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Provides avenues for applying functional analysis to the
practical study of natural sciences as well as mathematics.
Contains worked problems on Hilbert space theory and on
Banach spaces and emphasizes concepts, principles,
methods and major applications of functional analysis.
Functional analysis owes much of its early impetus to
problems that arise in the calculus of variations. In turn, the
methods developed there have been applied to optimal
control, an area that also requires new tools, such as
nonsmooth analysis. This self-contained textbook gives a
complete course on all these topics. It is written by a leading
specialist who is also a noted expositor. This book provides a
thorough introduction to functional analysis and includes
many novel elements as well as the standard topics. A short
course on nonsmooth analysis and geometry completes the
first half of the book whilst the second half concerns the
calculus of variations and optimal control. The author
provides a comprehensive course on these subjects, from
their inception through to the present. A notable feature is the
inclusion of recent, unifying developments on regularity,
multiplier rules, and the Pontryagin maximum principle, which
appear here for the first time in a textbook. Other major
themes include existence and Hamilton-Jacobi methods. The
many substantial examples, and the more than three hundred
exercises, treat such topics as viscosity solutions, nonsmooth
Lagrangians, the logarithmic Sobolev inequality, periodic
trajectories, and systems theory. They also touch lightly upon
several fields of application: mechanics, economics,
resources, finance, control engineering. Functional Analysis,
Calculus of Variations and Optimal Control is intended to
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support several different courses at the first-year or secondyear graduate level, on functional analysis, on the calculus of
variations and optimal control, or on some combination. For
this reason, it has been organized with customization in mind.
The text also has considerable value as a reference. Besides
its advanced results in the calculus of variations and optimal
control, its polished presentation of certain other topics (for
example convex analysis, measurable selections, metric
regularity, and nonsmooth analysis) will be appreciated by
researchers in these and related fields.
Based on a graduate course by the celebrated analyst Nigel
Kalton, this well-balanced introduction to functional analysis
makes clear not only how, but why, the field developed. All
major topics belonging to a first course in functional analysis
are covered. However, unlike traditional introductions to the
subject, Banach spaces are emphasized over Hilbert spaces,
and many details are presented in a novel manner, such as
the proof of the Hahn–Banach theorem based on an infconvolution technique, the proof of Schauder's theorem, and
the proof of the Milman–Pettis theorem. With the inclusion of
many illustrative examples and exercises, An Introductory
Course in Functional Analysis equips the reader to apply the
theory and to master its subtleties. It is therefore well-suited
as a textbook for a one- or two-semester introductory course
in functional analysis or as a companion for independent
study.
This textbook is an introduction to functional analysis suited
to final year undergraduates or beginning graduates. Its
various applications of Hilbert spaces, including least squares
approximation, inverse problems, and Tikhonov
regularization, should appeal not only to mathematicians
interested in applications, but also to researchers in related
fields. Functional Analysis adopts a self-contained approach
to Banach spaces and operator theory that covers the main
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topics, based upon the classical sequence and function
spaces and their operators. It assumes only a minimum of
knowledge in elementary linear algebra and real analysis; the
latter is redone in the light of metric spaces. It contains more
than a thousand worked examples and exercises, which
make up the main body of the book.
This book contains all the basic facts of functional analysis
relevant to a first course. It is completely self-contained, and
would be a valuable introductory text for postgraduate
mathematics students.
"This book covers such topics as Lp? spaces, distributions,
Baire category, probability theory and Brownian motion,
several complex variables and oscillatory integrals in Fourier
analysis. The authors focus on key results in each area,
highlighting their importance and the organic unity of the
subject"--Provided by publisher.

This book provides an introduction to measure
theory and functional analysis suitable for a
beginning graduate course, and is based on notes
the author had developed over several years of
teaching such a course. It is unique in placing
special emphasis on the separable setting, which
allows for a simultaneously more detailed and more
elementary exposition, and for its rapid progression
into advanced topics in the spectral theory of families
of self-adjoint operators. The author's notion of
measurable Hilbert bundles is used to give the
spectral theorem a particularly elegant formulation
not to be found in other textbooks on the subject.
Request Inspection Copy
This book is an introductory text in functional
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analysis. Unlike many modern treatments, it begins
with the particular and works its way to the more
general. From the reviews: "This book is an excellent
text for a first graduate course in functional
analysis....Many interesting and important
applications are included....It includes an abundance
of exercises, and is written in the engaging and lucid
style which we have come to expect from the
author." --MATHEMATICAL REVIEWS
The book provides a modern introduction to a central
part of mathematical analysis. It can be used as a
self-contained textbook for beginner courses in
functional analysis. In its last chapter recent results
from the theory of Fréchet spaces are presented
which so far have not been available in book form in
English. This part of the book can be used in
seminars and for gaining access to this active area
of research.
Written by an expert on the topic and experienced
lecturer, this textbook provides an elegant, selfcontained introduction to functional analysis,
including several advanced topics and applications
to harmonic analysis. Starting from basic topics
before proceeding to more advanced material, the
book covers measure and integration theory,
classical Banach and Hilbert space theory, spectral
theory for bounded operators, fixed point theory,
Schauder bases, the Riesz-Thorin interpolation
theorem for operators, as well as topics in duality
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and convexity theory. Aimed at advanced
undergraduate and graduate students, this book is
suitable for both introductory and more advanced
courses in functional analysis. Including over 1500
exercises of varying difficulty and various
motivational and historical remarks, the book can be
used for self-study and alongside lecture courses.
Nonlinearity and Functional Analysis is a collection
of lectures that aim to present a systematic
description of fundamental nonlinear results and
their applicability to a variety of concrete problems
taken from various fields of mathematical analysis.
For decades, great mathematical interest has
focused on problems associated with linear
operators and the extension of the well-known
results of linear algebra to an infinite-dimensional
context. This interest has been crowned with deep
insights, and the substantial theory that has been
developed has had a profound influence throughout
the mathematical sciences. This volume comprises
six chapters and begins by presenting some
background material, such as differential-geometric
sources, sources in mathematical physics, and
sources from the calculus of variations, before
delving into the subject of nonlinear operators. The
following chapters then discuss local analysis of a
single mapping and parameter dependent
perturbation phenomena before going into analysis
in the large. The final chapters conclude the
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collection with a discussion of global theories for
general nonlinear operators and critical point theory
for gradient mappings. This book will be of interest to
practitioners in the fields of mathematics and
physics, and to those with interest in conventional
linear functional analysis and ordinary and partial
differential equations.
Advanced-level text, now available in a single
volume, discusses metric and normed spaces,
continuous curves in metric spaces, measure theory,
Lebesque intervals, Hilbert space, more. Exercises.
1957 edition.
This concise text provides a gentle introduction to
functional analysis. Chapters cover essential topics
such as special spaces, normed spaces, linear
functionals, and Hilbert spaces. Numerous examples
and counterexamples aid in the understanding of key
concepts, while exercises at the end of each chapter
provide ample opportunities for practice with the
material. Proofs of theorems such as the Uniform
Boundedness Theorem, the Open Mapping
Theorem, and the Closed Graph Theorem are
worked through step-by-step, providing an
accessible avenue to understanding these important
results. The prerequisites for this book are linear
algebra and elementary real analysis, with two
introductory chapters providing an overview of
material necessary for the subsequent text.
Functional Analysis offers an elementary approach
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ideal for the upper-undergraduate or beginning
graduate student. Primarily intended for a onesemester introductory course, this text is also a
perfect resource for independent study or as the
basis for a reading course.
Accessible text covering core functional analysis
topics in Hilbert and Banach spaces, with detailed
proofs and 200 fully-worked exercises.
This book provides an introduction to functional
analysis for non-experts in mathematics. As such, it
is distinct from most other books on the subject that
are intended for mathematicians. Concepts are
explained concisely with visual materials, making it
accessible for those unfamiliar with graduate-level
mathematics. Topics include topology, vector
spaces, tensor spaces, Lebesgue integrals, and
operators, to name a few. Two central issues—the
theory of Hilbert space and the operator theory—and
how they relate to quantum physics are covered
extensively. Each chapter explains, concisely, the
purpose of the specific topic and the benefit of
understanding it. Researchers and graduate
students in physics, mechanical engineering, and
information science will benefit from this view of
functional analysis.
Theoretical Foundations of Functional Data Analysis,
with an Introduction to Linear Operators provides a
uniquely broad compendium of the key mathematical
concepts and results that are relevant for the
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theoretical development of functional data analysis
(FDA). The self–contained treatment of selected
topics of functional analysis and operator theory
includes reproducing kernel Hilbert spaces, singular
value decomposition of compact operators on Hilbert
spaces and perturbation theory for both self–adjoint
and non self–adjoint operators. The probabilistic
foundation for FDA is described from the perspective
of random elements in Hilbert spaces as well as from
the viewpoint of continuous time stochastic
processes. Nonparametric estimation approaches
including kernel and regularized smoothing are also
introduced. These tools are then used to investigate
the properties of estimators for the mean element,
covariance operators, principal components,
regression function and canonical correlations. A
general treatment of canonical correlations in Hilbert
spaces naturally leads to FDA formulations of factor
analysis, regression, MANOVA and discriminant
analysis. This book will provide a valuable reference
for statisticians and other researchers interested in
developing or understanding the mathematical
aspects of FDA. It is also suitable for a graduate
level special topics course.
This is the fourth and final volume in the Princeton
Lectures in Analysis, a series of textbooks that aim
to present, in an integrated manner, the core areas
of analysis. Beginning with the basic facts of
functional analysis, this volume looks at Banach
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spaces, Lp spaces, and distribution theory, and
highlights their roles in harmonic analysis. The
authors then use the Baire category theorem to
illustrate several points, including the existence of
Besicovitch sets. The second half of the book
introduces readers to other central topics in analysis,
such as probability theory and Brownian motion,
which culminates in the solution of Dirichlet's
problem. The concluding chapters explore several
complex variables and oscillatory integrals in Fourier
analysis, and illustrate applications to such diverse
areas as nonlinear dispersion equations and the
problem of counting lattice points. Throughout the
book, the authors focus on key results in each area
and stress the organic unity of the subject. A
comprehensive and authoritative text that treats
some of the main topics of modern analysis A look at
basic functional analysis and its applications in
harmonic analysis, probability theory, and several
complex variables Key results in each area
discussed in relation to other areas of mathematics
Highlights the organic unity of large areas of analysis
traditionally split into subfields Interesting exercises
and problems illustrate ideas Clear proofs provided
This text is an introduction to functional analysis
which requires readers to have a minimal
background in linear algebra and real analysis at the
first-year graduate level. Prerequisite knowledge of
general topology or Lebesgue integration is not
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required. The book explains the principles and
applications of functional analysis and explores the
development of the basic properties of normed
linear, inner product spaces and continuous linear
operators defined in these spaces. Though
Lebesgue integral is not discussed, the book offers
an in-depth knowledge on the numerous applications
of the abstract results of functional analysis in
differential and integral equations, Banach limits,
harmonic analysis, summability and numerical
integration. Also covered in the book are versions of
the spectral theorem for compact, symmetric
operators and continuous, self adjoint operators.
An Introduction to Functional AnalysisCambridge
University Press
The book contains the methods and bases of
functional analysis that are directly adjacent to the
problems of numerical mathematics and its
applications; they are what one needs for the
understand ing from a general viewpoint of ideas
and methods of computational mathematics and of
optimization problems for numerical algorithms.
Functional analysis in mathematics is now just the
small visible part of the iceberg. Its relief and summit
were formed under the influence of this author's
personal experience and tastes. This edition in
English contains some additions and changes as
compared to the second edition in Russian;
discovered errors and misprints had been corrected
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again here; to the author's distress, they jump
incomprehensibly from one edition to another as
fleas. The list of literature is far from being complete;
just a number of textbooks and monographs
published in Russian have been included. The
author is grateful to S. Gerasimova for her help and
patience in the complex process of typing the
mathematical manuscript while the author corrected,
rearranged, supplemented, simplified, general ized,
and improved as it seemed to him the book's
contents. The author thanks G. Kontarev for the
difficult job of translation and V. Klyachin for the
excellent figures.
The Functional Analysis of English is an introduction
to the analysis and description of English, based on
the principles of systemic functional linguistics. It
sets out the tools and analytic techniques of
Hallidayan grammar with clear explanations of
terminology and illustrates these with examples from
a variety of texts, including science, travel, history
and literary sources. This revised third edition
incorporates references to recent research, better
explanations of complex problems, and additional
exercises. Key features: an updated overview of
applications to real world issues revised sections on
the current historical position of systemic functional
grammar simple introductions to agnation,
grammatical metaphor, and information structure
chapter summaries, suggestions for further reading,
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exercises with answers and a glossary of terms a
companion website with additional activities,
exercises and supplementary readings for students
and instructors This third edition is an indispensable
introduction to systemic functional linguistics, which
can be used independently or in preparation for
M.A.K. Halliday and C.M.I.M. Matthiessen’s
Introduction to Functional Grammar. The book is an
ideal text for students of linguistics, applied
linguistics and grammar- those new to the field, or
who have a background in traditional grammar, as
well as teachers of English language.
This text presents selected areas of functional
analysis that can facilitate an understanding of ideas
in probability and stochastic processes. Topics
covered include basic Hilbert and Banach spaces,
weak topologies and Banach algebras, and the
theory ofsemigroups of bounded linear operators.
The aim of this book is to provide a concise but
complete introduction to the main mathematical tools
of nonlinear functional analysis, which are also used
in the study of concrete problems in economics,
engineering, and physics. This volume gathers the
mathematical background needed in order to
conduct research or to deal with theoretical problems
and applications using the tools of nonlinear
functional analysis.
This undergraduate textbook introduces students to
the basics of real analysis, provides an introduction
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to more advanced topics including measure theory
and Lebesgue integration, and offers an invitation to
functional analysis. While these advanced topics are
not typically encountered until graduate study, the
text is designed for the beginner. The author’s
engaging style makes advanced topics
approachable without sacrificing rigor. The text also
consistently encourages the reader to pick up a
pencil and take an active part in the learning
process. Key features include: - examples to
reinforce theory; - thorough explanations preceding
definitions, theorems and formal proofs; - illustrations
to support intuition; - over 450 exercises designed to
develop connections between the concrete and
abstract. This text takes students on a journey
through the basics of real analysis and provides
those who wish to delve deeper the opportunity to
experience mathematical ideas that are beyond the
standard undergraduate curriculum.
Providing an introduction to functional analysis, this text treats
in detail its application to boundary-value problems and finite
elements, and is distinguished by the fact that abstract
concepts are motivated and illustrated wherever possible. It is
intended for use by senior undergraduates and graduates in
mathematics, the physical sciences and engineering, who
may not have been exposed to the conventional prerequisites
for a course in functional analysis, such as real analysis.
Mature researchers wishing to learn the basic ideas of
functional analysis will equally find this useful. Offers a good
grounding in those aspects of functional analysis which are
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most relevant to a proper understanding and appreciation of
the mathematical aspects of boundary-value problems and
the finite element method.
Based on an introductory, graduate-level course given by
Swartz at New Mexico State U., this textbook, written for
students with a moderate knowledge of point set topology
and integration theory, explains the principles and theories of
functional analysis and their applications, showing the interpla
This book provides a concise and meticulous introduction to
functional analysis. Since the topic draws heavily on the
interplay between the algebraic structure of a linear space
and the distance structure of a metric space, functional
analysis is increasingly gaining the attention of not only
mathematicians but also scientists and engineers. The
purpose of the text is to present the basic aspects of
functional analysis to this varied audience, keeping in mind
the considerations of applicability. A novelty of this book is
the inclusion of a result by Zabreiko, which states that every
countably subadditive seminorm on a Banach space is
continuous. Several major theorems in functional analysis are
easy consequences of this result. The entire book can be
used as a textbook for an introductory course in functional
analysis without having to make any specific selection from
the topics presented here. Basic notions in the setting of a
metric space are defined in terms of sequences. These
include total boundedness, compactness, continuity and
uniform continuity. Offering concise and to-the-point treatment
of each topic in the framework of a normed space and of an
inner product space, the book represents a valuable resource
for advanced undergraduate students in mathematics, and
will also appeal to graduate students and faculty in the natural
sciences and engineering. The book is accessible to anyone
who is familiar with linear algebra and real analysis.
A powerful introduction to one of the most active areas
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oftheoretical and applied mathematics This distinctive
introduction to one of the most far-reaching andbeautiful
areas of mathematics focuses on Banach spaces as themilieu
in which most of the fundamental concepts are
presented.While occasionally using the more general
topological vector spaceand locally convex space setting, it
emphasizes the development ofthe reader's mathematical
maturity and the ability to bothunderstand and "do"
mathematics. In so doing, Functional Analysisprovides a
strong springboard for further exploration on the widerange of
topics the book presents, including: * Weak topologies and
applications * Operators on Banach spaces * Bases in
Banach spaces * Sequences, series, and geometry in
Banach spaces Stressing the general techniques underlying
the proofs, FunctionalAnalysis also features many exercises
for immediate clarificationof points under discussion. This
thoughtful, well-organizedsynthesis of the work of those
mathematicians who created thediscipline of functional
analysis as we know it today also providesa rich source of
research topics and reference material.
This book introduces readers to theories that play a crucial
role in modern mathematics, such as integration and
functional analysis, employing a unifying approach that views
these two subjects as being deeply intertwined. This feature
is particularly evident in the broad range of problems
examined, the solutions of which are often supported by
generous hints. If the material is split into two courses, it can
be supplemented by additional topics from the third part of
the book, such as functions of bounded variation, absolutely
continuous functions, and signed measures. This textbook
addresses the needs of graduate students in mathematics,
who will find the basic material they will need in their future
careers, as well as those of researchers, who will appreciate
the self-contained exposition which requires no other
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preliminaries than basic calculus and linear algebra.
Functional analysis has become one of the essential
foundations of modern applied mathematics in the last
decades, from the theory and numerical solution of differential
equations, from optimization and probability theory to medical
imaging and mathematical image processing. This textbook
offers a compact introduction to the theory and is designed to
be used during one semester, fitting exactly 26 lectures of 90
minutes each. It ranges from the topological fundamentals
recalled from basic lectures on real analysis to spectral theory
in Hilbert spaces. Special attention is given to the central
results on dual spaces and weak convergence.
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