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A rigorous and comprehensive introduction to numerical analysis Numerical Methods provides a clear and concise
exploration of standard numerical analysis topics, as well as nontraditional ones, including mathematical modeling, Monte
Carlo methods, Markov chains, and fractals. Filled with appealing examples that will motivate students, the textbook
considers modern application areas, such as information retrieval and animation, and classical topics from physics and
engineering. Exercises use MATLAB and promote understanding of computational results. The book gives instructors the
flexibility to emphasize different aspects—design, analysis, or computer implementation—of numerical algorithms,
depending on the background and interests of students. Designed for upper-division undergraduates in mathematics or
computer science classes, the textbook assumes that students have prior knowledge of linear algebra and calculus,
although these topics are reviewed in the text. Short discussions of the history of numerical methods are interspersed
throughout the chapters. The book also includes polynomial interpolation at Chebyshev points, use of the MATLAB
package Chebfun, and a section on the fast Fourier transform. Supplementary materials are available online. Clear and
concise exposition of standard numerical analysis topics Explores nontraditional topics, such as mathematical modeling
and Monte Carlo methods Covers modern applications, including information retrieval and animation, and classical
applications from physics and engineering Promotes understanding of computational results through MATLAB exercises
Provides flexibility so instructors can emphasize mathematical or applied/computational aspects of numerical methods or
a combination Includes recent results on polynomial interpolation at Chebyshev points and use of the MATLAB package
Chebfun Short discussions of the history of numerical methods interspersed throughout Supplementary materials
available online
A concise, insightful, and elegant introduction to the field of numerical linear algebra. Designed for use as a stand-alone
textbook in a one-semester, graduate-level course in the topic, it has already been class-tested by MIT and Cornell
graduate students from all fields of mathematics, engineering, and the physical sciences. The authors' clear, inviting style
and evident love of the field, along with their eloquent presentation of the most fundamental ideas in numerical linear
algebra, make it popular with teachers and students alike.
This self-contained book provides systematic instructive analysis of uncertain systems of the following types: ordinary
differential equations, impulsive equations, equations on time scales, singularly perturbed differential equations, and set
differential equations. Each chapter contains new conditions of stability of unperturbed motion of the abo
Full of features and applications, this acclaimed textbook for upper undergraduate level and graduate level students
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includes all the major topics of computational linear algebra, including solution of a system of linear equations, least-
squares solutions of linear systems, computation of eigenvalues, eigenvectors, and singular value problems. Drawing
from numerous disciplines of science and engineering, the author covers a variety of motivating applications. When a
physical problem is posed, the scientific and engineering significance of the solution is clearly stated. Each chapter
contains a summary of the important concepts developed in that chapter, suggestions for further reading, and numerous
exercises, both theoretical and MATLAB and MATCOM based. The author also provides a list of key words for quick
reference. The MATLAB toolkit available online, 'MATCOM', contains implementations of the major algorithms in the
book and will enable students to study different algorithms for the same problem, comparing efficiency, stability, and
accuracy.
This book provides a comprehensive look at the Schwarz-Christoffel transformation, including its history and foundations,
practical computation, common and less common variations, and many applications in fields such as electromagnetism,
fluid flow, design and inverse problems, and the solution of linear systems of equations. It is an accessible resource for
engineers, scientists, and applied mathematicians who seek more experience with theoretical or computational conformal
mapping techniques. The most important theoretical results are stated and proved, but the emphasis throughout remains
on concrete understanding and implementation, as evidenced by the 76 figures based on quantitatively correct illustrative
examples. There are over 150 classical and modern reference works cited for readers needing more details. There is
also a brief appendix illustrating the use of the Schwarz-Christoffel Toolbox for MATLAB, a package for computation of
these maps.
Linear algebra permeates mathematics, perhaps more so than any other single subject. It plays an essential role in pure
and applied mathematics, statistics, computer science, and many aspects of physics and engineering. This book conveys
in a user-friendly way the basic and advanced techniques of linear algebra from the point of view of a working analyst.
The techniques are illustrated by a wide sample of applications and examples that are chosen to highlight the tools of the
trade. In short, this is material that many of us wish we had been taught as graduate students. Roughly the first third of
the book covers the basic material of a first course in linear algebra. The remaining chapters are devoted to applications
drawn from vector calculus, numerical analysis, control theory, complex analysis, convexity and functional analysis. In
particular, fixed point theorems, extremal problems, matrix equations, zero location and eigenvalue location problems,
and matrices with nonnegative entries are discussed. Appendices on useful facts from analysis and supplementary
information from complex function theory are also provided for the convenience of the reader. In this new edition, most of
the chapters in the first edition have been revised, some extensively. The revisions include changes in a number of
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proofs, either to simplify the argument, to make the logic clearer or, on occasion, to sharpen the result. New introductory
sections on linear programming, extreme points for polyhedra and a Nevanlinna-Pick interpolation problem have been
added, as have some very short introductory sections on the mathematics behind Google, Drazin inverses, band
inverses and applications of SVD together with a number of new exercises.
Fundamentals of Numerical Computation is an advanced undergraduate-level introduction to the mathematics and use of
algorithms for the fundamental problems of numerical computation: linear algebra, finding roots, approximating data and
functions, and solving differential equations. The book is organized with simpler methods in the first half and more
advanced methods in the second half, allowing use for either a single course or a sequence of two courses. The authors
take readers from basic to advanced methods, illustrating them with over 200 self-contained MATLAB functions and
examples designed for those with no prior MATLAB experience. Although the text provides many examples, exercises,
and illustrations, the aim of the authors is not to provide a cookbook per se, but rather an exploration of the principles of
cooking. The authors have developed an online resource that includes well-tested materials related to every chapter.
Among these materials are lecture-related slides and videos, ideas for student projects, laboratory exercises,
computational examples and scripts, and all the functions presented in the book. The book is intended for advanced
undergraduates in math, applied math, engineering, or science disciplines, as well as for researchers and professionals
looking for an introduction to a subject they missed or overlooked in their education.
This is a textbook on classical polynomial and rational approximation theory for the twenty-first century. Aimed at
advanced undergraduates and graduate students across all of applied mathematics, it uses MATLAB to teach the field’s
most important ideas and results. Approximation Theory and Approximation Practice, Extended Edition differs
fundamentally from other works on approximation theory in a number of ways: its emphasis is on topics close to
numerical algorithms; concepts are illustrated with Chebfun; and each chapter is a PUBLISHable MATLAB M-file,
available online. The book centers on theorems and methods for analytic functions, which appear so often in
applications, rather than on functions at the edge of discontinuity with their seductive theoretical challenges. Original
sources are cited rather than textbooks, and each item in the bibliography is accompanied by an editorial comment. In
addition, each chapter has a collection of exercises, which span a wide range from mathematical theory to Chebfun-
based numerical experimentation. This textbook is appropriate for advanced undergraduate or graduate students who
have an understanding of numerical analysis and complex analysis. It is also appropriate for seasoned mathematicians
who use MATLAB.
The Portable, Extensible Toolkit for Scientific Computation (PETSc) is an open-source library of advanced data structures and
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methods for solving linear and nonlinear equations and for managing discretizations. This book uses these modern numerical tools
to demonstrate how to solve nonlinear partial differential equations (PDEs) in parallel. It starts from key mathematical concepts,
such as Krylov space methods, preconditioning, multigrid, and Newton’s method. In PETSc these components are composed at
run time into fast solvers. Discretizations are introduced from the beginning, with an emphasis on finite difference and finite
element methodologies. The example C programs of the first 12 chapters, listed on the inside front cover, solve (mostly) elliptic
and parabolic PDE problems. Discretization leads to large, sparse, and generally nonlinear systems of algebraic equations. For
such problems, mathematical solver concepts are explained and illustrated through the examples, with sufficient context to speed
further development. PETSc for Partial Differential Equations addresses both discretizations and fast solvers for PDEs,
emphasizing practice more than theory. Well-structured examples lead to run-time choices that result in high solver performance
and parallel scalability. The last two chapters build on the reader’s understanding of fast solver concepts when applying the
Firedrake Python finite element solver library. This textbook, the first to cover PETSc programming for nonlinear PDEs, provides
an on-ramp for graduate students and researchers to a major area of high-performance computing for science and engineering. It
is suitable as a supplement for courses in scientific computing or numerical methods for differential equations.
Mathematics of Computing -- Numerical Analysis.
Matrix Analysis presents the classical and recent results for matrix analysis that have proved to be important to applied
mathematics.
Pure and applied mathematicians, physicists, scientists, and engineers use matrices and operators and their eigenvalues in
quantum mechanics, fluid mechanics, structural analysis, acoustics, ecology, numerical analysis, and many other areas. However,
in some applications the usual analysis based on eigenvalues fails. For example, eigenvalues are often ineffective for analyzing
dynamical systems such as fluid flow, Markov chains, ecological models, and matrix iterations. That's where this book comes in.
This is the authoritative work on nonnormal matrices and operators, written by the authorities who made them famous. Each of the
sixty sections is written as a self-contained essay. Each document is a lavishly illustrated introductory survey of its topic, complete
with beautiful numerical experiments and all the right references. The breadth of included topics and the numerous applications
that provide links between fields will make this an essential reference in mathematics and related sciences.
A groundbreaking introduction to vectors, matrices, and least squares for engineering applications, offering a wealth of practical
examples.
This textbook develops the essential tools of linear algebra, with the goal of imparting technique alongside contextual
understanding. Applications go hand-in-hand with theory, each reinforcing and explaining the other. This approach encourages
students to develop not only the technical proficiency needed to go on to further study, but an appreciation for when, why, and how
the tools of linear algebra can be used across modern applied mathematics. Providing an extensive treatment of essential topics
such as Gaussian elimination, inner products and norms, and eigenvalues and singular values, this text can be used for an in-
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depth first course, or an application-driven second course in linear algebra. In this second edition, applications have been updated
and expanded to include numerical methods, dynamical systems, data analysis, and signal processing, while the pedagogical flow
of the core material has been improved. Throughout, the text emphasizes the conceptual connections between each application
and the underlying linear algebraic techniques, thereby enabling students not only to learn how to apply the mathematical tools in
routine contexts, but also to understand what is required to adapt to unusual or emerging problems. No previous knowledge of
linear algebra is needed to approach this text, with single-variable calculus as the only formal prerequisite. However, the reader
will need to draw upon some mathematical maturity to engage in the increasing abstraction inherent to the subject. Once equipped
with the main tools and concepts from this book, students will be prepared for further study in differential equations, numerical
analysis, data science and statistics, and a broad range of applications. The first author’s text, Introduction to Partial Differential
Equations, is an ideal companion volume, forming a natural extension of the linear mathematical methods developed here.
This book covers an especially broad range of topics, including some topics not generally found in linear algebra books The first
part details the basics of linear algebra. Coverage then proceeds to a discussion of modules, emphasizing a comparison with
vector spaces. A thorough discussion of inner product spaces, eigenvalues, eigenvectors, and finite dimensional spectral theory
follows, culminating in the finite dimensional spectral theorem for normal operators.
This self-contained introduction to numerical linear algebra provides a comprehensive, yet concise, overview of the subject. It
includes standard material such as direct methods for solving linear systems and least-squares problems, error, stability and
conditioning, basic iterative methods and the calculation of eigenvalues. Later chapters cover more advanced material, such as
Krylov subspace methods, multigrid methods, domain decomposition methods, multipole expansions, hierarchical matrices and
compressed sensing. The book provides rigorous mathematical proofs throughout, and gives algorithms in general-purpose
language-independent form. Requiring only a solid knowledge in linear algebra and basic analysis, this book will be useful for
applied mathematicians, engineers, computer scientists, and all those interested in efficiently solving linear problems.
This textbook develops the fundamental skills of numerical analysis: designing numerical methods, implementing them in computer code, and
analyzing their accuracy and efficiency. A number of mathematical problems?interpolation, integration, linear systems, zero finding, and
differential equations?are considered, and some of the most important methods for their solution are demonstrated and analyzed. Notable
features of this book include the development of Chebyshev methods alongside more classical ones; a dual emphasis on theory and
experimentation; the use of linear algebra to solve problems from analysis, which enables students to gain a greater appreciation for both
subjects; and many examples and exercises. Numerical Analysis: Theory and Experiments is designed to be the primary text for a junior- or
senior-level undergraduate course in numerical analysis for mathematics majors. Scientists and engineers interested in numerical methods,
particularly those seeking an accessible introduction to Chebyshev methods, will also be interested in this book.
The definitive portfolio of Thomas Kinkade Studios published limited edition works.
Describes the deblurring algorithms and techniques collectively known as spectral filtering methods, in which the singular value
decomposition, or a similar decomposition with spectral properties, is used to introduce the necessary regularization or filtering in the
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reconstructed image. The concise MATLAB® implementations described in the book provide a template of techniques that can be used to
restore blurred images from many applications.
Nick Higham follows up his successful HWMS volume with this much-anticipated second edition.
An introduction to the field of numerical linear algebra. It aims to present the core, standard material in a novel way. Topics include iterative
methods for systems of equations and eigenvalue problems and the underlying principles of conditioning and stability.
This book describes fundamental computational methods for image reconstruction in computed tomography (CT) with a focus on a
pedagogical presentation of these methods and their underlying concepts. Insights into the advantages, limitations, and theoretical and
computational aspects of the methods are included, giving a balanced presentation that allows readers to understand and implement CT
reconstruction algorithms. Unique in its emphasis on the interplay between modeling, computing, and algorithm development, Computed
Tomography: Algorithms, Insight, and Just Enough Theory develops the mathematical and computational aspects of three main classes of
reconstruction methods: classical filtered back-projection, algebraic iterative methods, and variational methods based on nonlinear numerical
optimization algorithms. It spotlights the link between CT and numerical methods, which is rarely discussed in current literature, and
describes the effects of incomplete data using both microlocal analysis and singular value decomposition (SVD). This book sets the stage for
further exploration of CT algorithms. Readers will be able to grasp the underlying mathematical models to motivate and derive the basic
principles of CT reconstruction and will gain basic understanding of fundamental computational challenges of CT, such as the influence of
noisy and incomplete data, as well as the reconstruction capabilities and the convergence of the iterative algorithms. Exercises using
MATLAB are included, allowing readers to experiment with the algorithms and making the book suitable for teaching and self-study.
Computed Tomography: Algorithms, Insight, and Just Enough Theory is primarily aimed at students, researchers, and practitioners interested
in the computational aspects of X-ray CT and is also relevant for anyone working with other forms of tomography, such as neutron and
electron tomography, that share the same mathematical formulation. With its basis in lecture notes developed for a PhD course, it is
appropriate as a textbook for courses on computational methods for X-ray CT and computational methods for inverse problems.
Numerical Linear AlgebraSIAM
Linear Algebra and Matrix Analysis for Statistics offers a gradual exposition to linear algebra without sacrificing the rigor of the subject. It
presents both the vector space approach and the canonical forms in matrix theory. The book is as self-contained as possible, assuming no
prior knowledge of linear algebra. The authors first address the rudimentary mechanics of linear systems using Gaussian elimination and the
resulting decompositions. They introduce Euclidean vector spaces using less abstract concepts and make connections to systems of linear
equations wherever possible. After illustrating the importance of the rank of a matrix, they discuss complementary subspaces, oblique
projectors, orthogonality, orthogonal projections and projectors, and orthogonal reduction. The text then shows how the theoretical concepts
developed are handy in analyzing solutions for linear systems. The authors also explain how determinants are useful for characterizing and
deriving properties concerning matrices and linear systems. They then cover eigenvalues, eigenvectors, singular value decomposition,
Jordan decomposition (including a proof), quadratic forms, and Kronecker and Hadamard products. The book concludes with accessible
treatments of advanced topics, such as linear iterative systems, convergence of matrices, more general vector spaces, linear transformations,
and Hilbert spaces.
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This book contains the results of 30 years of investigation by the author into the creation of a new theory on statistical
analysis of observations, based on the principle of random arrays of random vectors and matrices of increasing
dimensions. It describes limit phenomena of sequences of random observations, which occupy a central place in the
theory of random matrices. This is the first book to explore statistical analysis of random arrays and provides the
necessary tools for such analysis. This book is a natural generalization of multidimensional statistical analysis and aims
to provide its readers with new, improved estimators of this analysis. The book consists of 14 chapters and opens with
the theory of sample random matrices of fixed dimension, which allows to envelop not only the problems of
multidimensional statistical analysis, but also some important problems of mechanics, physics and economics. The
second chapter deals with all 50 known canonical equations of the new statistical analysis, which form the basis for
finding new and improved statistical estimators. Chapters 3-5 contain detailed proof of the three main laws on the theory
of sample random matrices. In chapters 6-10 detailed, strong proofs of the Circular and Elliptic Laws and their
generalization are given. In chapters 11-13 the convergence rates of spectral functions are given for the practical
application of new estimators and important questions on random matrix physics are considered. The final chapter
contains 54 new statistical estimators, which generalize the main estimators of statistical analysis.
These are my lecture notes from CS681: Design and Analysis of Algo rithms, a one-semester graduate course I taught at
Cornell for three consec utive fall semesters from '88 to '90. The course serves a dual purpose: to cover core material in
algorithms for graduate students in computer science preparing for their PhD qualifying exams, and to introduce theory
students to some advanced topics in the design and analysis of algorithms. The material is thus a mixture of core and
advanced topics. At first I meant these notes to supplement and not supplant a textbook, but over the three years they
gradually took on a life of their own. In addition to the notes, I depended heavily on the texts • A. V. Aho, J. E. Hopcroft,
and J. D. Ullman, The Design and Analysis of Computer Algorithms. Addison-Wesley, 1975. • M. R. Garey and D. S.
Johnson, Computers and Intractibility: A Guide to the Theory of NP-Completeness. w. H. Freeman, 1979. • R. E. Tarjan,
Data Structures and Network Algorithms. SIAM Regional Conference Series in Applied Mathematics 44, 1983. and still
recommend them as excellent references.
Linear algebra and the foundations of deep learning, together at last! From Professor Gilbert Strang, acclaimed author of
Introduction to Linear Algebra, comes Linear Algebra and Learning from Data, the first textbook that teaches linear
algebra together with deep learning and neural nets. This readable yet rigorous textbook contains a complete course in
the linear algebra and related mathematics that students need to know to get to grips with learning from data. Included
are: the four fundamental subspaces, singular value decompositions, special matrices, large matrix computation
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techniques, compressed sensing, probability and statistics, optimization, the architecture of neural nets, stochastic
gradient descent and backpropagation.
This revised edition discusses numerical methods for computing eigenvalues and eigenvectors of large sparse matrices.
It provides an in-depth view of the numerical methods that are applicable for solving matrix eigenvalue problems that
arise in various engineering and scientific applications. Each chapter was updated by shortening or deleting outdated
topics, adding topics of more recent interest, and adapting the Notes and References section. Significant changes have
been made to Chapters 6 through 8, which describe algorithms and their implementations and now include topics such
as the implicit restart techniques, the Jacobi-Davidson method, and automatic multilevel substructuring.
This book offers an introduction to the algorithmic-numerical thinking using basic problems of linear algebra. By focusing
on linear algebra, it ensures a stronger thematic coherence than is otherwise found in introductory lectures on numerics.
The book highlights the usefulness of matrix partitioning compared to a component view, leading not only to a clearer
notation and shorter algorithms, but also to significant runtime gains in modern computer architectures. The algorithms
and accompanying numerical examples are given in the programming environment MATLAB, and additionally – in an
appendix – in the future-oriented, freely accessible programming language Julia. This book is suitable for a two-hour
lecture on numerical linear algebra from the second semester of a bachelor's degree in mathematics.
A valuable resource book for students, tutors and researchers using iterative methods.
This book differs from traditional numerical analysis texts in that it focuses on the motivation and ideas behind the
algorithms presented rather than on detailed analyses of them. It presents a broad overview of methods and software for
solving mathematical problems arising in computational modeling and data analysis, including proper problem
formulation, selection of effective solution algorithms, and interpretation of results.? In the 20 years since its original
publication, the modern, fundamental perspective of this book has aged well, and it continues to be used in the
classroom. This Classics edition has been updated to include pointers to Python software and the Chebfun package,
expansions on barycentric formulation for Lagrange polynomial interpretation and stochastic methods, and the availability
of about 100 interactive educational modules that dynamically illustrate the concepts and algorithms in the book.
Scientific Computing: An Introductory Survey, Second Edition is intended as both a textbook and a reference for
computationally oriented disciplines that need to solve mathematical problems.
Numerical Linear Algebra is a concise, insightful, and elegant introduction to the field of numerical linear algebra.
This comprehensive textbook is designed for first-year graduate students from a variety of engineering and scientific disciplines.
Adapted from a series of lectures given by the authors, this monograph focuses on radial basis functions (RBFs), a powerful numerical
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methodology for solving PDEs to high accuracy in any number of dimensions. This method applies to problems across a wide range of PDEs
arising in fluid mechanics, wave motions, astro- and geosciences, mathematical biology, and other areas and has lately been shown to
compete successfully against the very best previous approaches on some large benchmark problems. Using examples and heuristic
explanations to create a practical and intuitive perspective, the authors address how, when, and why RBF-based methods work. The authors
trace the algorithmic evolution of RBFs, starting with brief introductions to finite difference (FD) and pseudospectral (PS) methods and
following a logical progression to global RBFs and then to RBF-generated FD (RBF-FD) methods. The RBF-FD method, conceived in 2000,
has proven to be a leading candidate for numerical simulations in an increasingly wide range of applications, including seismic exploration for
oil and gas, weather and climate modeling, and electromagnetics, among others. This is the first survey in book format of the RBF-FD
methodology and is suitable as the text for a one-semester first-year graduate class.
Table of contents
Engineering systems operate through actuators, most of which will exhibit phenomena such as saturation or zones of no operation,
commonly known as dead zones. These are examples of piecewise-affine characteristics, and they can have a considerable impact on the
stability and performance of engineering systems. This book targets controller design for piecewise affine systems, fulfilling both stability and
performance requirements. The authors present a unified computational methodology for the analysis and synthesis of piecewise affine
controllers, taking an approach that is capable of handling sliding modes, sampled-data, and networked systems. They introduce algorithms
that will be applicable to nonlinear systems approximated by piecewise affine systems, and they feature several examples from areas such as
switching electronic circuits, autonomous vehicles, neural networks, and aerospace applications. Piecewise Affine Control: Continuous-Time,
Sampled-Data, and Networked Systems is intended for graduate students, advanced senior undergraduate students, and researchers in
academia and industry. It is also appropriate for engineers working on applications where switched linear and affine models are important.
Using an approach that author Alan Laub calls "matrix analysis for grown-ups," this new textbook introduces fundamental concepts of
numerical linear algebra and their application to solving certain numerical problems arising in state-space control and systems theory. It is
written for advanced undergraduate and beginning graduate students and can be used as a follow-up to Matrix Analysis for Scientists and
Engineers (SIAM, 2005), a compact single-semester introduction to matrix analysis for engineers and computational scientists by the same
author. Computational Matrix Analysis provides readers with a one-semester introduction to numerical linear algebra; an introduction to
statistical condition estimation in book form for the first time; and an overview of certain computational problems in control and systems
theory. The book features a number of elements designed to help students learn to use numerical linear algebra in day-to-day computing or
research, including a brief review of matrix analysis, including notation, and an introduction to finite (IEEE) arithmetic; discussion and
examples of conditioning, stability, and rounding analysis; an introduction to mathematical software topics related to numerical linear algebra;
a thorough introduction to Gaussian elimination, along with condition estimation techniques; coverage of linear least squares, with orthogonal
reduction and QR factorization; variants of the QR algorithm; and applications of the discussed algorithms.
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