fractional calculus and applied analysis

fractional calculus and applied analysis represent a dynamic and expanding area of
mathematical research that extends traditional calculus concepts to non-integer order derivatives and
integrals. This advanced field has found significant applications across various disciplines, including
physics, engineering, biology, and finance. By exploring fractional derivatives and integrals, fractional
calculus provides powerful tools to model complex systems exhibiting memory and hereditary
properties that classical calculus cannot effectively capture. Applied analysis complements this by
offering rigorous mathematical techniques to analyze and solve fractional differential equations and
related problems. This article delves into the foundational concepts, key methods, and practical
applications of fractional calculus and applied analysis. It also highlights current trends and
challenges, illustrating their growing importance in science and technology.
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Fundamentals of Fractional Calculus

Fractional calculus extends the concept of derivatives and integrals to arbitrary (non-integer) orders,
enabling a more flexible and nuanced description of dynamic processes. Unlike classical calculus,
which deals primarily with integer-order differentiation and integration, fractional calculus deals with
operators of real or complex order. This generalization allows the modeling of phenomena with
memory and spatial heterogeneity.

Definition and Historical Background

The origins of fractional calculus date back to the 17th century, with early questions raised by
mathematicians such as Leibniz and Liouville. The formal definitions involve fractional derivatives and
integrals, most commonly expressed via the Riemann-Liouville, Caputo, and Grunwald-Letnikov
formulations. These definitions differ in terms of initial condition treatment and suitability for various
applications.

Mathematical Formulations

Key fractional operators include the fractional integral of order a, defined as a convolution with a
power-law kernel, and fractional derivatives, which can be understood through inverse operations or



limits of fractional differences. The Caputo derivative is favored in applied contexts due to its
compatibility with classical initial conditions, facilitating practical problem-solving.

Properties and Interpretations

Fractional derivatives possess distinctive properties such as nonlocality and memory effects,
reflecting their dependence on the entire history of a function rather than solely on local behavior.
This nonlocal characteristic is fundamental to modeling physical systems with hereditary properties,
such as viscoelastic materials and anomalous diffusion processes.

Core Techniques in Applied Analysis

Applied analysis provides the theoretical and computational framework necessary to study fractional
calculus and solve the associated complex equations. It encompasses various mathematical methods
designed to analyze the existence, uniqueness, and stability of solutions to fractional differential
equations.

Functional Analysis and Operator Theory

Functional analysis offers a robust framework for understanding fractional operators as linear or
nonlinear mappings on function spaces. Operator theory, in particular, aids in investigating spectral
properties and semigroup generation, which are crucial for studying the evolution equations governed
by fractional derivatives.

Integral Equations and Transform Methods

Integral equations play a central role in applied analysis related to fractional calculus, often serving as
equivalent formulations of fractional differential equations. Transform methods such as Laplace and
Fourier transforms are instrumental in solving fractional problems, allowing the conversion of
differential operators into algebraic forms for easier manipulation.

Existence and Uniqueness Theorems

Establishing the existence and uniqueness of solutions to fractional differential equations requires
sophisticated tools, including fixed point theorems and monotone operator techniques. These results
ensure that fractional models are mathematically well-posed and physically meaningful.

Applications of Fractional Calculus in Science and
Engineering

Fractional calculus and applied analysis have been successfully applied to numerous scientific and
engineering fields, providing enhanced modeling capabilities where classical methods fall short. The



unique features of fractional derivatives enable the description of complex dynamics in diverse
systems.

Modeling Anomalous Diffusion and Transport Processes

Anomalous diffusion, characterized by non-Brownian motion and non-Gaussian distributions, is
effectively captured by fractional differential equations. These models describe transport phenomena
in porous media, turbulent flows, and biological tissues, reflecting the underlying heterogeneity and
memory effects.

Viscoelasticity and Material Science

Fractional calculus accurately models viscoelastic materials whose stress-strain relationships exhibit
time-dependent behavior. Fractional models provide better fits to experimental data than classical
integer-order models, capturing both creep and relaxation phenomena with fewer parameters.

Control Systems and Signal Processing

In engineering, fractional controllers such as the fractional proportional-integral-derivative (PID)
controller have shown improved performance in regulating systems with complex dynamics.
Additionally, fractional transforms enhance signal processing techniques, offering more flexible
filtering and analysis tools.

Biological Systems and Medicine

Applications extend to modeling physiological processes including cardiac tissue dynamics, neuronal
activity, and pharmacokinetics. Fractional models help describe complex temporal patterns and
spatial distributions, providing insights into biological rhythms and drug delivery mechanisms.

Analytical and Numerical Methods in Fractional
Differential Equations

Solving fractional differential equations is often challenging due to their nonlocal nature and
complexity. Both analytical and numerical methods have been developed to address these difficulties,
enabling practitioners to apply fractional calculus to real-world problems effectively.

Exact and Approximate Analytical Solutions

Analytical methods such as the Adomian decomposition method, variational iteration method, and
homotopy perturbation method provide approximate solutions to fractional differential equations.
These techniques construct convergent series representations, facilitating insight into solution
behavior.



Numerical Schemes and Algorithms

Numerical approaches include finite difference methods, finite element methods, and spectral
methods adapted to fractional operators. These algorithms approximate fractional derivatives and
integrals with high accuracy, and are essential for simulating complex systems where closed-form
solutions are unavailable.

Stability and Convergence Analysis

Applied analysis ensures that numerical schemes for fractional problems are stable and convergent,
guaranteeing reliable computational results. Stability criteria often involve fractional Gronwall
inequalities and energy estimates tailored to fractional contexts.

Challenges and Future Directions in Fractional Calculus
and Applied Analysis

Despite significant advances, fractional calculus and applied analysis face ongoing challenges related
to theoretical development, computational efficiency, and practical implementation. Addressing these
issues will expand their applicability and deepen understanding of complex dynamic systems.

Theoretical Challenges

Open problems include the rigorous characterization of fractional operators in diverse function
spaces, extension to variable-order derivatives, and the integration with stochastic processes. These
theoretical advancements are critical for modeling increasingly sophisticated phenomena.

Computational Complexity and Algorithm Development

Nonlocality in fractional operators leads to high computational costs in simulations. Developing
efficient algorithms and parallel computing techniques remains a priority to handle large-scale
fractional models in engineering and science.

Interdisciplinary Applications

Future research is expected to expand the interdisciplinary reach of fractional calculus, integrating
with machine learning, data science, and complex network analysis. Such integration promises novel
methodologies for modeling and control across various domains.

Upcoming Trends

1. Advancement in fractional-order control systems with adaptive capabilities.



2. Development of fractional models for emerging materials with complex microstructures.
3. Enhancement of numerical methods leveraging artificial intelligence.

4. Expansion of fractional calculus in biomedical engineering for personalized medicine.

Frequently Asked Questions

What is fractional calculus and how does it differ from
classical calculus?

Fractional calculus is a generalization of classical calculus where derivatives and integrals are
extended to non-integer (fractional) orders. Unlike classical calculus which deals with integer-order
differentiation and integration, fractional calculus allows operations of arbitrary order, providing a
more flexible and powerful tool for modeling memory and hereditary properties in various systems.

What are some key applications of fractional calculus in
applied analysis?

Fractional calculus is widely applied in fields such as control theory, signal processing, viscoelastic
material modeling, anomalous diffusion, and bioengineering. It helps analyze systems with memory
effects and complex dynamics that cannot be accurately described by integer-order models.

How does the Caputo fractional derivative differ from the
Riemann-Liouville fractional derivative?

The Caputo fractional derivative differs from the Riemann-Liouville derivative primarily in how initial
conditions are handled. The Caputo derivative allows for initial conditions expressed in terms of
integer-order derivatives, making it more suitable for physical and engineering problems. In contrast,
the Riemann-Liouville derivative requires fractional initial conditions, which can be less intuitive in
applications.

What are some numerical methods used for solving fractional
differential equations?

Common numerical methods for fractional differential equations include the Grunwald-Letnikov
approximation, fractional Adams-Bashforth-Moulton methods, spectral methods, and finite difference
schemes adapted for fractional orders. These methods address the challenges posed by non-locality
and memory effects inherent in fractional operators.

Why is fractional calculus important in modeling anomalous



diffusion processes?

Fractional calculus is important for modeling anomalous diffusion because it captures non-local and
memory-dependent dynamics that classical integer-order models fail to represent. Fractional
differential equations can describe sub-diffusive and super-diffusive behaviors observed in complex
media, providing more accurate and realistic models of transport phenomena in physics, biology, and
finance.

Additional Resources

1. Fractional Differential Equations: An Introduction to Fractional Derivatives, Fractional Differential
Equations, to Methods of Their Solution and Some of Their Applications

This book offers a comprehensive introduction to fractional differential equations, presenting
fundamental concepts and methods for solving them. It covers various types of fractional derivatives
and discusses their applications in physics, engineering, and applied mathematics. The text is suitable
for graduate students and researchers interested in fractional calculus and its practical uses.

2. Fractional Calculus and Applied Analysis

This volume provides an in-depth exploration of fractional calculus and its applications to applied
analysis. It includes theoretical developments, numerical methods, and real-world applications such
as control theory and viscoelasticity. The book is designed for mathematicians, engineers, and
scientists working with fractional models.

3. The Analysis of Fractional Differential Equations: An Application-Oriented Exposition Using
Differential Operators of Caputo Type

Focusing on Caputo-type fractional derivatives, this book presents a detailed analysis of fractional
differential equations from an application-oriented viewpoint. It combines theory with practical
solution techniques and includes examples from physics and engineering. The clear exposition makes
it accessible for graduate students and applied researchers.

4. Fractional Calculus: Theory and Applications

This text covers both the theoretical foundations and practical applications of fractional calculus. It
addresses various fractional operators, their properties, and how they can model complex phenomena
such as anomalous diffusion. The book is suitable for advanced undergraduates, graduate students,
and professionals interested in applied analysis.

5. Applied Fractional Calculus in Physics

This book explores the application of fractional calculus in various branches of physics, including
guantum mechanics, statistical mechanics, and electromagnetism. It explains how fractional
derivatives and integrals can model nonlocal and memory-dependent processes. The work is ideal for
physicists and applied mathematicians seeking to incorporate fractional calculus into their research.

6. Fractional Calculus and Waves in Linear Viscoelasticity: An Introduction to Mathematical Models
This book introduces mathematical models of wave propagation in linear viscoelastic materials using
fractional calculus. It discusses the theoretical framework and provides analytical and numerical
solutions to fractional wave equations. The text is valuable for researchers in material science,
applied mathematics, and engineering.

7. Fractional Calculus with Applications in Mechanics: Vibrations and Diffusion Processes
Focusing on applications in mechanics, this book examines how fractional calculus can describe



vibrations and diffusion processes in complex media. It presents both theoretical models and practical
computational techniques. The book is intended for mechanical engineers and applied
mathematicians interested in fractional modeling.

8. Fractional Integrals and Derivatives: Theory and Applications

This comprehensive book covers the theory of fractional integrals and derivatives alongside their
applications in various scientific fields. It includes discussions on the Riemann-Liouville and Caputo
definitions, integral transforms, and numerical methods. The text serves as a valuable reference for
researchers and advanced students in applied analysis.

9. Numerical Methods in Fractional Calculus

This book focuses on the numerical techniques used to solve fractional differential equations,
highlighting algorithms and computational approaches. It covers finite difference methods, spectral
methods, and finite element methods tailored for fractional operators. Researchers and practitioners
in computational mathematics and applied sciences will find this book particularly useful.
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fractional calculus and applied analysis: Discrete Fractional Calculus: Applications In
Control And Image Processing Piotr Ostalczyk, 2015-11-26 The main subject of the monograph is the
fractional calculus in the discrete version. The volume is divided into three main parts. Part one
contains a theoretical introduction to the classical and fractional-order discrete calculus where the
fundamental role is played by the backward difference and sum. In the second part, selected
applications of the discrete fractional calculus in the discrete system control theory are presented.
In the discrete system identification, analysis and synthesis, one can consider integer or fractional
models based on the fractional-order difference equations. The third part of the book is devoted to
digital image processing.

fractional calculus and applied analysis: Advances in Mathematical Modelling, Applied
Analysis and Computation Jagdev Singh, George A. Anastassiou, Dumitru Baleanu, Carlo Cattani,
Devendra Kumar, 2022-10-13 This book is a valuable source for graduate students and researchers
and provides a comprehensive introduction to recent theories and applications of mathematical
modeling and numerical simulation. It includes selected peer-reviewed papers presented at the 4th
International Conference on Mathematical Modelling, Applied Analysis and Computation (ICMMAAC
2021), held at JECRC University, Jaipur, India, during August 5-7, 2021. The book is focused on
mathematical modeling of various problems arising in science and engineering and new efficient
numerical approaches for solving linear nonlinear problems and rigorous mathematical theories,
which can be used to analyze different kinds of mathematical models. Applications of mathematical
methods in physics, chemistry, biology, mechanical engineering, civil engineering, computer
science, social science, and finance are presented.
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monograph provides a comprehensive overview of the author's work on the fields of fractional
calculus and waves in linear viscoelastic media, which includes his pioneering contributions on the
applications of special functions of the Mittag-Leffler and Wright types.It is intended to serve as a
general introduction to the above-mentioned areas of mathematical modeling. The explanations in
the book are detailed enough to capture the interest of the curious reader, and complete enough to
provide the necessary background material needed to delve further into the subject and explore the
research literature given in the huge general bibliography.This book is likely to be of interest to
applied scientists and engineers./a

fractional calculus and applied analysis: Fractional Modeling of Fluid Flow and Transport
Phenomena Mohamed F. El-Amin, 2025-01-31 Fractional Modeling of Fluid Flow and Transport
Phenomena focuses on mathematical and numerical aspects of fractional-order modeling in fluid
flow and transport phenomena. The book covers fundamental concepts, advancements, and practical
applications, including modeling developments, numerical solutions, and convergence analysis for
both time and space fractional order models. Various types of flows are explored, such as single- and
multi-phase flows in porous media, involving different fluid types like Newtonian, non-Newtonian,
nanofluids, and ferrofluids. This book serves as a comprehensive reference on fractional-order
modeling of fluid flow and transport phenomena, offering a single resource that is currently
unavailable.Fractional-order modeling has gained traction in engineering and science, particularly in
fluid dynamics and transport phenomena. However, its mathematical and numerical advancements
have progressed relatively slowly compared to other aspects. Therefore, this book emphasizes the
fractional-order modeling of fluid flow and transport phenomena to bridge this gap. Each chapter in
the book delves into a specific topic closely related to the others, ensuring a cohesive and
self-contained structure. - Covers advancements in fractional-order fluid flow problems - Serves as a
comprehensive reference on fractional-order modeling of fluid flow and transport phenomena -
Demonstrates the topic with different aspects, including modeling, mathematical, computational,
and physical commentary

fractional calculus and applied analysis: Applications in Physics, Part A Vasily E. Tarasov,
2019-02-19 This multi-volume handbook is the most up-to-date and comprehensive reference work in
the field of fractional calculus and its numerous applications. This fourth volume collects
authoritative chapters covering several applications of fractional calculus in physics, including
classical and continuum mechanics.

fractional calculus and applied analysis: Progress in Analysis International Society for
Analysis, Applications, and Computation. Congress, 2003-01-01 The biannual ISAAC congresses
provide information about recent progress in the whole area of analysis including applications and
computation. This book constitutes the proceedings of the third meeting. Contents: .: Volume 1:
Function Spaces and Fractional Calculus (VI Burenkov & S Samko); Asymptotic Decomposition
(Methods of Small Parameters, Averaging Theory) (J] A Dubinski); Integral Transforms and
Applications (S Saitoh et al.); Analytic Functionals, Hyperfunctions and Generalized Functions (M
Morimoto & H Komatsu); Geometric Function Theory (G Kohr & M Kohr); omplex Function Spaces
(R Aulaskari & I Laine); Value Distribution Theory and Complex Dynamics (C C Yang); Clifford
Analysis (K Grlebeck et al.); Octonions (T Dray & C Monogue); Nonlinear Potential Theory (O
Martio); Classical and Fine Potential Theory, Holomorphic and Finely Holomorphic Functions (P
Tamrazov); Differential Geometry and Control Theory for PDEs (B Gulliver et al.); Differential
Geometry and Quantum Physics (-); Dynamical Systems (B Fiedler); Attractors for Partial Differential
Equations (G Raugel); Spectral Theory of Differential Operators (B Vainberg); Pseudodifferential
Operators, Quantization and Signal Analysis (M W Wong); Microlocal Analysis (B-W Schulze & M
Korey); Volume 2: Complex and Functional Analytic Methods in PDEs (A Cialdea et al.); Geometric
Properties of Solutions of PDEs (R Magnanini); Qualitative Properties of Solutions of Hyperbolic and
SchrAdinger Equations (M Reissig & K Yagdjian); Homogenization Moving Boundaries and Porous
Media (A Bourgeat & R P Gilbert); Constructive Methods in Applied Problems (P Krutitskii); Waves
in Complex Media (R P Gilbert & A Wirgin); Nonlinear Waves (I Lasiecka & H Koch); Mathematical



Analysis of Problems in Solid Mechanics (K Hackl & X Li); Direct and Inverse Scattering (L
Fishman); Inverse Problems (G N Makrakis et al.); Mathematical Methods in Non-Destructive
Evaluation and Non-Destructive Testing (A Wirgin); Numerical Methods for PDEs, Systems and
Optimization (A Ben-Israel & I Herrera). Readership: Graduate students and researchers in real,
complex, numerical analysis, as well as mathematical physics.

fractional calculus and applied analysis: Fourier Analysis and Convexity Luca Brandolini,
Leonardo Colzani, Alex Iosevich, Giancarlo Travaglini, 2011-04-27 Over the course of the last
century, the systematic exploration of the relationship between Fourier analysis and other branches
of mathematics has lead to important advances in geometry, number theory, and analysis, stimulated
in part by Hurwitz’s proof of the isoperimetric inequality using Fourier series. This unified,
self-contained book presents both a broad overview of Fourier analysis and convexity, as well as an
intricate look at applications in some specific settings; it will be useful to graduate students and
researchers in harmonic analysis, convex geometry, functional analysis, number theory, computer
science, and combinatorial analysis. A wide audience will benefit from the careful demonstration of
how Fourier analysis is used to distill the essence of many mathematical problems in a natural and
elegant way.

fractional calculus and applied analysis: Applied Analysis of Ordinary Differential Equations
Sanjeeva Balasuriya, 2019-11-14 One might say that ordinary differential equations (notably, in
Isaac Newton’s analysis of the motion of celestial bodies) had a central role in the development of
modern applied mathematics. This book is devoted to research articles which build upon this spirit:
combining analysis with the applications of ordinary differential equations (ODEs). ODEs arise
across a spectrum of applications in physics, engineering, geophysics, biology, chemistry,
economics, etc., because the rules governing the time-variation of relevant fields is often naturally
expressed in terms of relationships between rates of change. ODEs also emerge in stochastic
models—for example, when considering the evolution of a probability density function—and in large
networks of interconnected agents. The increasing ease of numerically simulating large systems of
ODEs has resulted in a plethora of publications in this area; nevertheless, the difficulty of
parametrizing models means that the computational results by themselves are sometimes
questionable. Therefore, analysis cannot be ignored. This book comprises articles that possess both
interesting applications and the mathematical analysis driven by such applications.

fractional calculus and applied analysis: Mathematical Methods in Engineering K. Tas,
J.A. Tenreiro Machado, D. Baleanu, 2007-11-25 This book contains some of the contributions that
have been carefully selected and peer-reviewed, which were presented at the International
Symposium MMEQO6 Mathematical Methods in Engineering, held in Cankaya University, Ankara,
April 2006. The Symposium provided a setting for discussing recent developments in Fractional
Mathematics, Neutrices and Generalized Functions, Boundary Value Problems, Applications of
Wavelets, Dynamical Systems and Control Theory.

fractional calculus and applied analysis: Progress in Analysis Heinrich G. W. Begehr,
Robert Pertsch Gilbert, Man Wah Wong, 2003 The biannual ISAAC congresses provide information
about recent progress in the whole area of analysis including applications and computation. This
book constitutes the proceedings of the third meeting.

fractional calculus and applied analysis: Applications in Engineering, Life and Social
Sciences, Part B Dumitru Baleanu, Anténio Mendes Lopes, 2019-04-01 This multi-volume handbook
is the most up-to-date and comprehensive reference work in the field of fractional calculus and its
numerous applications. This eighth volume collects authoritative chapters covering several
applications of fractional calculus in engineering, life and social sciences, including applications in
signal and image analysis, and chaos.

fractional calculus and applied analysis: Theoretical Analyses, Computations, and
Experiments of Multiscale Materials Ivan Giorgio, Luca Placidi, Emilio Barchiesi, Bilen Emek Abali,
Holm Altenbach, 2022-05-03 This book is devoted to the 60th birthday of the Prof. Francesco
dell’Isola, who is known for his long-term contribution in the field of multiscale materials. It contains



several contributions from researchers in the field, covering theoretical analyses, computational
aspects and experiments.

fractional calculus and applied analysis: Special Functions Of Fractional Calculus:
Applications To Diffusion And Random Search Processes Trifce Sandev, Alexander Iomin,
2022-10-07 This book aims to provide an overview of the special functions of fractional calculus and
their applications in diffusion and random search processes. The book contains detailed calculations
for various examples of anomalous diffusion, random search and stochastic resetting processes,
which can be easily followed by the reader, who will be able to reproduce the obtained results. The
book will be intended for advanced undergraduate and graduate students and researchers in
physics, mathematics and other natural sciences due to the various examples which will be provided
in the book.

fractional calculus and applied analysis: Mathematical Principle and Fractal Analysis of
Mesoscale Eddy Shu-Tang Liu, Yu-Pin Wang, Zhi-Min Bi, Yin Wang, 2021-06-29 This book focuses
on universal nonlinear dynamics model of mesoscale eddies. The results of this book are not only the
direct-type applications of pure mathematical limit cycle theory and fractal theory in practice but
also the classic combination of nonlinear dynamic systems in mathematics and the physical
oceanography. The universal model and experimental verification not only verify the relevant results
that are obtained by Euler's form but also, more importantly, are consistent with observational
numerical statistics. Due to the universality of the model, the consequences of the system are richer
and more complete. The comprehensive and systematic mathematical modeling of mesoscale eddies
is one of the major features of the book, which is particularly suited for readers who are interested
to learn fractal analysis and prediction in physical oceanography. The book benefits researchers,
engineers, and graduate students in the fields of mesoscale eddies, fractal, chaos, and other
applications, etc.

fractional calculus and applied analysis: Fractional Calculus in Medical and Health
Science Devendra Kumar, Jagdev Singh, 2020-07-09 This book covers applications of fractional
calculus used for medical and health science. It offers a collection of research articles built into
chapters on classical and modern dynamical systems formulated by fractional differential equations
describing human diseases and how to control them. The mathematical results included in the book
will be helpful to mathematicians and doctors by enabling them to explain real-life problems
accurately. The book will also offer case studies of real-life situations with an emphasis on
describing the mathematical results and showing how to apply the results to medical and health
science, and at the same time highlighting modeling strategies. The book will be useful to graduate
level students, educators and researchers interested in mathematics and medical science.

fractional calculus and applied analysis: Applied Analysis in Biological and Physical Sciences
Jim M. Cushing, M. Saleem, H. M. Srivastava, Mumtaz Ahmad Khan, M. Merajuddin, 2016-12-01 The
book contains recent developments and contemporary research in mathematical analysis and in its
application to problems arising from the biological and physical sciences. The book is of interest to
readers who wish to learn of new research in such topics as linear and nonlinear analysis,
mathematical biology and ecology, dynamical systems, graph theory, variational analysis and
inequalities, functional analysis, differential and difference equations, partial differential equations,
approximation theory, and chaos. All papers were prepared by participants at the International
Conference on Recent Advances in Mathematical Biology, Analysis and Applications (ICMBAA-2015)
held during 4-6 June 2015 in Aligarh, India. A focal theme of the conference was the application of
mathematics to the biological sciences and on current research in areas of theoretical mathematical
analysis that can be used as sophisticated tools for the study of scientific problems. The conference
provided researchers, academicians and engineers with a platform that encouraged them to
exchange their innovative ideas in mathematical analysis and its applications as well as to form
interdisciplinary collaborations. The content of the book is divided into three parts: Part I contains
contributions from participants whose topics are related to nonlinear dynamics and its applications
in biological sciences. Part II has contributions which concern topics on nonlinear analysis and its



applications to a variety of problems in science, engineering and industry. Part III consists of
contributions dealing with some problems in applied analysis.

fractional calculus and applied analysis: Progress In Analysis, Proceedings Of The 3rd
Isaac Congress (In 2 Volumes) Heinrich G W Begehr, Robert Pertsch Gilbert, Man-wah Wong,
2003-08-04 The biannual ISAAC congresses provide information about recent progress in the whole
area of analysis including applications and computation. This book constitutes the proceedings of the
third meeting.

fractional calculus and applied analysis: Applied Analysis, Optimization and Soft Computing
Tanmoy Som, Debdas Ghosh, Oscar Castillo, Adrian Petrusel, Dayaram Sahu, 2023-06-10 This book
contains select contributions presented at the International Conference on Nonlinear Applied
Analysis and Optimization (ICNAAO-2021), held at the Department of Mathematics Sciences, Indian
Institute of Technology (BHU) Varanasi, India, from 21-23 December 2021. The book discusses
topics in the areas of nonlinear analysis, fixed point theory, dynamical systems, optimization,
fractals, applications to differential/integral equations, signal and image processing, and soft
computing, and exposes the young talents with the newer dimensions in these areas with their
practical approaches and to tackle the real-life problems in engineering, medical and social sciences.
Scientists from the U.S.A., Austria, France, Mexico, Romania, and India have contributed their
research. All the submissions are peer reviewed by experts in their fields.

fractional calculus and applied analysis: Modeling and Analysis of Modern Fluid
Problems Liancun Zheng, Xinxin Zhang, 2017-04-26 Modeling and Analysis of Modern Fluids helps
researchers solve physical problems observed in fluid dynamics and related fields, such as heat and
mass transfer, boundary layer phenomena, and numerical heat transfer. These problems are
characterized by nonlinearity and large system dimensionality, and 'exact' solutions are impossible
to provide using the conventional mixture of theoretical and analytical analysis with purely
numerical methods. To solve these complex problems, this work provides a toolkit of established and
novel methods drawn from the literature across nonlinear approximation theory. It covers Padé
approximation theory, embedded-parameters perturbation, Adomian decomposition, homotopy
analysis, modified differential transformation, fractal theory, fractional calculus, fractional
differential equations, as well as classical numerical techniques for solving nonlinear partial
differential equations. In addition, 3D modeling and analysis are also covered in-depth. -
Systematically describes powerful approximation methods to solve nonlinear equations in fluid
problems - Includes novel developments in fractional order differential equations with fractal theory
applied to fluids - Features new methods, including Homotypy Approximation, embedded-parameter
perturbation, and 3D models and analysis
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