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Linear Algebra Graduate Level
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• This third edition of the successful outline in linear
algebra—which sold more than 400,000 copies in its past
two editions—has been thoroughly updated to increase its
applicability to the fields in which linear algebra is now
essential: computer science, engineering, mathematics,
physics, and quantitative analysis• Revised coverage
includes new problems relevant to computer science and
a revised chapter on linear equations• More than
100,000 students enroll in beginning and advanced
Linear Algebra courses each year. This outline is
appropriate for both first- and second-level linear algebra
courses
This textbook for senior undergraduate and first year
graduate-level courses in linear algebra and analysis,
covers linear algebra, multilinear algebra, canonical
forms of matrices, normal linear vector spaces and inner
product spaces. These topics provide all of the
prerequisites for graduate students in mathematics to
prepare for advanced-level work in such areas as
algebra, analysis, topology and applied mathematics.
Covers determinants, linear spaces, systems of linear
equations, linear functions of a vector argument,
coordinate transformations, the canonical form of the
matrix of a linear operator, bilinear and quadratic forms,
Euclidean spaces, unitary spaces, quadratic forms in
Euclidean and unitary spaces, finite-dimensional space.
Problems with hints and answers.
"Linear Algebra" is intended for a one-term course at the
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junior or senior level. It begins with an exposition of the
basic theory of vector spaces and proceeds to explain
the fundamental structure theorem for linear maps,
including eigenvectors and eigenvalues, quadratic and
hermitian forms, diagnolization of symmetric, hermitian,
and unitary linear maps and matrices, triangulation, and
Jordan canonical form. The book also includes a useful
chapter on convex sets and the finite-dimensional KreinMilman theorem. The presentation is aimed at the
student who has already had some exposure to the
elementary theory of matrices, determinants and linear
maps. However the book is logically self-contained. In
this new edition, many parts of the book have been
rewritten and reorganized, and new exercises have been
added.
A concise, insightful, and elegant introduction to the field
of numerical linear algebra. Designed for use as a standalone 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.
Matrix-Based Multigrid introduces and analyzes the
multigrid approach for the numerical solution of large
sparse linear systems arising from the discretization of
elliptic partial differential equations. Special attention is
given to the powerful matrix-based-multigrid approach,
which is particularly useful for problems with variable
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coefficients and nonsymmetric and indefinite problems.
This book can be used as a textbook in courses in
numerical analysis, numerical linear algebra, and
numerical PDEs at the advanced undergraduate and
graduate levels in computer science, math, and applied
math departments. The theory is written in simple
algebraic terms and therefore requires preliminary
knowledge only in basic linear algebra and calculus.
Geared toward upper-level undergraduates and graduate
students, this text establishes that projective geometry
and linear algebra are essentially identical. The
supporting evidence consists of theorems offering an
algebraic demonstration of certain geometric concepts.
1952 edition.
Prominent Russian mathematician's concise, well-written
exposition considers n-dimensional spaces, linear and
bilinear forms, linear transformations, canonical form of
an arbitrary linear transformation, and an introduction to
tensors. While not designed as an introductory text, the
book's well-chosen topics, brevity of presentation, and
the author's reputation will recommend it to all students,
teachers, and mathematicians working in this sector.

This work grew out of several years of research,
graduate seminars and talks on the subject. It was
motivated by a desire to make the technology
accessible to those who most needed it or could
most use it. It is meant to be a self-contained
introduction, a reference for the techniques, and a
guide to the literature for the underlying theory. It
contains pointers to fertile areas for future research.
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It also serves as introductory documentation for a
Fortran 90 software package for nonlinear systems
and global optimization. The subject of the
monograph is deterministic, automatically verified or
r- orous methods. In such methods, directed
rounding and computational fix- point theory are
combined with exhaustive search (branch and
bound) te- niques. Completion of such an algorithm
with a list of solutions constitutes a rigorous
mathematical proof that all of the solutions within the
original search region are within the output list. The
monograph is appropriate as an introduction to
research and technology in the area, as a desk
reference, or as a graduate-level course reference.
Kno- edge of calculus, linear algebra, and
elementary numerical analysis is assumed.
There are a number of very good books available on
linear algebra. However, new results in linear
algebra appear constantly, as do new, simpler, and
better proofs of old results. Many of these results
and proofs obtained in the past thirty years are
accessible to undergraduate mathematics majors,
but are usually ignored by textbooks. In addition,
more than a few interesting old results are not
covered in many books. In this book, the author
provides the basics of linear algebra, with an
emphasis on new results and on nonstandard and
interesting proofs. The book features about 230
problems with complete solutions. It can serve as a
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supplementary text for an undergraduate or graduate
algebra course.
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 the author wishes he had been
taught as a graduate student. 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. The book is suitable as a
text or supplementary reference for a variety of
courses on linear algebra and its applications, as
well as for self-study.
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This textbook introduces linear algebra and
optimization in the context of machine learning.
Examples and exercises are provided throughout
this text book together with access to a solution’s
manual. This textbook targets graduate level
students and professors in computer science,
mathematics and data science. Advanced
undergraduate students can also use this textbook.
The chapters for this textbook are organized as
follows: 1. Linear algebra and its applications: The
chapters focus on the basics of linear algebra
together with their common applications to singular
value decomposition, matrix factorization, similarity
matrices (kernel methods), and graph analysis.
Numerous machine learning applications have been
used as examples, such as spectral clustering,
kernel-based classification, and outlier detection.
The tight integration of linear algebra methods with
examples from machine learning differentiates this
book from generic volumes on linear algebra. The
focus is clearly on the most relevant aspects of linear
algebra for machine learning and to teach readers
how to apply these concepts. 2. Optimization and its
applications: Much of machine learning is posed as
an optimization problem in which we try to maximize
the accuracy of regression and classification models.
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The “parent problem” of optimization-centric
machine learning is least-squares regression.
Interestingly, this problem arises in both linear
algebra and optimization, and is one of the key
connecting problems of the two fields. Least-squares
regression is also the starting point for support
vector machines, logistic regression, and
recommender systems. Furthermore, the methods
for dimensionality reduction and matrix factorization
also require the development of optimization
methods. A general view of optimization in
computational graphs is discussed together with its
applications to back propagation in neural networks.
A frequent challenge faced by beginners in machine
learning is the extensive background required in
linear algebra and optimization. One problem is that
the existing linear algebra and optimization courses
are not specific to machine learning; therefore, one
would typically have to complete more course
material than is necessary to pick up machine
learning. Furthermore, certain types of ideas and
tricks from optimization and linear algebra recur
more frequently in machine learning than other
application-centric settings. Therefore, there is
significant value in developing a view of linear
algebra and optimization that is better suited to the
specific perspective of machine learning.
This popular and successful text was originally
written for a one-semester course in linear algebra at
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the sophomore undergraduate level. Consequently,
the book deals almost exclusively with real finite
dimensional vector spaces, but in a setting and
formulation that permits easy generalisation to
abstract vector spaces. A wide selection of examples
of vector spaces and linear transformation is
presented to serve as a testing ground for the
theory. In the second edition, a new chapter on
Jordan normal form was added which reappears
here in expanded form as the second goal of this
new edition, after the principal axis theorem. To
achieve these goals in one semester it is necessary
to follow a straight path, but this is compensated by
a wide selection of examples and exercises. In
addition, the author includes an introduction to
invariant theory to show that linear algebra alone is
incapable of solving these canonical forms problems.
A compact, but mathematically clean introduction to
linear algebra with particular emphasis on topics in
abstract algebra, the theory of differential equations,
and group representation theory.
Matrix Analysis for Scientists and Engineers
provides a blend of undergraduate- and graduatelevel topics in matrix theory and linear algebra that
relieves instructors of the burden of reviewing such
material in subsequent courses that depend heavily
on the language of matrices. Consequently, the text
provides an often-needed bridge between
undergraduate-level matrix theory and linear algebra
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and the level of matrix analysis required for graduatelevel study and research. The text is sufficiently
compact that the material can be taught comfortably
in a one-quarter or one-semester course.
Throughout the book, the author emphasizes the
concept of matrix factorization to provide a
foundation for a later course in numerical linear
algebra. The author addresses connections to
differential and difference equations as well as to
linear system theory and encourages instructors to
augment these examples with other applications of
their own choosing.
Linear algebra and matrix theory are essentially
synonymous terms for an area of mathematics that
has become one of the most useful and pervasive
tools in a wide range of disciplines. It is also a
subject of great mathematical beauty. In
consequence of both of these facts, linear algebra
has increasingly been brought into lower levels of
the curriculum, either in conjunction with the calculus
or separate from it but at the same level. A large and
still growing number of textbooks has been written to
satisfy this need, aimed at students at the junior,
sophomore, or even freshman levels. Thus, most
students now obtaining a bachelor's degree in the
sciences or engineering have had some exposure to
linear algebra. But rarely, even when solid courses
are taken at the junior or senior levels, do these
students have an adequate working knowledge of
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the subject to be useful in graduate work or in
research and development activities in government
and industry. In particular, most elementary courses
stop at the point of canonical forms, so that while the
student may have "seen" the Jordan and other
canonical forms, there is usually little appreciation of
their usefulness. And there is almost never time in
the elementary courses to deal with more
specialized topics like nonnegative matrices, inertia
theorems, and so on. In consequence, many
graduate courses in mathematics, applied mathe
matics, or applications develop certain parts of
matrix theory as needed.
Basic Algebra and Advanced Algebra systematically
develop concepts and tools in algebra that are vital
to every mathematician, whether pure or applied,
aspiring or established. Together, the two books give
the reader a global view of algebra and its role in
mathematics as a whole. The presentation includes
blocks of problems that introduce additional topics
and applications to science and engineering to guide
further study. Many examples and hundreds of
problems are included, along with a separate
90-page section giving hints or complete solutions
for most of the problems.
This set features: Linear Algebra and Its
Applications, Second Edition (978-0-471-75156-4)
and Functional Analysis (978-0-471-55604-6) both
by Peter D. Lax.
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This book takes the reader on a journey through the
world of college mathematics, focusing on some of
the most important concepts and results in the
theories of polynomials, linear algebra, real analysis,
differential equations, coordinate geometry,
trigonometry, elementary number theory,
combinatorics, and probability. Preliminary material
provides an overview of common methods of proof:
argument by contradiction, mathematical induction,
pigeonhole principle, ordered sets, and invariants.
Each chapter systematically presents a single
subject within which problems are clustered in each
section according to the specific topic. The
exposition is driven by nearly 1300 problems and
examples chosen from numerous sources from
around the world; many original contributions come
from the authors. The source, author, and historical
background are cited whenever possible. Complete
solutions to all problems are given at the end of the
book. This second edition includes new sections on
quad ratic polynomials, curves in the plane,
quadratic fields, combinatorics of numbers, and
graph theory, and added problems or theoretical
expansion of sections on polynomials, matrices,
abstract algebra, limits of sequences and functions,
derivatives and their applications, Stokes' theorem,
analytical geometry, combinatorial geometry, and
counting strategies. Using the W.L. Putnam
Mathematical Competition for undergraduates as an
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inspiring symbol to build an appropriate math
background for graduate studies in pure or applied
mathematics, the reader is eased into transitioning
from problem-solving at the high school level to the
university and beyond, that is, to mathematical
research. This work may be used as a study guide
for the Putnam exam, as a text for many different
problem-solving courses, and as a source of
problems for standard courses in undergraduate
mathematics. Putnam and Beyond is organized for
independent study by undergraduate and gradu ate
students, as well as teachers and researchers in the
physical sciences who wish to expand their
mathematical horizons.
Full of features and applications, this acclaimed
textbook for upper undergraduate level and graduate
level students 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
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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.
Numerous applications, including computational
optimization and fluid dynamics, give rise to block
linear systems of equations said to have the quasidefinite structure. In practical situations, the size or
density of those systems can preclude a factorization
approach, leaving only iterative methods as the
solution technique. Known iterative methods,
however, are not specifically designed to take
advantage of the quasi-definite structure. This book
discusses the connection between quasi-definite
systems and linear least-squares problems, the most
common and best understood problems in applied
mathematics, and explains how quasi-definite
systems can be solved using tailored iterative
methods for linear least squares (with half as much
work!). To encourage researchers and students to
use the software, it is provided in MATLAB, Python,
and Julia. The authors provide a concise account of
the most well-known methods for symmetric systems
and least-squares problems, research-level
advances in the solution of problems with specific
illustrations in optimization and fluid dynamics, and a
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website that hosts software in three languages.
Linear algebra is a living, active branch of
mathematics which is central to almost all other
areas of mathematics, both pure and applied, as well
as computer science, the physical and social
sciences, and engineering. It entails an extensive
corpus of theoretical results as well as a large body
of computational techniques. The book is intended to
be used in one of several possible ways: (1) as a selfstudy guide; (2) as a textbook for a course in
advanced linear algebra, either at the upper-class
undergraduate level or at the first-year graduate
level; or (3) as a reference book. It is also designed
to prepare a student for the linear algebra portion of
prelim exams or PhD qualifying exams. The volume
is self-contained to the extent that it does not
assume any previous formal knowledge of linear
algebra, though the reader is assumed to have been
exposed, at least informally, to some basic ideas and
techniques, such as the solution of a small system of
linear equations over the real numbers. More
importantly, it does assume a seriousness of
purpose and a modicum of mathematical
sophistication. The book also contains over 1000
exercises, many of which are very challenging.
Ward Cheney and David Kincaid have developed
Linear Algebra: Theory and Applications, Second
Edition, a multi-faceted introductory textbook, which
was motivated by their desire for a single text that
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meets the various requirements for differing courses
within linear algebra. For theoretically-oriented
students, the text guides them as they devise proofs
and deal with abstractions by focusing on a
comprehensive blend between theory and
applications. For application-oriented science and
engineering students, it contains numerous
exercises that help them focus on understanding and
learning not only vector spaces, matrices, and linear
transformations, but uses of software tools available
for use in applied linear algebra. Using a flexible
design, it is an ideal textbook for instructors who
wish to make their own choice regarding what
material to emphasis, and to accentuate those
choices with homework assignments from a large
variety of exercises, both in the text and online.
This graduate level textbook covers an especially
broad range of topics. The book first offers a careful
discussion of the basics of linear algebra. It then
proceeds to a discussion of modules, emphasizing a
comparison with vector spaces, and presents a
thorough discussion of inner product spaces,
eigenvalues, eigenvectors, and finite dimensional
spectral theory, culminating in the finite dimensional
spectral theorem for normal operators. The new
edition has been revised and contains a chapter on
the QR decomposition, singular values and
pseudoinverses, and a chapter on convexity,
separation and positive solutions to linear systems.
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This unique and innovative book presents an
exciting and complete detail of all the important
topics related to the theory of square matrices of
order 2. The readers exploring every detailed aspect
of matrix theory are gently led toward understanding
advanced topics. They will follow every notion of
matrix theory with ease, accumulating a thorough
understanding of algebraic and geometric aspects of
matrices of order 2. The prime jewel of this book is
its offering of an unusual collection of problems,
theoretically motivated, most of which are new,
original, and seeing the light of publication for the
first time in the literature. Nearly all of the exercises
are presented with detailed solutions and vary in
difficulty from easy to more advanced. Many
problems are particularly challenging. These, and
not only these, invite the reader to unleash their
creativity and research capabilities and to discover
their own methods of attacking a problem. Matrices
have a vast practical importance to mathematics,
science, and engineering; therefore the readership of
this book is intended to be broad: high school
students wishing to learn the fundamentals of matrix
theory, first year students who like to participate in
mathematical competitions, graduate students who
want to learn more about an application of a certain
technique, doctoral students who are preparing for
their prelim exams in linear algebra, and linear
algebra instructors. Chapters 1–3 complement a
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standard linear algebra course. Pure and applied
mathematicians who use matrix theory for their
applications will find this book useful as a refresher.
In fact, anyone who is willing to explore the
methodologies discussed in this book and work
through a collection of problems involving matrices
of order 2 will be enriched.
Praise for the Third Edition "This volume is groundbreaking in terms of mathematical texts in that it
does not teach from a detached perspective, but
instead, looks to show students that competent
mathematicians bring an intuitive understanding to
the subject rather than just a master of applications."
- Electric Review Learn foundational and advanced
topics in linear algebra with this concise and
approachable resource A comprehensive
introduction, Linear Algebra: Ideas and Applications,
Fifth Edition provides a discussion of the theory and
applications of linear algebra that blends abstract
and computational concepts. With a focus on the
development of mathematical intuition, the book
emphasizes the need to understand both the
applications of a particular technique and the
mathematical ideas underlying the technique. The
book introduces each new concept in the context of
explicit numerical examples, which allows the
abstract concepts to grow organically out of the
necessity to solve specific problems. The intuitive
discussions are consistently followed by rigorous
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statements of results and proofs. Linear Algebra:
Ideas and Applications, Fifth Edition also features: A
new application section on section on Google’s
Page Rank Algorithm. A new application section on
pricing long term health insurance at a Continuing
Care Retirement Community (CCRC). Many other
illuminating applications of linear algebra with selfstudy questions for additional study. End-of-chapter
summaries and sections with true-false questions to
aid readers with further comprehension of the
presented material Numerous computer exercises
throughout using MATLAB® code Linear Algebra:
Ideas and Applications, Fifth Edition is an excellent
undergraduate-level textbook for one or two
semester undergraduate courses in mathematics,
science, computer science, and engineering. With an
emphasis on intuition development, the book is also
an ideal self-study reference.
Introduction to Linear Algebra stresses finite
dimensional vector spaces and linear
transformations. Intended for undergraduate majors
in mathematics, applied mathematics, chemistry,
and physics, the treatment's only prerequisite is a
first course in calculus. Proofs are given in detail,
and carefully chosen problems demonstrate the
variety of situations in which these concepts arise.
After a brief Introduction, the text advances to
chapters on the plane, linear dependence, span,
dimension, bases, and subspaces. Subsequent
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chapters explore linear transformations, the dual
space in terms of multilinear forms and
determinants, a traditional treatment of determinants,
and inner product spaces. Extensive Appendixes
cover equations and identities; variables, quantifiers,
and unknowns; sets; proofs; indices and
summations; and functions.
This treatment starts with basics and progresses to
sweepout process for obtaining complete solution of
any given system of linear equations and role of
matrix algebra in presentation of useful geometric
ideas, techniques, and terminology.
The author of this book was Professor of Theoretical
Physics at the University of Belgrade. The book is
based on lectures he gave there to both
undergraduate and postgraduate students over a
period of several decades. It sets out to explain
Linear Algebra from its fundamentals to the most
advanced level. A special feature of this book is its
didactical approach, with a myriad of thoroughly
worked examples and excellent illustrations, which
allows the reader to approach the subject from any
level and to proceed to that of the most advanced
applications. Throughout, the subject is explained
with painstaking care.
Intuitive ideas of stability in dynamics of a biological
population, community, or ecosystem can be
formalized in the framework of corresponding
mathematical models. These are often represented
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by systems of ordinary differential equations or
difference equations. Matrices and Graphs covers
achievements in the field using concepts from matrix
theory and graph theory. The book effectively
surveys applications of mathematical results
pertinent to issues of theoretical and applied
ecology. The only mathematical prerequisite for
using Matrices and Graphs is a working knowledge
of linear algebra and matrices. The book is ideal for
biomathematicians, ecologists, and applied
mathematicians doing research on dynamic behavior
of model populations and communities consisting of
multi-component systems. It will also be valuable as
a text for a graduate-level topics course in applied
math or mathematical ecology.
Matrix methods have evolved from a tool for
expressing statistical problems to an indispensable
part of the development, understanding, and use of
various types of complex statistical analyses. This
evolution has made matrix methods a vital part of
statistical education. Traditionally, matrix methods
are taught in courses on everything from regression
analysis to stochastic processes, thus creating a
fractured view of the topic. Matrix Algebra for Linear
Models offers readers a unique, unified view of
matrix analysis theory (where and when necessary),
methods, and their applications.
Praise for the First Edition ". . .recommended for the
teacher and researcher as well as forgraduate
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students. In fact, [it] has a place on
everymathematician's bookshelf." -American
Mathematical Monthly Linear Algebra and Its
Applications, Second Edition presents linearalgebra
as the theory and practice of linear spaces and linear
mapswith a unique focus on the analytical aspects
as well as thenumerous applications of the subject.
In addition to thoroughcoverage of linear equations,
matrices, vector spaces, game theory,and numerical
analysis, the Second Edition featuresstudent-friendly
additions that enhance the book's
accessibility,including expanded topical coverage in
the early chapters,additional exercises, and solutions
to selected problems. Beginning chapters are
devoted to the abstract structure of finitedimensional
vector spaces, and subsequent chapters
addressconvexity and the duality theorem as well as
describe the basics ofnormed linear spaces and
linear maps between normed spaces. Further
updates and revisions have been included to reflect
themost up-to-date coverage of the topic, including:
The QR algorithm for finding the eigenvalues of a
self-adjointmatrix The Householder algorithm for
turning self-adjoint matricesinto tridiagonal form The
compactness of the unit ball as a criterion of
finitedimensionality of a normed linear space
Additionally, eight new appendices have been added
and cover topicssuch as: the Fast Fourier Transform;
the spectral radius theorem;the Lorentz group; the
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compactness criterion for finitedimensionality; the
characterization of commentators; proof ofLiapunov's
stability criterion; the construction of the
JordanCanonical form of matrices; and Carl Pearcy's
elegant proof ofHalmos' conjecture about the
numerical range of matrices. Clear, concise, and
superbly organized, Linear Algebra and
ItsApplications, Second Edition serves as an
excellent text foradvanced undergraduate- and
graduate-level courses in linearalgebra. Its
comprehensive treatment of the subject also makes
itan ideal reference or self-study for industry
professionals.
The theory of vector spaces and matrices is an essential
part of the mathematical background required by
physicists. Most books on the subject, however, do not
adequately meet the requirements of physics coursesthey tend to be either highly mathematical or too
elementary. Books that focus on mathematical theory
may render the subject too dry to hold the interest of
physics students, while books that are more elementary
tend to neglect some topics that are vital in the
development of physical theories. In particular, there is
often very little discussion of vector spaces, and many
books introduce matrices merely as a computational tool.
Vector Spaces and Matrices in Physics fills the gap
between the elementary and the heavily mathematical
treatments of the subject with an approach and
presentation ideal for graduate-level physics students.
After building a foundation in vector spaces and matrix
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algebra, the author takes care to emphasize the role of
matrices as representations of linear transformations on
vector spaces, a concept of matrix theory that is
essential for a proper understanding of quantum
mechanics. He includes numerous solved and unsolved
problems, and enough hints for the unsolved problems to
make the book self-sufficient. Developed through many
years of lecture notes, Vector Spaces and Matrices in
Physics was written primarily as a graduate and postgraduate textbook and as a reference for physicists. Its
clear presentation and concise but thorough coverage,
however, make it useful for engineers, chemists,
economists, and anyone who needs a background in
matrices for application in other areas.
This book combines a solid theoretical background in
linear algebra with practical algorithms for numerical
solution of linear algebra problems. Developed from a
number of courses taught repeatedly by the authors, the
material covers topics like matrix algebra, theory for
linear systems of equations, spectral theory, vector and
matrix norms combined with main direct and iterative
numerical methods, least squares problems, and
eigenproblems. Numerical algorithms illustrated by
computer programs written in MATLAB® are also
provided as supplementary material on SpringerLink to
give the reader a better understanding of professional
numerical software for the solution of real-life problems.
Perfect for a one- or two-semester course on numerical
linear algebra, matrix computation, and large sparse
matrices, this text will interest students at the advanced
undergraduate or graduate level.
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The material presented in this book corresponds to a
semester-long course, ``Linear Algebra and Differential
Equations'', taught to sophomore students at UC
Berkeley. In contrast with typical undergraduate texts,
the book offers a unifying point of view on the subject,
namely that linear algebra solves several clearly-posed
classification problems about such geometric objects as
quadratic forms and linear transformations. This
attractive viewpoint on the classical theory agrees well
with modern tendencies in advanced mathematics and is
shared by many research mathematicians. However, the
idea of classification seldom finds its way to basic
programs in mathematics, and is usually unfamiliar to
undergraduates. To meet the challenge, the book first
guides the reader through the entire agenda of linear
algebra in the elementary environment of twodimensional geometry, and prior to spelling out the
general idea and employing it in higher dimensions,
shows how it works in applications such as linear ODE
systems or stability of equilibria. Appropriate as a text for
regular junior and honors sophomore level college
classes, the book is accessible to high school students
familiar with basic calculus, and can also be useful to
engineering graduate students.
Numerical Linear Algebra with Applications is designed
for those who want to gain a practical knowledge of
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modern computational techniques for the numerical
solution of linear algebra problems, using MATLAB as
the vehicle for computation. The book contains all the
material necessary for a first year graduate or advanced
undergraduate course on numerical linear algebra with
numerous applications to engineering and science. With
a unified presentation of computation, basic algorithm
analysis, and numerical methods to compute solutions,
this book is ideal for solving real-world problems. The
text consists of six introductory chapters that thoroughly
provide the required background for those who have not
taken a course in applied or theoretical linear algebra. It
explains in great detail the algorithms necessary for the
accurate computation of the solution to the most
frequently occurring problems in numerical linear
algebra. In addition to examples from engineering and
science applications, proofs of required results are
provided without leaving out critical details. The Preface
suggests ways in which the book can be used with or
without an intensive study of proofs. This book will be a
useful reference for graduate or advanced
undergraduate students in engineering, science, and
mathematics. It will also appeal to professionals in
engineering and science, such as practicing engineers
who want to see how numerical linear algebra problems
can be solved using a programming language such as
MATLAB, MAPLE, or Mathematica. Six introductory
chapters that thoroughly provide the required
background for those who have not taken a course in
applied or theoretical linear algebra Detailed
explanations and examples A through discussion of the
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algorithms necessary for the accurate computation of the
solution to the most frequently occurring problems in
numerical linear algebra Examples from engineering and
science applications
This book collects approximately nine hundred problems
that have appeared on the preliminary exams in Berkeley
over the last twenty years. It is an invaluable source of
problems and solutions. Readers who work through this
book will develop problem solving skills in such areas as
real analysis, multivariable calculus, differential
equations, metric spaces, complex analysis, algebra,
and linear algebra.
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