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NUMERICAL ANALYSIS

edited by
Gene H. Golub and Joseph Öliger

Lecture Notes from the Short Course
sponsored by the AMS, Atlanta, January 3—4, 1978

This is the collection of texts prepared by the lec-
turers of the Numerical Analysis Short Course

given at the A.M.S. meeting in Atlanta, Georgia in

January 1978. Computational linear algebra, opti-
mization and the solution of nonlinear equations,
the approximation of functions and functionals,
and approximations for initial and boundary value

problems for ordinary and partial differential equa-
tions are discussed. Methods such as the QR fac-
torization, singular value decomposition, quasi-
Newton and secant methods, finite difference, fi-
nite element and collocation methods are included
in these discussions.

The subject matter was chosen to emphasize prom-
inent research areas and attitudes in numerical
analysis. These are introductory lectures on the
subject matter for presentation to an audience of
scientists from other areas or disciplines. Typically,
there is an introduction to a given problem area
and to techniques used, an application to applied
problems, and a discussion of current research

questions or directions.

Several trends in modern numerical analysis are
discussed in these lectures. There has always been
the quest to find the best way to do things. More
realistic notions of "best" 

are evolving which in-

corporate the classical notions and realistic costs
of producing the desired result. The discussion of

good vs. best approximation is an example. More
attention is being given to providing not only an
answer, but a computed guarantee that it is a good
answer—or a poor one. Easily computed and sharp
a posteriori estimates are needed. The discussion
of estimates of condition numbers is an example.
There is progress being made in algorithm design
based on operator splittings which allow one to
take advantage of being able to solve simpler sub-

problems very efficiently. Updating strategies for
optimization and splitting methods for differential
equations are examples.

These texts should be useful to the practicing users
of numerical methods, programmers, scientists,
and engineers who would like to know what prog-
ress is being made on the theoretical and develop-
mental side of the subject. They should be useful
to numerical analysts to review progress in areas
other than their own, and to mathematicians in

general who would like to understand what the
concerns of numerical analysts are. The texts
should be useful for the development of seminars
and reading courses in the academic environment.
Many will probably find the bibliographies of cur-
rent work most useful.

THE LECTURERS AND TITLES

CLEVE MOLER, Three Research Problems in Numerical Linear Algebra

J. E. DENNIS, JR., A Brief Introduction .to Quasi-Newton Methods

CARL De BOOR, The Approximation of Functions and Linear Functionals:

Best vs. Good Approximation

JAMES M. VARAH, Numerical Methods for the Solution of Ordinary Differential Equations

JOSEPH E. ÖLIGER, Methods for Time Dependent Partial Differential Equations

GEORGE J. FIX, Variational Methods for Elliptic Boundary Value Problems

Publication: November 1978, viii + 135 pages.
Soft Cover:   List $10.00, Individual $5.00.  CODE: PSAPM/22 E

ORDERS MUST BE PREPAID, PLEASE SPECIFY CODE

American Mathematical Society, P.O. Box 1571, Annex Station

Providence, RI 02901



TEX and METAFONT

New Directions in Typesetting

Donald E. Knuth

The TEX Manual describes in Knuth's inimitable style a new system

for technical typesetting which makes possible, and even easy,  compo-

sition and typesetting of the most complex scientific displays of diffi-

cult mathematical notation by authors and technical typists.

METAFONT, a system for alphabet design, is Knuth's solution to the

problem of limited character sets on raster-based typesetting machines.
Like TEX, it is a tool for simplifying technical typesetting and is

designed to prepare alphabets and special characters to be used by
TEX.

The TEX and METAFONT systems, being implemented in PASCAL,
are in the public domain and available to all who typeset.

This volume, containing manuals for both systems, introduces TEX

and METAFONT to anyone concerned with typesetting*.  Only a
knowledge of high school mathematics is required to master the sys-
tems.

Foreword by Gordon Bell.
December 1979, 360 pages, illustrated, indexed, paperback-$12.00**
Co-published by Digital Press and the American Mathematical Society

Send orders to DIGITAL PRESS
Department AMS, Educational Services
Digital Equipment Corporation

12A Esquire Road
North Billerica, MA 01862

*Part I is a reprint of the Gibbs Lecture given in January 1979, and Part II is a
reprint of TEX, A Manual for Technical Text. Part III, METAFONT, has not been
previously published.
**Price applies to U.S. only.  Contact the nearest office of Digital Equipment
Corporation, Educational Services, for prices outside the U. S. On prepaid single
orders, individual members of the AMS are entitled to a 50% discount; institu-
tional members to a 25% discount on orders for 1 to 5 copies. A 10% discount
is extended to all other customers ordering two or more copies. Add $1 for
postage and handling unless the order is prepaid.
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REVIEWS IN GRAPH THEORY
Compiled and Edited by William G. Brown

McGILL UNIVERSITY
DEPARTMENT OF MATHEMATICS

This publication is a four-volume compendium of about 9,600 reviews in graph theory pub-
lished by Mathematical Reviews in Volumes 1 through 56, i.e. between 1940 and 1978 inclusive.
Reviews were selected from the several sections of Mathematical Reviews which were the usual
repositories of such items; from the subject lists in Mathematical Reviews indexes, where avail-
able; and through a systematic perusal of about half of all reviews published by Mathematical
Reviews during the 39 years under investigation. Every review cited in a selected review was
also read, and the process iterated until stable.

A classification scheme containing over 500 categories was developed for the purpose. Every
review has been assigned one primary classification and, on the average, one secondary classi-
fication. Reviews are reprinted in strict chronological order of Mathematical Review numbers in
their primary subject area, with a brief citation at each secondary location.

The final volume provides a detailed author index, which can serve as an effective bibliography
of the subject.

These volumes are a research tool. They are directed to anyone who has occasion to consult the
literature of graph theory: mathematicians, computer scientists, engineers, and management
scientists, as well as students, teachers, and practicing researchers.

The potential reader requires no more background than would be required to read papers which
are reviewed in the compendium. These vary from highly erudite papers in other areas of mathe-
matics where graph theory is used as a tool to solve specific problems, to elementary descrip-
tive papers which would be understandable to high school students.

A few of the reviews are themselves gems of the mathematical literature. But, for the most part,
the reader will use this book as a research tool—to determine what has been done in a partic-
ular area of the subject, or to locate known papers when the values of not all parameters are
available.

There has been nothing of this scope or magnitude in the subject before. This is the first major
bibliography in graph theory which incorporates reviews.

The editor's previous work includes research papers in graph theory and related fields, and
many reviews.

It is estimated that Reviews in Graph Theory will be 2,156 pages. Publication is scheduled for
December 1980. For prices call or write the Sales Department of the Society after December 1.

American Mathematical Society, P.O. Box 6248, Providence, RI 02940 (401) 272-9500



Mathematical Surveys
Recent volumes in this distinguished series

APPROXIMATION BY POLYNOMIALS
WITH INTEGRAL COEFFICIENTS

Le Baron O. Ferguson

Results in the approximation of functions by

polynomials with coefficients which are integers

have been appearing since that of Pal in 1914.

The body of results has grown to an extent

which seems to justify the present book. The in-

tention here is to make these results as acces-

sible as possible.
The book addresses essentially two questions.

The first is the question of what functions can be

approximated by polynomials whose coeffi-

cients are integers and the second question is

how well are they approximated [Jackson type

theorems). For example, a continuous function /

on the interval —1,1 can be uniformly approxi-

mated by polynomials with integral coefficients

if and only if it takes on integral values at —1,0

and + 1 and the quantity f(1) + /(0) is divisible by

2. The results regarding the second question are

very similar to the corresponding results re-

garding approximation by polynomials with arbi-

trary coefficients. In particular, nonuniform esti-

mates in terms of the modulus of continuity of

the approximated function are obtained.

Aside from the intrinsic interest to the pure
mathematician, there is the likelihood of im-

portant applications to other area' »' mathe-

matics; for example, in the simulation of

transcendental functions on computers. In most

computers, fixed point arithmetic is faster than

floating point arithmetic and it may be possible
to take advantage of this fact in the evaluation

of integral polynomials to create more efficient

simulations. Another promising area for applica-

tions of this research is in the design of digital fil-

ters. A central step in the design procedure is the

approximation of a desired system function by a

polynomial or rational function. Since only

finitely many binary digits of accuracy actually

can be realized for the coefficients of these func-

tions in any real filter, the problem amounts (to
within a scale factor) to approximation by poly-
nomials or rational functions with integral coef-

ficients.

This book should make the task of finding out
what is known in this field significantly easier as

it presents an introduction to most of the known

results in the area of approximation by polyno-
mials with integral coefficients and pointers to

the literature for the rest. It is accessible to stu-

dents at the graduate level and above.

Volume 17, vi + 160 pages, 1980, hard cover. Ust price $25.60; institutional member $19.20; individual member $12.80.

To order, please specify SURV/17

SYMPLECTIC GROUPS
O. T. O'Meara

This volume, the sequel to the author's Lec-

tures on Linear groups, is the definitive work on

the isomorphism theory of symplectic groups

over integral domains. Recently discovered geo-

metric methods which are both conceptually

simple and powerful in their generality are ap-

plied to the symplectic groups for the first time.

There is a complete description of the isomor-

phisms of the symplectic groups and their con-

gruence subgroups over integral domains. The

new geometric approach used in the book is in-

strumental in extending the theory from sub-

groups of PSpn(n > 6) where it was known to sub-

groups of PrSpn(n ¿4) where it is new. There are

extensive investigations and several new results

on the exceptional behavior of PI~Sp4 in char-

acteristic 2.

The author starts essentially from scratch and

the reader need be familiar with no more than a

first course in algebra.

Volume 16,128 pages, 1978, hard cover. List $22.80; institutional member $17.10; individual member $11.40

Toorder, please specify SURV/16

Prepayment is required for all American Mathematical Society publications.

Send for the book(s) above to: AMS, P.O. Box 1571, Annex Station, Providence, RI 02901
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