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The fundanmental mathematical tools needed to understand machi ne | earning include |inear algebra,

anal ytic geonetry, matrix deconpositions, vector cal culus, optimzation, probability and statistics.
These topics are traditionally taught in disparate courses, nmaking it hard for data science or conputer
sci ence students, or professionals, to efficiently learn the mathematics. This sel f-contained textbook
bri dges the gap between mat hematical and machine | earning texts, introducing the mathematical concepts
with a mninmumof prerequisites. It uses these concepts to derive four central nachine |earning methods:
I i near regression, principal conponent analysis, Gaussian m xture nodels and support vector machi nes.
For students and others with a mathemati cal background, these derivations provide a starting point to
machi ne | earning texts. For those learning the mathematics for the first tine, the nmethods help build
intuition and practical experience with applying mathematical concepts. Every chapter includes worked
exanpl es and exercises to test understanding. Programmng tutorials are offered on the book's web site.

Nunerical nmethods for elliptic partial differential equations have been the subject of many books in
recent years, but few have treated the subject of conplex equations. In this inportant new book, the

aut hor introduces the theory of, and approxi mate nethods for, nonlinear elliptic conplex equations in
mul ti pl e connected domai ns. Constructive nethods are systematically applied to proper boundary val ue
probl ens which include very general boundary conditions. Approxi mate and nunerical nethods, such as the
Newt on i nmbeddi ng nmet hod, the continuity nethod, the finite elenment nmethod, the difference nethod and the
boundary integral nethod, as well as their applications, are discussed in detail. The book will be of
interest to all scientists studying the theory or applications of conplex analysis.

Nunerical continuation nmethods have provided i nportant contributions toward the nunerical solution of
nonl i near systens of equations for many years. The nethods nmay be used not only to conpute sol utions,
whi ch m ght otherwi se be hard to obtain, but also to gain insight into qualitative properties of the
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solutions. Introduction to Nunerical Continuation Methods, originally published in 1979, was the first
book to provide easy access to the nunerical aspects of predictor corrector continuation and pi ecew se

| inear continuation nethods. Not only do these seem ngly distinct nethods share many common features and
general principles, they can be nunerically inplenented in simlar ways. The book al so features the

pi ecewi se |inear approximation of inplicitly defined surfaces, the algorithnms of which are frequently
used in conputer graphics, nmesh generation, and the evaluation of surface integrals. To help potenti al
users of nunerical continuation nmethods create prograns adapted to their particul ar needs, this book
presents pseudo-codes and Fortran codes as illustrations. Since it first appeared, many specialized
packages for treating such varied problens as bifurcation, polynom al systens, eigenval ues, econom c
equilibria, optimzation, and the approxi mation of manifolds have been witten. The original extensive
bi bl i ogr aphy has been updated in the SIAM Cl assics edition to include nore recent references and several
URLs so users can |l ook for codes to suit their needs. Audience: this book continues to be useful for
researchers and graduate students in mathematics, sciences, engineering, econom cs, and business. A
background in elenentary analysis and |linear al gebra are adequate prerequisites for reading this book;
sonme know edge froma first course in nunerical analysis may al so be hel pful

This revised edition discusses nunerical nethods for conputing eigenval ues and ei genvectors of |arge
sparse matrices. It provides an in-depth view of the nunerical nethods that are applicable for solving
matri x ei genval ue problens that arise in various engineering and scientific applications. Each chapter
was updated by shortening or deleting outdated topics, adding topics of nore recent interest, and
adapting the Notes and References section. Significant changes have been nade to Chapters 6 through 8,
whi ch describe algorithnms and their inplenentations and now i ncl ude topics such as the inplicit restart
t echni ques, the Jacobi-Davidson nmet hod, and automatic nultil evel substructuring.

Since the pioneering work of Euler, Dirichlet, and R emann, the analytic properties of L-functions have
been used to study the distribution of prinme nunbers. Wth the advent of the Langl ands Program L-
functions have assuned a greater role in the study of the interplay between D ophantine questions about
primes and representation theoretic properties of Galois representations. The present book provides a
conplete introduction to the nost significant class of L-functions: the Artin-Hecke L-functions
associated to finite-di nensional representations of Wil groups and to autonorphic L-functions of
principal type on the general |inear group. In addition to establishing functional equations, growth

esti mates, and non-vani shing theorens, a thoroqu gkesentation of the explicit fornulas of Ri emann type
age



in the context of Artin-Hecke and autonorphic L-functions is also given. The survey is ainmed at

mat hemat i ci ans and graduate students who want to | earn about the nodern analytic theory of L-functions
and their applications in nunber theory and in the theory of autonorphic representations. The

requi renents for a profitable study of this nonograph are a know edge of basic nunber theory and the
rudi nents of abstract harnonic analysis on |ocally conpact abelian groups.

rd This book presents a collection of selected contributions presented at the 3 International Wrkshop
on Scientific Conputing in Electrical Engineering, SCEE-2000, which took place in Warnem i nde, Gernany,
from August 20 to 23, 2000. Nearly hundred scientists and engineers fromthirteen countries gathered in
Warnem i nde to participate in the conference. Rostock Univer sity, the oldest university in Northern
Eur ope founded in 1419, hosted the conference. This workshop followed two earlier workshops held 1997 at
the Darnstadt University of Technol ogy and 1998 at Wierstrass Institute for Applied Anal ysis and
Stochastics in Berlin under the auspices ofthe German Mat hematical Society. These wor kshops ai nmed at
bringing together two scientific comruni ties: applied mathematicians and el ectrical engi neers who do
research in the field of scientific computing in electrical engineering. This, of course, is a wde
field, which is why it was decided to concentrate on selected nmajor topics. The workshop in Darnstadt,
whi ch was organi zed by Mchael Ginther fromthe Mithematics Departnent and Ursula van Rienen fromthe
Departnent of Electrical Engineering and Information Technol ogy, brought together nore than hundred
scientists interested in nunerical methods for the sinulation of circuits and el ectromagnetic fields.
This was a great success. Voices conmng fromthe participants suggested that it was tine to bring these
comunities together in order to get to know each other, to discuss nmutual interests and to start
cooperative work. A collection of selected contributions appeared in 'Surveys on Mat hematics for

| ndustry', Vol.8, No. 3-4 and Vol .9, No.2, 1999.

The discrete logarithm problem based on elliptic and hyperelliptic curves has gained a | ot of popularity
as a cryptographic primtive. The main reason is that no subexponential algorithmfor conputing discrete
| ogarithnms on small genus curves is currently avail able, except in very special cases. Therefore curve-
based cryptosystens require nuch snmaller key sizes than RSA to attain the sane security level. This
makes them particularly attractive for inplenentations on nenory-restricted devices |ike smart cards and
in high-security applications. The Handbook of Elliptic and Hyperelliptic Curve Cryptography introduces
the theory and al gorithns involved in curve-based cryptography. After a very detail ed exposition of the
mat hemat i cal background, it provides ready-to-iqg&%gent algorithns for the group operations and



conputation of pairings. It explores nethods for point counting and constructing curves with the conpl ex
mul tiplication nmethod and provides the algorithnms in an explicit manner. It also surveys generic nethods
to conmpute discrete logarithns and details index cal culus nmethods for hyperelliptic curves. For sone
speci al curves the discrete |ogarithm problemcan be transferred to an easier one; the consequences are
expl ai ned and suggestions for good choices are given. The authors present applications to protocols for
di screte-l1ogarithmbased systens (including bilinear structures) and explain the use of elliptic and
hyperelliptic curves in factorization and primality proving. Two chapters explore their design and
efficient inplenentations in smart cards. Practical and theoretical aspects of side-channel attacks and
counternmeasures and a chapter devoted to (pseudo-)random nunber generation round off the exposition. The
broad coverage of all- inportant areas nekes this book a conpl ete handbook of elliptic and hyperelliptic
curve cryptography and an invaluable reference to anyone interested in this exciting field.
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