence (Al) expert systems. It
allows us to reason with sets instead of propositions.

The fuzzy set framework is numerical and multidimensional. The Al framework is symbolic and is one dimensional with
usually only bivalent expert rules or propositions allowed. Both frameworks can encode structured knowledge in linguistic
form. But the fuzzy approach translates the structured knowledge into a flexible numerical framework and processes it in a
manner that resembles neural network processing. The numerical framework also allows us to adaptively infer and modify
fuzzy systems perhaps with neural or statistical techniques directly from problem domain sample data.

Between cube theory is fuzzy-systems theory. A fuzzy set defines a point in a cube. A fuzzy system defines a mapping between
cubes. A fuzzy system S maps fuzzy sets to fuzzy sets. Thus a fuzzy system S is a transformation S: 1* — 1P. The n
dimensional unit hyper cube In houses all the fuzzy subsets of the domain space or input universe of discourse X =
{X1 ewe oo Xy }. 1P houses all the fuzzy subsets of the range space or output universe of discourse, Y = {y; ... ... ¥, }. Xand Y
can also denote subsets of R and RP. Then the fuzzy power sets F (2%) and F (2¥)replace In and 17.

In general a fuzzy system S maps families of fuzzy sets to families of fuzzy sets thus S: I™'X ... XI" — [P1X ... XIPS. ..
Here s too we can extend the definition of a fuzzy system to allow arbitrary products or arbitrary mathematical spaces to serve
as the domain or range spaces of the fuzzy sets. We shall focus on fuzzy systems S: I™ — [P that map balls of fuzzy sets in In
to balls of fuzzy set in Ip. These continuous fuzzy systems behave as associative memories. The map close inputs to close
outputs. We shall refer to them as Fuzzy Associative Maps or FAMs.

Fuzzy associative memories are primarily used in applications where dealing with uncertain or imprecise information is
crucial, including: pattern recognition, control systems, prediction, image processing, decision making, and medical diagnosis.

4. USE OF FAM MODEL TO STUDY THE SOCIO ECONOMIC PROBLEM OF WOMEN WITH
HIV/AIDS

At the outset we first wish to state that these women are mainly from the rural areas, they are economically poor and
uneducated and majority of them are infected by their husbands. Second we use FAM because only this will indicate the
gradations of the causes, which is the major cause for women being affected by HIV/AIDS followed in order of gradation the
causes. Further among the fuzzy tools FAM model alone can give such gradations so we use them in this analysis. Another
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reason for using FAM is they can be used with the same FRM that is using the attributes of the FRM, FAMs can also be
formulated. Already FAMs are very briefly described in section one of this chapter. We now give the sketch of the analysis of
this problem with a view that any reader with a high school education will be in a position to follow it.

Example

We just illustrate two experts opinion though we have used several experts' opinion for this analysis. Using the problems of
women affected with HIV/AIDS along the rows and the causes of it along the column we obtain the related fuzzy vector matrix
M.

The following are taken as the attributes (concepts) related with women, which is taken along the rows.
W, —Child marriage / widower marriage / child married to men twice or thrice their age
W, —Causes of women being infected with HIV/AIDS
W, —Disease untreated till it is chronic or they are in last stages of life due to full-blown AIDS
W, -»Women are not traditionally considered as breadwinners for the work they do and the money they earn to
protect the family is never given any recognition
W; —Free of depression and despair in spite of being deserted by family when they have HIV/AIDS
W, — Faith in god / power of god will cure.
W, — Married women have acquired the disease due to their husbands.

The concepts associated with society, men /husband is taken along the columns .
R; Female child a burden so the sooner they get her married off, the better relief economically
R, — Poverty / not owners of propert
R; — Bad habits of the men / husbands
R, — - Infected women are left uncared by relatives, even by husbands
R —- No Guilt or fear of life
R¢ — - Not changed religion and developed faith in god after the disease
R, — - No moral responsibility on the part of husbands and they infect their wives willfully
Rg — Frequent, natural abortion / death of born infants
Ry = - STD / VD infected husbands
R;, — - Husbands hide their disease from their family so the wife become HIV/AIDS infected.

The gradations are given in the form of the fuzzy vector matrix M which is as follows.
— R R, Ry Ry Rs Rg¢ R; Rg Ry Ry
w, 09 08 07 0 O O O O 0 0.7

w, 05 08 06 0 0 0 0 0 0 O
w, 0 03 06 0 O 0 0 0 0 O
w, 0 0 0 06 O 0 0 0 0 O
wWws 0 0 0 0 09 06 07 0 0 O
wWwe 0 0 o 0 0 07 05 0 0 O
w, 0 0 0o o 06 0 0 0 0 O

Now using the expert's opinion we get the fit vectors. Suppose the fit vector B is givenas B=(011000 0 0 1 0). Using max
min in backward directional we get FAM described as

A=MoB

that is ai =max min (mij, bj) 1 <j < 10.

Thus A = (0.8, 0.8, 0.6 0 0 0 0) since 0.8 is the largest value in the fit vector in A and it is associated with the two nodes vide
W1 and W2 child marriage / widower child marriage etc finds it first place also the vulnerability of rural uneducated women
find the same states as that of W1. Further the second place is given to W3, disease untreated till it is chronic or they are in last
stages, all other states are in the off state.

Thus we see the major cause being infected by HIV/AIDS is R1 and R5 having the maximum value. viz. female child a burden
so the sooner they get married off the better relief economically; and women suffer no guilt and fear for life. The next value
being given by R2 and R3, poverty and bad habits of men are the causes of women becoming HIV/AIDS victims. The next
value being R6, R7 and R10 taking the value 0.7, women have not changed religion and developed faith in god after the
disease, lost faith in god after the disease. Husbands hide their disease from family so wife becomes HIV/AIDS infected.
Several conclusions can be derived from the analysis of similar form.
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Now we proceed on to describe one more model using FAM. Using the attributes related with women affected with HIV/AIDS
along the rows and the causes of it along the column we obtain the fuzzy rector matrix M1. The gradations are given in the
form of the fuzzy vector matrix which is as follows.

~ R, R, Ry R, Ry Ry R, Ry Ry Ry
w, 9 8 .6 0 .5 .7 0 0 .4 0
w, 8 .7 .8 0 0 0 0 0 .7 0
W, 7 .6 .5 0 0 .8 0 0 0 0
w, 9 .7 0 0 0 0 0 .8 .7 0
W, 8 .6 .7 0 0 0 0 .7 0 0
W, 0 0 .4 0 0 0 0 .6 0 0
W, 4 0 .6 0 0 0 0 0 0 0
W, 6 .5 0 0 .4 .3 0 0 0 0
w, 0 0 0 0 0 0O .8 0 .4 .6

Now using the experts opinion we get the fit vectors B, givenas B=(1 11000 0 0 1), using max-min backward direction we
get FAM described as
A=MI1oB.

That is
a;= max min (mij bj), 1 <j<10=(0.9,0.8,0.8, 0, 0.5, 0.8,0.8, 0, 0.7, 0.6).

Since 0.9 is the largest value in the fit vector A and it is associated with W1 and W4, we see the root cause or the major reason
of women becoming HIV/AIDS infected is due to no basic education, no recognition of their labour. One may be very much
surprised to see why the co ordinate "no recognition of labour" find so much place the main reason for it if they (men i.e., the
husband) had any recognition of their labour certainly he would not have the heart to infect his wife when he is fully aware of
the fact that he is suffering from HIV/AIDS and by having unprotected sex with his wife certainly she too would soon be an
HIV/AIDS patient. Thus W1 and W4 gets the highest value.

The next value is 0.8, which is got by the nodes W2 and W5. W2 — No wealth and property and W5 — No protection from their
spouse. If wealth and property was in their hands (i.e., in the name of women) certainly they would fear her untimely death for
the property may be taken by her relatives. Further these women cannot protect themselves from their husbands even if they
are fully aware of the fact that their husbands are infected by HIV/AIDS.

5. CONCLUSION

Fuzzy associative models (FAMs) have been demonstrated to be a powerful tool for knowledge representation and reasoning in
uncertain and complex environments. By leveraging fuzzy logic and associative memory, FAMs provide a robust and
interpretable framework for modelling nonlinear relationships and making predictions. Fuzzy associative models have the
potential to revolutionize the way we approach complex problems in uncertain and dynamics environments. By providing a
robust and interpretable framework for knowledge representation and reasoning, FAMs can enable users to make more
accurate predictions, better decisions, and more effective control actions.
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