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This book aims to introduce some new trends and results on
the study of the fractional differential equations, and to
provide a good understanding of this field to beginners who
are interested in this field, which is the authors' beautiful
hope. This book describes theoretical and numerical aspects
of the fractional partial differential equations, including the
authors' researches in this field, such as the fractional
Nonlinear Schrödinger equations, fractional Landau–Lifshitz
equations and fractional Ginzburg–Landau equations. It also
covers enough fundamental knowledge on the fractional
derivatives and fractional integrals, and enough background
of the fractional PDEs. Contents:Physics
BackgroundFractional Calculus and Fractional Differential
EquationsFractional Partial Differential EquationsNumerical
Approximations in Fractional CalculusNumerical Methods for
the Fractional Ordinary Differential EquationsNumerical
Methods for Fractional Partial Differential Equations
Readership: Graduate students and researchers in
mathematical physics, numerical analysis and computational
mathematics. Key Features:This book covers the
fundamentals of this field, especially for the beginnersThe
book covers new trends and results in this fieldThe book
covers numerical results, which will be of broad interests to
researchersKeywords:Fractional Partial Differential
Equations;Numerical Solutions
This book consists of papers presented at Automation 2018,
an international conference held in Warsaw from March 21 to
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discusses the
radical technological changes
occurring due to the INDUSTRY 4.0, with a focus on offering
a better understanding of the Fourth Industrial Revolution.
Each chapter presents a detailed analysis of interdisciplinary
knowledge, numerical modeling and simulation as well as the
application of cyber-physical systems, where information
technology and physical devices create synergic systems
leading to unprecedented efficiency. The theoretical results,
practical solutions and guidelines presented are valuable for
both researchers working in the area of engineering sciences
and practitioners looking for solutions to industrial problems.
"Fractional Dynamics: Applications of Fractional Calculus to
Dynamics of Particles, Fields and Media" presents
applications of fractional calculus, integral and differential
equations of non-integer orders in describing systems with
long-time memory, non-local spatial and fractal properties.
Mathematical models of fractal media and distributions,
generalized dynamical systems and discrete maps, non-local
statistical mechanics and kinetics, dynamics of open quantum
systems, the hydrodynamics and electrodynamics of complex
media with non-local properties and memory are considered.
This book is intended to meet the needs of scientists and
graduate students in physics, mechanics and applied
mathematics who are interested in electrodynamics, statistical
and condensed matter physics, quantum dynamics, complex
media theories and kinetics, discrete maps and lattice
models, and nonlinear dynamics and chaos. Dr. Vasily E.
Tarasov is a Senior Research Associate at Nuclear Physics
Institute of Moscow State University and an Associate
Professor at Applied Mathematics and Physics Department of
Moscow Aviation Institute.
The book is characterized by the illustration of cases of
fractal, self-similar and multi-scale structures taken from the
mechanics of solid and porous materials, which have a
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In addition,
an accessible and selfconsistent treatment of the mathematical technique of
fractional calculus is provided, avoiding useless
complications.
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.
Contents:Discrete-Variable Real FunctionsThe n-th Order
Backward Difference/Sum of the Discrete-Variable
FunctionFractional-Order Backward Differ-SumThe FOBD-S
Graphical InterpretationThe FOBD/S Selected PropertiesThe
FO Dynamic System DescriptionLinear FO System
AnalysisThe Linear FO Discrete-Time Fundamental
ElementsFO Discrete-Time System StructuresFractional
Discrete-Time PID ControllerFOS Approximation
ProblemsFractional PotentialFO Image Filtering and Edge
DetectionAppendix A: Selected Linear Algebra Formulae and
Discrete-Variable Special Functions Readership:
Researchers, academics, professionals and graduate
students in pattern recognition/image analysis, robotics and
automated systems, systems engineering and mathematical
modeling. Keywords:Fractional Calculus;Fractional-Order
Backward-Difference;Fractional-Order Linear Difference
Equation;Discrete-System;State-Space Equations
This book covers applications of fractional calculus used for
medical and health science. It offers a collection of research
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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 reallife 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.
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 first volume
collects authoritative chapters covering the mathematical
theory of fractional calculus, including fractional-order
operators, integral transforms and equations, special
functions, calculus of variations, and probabilistic and other
aspects.

The first volume of this two-volume book, presents
history, the mathematical modeling and the
applications of fractional order systems, and
contains mathematical and theoretical studies and
research related to this domain. This volume is made
up of 11 chapters. The first chapter presents an
analysis of the Caputo derivative and the pseudo
state representation with the infinite state approach.
The second chapter studies the stability of a class of
fractional Cauchy problems. The third chapter shows
how to solve fractional order differential equations
and fractional order partial
differential equations
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Following this chapter, chapter four proposes
another analytical method to solve differential
equations with local fractional derivative operators.
Concerning chapter five, it presents the extended
Borel transform and its related fractional analysis.
After presenting the analytical resolution methods for
fractional calculus, chapter six shows the essentials
of fractional calculus on discrete settings. The
initialization of such systems is shown in chapter
seven. In fact, this chapter presents a generalized
application of the Hankel operator for initialization of
fractional order systems. The last four chapters show
some new studies and applications of non-integer
calculus. In fact, chapter eight presents the fractional
reaction-transport equations and evanescent
continuous time random walks. Chapter nine shows
a novel approach in the exponential integrators for
fractional differential equations. Chapter ten presents
the non-fragile tuning of fractional order PD
controllers for integrating time delay systems. At the
end, chapter eleven proposes a discrete finitedimensional approximation of linear infinite
dimensional systems. To sum up, this volume
presents a mathematical and theoretical study of
fractional calculus along with a stability study and
some applications. This volume ends up with some
new techniques and methods applied in fractional
calculus. This volume will be followed up by a
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second volume that focuses on the applications of
fractional calculus in several engineering domains.
This book provides an overview of some recent
findings in the theory and applications of non-integer
order systems. Discussing topics ranging from the
mathematical foundations to technical applications of
continuous-time and discrete-time fractional
calculus, it includes 22 original research papers and
is subdivided into four parts: • Mathematical
Foundations • Approximation, Modeling and
Simulations • Fractional Systems Analysis and
Control • Applications The papers were selected
from those presented at the 10th International
Conference of Non-integer Order Calculus and its
Applications, which was held at the Bialystok
University of Technology, Poland, September 20–21,
2018. Thanks to the broad spectrum of topics
covered, the book is suitable for researchers from
applied mathematics and engineering. It is also a
valuable resource for graduate students, as well as
for scholars looking for new mathematical tools.
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 sixth volume collects authoritative chapters
covering several applications of fractional calculus in
control theory, including fractional controllers, design
methods and toolboxes, and a large number of
engineering applications of control.
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The many technical and computational problems that
appear to be constantly emerging in various
branches of physics and engineering beg for a more
detailed understanding of the fundamental
mathematics that serves as the cornerstone of our
way of understanding natural phenomena. The
purpose of this Special Issue was to establish a brief
collection of carefully selected articles authored by
promising young scientists and the world's leading
experts in pure and applied mathematics,
highlighting the state-of-the-art of the various
research lines focusing on the study of analytical and
numerical mathematical methods for pure and
applied sciences.
This volume presents various aspects of non-integer
order systems, also known as fractional systems,
which have recently attracted an increasing attention
in the scientific community of systems science,
applied mathematics, control theory. Non-integer
systems have become relevant for many fields of
science and technology exemplified by the modeling
of signal transmission, electric noise, dielectric
polarization, heat transfer, electrochemical reactions,
thermal processes, acoustics, etc. The content is
divided into six parts, every of which considers one
of the currently relevant problems. In the first part the
Realization problem is discussed, with a special
focus on positive systems. The second part
considers stability of certain classes of non-integer
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order systems with and without delays. The third part
is focused on such important aspects as
controllability, observability and optimization
especially in discrete time. The fourth part is focused
on distributed systems where non-integer calculus
leads to new and interesting results. The next part
considers problems of solutions and approximations
of non-integer order equations and systems. The
final and most extensive part is devoted to
applications. Problems from mechatronics,
biomedical engineering, robotics and others are all
analyzed and solved with tools from fractional
systems. This volume came to fruition thanks to high
level of talks and interesting discussions at RRNR
2013 - 5th Conference on Non-integer Order
Calculus and its Applications that took place at AGH
University of Science and Technology in Kraków,
Poland, which was organized by the Faculty of
Electrical Engineering, Automatics, Computer
Science and Biomedical Engineering.
This book fills a gap in the literature by introducing
numerical techniques to solve problems of fractional
calculus of variations (FCV). In most cases, finding
the analytic solution to such problems is extremely
difficult or even impossible, and numerical methods
need to be used.The authors are well-known
researchers in the area of FCV and the book
contains some of their recent results, serving as a
companion volume to Introduction to the Fractional
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Calculus of Variations by A B Malinowska and D F M
Torres, where analytical methods are presented to
solve FCV problems. After some preliminaries on the
subject, different techniques are presented in detail
with numerous examples to help the reader to better
understand the methods. The techniques presented
may be used not only to deal with FCV problems but
also in other contexts of fractional calculus, such as
fractional differential equations and fractional optimal
control. It is suitable as an advanced book for
graduate students in mathematics, physics and
engineering, as well as for researchers interested in
fractional calculus.
Fractional calculus was first developed by pure
mathematicians in the middle of the 19th century.
Some 100 years later, engineers and physicists have
found applications for these concepts in their areas.
However there has traditionally been little interaction
between these two communities. In particular, typical
mathematical works provide extensive findings on
aspects with comparatively little significance in
applications, and the engineering literature often
lacks mathematical detail and precision. This book
bridges the gap between the two communities. It
concentrates on the class of fractional derivatives
most important in applications, the Caputo operators,
and provides a self-contained, thorough and
mathematically rigorous study of their properties and
of the corresponding differential equations. The text
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is a useful tool for mathematicians and researchers
from the applied sciences alike. It can also be used
as a basis for teaching graduate courses on
fractional differential equations.
This monograph contains the author's work of the last four
years in discrete and fractional analysis. It introduces the right
delta and right nabla fractional calculus on time scales and
continues with the right delta and right nabla discrete
fractional calculus in the Caputo sense. Then, it shows
representation formulae of functions on time scales and
presents Ostrowski type inequalities, Landau type
inequalities, Grüss type and comparison of means
inequalities, all these over time scales. The volume continues
with integral operator inequalities and their multivariate
vectorial versions using convexity of functions, again all these
over time scales. It follows the Grüss and Ostrowski type
inequalities involving s-convexity of functions; and also
examines the general case when several functions are
involved. Then, it presents the general fractional
Hermite–Hadamard type inequalities using m-convexity and
(s, m)-convexity. Finally, it introduces the reduction method in
fractional calculus and its connection to fractional Ostrowski
type inequalities is studied. This book's results are expected
to find applications in many areas of pure and applied
mathematics, especially in difference equations and fractional
differential equations. The chapters are self-contained and
can be read independently, and advanced courses can be
taught out of it. It is suitable for researchers, graduate
students, seminars of the above subjects, and serves well as
an invaluable resource for all science libraries.
Contents:Foundations of Right Delta Fractional Calculus on
Time ScalesPrinciples of Right Nabla Fractional Calculus on
Time ScalesAbout Right Delta Discrete FractionalityAbout
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Ostrowski Inequalities over Time ScalesLandau Inequalities
on Time ScalesGrüss and Comparison of Means Inequalities
over Time ScalesAbout Integral Operator Inequalities over
Time ScalesAbout Vectorial Integral Operator Inequalities
Using Convexity over Time ScalesGeneral Grüss and
Ostrowski Inequalities Using s-ConvexityEssential and sConvexity Ostrowski and Grüss Inequalities Using Several
FunctionsGeneral Fractional Hermite–Hadamard Inequalities
Using m-Convexity and (s, m)-ConvexityAbout the Reduction
Method in Fractional Calculus and Fractional Ostrowski
Inequalities Readership: Advanced graduate students and
researchers interested in time scales, inequalities and
difference/differential equations. Key Features:Presents new
research on time scales and related inequalitiesMaterials are
crucially related to difference/differential equationsSelfcontained chapters that can be read independentlyAn
extensive list of references is given in each chapterThe topics
covered are diverseKeywords:Time Scale;Fractional
Derivative;Difference Equation;Fractional Inequality
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.
In the last two decades, fractional (or non integer)
differentiation has played a very important role in various
fields such as mechanics, electricity, chemistry, biology,
economics, control theory and signal and image processing.
For example, in the last three fields, some important
considerations such as modelling, curve fitting, filtering,
pattern recognition, edge detection, identification, stability,
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controllability,
observability
and robustness are now linked to
long-range dependence phenomena. Similar progress has
been made in other fields listed here. The scope of the book
is thus to present the state of the art in the study of fractional
systems and the application of fractional differentiation. As
this volume covers recent applications of fractional calculus, it
will be of interest to engineers, scientists, and applied
mathematicians.
This book presents a collection of seven technical papers on
fractional-order complex systems, especially chaotic systems
with hidden attractors and symmetries, in the research front of
the field, which will be beneficial for scientific researchers,
graduate students, and technical professionals to study and
apply. It is also suitable for teaching lectures and for seminars
to use as a reference on related topics.
This book focuses on fractional calculus, presenting novel
advances in both the theory and applications of non-integer
order systems. At the end of the twentieth century it was
predicted that it would be the calculus of the twenty-first
century, and that prophecy is confirmed year after year. Now
this mathematical tool is successfully used in a variety of
research areas, like engineering (e.g. electrical, mechanical,
chemical), dynamical systems modeling, analysis and
synthesis (e.g technical, biological, economical) as well as in
multidisciplinary areas (e.g. biochemistry,
electrochemistry).As well as the mathematical foundations the
book concentrates on the technical applications of continuoustime and discrete-time fractional calculus, investigating the
identification, analysis and control of electrical circuits and
dynamical systems. It also presents the latest
results.Although some scientific centers and scientists are
skeptical and actively criticize the applicability of fractional
calculus, it is worth breaking through the scientific and
technological walls. Because the “fractional community” is
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pressing need for the exchange of
scientific results. The book includes papers presented at the
9th International Conference on Non-integer Order Calculus
and Its Applications and is divided into three parts:•
Mathematical foundations• Fractional systems analysis and
synthesis• System modelingSeven papers discuss the
mathematical foundations, twelve papers address fractional
order analysis and synthesis and three focus on dynamical
system modeling by the fractional order differential and
difference equations. It is a useful resource for fractional
calculus scientific community.
This book comprises selected papers of the 25th International
Conference on Difference Equations and Applications, ICDEA
2019, held at UCL, London, UK, in June 2019. The volume
details the latest research on difference equations and
discrete dynamical systems, and their application to areas
such as biology, economics, and the social sciences. Some
chapters have a tutorial style and cover the history and more
recent developments for a particular topic, such as chaos,
bifurcation theory, monotone dynamics, and global stability.
Other chapters cover the latest personal research
contributions of the author(s) in their particular area of
expertise and range from the more technical articles on
abstract systems to those that discuss the application of
difference equations to real-world problems. The book is of
interest to both Ph.D. students and researchers alike who
wish to keep abreast of the latest developments in difference
equations and discrete dynamical systems.
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
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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-order calculus dates to the 19th century but has
been resurrected as a prevalent research subject due to its
provision of more adequate and realistic descriptions of
physical aspects within the science and engineering fields.
What was once a classical form of mathematics is currently
being reintroduced as a new modeling technique that
engineers and scientists are finding modern uses for. There is
a need for research on all facets of these fractional-order
systems and studies of its potential applications. Advanced
Applications of Fractional Differential Operators to Science
and Technology provides emerging research exploring the
theoretical and practical aspects of novel fractional modeling
and related dynamical behaviors as well as its applications
within the fields of physical sciences and engineering.
Featuring coverage on a broad range of topics such as
chaotic dynamics, ecological models, and bifurcation control,
this book is ideally designed for engineering professionals,
mathematicians, physicists, analysts, researchers, educators,
and students seeking current research on fractional calculus
and other applied mathematical modeling techniques.
The book illustrates the theoretical results of fractional
derivatives via applications in signals and systems, covering
continuous and discrete derivatives, and the corresponding
linear systems. Both time and frequency analysis are
presented. Some advanced topics are included like
derivatives of stochastic processes. It is an essential
reference for researchers in mathematics, physics, and
engineering.
This volume presents selected aspects of non-integer, or
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whose analysis, synthesis and
applications have increasingly become a real challenge for
various research communities, ranging from science to
engineering. The spectrum of applications of the fractional
order calculus has incredibly expanded, in fact it would be
hard to find a science/engineering-related subject area where
the fractional calculus had not been incorporated. The
content of the fractional calculus is ranged from pure
mathematics to engineering implementations and so is the
content of this volume. The volume is subdivided into six
parts, reflecting particular aspects of the fractional order
calculus. The first part contains a single invited paper on a
new formulation of fractional-order descriptor observers for
fractional-order descriptor continous LTI systems. The second
part provides new elements to the mathematical theory of
fractional-order systems. In the third part of this volume, a
bunch of new results in approximation, modeling and
simulations of fractional-order systems is given. The fourth
part presents new solutions to some problems in
controllability and control of non-integer order systems, in
particular fractional PID-like control. The fifth part analyzes
the stability of non-integer order systems and some new
results are offered in this important respect, in particular for
discrete-time systems. The final, sixth part of this volume
presents a spectrum of applications of the noninteger order
calculus, ranging from bi-fractional filtering, in particular of
electromyographic signals, through the thermal diffusion and
advection diffusion processes to the SIEMENS platform
implementation. This volume's papers were all subjected to
stimulating comments and discussions from the active
audience of the RRNR'2014, the 6th Conference on Noninteger Order Calculus and Its Applications that was
organized by the Department of Electrical, Control and
Computer Engineering, Opole University of Technology,
Page 15/21

Acces PDF Discrete Fractional Calculus
Applications In Control And Image Processing
Series
In Computer Vision
Opole, Poland.
This book reports on an outstanding research devoted to
modeling and control of dynamic systems using fractionalorder calculus. It describes the development of model-based
control design methods for systems described by fractional
dynamic models. More than 300 years had passed since
Newton and Leibniz developed a set of mathematical tools
we now know as calculus. Ever since then the idea of noninteger derivatives and integrals, universally referred to as
fractional calculus, has been of interest to many researchers.
However, due to various issues, the usage of fractional-order
models in real-life applications was limited. Advances in
modern computer science made it possible to apply efficient
numerical methods to the computation of fractional
derivatives and integrals. This book describes novel methods
developed by the author for fractional modeling and control,
together with their successful application in real-world
process control scenarios.
Discrete Fractional CalculusApplications in Control and Image
ProcessingWorld Scientific
Due to its ubiquity across a variety of fields in science and
engineering, fractional calculus has gained momentum in
industry and academia. While a number of books and papers
introduce either fractional calculus or numerical
approximations, no current literature provides a
comprehensive collection of both topics. This monograph
introduces fundamental information on fractional calculus,
provides a detailed treatment of existing numerical
approximations, and presents an inclusive review of fractional
calculus in terms of theory and numerical methods and
systematically examines almost all existing numerical
approximations for fractional integrals and derivatives. The
authors consider the relationship between the fractional
Laplacian and the Riesz derivative, a key component absent
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and highlight recent developments,
including their own research and results. The core audience
spans several fractional communities, including those
interested in fractional partial differential equations, the
fractional Laplacian, and applied and computational
mathematics. Advanced undergraduate and graduate
students will find the material suitable as a primary or
supplementary resource for their studies.
This third of three volumes from the inaugural NODYCON,
held at the University of Rome, in February of 2019, presents
papers devoted to New Trends in Nonlinear Dynamics. The
collection features both well-established streams of research
as well as novel areas and emerging fields of investigation.
Topics in Volume III include NEMS/MEMS and
nanomaterials: multi-sensors, actuators exploiting nonlinear
working principles; adaptive, multifunctional, and meta
material structures; nanocomposite structures (e.g., carbon
nanotube/polymer composites, composites with functionalized
nanoparticles); 0D,1D,2D,3D nanostructures; biomechanics
applications, DNA modeling, walking dynamics, heart
dynamics, neurodynamics, capsule robots, jellyfish-like
robots, nanorobots; cryptography based on chaotic maps;
ecosystem dynamics, social media dynamics (user behavior
dynamics in multi-messages social hotspots, prediction
models), financial engineering, complexity in engineering; and
network dynamics (multi-agent systems, leader-follower
dynamics, swarm dynamics, biological networks dynamics).

This book collects papers from the 8th Conference on
Non-Integer Order Calculus and Its Applications that
have been held on September 20-21, 2016 in Zakopane,
Poland. The preceding two conferences were held in
Szczecin, Poland in 2015, and in Opole, Poland, in 2014.
This conference provides a platform for academic
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calculus between domestic and international universities,
research institutes, corporate experts and scholars. The
Proceedings of the 8th Conference on Non-Integer Order
Calculus and Its Applications 2016 brings together
rigorously reviewed contributions from leading
international experts. The included papers cover novel
various important aspects of mathematical foundations of
fractional calculus, modeling and control of fractional
systems as well as controllability, detectability,
observability and stability problems for this systems.
In recent years fractional calculus has played an
important role in various fields such as mechanics,
electricity, chemistry, biology, economics, modeling,
identification, control theory and signal processing. The
scope of this book is to present the state of the art in the
study of fractional systems and the application of
fractional differentiation. Furthermore, the manufacture of
nanowires is important for the design of nanosensors
and the development of high-yield thin films is vital in
procuring clean solar energy. This wide range of
applications is of interest to engineers, physicists and
mathematicians.
This book aims to propose implementations and
applications of Fractional Order Systems (FOS). It is well
known that FOS can be applied in control applications
and systems modeling, and their effectiveness has been
proven in many theoretical works and simulation
routines. A further and mandatory step for FOS real
world utilization is their hardware implementation and
applications on real systems modeling. With this
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chapters on FOS are included, on
the definition of stability region of Fractional Order PID
Controller and Chaotic FOS, followed by the practical
implementation based on Microcontroller, Field
Programmable Gate Array, Field Programmable Analog
Array and Switched Capacitor. Another section is
dedicated to FO modeling of Ionic Polymeric Metal
Composite (IPMC). This new material may have
applications in robotics, aerospace and biomedicine.
This text provides the first comprehensive treatment of
the discrete fractional calculus. Experienced researchers
will find the text useful as a reference for discrete
fractional calculus and topics of current interest.
Students who are interested in learning about discrete
fractional calculus will find this text to provide a useful
starting point. Several exercises are offered at the end of
each chapter and select answers have been provided at
the end of the book. The presentation of the content is
designed to give ample flexibility for potential use in a
myriad of courses and for independent study. The novel
approach taken by the authors includes a simultaneous
treatment of the fractional- and integer-order difference
calculus (on a variety of time scales, including both the
usual forward and backwards difference operators). The
reader will acquire a solid foundation in the classical
topics of the discrete calculus while being introduced to
exciting recent developments, bringing them to the
frontiers of the subject. Most chapters may be covered or
omitted, depending upon the background of the student.
For example, the text may be used as a primary
reference in an introductory course for difference
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which also includes
calculus. Chapters 1—2 provide a basic introduction to
the delta calculus including fractional calculus on the set
of integers. For courses where students already have
background in elementary real analysis, Chapters 1—2
may be covered quickly and readers may then skip to
Chapters 6—7 which present some basic results in
fractional boundary value problems (FBVPs). Chapters
6—7 in conjunction with some of the current literature
listed in the Bibliography can provide a basis for a
seminar in the current theory of FBVPs. For a twosemester course, Chapters 1—5 may be covered in
depth, providing a very thorough introduction to both the
discrete fractional calculus as well as the integer-order
calculus.
In this book, we study theoretical and practical aspects of
computing methods for mathematical modelling of
nonlinear systems. A number of computing techniques
are considered, such as methods of operator
approximation with any given accuracy; operator
interpolation techniques including a non-Lagrange
interpolation; methods of system representation subject
to constraints associated with concepts of causality,
memory and stationarity; methods of system
representation with an accuracy that is the best within a
given class of models; methods of covariance matrix
estimation; methods for low-rank matrix approximations;
hybrid methods based on a combination of iterative
procedures and best operator approximation; and
methods for information compression and filtering under
condition that a filter model should satisfy restrictions
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and different types of memory.
As a result, the book represents a blend of new methods
in general computational analysis, and specific, but also
generic, techniques for study of systems theory ant its
particular branches, such as optimal filtering and
information compression. - Best operator approximation,
- Non-Lagrange interpolation, - Generic Karhunen-Loeve
transform - Generalised low-rank matrix approximation Optimal data compression - Optimal nonlinear filtering
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