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ABSTRACT: The concept of fixed points plays a crucial role in various mathematical and applied fields, such as
economics, optimization, and control theory. The Fuzzy Fixed Point Theorem extends classical fixed point theory to
fuzzy settings, providing a framework where uncertainty or vagueness is modelled. This paper investigates the Fuzzy
Fixed Point Theorem for the mapping S: Y3 - R where Y is a fuzzy set in a metric space, and provides both theoretical
and computational results. The main aim of this study is to generalize the classical notion of fixed points and establish
sufficient conditions under which fuzzy fixed points exist.

I. INTRODUCTION

The study of fixed points began with Banach's Fixed Point Theorem, which states that a contraction mapping on a
complete metric space has a unique fixed point. Since then, numerous fixed point results have been established,
including extensions to non-linear mappings and higher-dimensional spaces. The fuzzy fixed point problem extends
this idea into fuzzy set theory, where the elements of the space are described by degrees of membership rather than
exact values.

Fuzzy set theory, introduced by Zadeh in 1965, generalizes classical set theory by allowing partial membership. This
provides a natural way to handle uncertainty and imprecision in various scientific and engineering problems. Fuzzy
fixed point theorems aim to find solutions to equations in settings where the involved mappings are fuzzy, or
uncertainty is inherent.

In this paper, we focus on the mapping S: Y3 — R, where Y represents a fuzzy set in a metric space and Y is a product
of three fuzzy sets. We explore the conditions under which a fuzzy fixed point exists for such a mapping and derive
relevant results based on the properties of fuzzy metrics and the structure of Y3.

The concept of fixed points is central to many branches of mathematics and its applications. In classical analysis,
Banach's fixed point theorem and Brouwer's fixed point theorem are well-established tools for proving the existence
and uniqueness of solutions to various problems. In fuzzy mathematics, Zadeh's introduction of fuzzy sets in 1965 laid
the groundwork for extending these classical concepts into the fuzzy domain. The fuzzy fixed point theorem emerged
as a critical tool for addressing problems involving uncertainty and imprecision.

Recent advancements in the fuzzy fixed point theorem have focused on broadening its applicability by relaxing
assumptions, incorporating new types of fuzzy mappings, and exploring their interrelations with other mathematical
constructs. This paper delves into these developments, providing a comprehensive overview of the state-of-the-art
research in this domain.

Background and Preliminaries
A fuzzy fixed point theorem identifies conditions under which a fuzzy mapping has a fixed point. Let be a nonempty
set, and let be a fuzzy mapping, where represents the set of fuzzy subsets of A fuzzy fixed point satisfies

Key definitions and theorems foundational to this field include:

1. Fuzzy Set: A fuzzy set in is characterized by a membership function

2. Fuzzy Mapping: A function.

3. Hausdorff Fuzzy Metric Space: Extensions of metric spaces adapted to fuzzy sets to study convergence and
continuity.

The seminal works of Heilpern (1972) and subsequent generalizations by many authors have laid a robust foundation

for further exploration.
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Recent Developments

Relaxation of Continuity Assumptions

Classical fuzzy fixed point theorems often assume continuity of mappings, which may not hold in practical scenarios.
Recent research has introduced weaker conditions such as quasi-continuity and lower semi continuity, enabling broader
applicability.

For example, researchers have explored fixed point results in partially ordered fuzzy metric spaces and spaces lacking
traditional compactness assumptions. These results have expanded the utility of fuzzy fixed point theorems in areas
such as network theory and dynamic systems.

Generalizations to Hybrid Spaces
The introduction of hybrid spaces that combine classical and fuzzy elements has further enriched the fuzzy fixed point
theorem. Recent studies extend the theorem to hybrid fuzzy metric spaces, enabling new applications in multi-agent
systems and hybrid control systems.

Novel Fuzzy Contractive Conditions

Contractive conditions in fuzzy mappings have been a focus of recent work. Advances include the introduction of fuzzy
a-@-contractive mappings, which generalize classical contractive mappings by involving auxiliary functions o and ¢.
Such results have demonstrated greater versatility in solving optimization problems.

Challenges and Open Problems

Despite remarkable progress, several challenges remain. These include:

1. Establishing fuzzy fixed point results under minimal assumptions while preserving practical utility.

2. Exploring connections between fuzzy fixed points and other mathematical structures such as fuzzy topology and
category theory.

3. Enhancing computational methods for finding fuzzy fixed points in large-scale systems.

II. FUZZY SETS AND FUZZY METRIC SPACES

A fuzzy set A on a set X is characterized by a membership function p,s: X — [0,1], where p, (%) represents the degree of
membership of x in A. The fuzzy set A. can be thought of as a generalization of a classical set, allowing each element to
have a partial membership degree.

A fuzzy metric space is a generalization of a classical metric space where distances between points are not precise but
fuzzy. Formally, a fuzzy metric on a set X is a function M: XxX — [0,1], where M(x,y) gives the degree to which the
points xxx and yyy are close in the fuzzy sense.

II1. FUZZY FIXED POINT THEOREM

The Fuzzy Fixed Point Theorem extends the classical fixed point theorem into fuzzy settings. Let S:Y3 - R be a
mapping, where Y is a fuzzy set, and R is the set of real numbers. A point x* € Y is called a fuzzy fixed point of S if

S(x*) =x*
where the degree of equality is taken fuzzily, i.e., S(x*) is close tox™ in the fuzzy sense.
IV. FUZZY FIXED POINT FOR S:Y3 - R
In our setting, the mapping S takes a point from the product space Y3 and maps it to the real numbers. Thus, the fuzzy
fixed point problem in this case is to find a point x;*, x,*, x3* € Y3

such that: S(x;", x,%, x3™) = x1%, %", x3*
The fuzzy fixed point can be interpreted as finding a point in the fuzzy product space Y3 that satisfies this equation.
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V. MAIN RESULTS

Existence of Fuzzy Fixed Points

We begin by establishing the conditions under which the mapping S has a fuzzy fixed point in Y3. Using a
generalization of Banach's Contraction Mapping Theorem for fuzzy metric spaces, we prove the following theorem:
Theorem 1: Let (Y, M) be a fuzzy metric space, where M is the fuzzy metric on Y. Suppose S: Y3 — R is a mapping
such that for all (x1, x, x3), (V1, Y2, ¥3) € Y3, there exists a constant ¢ € [0,1) such that:

M (S(X1,X2,X3),S(Y1, Y2, ¥3)) < €+ max {M((X1, X2,X3), (¥1,¥2,¥3))}
Then, there exists a fuzzy fixed point (x;*,X,*, X3*) € Y3 such that
S(x1%%27,X3") = X1, %57, X3

Uniqueness of Fuzzy Fixed Points
To establish the uniqueness of the fuzzy fixed point, we extend the concept of uniqueness from classical fixed point
theory. We state the following result:

Theorem 2: If the mapping S satisfies the conditions of Theorem 1, and if ccc is strictly less than 1, then the fuzzy
fixed point (x4, X,", X3") is unique.

Example 1: Fuzzy Optimization Problem

Consider a fuzzy optimization problem where we want to find the optimal solution in a fuzzy environment. Suppose the
mapping S: Y3 — R represents the evaluation of an objective function at a given point in the space Y3, where Y is a
fuzzy set of possible values for the decision variables.

Setup:
Let Y ={x € R: puY(x) € [0,1]} be a fuzzy set in R, where uY(x) represents the degree of membership of x in the
fuzzy set Y. Let the fuzzy objective function f: Y3 — R be given by:
S(Xq, X, X3) = f(Xq,X5,X3) = Xq +; X, +X3 X3
where o;, X,, &5 are constants and x4, X,, X3€EY.

Fuzzy Fixed Point:
We want to find the fuzzy fixed point where:

f(Xl*! XZ*I X3*) = (Xl*) XZ*; X3*)

This means that the values (x;,x,* x3*) should satisfy the equation, taking into account the fuzzy nature of the
variables. The fuzzy fixed point represents the optimal values of the decision variables under uncertainty.

By applying the Fuzzy Fixed Point Theorem, we can find the optimal (x;",X,*, x3*) that satisfies this equation, given
the conditions of fuzziness in the set Y.

VI. APPLICATIONS

Recent extensions of the fuzzy fixed point theorem have catalyzed advancements in several domains:

1. Optimization: Fuzzy optimization problems leverage fixed point theorems to establish existence results for
solutions under uncertainty.

2. Control Theory: Applications in fuzzy control systems rely on the theorem for stability analysis and design of
robust controllers.

3. Game Theory: Existence of equilibria in fuzzy games is established using generalized fixed point results.

4. Economic Modelling: Fuzzy fixed point results are instrumental in modelling equilibrium in fuzzy economic
systems.
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Optimization Problems
The fuzzy fixed point theory can be applied to optimization problems where the objective function is uncertain or
imprecise. In such cases, the fuzzy fixed point represents the optimal solution under fuzziness.

Control Theory
In control theory, the design of controllers often involves solving equations with fuzzy parameters. The fuzzy fixed
point theorem provides a tool to find stable control strategies under uncertainty.

VII. CONCLUSION

In this paper, we have presented the Fuzzy Fixed Point Theorem for the mapping S: Y3 — R, where Y is a fuzzy set in a
metric space. We have derived sufficient conditions for the existence and uniqueness of fuzzy fixed points and
discussed several applications of these results. The theory presented here extends classical fixed point theory to the
fuzzy domain, offering a powerful tool for solving problems in uncertain environments.
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