fixed point theory and applications

Fixed Point Theory and Applications: Unlocking the Power of Mathematical Stability

Fixed point theory and applications form a fascinating branch of mathematics that touches upon
many areas, from pure mathematical analysis to practical uses in economics, computer science, and
even biology. The concept, at its heart, is surprisingly simple yet profoundly powerful: it deals with
points that remain unchanged under a given function or transformation. This seemingly
straightforward idea has paved the way for significant advances in understanding equilibrium states,
iterative methods, and system stability. Let’s dive into the essence of fixed point theory, explore key
theorems, and examine how this theory finds utility across diverse fields.

Understanding Fixed Point Theory

Fixed point theory studies the existence and properties of fixed points—points that satisfy the
equation \( f(x) = x\) for a given function \( f\). In other words, when you apply the function to the
point \( x\), the output is the point itself. This concept is fundamental in mathematics because it often
corresponds to states of equilibrium or stability in dynamic systems.

What Exactly Is a Fixed Point?

Imagine you have a function that transforms points in a space. If there's a point that, when plugged
into the function, results in the same point, that's a fixed point. For example, consider the function \(
f(x) = \cos x\). The solution to \( \cos x = x'\) is a fixed point of \( f\). This point is where the function
intersects the line \(y = x\).

This simple idea extends far beyond real-valued functions. Fixed points can exist in various contexts,
such as functions on metric spaces, Banach spaces, or even more abstract topological spaces. This
broad applicability makes fixed point theory a versatile tool.

Why Are Fixed Points Important?

Fixed points often represent stable states or equilibria. For example, in economics, a fixed point might
represent a market equilibrium where supply equals demand. In computer science, fixed points are
critical in semantics of programming languages and in iterative algorithms used for optimization and
machine learning.

Moreover, fixed points help solve equations where direct methods might be complicated. By
transforming problems into fixed point equations, mathematicians and scientists can apply iterative
methods to approximate solutions.



Key Theorems in Fixed Point Theory

Several fundamental theorems provide the backbone of fixed point theory. These results not only
prove the existence of fixed points under certain conditions but also offer constructive ways to find
them.

Brouwer Fixed Point Theorem

One of the most famous results, the Brouwer Fixed Point Theorem, states that any continuous
function from a closed ball in a Euclidean space to itself has at least one fixed point. In simpler terms,
if you take a solid disk (or ball) and map it continuously onto itself, there must be at least one point
that doesn’t move.

This theorem is foundational in topology and has numerous applications, such as proving existence of
solutions to differential equations and in game theory for Nash equilibria.

Banach Fixed Point Theorem (Contraction Mapping Theorem)

The Banach Fixed Point Theorem provides conditions not only for the existence but also for the
uniqueness and computability of fixed points. It states that in a complete metric space, any
contraction mapping (a function that brings points closer together) has a unique fixed point.
Moreover, by iteratively applying the function starting from any point, you can converge to this fixed
point.

This theorem is particularly useful in numerical analysis, where iterative methods are used to solve
equations and optimize functions.

Schauder Fixed Point Theorem

The Schauder theorem extends the Brouwer theorem to infinite-dimensional spaces, stating that any
continuous, compact mapping from a convex, closed, and bounded subset of a Banach space into
itself has a fixed point. This theorem is instrumental in functional analysis and partial differential
equations.

Applications of Fixed Point Theory in Various Fields

Fixed point theory is more than just abstract mathematics; its principles are embedded in many
scientific and engineering disciplines.



Economics and Game Theory

In economics, fixed point theorems underpin the existence of equilibria. For example, the Nash
equilibrium in game theory can be proven using fixed point arguments, particularly Brouwer’s
theorem. Players’ strategies stabilize when no one can unilaterally improve their payoff,
corresponding to a fixed point of the best response function.

Market equilibrium models also rely on fixed point theory to demonstrate that under certain
assumptions, prices and allocations exist where supply equals demand.

Computer Science and Programming Languages

Fixed points are central in denotational semantics, which gives mathematical meaning to
programming languages. Recursive function definitions and looping constructs can be understood as
fixed points of functionals.

Additionally, iterative algorithms, such as those used in machine learning or numerical methods, often
rely on contraction mappings to guarantee convergence to stable solutions.

Engineering and Control Systems

In control theory, fixed points represent steady states of dynamic systems. Engineers analyze these
points to ensure system stability, avoiding oscillations or runaway behavior.

For example, feedback control systems use fixed point iterations to adjust inputs until the system
output stabilizes at a desired level.

Biology and Population Dynamics

Models of population growth, spread of diseases, or ecological systems often use fixed points to
represent steady states or equilibria. Understanding fixed points helps predict whether populations
will stabilize, grow without bound, or collapse.

These models frequently involve nonlinear systems where fixed point theorems guarantee the
existence of equilibrium populations.

How to Find Fixed Points: Practical Approaches

While the theory assures us that fixed points exist under certain conditions, actually finding them can
be a challenge. Here are common methods used:



Iterative Methods

Starting with an initial guess \( x_0), apply the function repeatedly: \( x_{n+1} = f(x_n)\). Under the
right conditions—like those in Banach’s theorem—this sequence converges to a fixed point. This
approach is widely used in numerical methods, such as the Picard iteration for solving differential
equations.

Newton-Raphson Method

An extension of iterative methods, Newton-Raphson refines guesses by considering the function’s
derivative. It's effective for finding zeros of functions, which correspond to fixed points of related
functions.

Topological Methods

Sometimes, fixed points can be located using topological invariants or degree theory, especially when
dealing with complex or high-dimensional spaces where explicit calculations are difficult.

Challenges and Tips for Working with Fixed Point
Problems

While fixed point theory offers powerful guarantees, applying it in practice can be tricky. Here are
some insights to keep in mind:

- **Verify the assumptions:** The existence theorems depend on conditions like continuity,
compactness, and convexity. Ensuring these hold is crucial before applying the theorems.

- **Check contraction properties:** For iterative methods to converge, functions often need to be
contractions. If not, alternative approaches or modifications may be necessary.

- **Consider computational resources:** High-dimensional or nonlinear problems may require
sophisticated algorithms and significant computational power.

- ¥*Use software tools:** Packages in MATLAB, Python (SciPy), and R often provide built-in functions
for fixed point iterations and root-finding.

- **Understand the context:** The interpretation of fixed points can vary, so aligning mathematical
results with the physical or theoretical system being studied is important.

Exploring fixed point theory and applications reveals a remarkable interplay between abstract
mathematics and real-world problems. It equips researchers and practitioners with a framework to
model, analyze, and solve problems involving stability and equilibrium, fostering advancements
across science and technology.



Frequently Asked Questions

What is fixed point theory and why is it important?

Fixed point theory studies points that remain invariant under a given function, meaning f(x) = x. It is
important because it provides fundamental tools for solving equations, modeling equilibrium states in
economics, engineering, and natural sciences, and analyzing iterative processes.

What are some common fixed point theorems used in
applications?
Common fixed point theorems include Banach's Fixed Point Theorem (Contraction Mapping Theorem),

Brouwer Fixed Point Theorem, Schauder Fixed Point Theorem, and Kakutani Fixed Point Theorem.
These theorems are widely used in differential equations, optimization, game theory, and economics.

How does Banach's Fixed Point Theorem facilitate numerical
methods?

Banach's Fixed Point Theorem guarantees the existence and uniqueness of fixed points for
contraction mappings in complete metric spaces and provides a constructive method to approximate
the fixed point through iteration. This underpins many numerical algorithms for solving equations and
differential equations.

What are some real-world applications of fixed point theory?

Fixed point theory is applied in various fields including economics (to prove existence of equilibria),
computer science (program semantics and recursive function definitions), engineering (control
systems stability), and biology (population models).

How is fixed point theory used in solving differential
equations?
Fixed point theorems, particularly Banach and Schauder, are used to prove existence and uniqueness

of solutions to differential and integral equations by transforming the problem into finding a fixed
point of an appropriate operator.

What role does fixed point theory play in optimization
problems?

In optimization, fixed point theory helps analyze iterative algorithms that seek to find optimal points
by framing the optimization problem as finding fixed points of certain mappings, ensuring
convergence and stability of solutions.

Can fixed point theory be applied in machine learning or data



science?

Yes, fixed point theory underlies several iterative algorithms in machine learning, such as
expectation-maximization (EM), reinforcement learning policies, and deep learning optimization
techniques, by ensuring convergence to stable points or equilibria.

What advancements are currently trending in fixed point
theory research?

Current trends include extensions of fixed point results to non-linear and non-convex settings,
applications to fractional differential equations, integration with topological data analysis, and
leveraging fixed point methods in emerging fields like quantum computing and network theory.

Additional Resources

Fixed Point Theory and Applications: A Comprehensive Review

fixed point theory and applications represent a cornerstone of modern mathematical analysis,
with profound implications across diverse scientific and engineering disciplines. At its core, fixed point
theory investigates the existence and properties of points that remain invariant under specific
functions or mappings. This theoretical framework not only enriches pure mathematical inquiry but
also offers practical tools for solving complex problems in optimization, economics, computer science,
and beyond.

Understanding Fixed Point Theory

Fixed point theory can be broadly defined as the study of points x in a space such that f(x) = x for a
given function f. This deceptively simple concept underpins numerous mathematical results and real-
world models. The foundational theorems, including Banach's Fixed Point Theorem and Brouwer's
Fixed Point Theorem, provide conditions under which fixed points exist, and often, guarantees about
their uniqueness and stability.

Banach’s theorem, for instance, is a pivotal result in metric spaces and asserts that any contraction
mapping on a complete metric space has a unique fixed point. This theorem is especially significant in
iterative methods for solving equations, as it not only ensures convergence but also quantifies the
rate at which approximations approach the fixed point.

In contrast, Brouwer’s Fixed Point Theorem applies to continuous functions on compact convex
subsets of Euclidean spaces, guaranteeing the existence—but not necessarily uniqueness—of fixed

points. This theorem serves as a theoretical foundation in fields such as game theory and economics,
where equilibrium points correspond to fixed points of strategic interaction mappings.

Key Theorems and Their Implications

The landscape of fixed point theory is enriched by numerous results tailored to different mathematical



contexts:

e Schauder Fixed Point Theorem: Extends Brouwer’s theorem to infinite-dimensional Banach
spaces, crucial for functional analysis and partial differential equations.

e Kakutani Fixed Point Theorem: A generalization involving set-valued functions, instrumental
in proving equilibrium existence in non-cooperative games.

¢ Caristi Fixed Point Theorem: Combines metric conditions with order structures, useful in
optimization and variational problems.

Each theorem's assumptions—such as continuity, compactness, convexity, or completeness—play a
vital role, influencing both theoretical developments and practical applications.

Applications Across Disciplines

The broad applicability of fixed point theory stems from its ability to model equilibrium states, steady
solutions, and invariant structures in complex systems. Below, we explore several prominent domains
where fixed point theory and applications have demonstrated substantial impact.

Mathematical Analysis and Differential Equations

In mathematical analysis, fixed point methods provide essential tools for proving the existence and
uniqueness of solutions to differential and integral equations. Many nonlinear problems, resistant to
closed-form solutions, are approached via iterative schemes grounded in fixed point principles. For
example, the Picard-Lindeldf theorem uses contraction mappings to establish the existence of unique
solutions to ordinary differential equations.

Similarly, in partial differential equations (PDEs), Schauder’s and Leray-Schauder’s fixed point
theorems facilitate the existence proofs for solutions under complex boundary conditions, especially
when linear methods fall short.

Economics and Game Theory

Fixed point theory underlies foundational concepts in economics, particularly in demonstrating the
existence of equilibria. The Nash equilibrium, a central concept in game theory, is often established
via Kakutani’s fixed point theorem. This theorem accommodates multi-valued best response
functions, reflecting the strategic interdependencies among rational agents.

Moreover, general equilibrium theory relies on Brouwer’s and Kakutani’s theorems to prove that
under suitable assumptions, markets reach an equilibrium where supply meets demand. These
applications underscore the practical utility of fixed point results beyond abstract mathematics.



Computer Science and Algorithms

In computer science, fixed point computations are integral to program semantics, data flow analysis,
and formal verification. Recursive function definitions inherently involve fixed points, and fixed point
iteration techniques enable the evaluation of program behavior.

Furthermore, algorithms for solving optimization problems and equilibrium computations frequently
exploit contraction properties to guarantee convergence. For instance, in machine learning, certain
iterative training procedures can be interpreted through the lens of fixed point iteration, ensuring
stability and convergence of models.

Engineering and Control Systems

Control theory and engineering applications benefit from fixed point theorems in analyzing system
stability and feedback loops. The existence of fixed points corresponds to steady states or equilibrium
points in dynamical systems, which are critical for designing controllers and predicting long-term
behavior.

Nonlinear control systems often employ fixed point-based methods to ascertain system response

under perturbations or parameter variations. This approach aids in the synthesis of robust controllers
and fault-tolerant designs.

Advantages and Challenges of Fixed Point Methods

The utility of fixed point theory and applications is marked by several strengths:
* Universality: Applicable across finite and infinite-dimensional spaces, under various continuity
and compactness conditions.

e Constructive Approaches: Some theorems provide iterative algorithms with guaranteed
convergence, facilitating numerical computations.

¢ Interdisciplinary Reach: Bridges pure mathematics with applied sciences, economics, and
engineering.

However, challenges persist in practical implementations:
¢ Non-uniqueness of Fixed Points: Certain theorems guarantee existence but not uniqueness,
complicating the interpretation of solutions.

e Computational Complexity: Iterative schemes may converge slowly or require careful tuning
to avoid divergence.



» Restrictive Assumptions: Conditions like compactness or convexity may not hold in real-
world scenarios, limiting direct applicability.

Addressing these challenges remains an active area of research, with ongoing efforts to relax
assumptions and develop more efficient algorithms.

Emerging Trends and Research Directions

Recent advancements in fixed point theory explore extensions to non-standard spaces, such as fuzzy
metric spaces and partial metric spaces, broadening the theory’s applicability to uncertain and
imprecise data models.

Moreover, integration with topological data analysis and machine learning opens new avenues where
fixed point methods assist in understanding complex data structures and learning dynamics.

The cross-pollination between fixed point theory and computational topology, dynamical systems, and
optimization continues to fuel innovative methodologies and applications.

Summary

Fixed point theory and applications form a vibrant and essential area of mathematical science with
extensive interdisciplinary relevance. From guaranteeing the solvability of nonlinear equations to
underpinning economic equilibria and informing algorithmic convergence, fixed point concepts
permeate numerous fields. Despite challenges related to uniqueness and computational efficiency,
the theory’s robustness and versatility ensure its ongoing significance. As research progresses, fixed
point theory is poised to unlock further insights into the behavior of complex systems and enhance
problem-solving techniques across scientific domains.

Fixed Point Theory And Applications

fixed point theory and applications: Fixed Point Theory and Applications Ravi P. Agarwal,
Maria Meehan, Donal O'Regan, 2001-03-22 This book provides a clear exposition of the flourishing
field of fixed point theory. Starting from the basics of Banach's contraction theorem, most of the
main results and techniques are developed: fixed point results are established for several classes of
maps and the three main approaches to establishing continuation principles are presented. The
theory is applied to many areas of interest in analysis. Topological considerations play a crucial role,
including a final chapter on the relationship with degree theory. Researchers and graduate students
in applicable analysis will find this to be a useful survey of the fundamental principles of the subject.
The very extensive bibliography and close to 100 exercises mean that it can be used both as a text
and as a comprehensive reference work, currently the only one of its type.

fixed point theory and applications: Fixed Point Theory and Applications Yeol Je Cho, Jong
Kyu Kim, Shin Min Kang, 2002 The aim of this volume is to introduce recent new topics in the areas


https://santacruzdance.org/archive-th-181/fixed-point-theory-and-applications.pdf

of fixed point theory, variational inequality and complementarity problem theory, non-linear ergodic
theory difference, differential and integral equations, control and optimisation theory, dynamic
system theory, inequality theory, stochastic analysis and probability theory, and their applications.

fixed point theory and applications: Advances in Metric Fixed Point Theory and Applications
Yeol Je Cho, Mohamed Jleli, Mohammad Mursaleen, Bessem Samet, Calogero Vetro, 2021-05-04 This
book collects papers on major topics in fixed point theory and its applications. Each chapter is
accompanied by basic notions, mathematical preliminaries and proofs of the main results. The book
discusses common fixed point theory, convergence theorems, split variational inclusion problems
and fixed point problems for asymptotically nonexpansive semigroups; fixed point property and
almost fixed point property in digital spaces, nonexpansive semigroups over CAT(x) spaces,
measures of noncompactness, integral equations, the study of fixed points that are zeros of a given
function, best proximity point theory, monotone mappings in modular function spaces, fuzzy
contractive mappings, ordered hyperbolic metric spaces, generalized contractions in b-metric
spaces, multi-tupled fixed points, functional equations in dynamic programming and Picard
operators. This book addresses the mathematical community working with methods and tools of
nonlinear analysis. It also serves as a reference, source for examples and new approaches associated
with fixed point theory and its applications for a wide audience including graduate students and
researchers.

fixed point theory and applications: Fixed Point Theory And Applications - Proceedings Of
The Second International Conference Kok Keong Tan, 1992-08-08 This volume contains current
works of researchers from twelve different countries on fixed point theory and applications. Topics
include, in part, nonexpansive mappings, multifunctions, minimax inequalities, applications to game
theory and computation of fixed points. It is valuable to pure and applied mathematicians as well as
computing scientists and mathematical economists.

fixed point theory and applications: Fixed Point Theory V.I. Istratescu, 2001-11-30 Approach
your problems from the right It isn't that they can't see the solution. It end and begin with the
answers. Then, is that they can't see the problem. one day, perhaps you will find the final G. K.
Chesterton, The Scandal of Father question. Brown 'The Point of a Pin'. "'The Hermit Clad in Crane
Feathers' in R. Van Gulik's The Chinese Maze Murders. Growing specialization and diversification
have brought a host of mono graphs and textbooks on increasingly specialized topics. However, the
'tree' of knowledge of mathematics and related fields does not grow only by putting forth new
branches. It also happens, quite often in fact, that branches which were thought to be completely
disparate are suddenly seen to be related. Further, the kind and level of sophistication of
mathematics applied in various sciences has changed drastically in recent years: measure theory is
used (non-trivially) in regional and theoretical economics; algebraic geometry interacts with physics;
the Minkowsky lemma, coding theory and the structure of water meet one another in packing and
covering theory; quantum fields, crystal defects and mathematical programming profit from
homotopy theory; Lie algebras are relevant to filtering; and prediction and electrical engineering
can use Stein spaces.

fixed point theory and applications: Fixed Point Theory in Metric Spaces Praveen Agarwal,
Mohamed Jleli, Bessem Samet, 2018-10-13 This book provides a detailed study of recent results in
metric fixed point theory and presents several applications in nonlinear analysis, including matrix
equations, integral equations and polynomial approximations. Each chapter is accompanied by basic
definitions, mathematical preliminaries and proof of the main results. Divided into ten chapters, it
discusses topics such as the Banach contraction principle and its converse; Ran-Reurings fixed point
theorem with applications; the existence of fixed points for the class of a-y contractive mappings
with applications to quadratic integral equations; recent results on fixed point theory for cyclic
mappings with applications to the study of functional equations; the generalization of the Banach
fixed point theorem on Branciari metric spaces; the existence of fixed points for a certain class of
mappings satisfying an implicit contraction; fixed point results for a class of mappings satisfying a
certain contraction involving extended simulation functions; the solvability of a coupled fixed point




problem under a finite number of equality constraints; the concept of generalized metric spaces, for
which the authors extend some well-known fixed point results; and a new fixed point theorem that
helps in establishing a Kelisky-Rivlin type result for g-Bernstein polynomials and modified
g-Bernstein polynomials. The book is a valuable resource for a wide audience, including graduate
students and researchers.

fixed point theory and applications: Fixed Point Theory and Applications , 2000

fixed point theory and applications: Fixed Point Theorems and Applications Vittorino
Pata, 2019-09-22 This book addresses fixed point theory, a fascinating and far-reaching field with
applications in several areas of mathematics. The content is divided into two main parts. The first,
which is more theoretical, develops the main abstract theorems on the existence and uniqueness of
fixed points of maps. In turn, the second part focuses on applications, covering a large variety of
significant results ranging from ordinary differential equations in Banach spaces, to partial
differential equations, operator theory, functional analysis, measure theory, and game theory. A final
section containing 50 problems, many of which include helpful hints, rounds out the coverage.
Intended for Master’s and PhD students in Mathematics or, more generally, mathematically oriented
subjects, the book is designed to be largely self-contained, although some mathematical background
is needed: readers should be familiar with measure theory, Banach and Hilbert spaces, locally
convex topological vector spaces and, in general, with linear functional analysis.

fixed point theory and applications: (00000 Ravi P. Agarwal, Maria Meehan, Donal
O'Regan, 2001

fixed point theory and applications: Fixed Point Theory in Metric Type Spaces Ravi P.
Agarwal, Erdal KARAPINAR, Donal O’Regan, Antonio Francisco Roldan-Lopez-de-Hierro, 2016-03-24
Written by a team of leading experts in the field, this volume presents a self-contained account of the
theory, techniques and results in metric type spaces (in particular in G-metric spaces); that is, the
text approaches this important area of fixed point analysis beginning from the basic ideas of metric
space topology. The text is structured so that it leads the reader from preliminaries and historical
notes on metric spaces (in particular G-metric spaces) and on mappings, to Banach type contraction
theorems in metric type spaces, fixed point theory in partially ordered G-metric spaces, fixed point
theory for expansive mappings in metric type spaces, generalizations, present results and
techniques in a very general abstract setting and framework. Fixed point theory is one of the major
research areas in nonlinear analysis. This is partly due to the fact that in many real world problems
fixed point theory is the basic mathematical tool used to establish the existence of solutions to
problems which arise naturally in applications. As a result, fixed point theory is an important area of
study in pure and applied mathematics and it is a flourishing area of research.

fixed point theory and applications: Topological Fixed Point Theory and Applications
Boju Jiang, 2006-11-14 This selection of papers from the Beijing conference gives a cross-section of
the current trends in the field of fixed point theory as seen by topologists and analysts. Apart from
one survey article, they are all original research articles, on topics including equivariant theory,
extensions of Nielsen theory, periodic orbits of discrete and continuous dynamical systems, and new
invariants and techniques in topological approaches to analytic problems.

fixed point theory and applications: Fixed Point Theory and Its Applications Robert F.
Brown, 1988 Represents the proceedings of an informal three-day seminar held during the
International Congress of Mathematicians in Berkeley in 1986. This work covers topics including
topological fixed point theory from both the algebraic and geometric viewpoints, and the fixed point
theory of nonlinear operators on normed linear spaces and its applications.

fixed point theory and applications: Metric Fixed Point Theory Pradip Debnath, Nabanita
Konwar, Stojan Radenovi¢, 2022-01-04 This book collects chapters on contemporary topics on metric
fixed point theory and its applications in science, engineering, fractals, and behavioral sciences.
Chapters contributed by renowned researchers from across the world, this book includes several
useful tools and techniques for the development of skills and expertise in the area. The book
presents the study of common fixed points in a generalized metric space and fixed point results with



applications in various modular metric spaces. New insight into parametric metric spaces as well as
study of variational inequalities and variational control problems have been included.

fixed point theory and applications: Fixed Point Theory and Fractional Calculus Pradip
Debnath, H. M. Srivastava, Poom Kumam, Bipan Hazarika, 2022-05-10 This book collects chapters
on fixed-point theory and fractional calculus and their applications in science and engineering. It
discusses state-of-the-art developments in these two areas through original new contributions from
scientists across the world. It contains several useful tools and techniques to develop their skills and
expertise in fixed-point theory and fractional calculus. New research directions are also indicated in
chapters. This book is meant for graduate students and researchers willing to expand their
knowledge in these areas. The minimum prerequisite for readers is the graduate-level knowledge of
analysis, topology and functional analysis.

fixed point theory and applications: Recent Advances in Fixed Point Theory and
Applications Umesh C. Gairola, Rajendra Pant, 2017 Fixed point theory is a growing and exciting
branch of mathematics with a variety of wide applications in biological and mathematical sciences,
proposing newer applications in discrete dynamics and super fractals. The present endeavour is to
report the latest trend in metric fixed point theory, emphasising newer applications in numerical
analysis, discrete dynamics and fractal graphics, besides traditional applications. The book is useful
to a large class of readers interested in analysis, applicable mathematics and fractal graphics. The
articles have been selected carefully so that the book is useful for sophomores up to senior
researchers looking for new material and new ideas in the existence of fixed points, new applications
and survey articles. A few chapters included herein are formal in nature and suggest new directions
of research in this area, which are especially useful to beginners in the field. The book is divided into
two parts: Part I contains surveys and existence and convergence results. In Part II (Applications),
various applications of fixed point theory to initial value problems, local attractivity of certain
functional integral equation solutions, fractals and super-fractals, and solving equations in numerical
praxis have been discussed. The present book, which is dedicated to Professor Shyam Lal Singh,
consists of articles contributed by outstanding workers all over the world. Of course, some of the
articles were selected from the Symposium on Fixed Point Theory and Applications (dedicated to
him) held during the 19th Annual Conference Of India (10-12 November 2016), organised by Pauri
Garhwal of the Department of Mathematics, H N B Garhwal (Central) University.

fixed point theory and applications: Fixed Point Theory Andrzej Granas, James Dugundji,
2013-03-09 The aim of this monograph is to give a unified account of the classical topics in fixed
point theory that lie on the border-line of topology and non linear functional analysis, emphasizing
developments related to the Leray Schauder theory. Using for the most part geometric methods, our
study cen ters around formulating those general principles of the theory that provide the foundation
for many of the modern results in diverse areas of mathe matics. The main text is self-contained for
readers with a modest knowledge of topology and functional analysis; the necessary background
material is collected in an appendix, or developed as needed. Only the last chapter pre supposes
some familiarity with more advanced parts of algebraic topology. The Miscellaneous Results and
Examples, given in the form of exer cises, form an integral part of the book and describe further
applications and extensions of the theory. Most of these additional results can be established by the
methods developedin the book, and no proof in the main text relies on any of them; more demanding
problems are marked by an asterisk. The Notes and Comments at the end of paragraphs contain
references to the literature and give some further information about the results in the text.

fixed point theory and applications: Fixed Point Theory and Applications Yeol Je Cho,
2007-08 This volume deals with new topics in the areas of fixed point theory, variational inequality
and complementarity problem theory, non-linear ergodic theory, difference, differential and integral
equations, control and optimisation theory, dynamic system theory, inequality theory, stochastic
analysis and probability theory, and their applications.

fixed point theory and applications: Fixed Point Theory and Best Approximation: The
KKM-map Principle S.P. Singh, B. Watson, P. Srivastava, 2013-04-17 The aim of this volume is to




make available to a large audience recent material in nonlinear functional analysis that has not been
covered in book format before. Here, several topics of current and growing interest are
systematically presented, such as fixed point theory, best approximation, the KKM-map principle,
and results related to optimization theory, variational inequalities and complementarity problems.
[lustrations of suitable applications are given, the links between results in various fields of research
are highlighted, and an up-to-date bibliography is included to assist readers in further studies.
Audience: This book will be of interest to graduate students, researchers and applied
mathematicians working in nonlinear functional analysis, operator theory, approximations and
expansions, convex sets and related geometric topics and game theory.

fixed point theory and applications: Multiple Fixed-Point Theorems and Applications in the
Theory of ODEs, FDEs and PDEs Svetlin G. Georgiev, Khaled Zennir, 2020-06-09 Multiple
Fixed-Point Theorems and Applications in the Theory of ODEs, FDEs and PDEs covers all the basics
of the subject of fixed-point theory and its applications with a strong focus on examples, proofs and
practical problems, thus making it ideal as course material but also as a reference for self-study.
Many problems in science lead to nonlinear equations T x + F x = x posed in some closed convex
subset of a Banach space. In particular, ordinary, fractional, partial differential equations and
integral equations can be formulated like these abstract equations. It is desirable to develop
fixed-point theorems for such equations. In this book, the authors investigate the existence of
multiple fixed points for some operators that are of the form T + F, where T is an expansive operator
and F is a k-set contraction. This book offers the reader an overview of recent developments of
multiple fixed-point theorems and their applications. About the Authors Svetlin G. Georgiev is a
mathematician who has worked in various areas of mathematics. He currently focuses on harmonic
analysis, functional analysis, partial differential equations, ordinary differential equations, Clifford
and quaternion analysis, integral equations and dynamic calculus on time scales. Khaled Zennir is
assistant professor at Qassim University, KSA. He received his PhD in mathematics in 2013 from Sidi
Bel Abbes University, Algeria. He obtained his Habilitation in mathematics from Constantine
University, Algeria in 2015. His research interests lie in nonlinear hyperbolic partial differential
equations: global existence, blow up and long-time behavior.

fixed point theory and applications: Fixed Point Theory for Lipschitzian-type Mappings
with Applications Ravi P. Agarwal, Donal O'Regan, D. R. Sahu, 2009-06-12 In recent years, the
fixed point theory of Lipschitzian-type mappings has rapidly grown into an important field of study in
both pure and applied mathematics. It has become one of the most essential tools in nonlinear
functional analysis. This self-contained book provides the first systematic presentation of
Lipschitzian-type mappings in metric and Banach spaces. The first chapter covers some basic
properties of metric and Banach spaces. Geometric considerations of underlying spaces play a
prominent role in developing and understanding the theory. The next two chapters provide
background in terms of convexity, smoothness and geometric coefficients of Banach spaces
including duality mappings and metric projection mappings. This is followed by results on existence
of fixed points, approximation of fixed points by iterative methods and strong convergence theorems.
The final chapter explores several applicable problems arising in related fields. This book can be
used as a textbook and as a reference for graduate students, researchers and applied
mathematicians working in nonlinear functional analysis, operator theory, approximations by
iteration theory, convexity and related geometric topics, and best approximation theory.
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