Mathematics of Computation

This journal publishes research articles in computational mathematics. Areas covered
include numerical analysis, with emphasis on the mathematical analysis and development
of methods, computational number theory and algebra, and related fields. Table errata
and reviews of books in areas related to computational mathematics are also included.

Submission information. See Information for Authors at the end of this issue.

Publisher Item Identifier. The Publisher Item Identifier (PII) appears at the top
of the first page of each article published in this journal. This alphanumeric string of
characters uniquely identifies each article and can be used for future cataloging, searching,
and electronic retrieval.

Subscription information. Mathematics of Computation is published quarterly. Be-
ginning in January 1996 Mathematics of Computation is accessible from e-MATH via the
World Wide Web at the URL http : //www.ams.org/publications/. Subscription prices
for Volume 66 (1997) are as follows: for paper delivery, $307 list, $246 institutional mem-
ber, $276 corporate member, $200 MAA & SIAM members; $184 individual member; for
electronic delivery, $276 list, $221 institutional member, $248 corporate member, $179
MAA & SIAM members, $166 individual member; for combination paper and electronic
delivery, $353 list, $282 insititutional member, $318 corporate member, $229 MAA &
SIAM members, $212 individual member. If ordering the paper version, add $12 for sur-
face delivery outside the United States and India; $18 to India. Expedited delivery to
destinations in North America is $17; elsewhere $49.

Back number information. For back issues see the AMS Catalog of Publications.

Subscriptions and orders should be addressed to the American Mathematical Society,
P.O. Box 5904, Boston, MA 02206-5904. All orders must be accompanied by payment.
Other correspondence should be addressed to P.O. Box 6248, Providence, RI 02940-6248.

Copying and reprinting. Material in this journal may be reproduced by any means
for educational and scientific purposes without fee or permission with the exception of
reproduction by services that collect fees for delivery of documents and provided that the
customary acknowledgment of the source is given. This consent does not extend to other
kinds of copying for general distribution, for advertising or promotional purposes, or for
resale. Requests for permission for commercial use of material should be addressed to the
Assistant to the Publisher, American Mathematical Society, P.O. Box 6248, Providence,
RI 02940-6248. Requests can also be made by e-mail to reprint-permission@Qams.org.

Excluded from these provisions is material in articles for which the author holds copy-
right. In such cases, requests for permission to use or reprint should be addressed directly
to the author(s). (Copyright ownership is indicated in the notice in the lower right-hand
corner of the first' page of each article.)

Mathematics of Computation is published quarterly by the American Mathematical
Society at 201 Charles Street, Providence, RI 02904-2213. Periodicals postage is paid at
Providence, Rhode Island. Postmaster: Send address changes to Mathematics of Compu-
tation, American Mathematical Society, P. O. Box 6248, Providence, RI 02940-6248.

© 1997 by the American Mathematical Society. All rights reserved.

This journal is indexed in Science Citation Indez®, SciSearch®, Research Alert®,
CompuMath Citation Index®, and Current Contents® / Physical, Chemical & Earth Sciences.
€& The paper used in this book is acid-free and falls within the
guidelines established to ensure permanence and durability.

10987654321 02 01 00 99 98 97



Editorial Information

As of July 31, 1997, the backlog for this journal was approximately 1 issue. This esti-
mate is the result of dividing the number of manuscripts for this journal in the Providence
office that have not yet gone to the printer on the above date by the average number
of articles per issue over the previous twelve months, reduced by the number of issues
published in six months (the time necessary for editing and composing a typical issue).

A Consent to Publish and Copyright Agreement is required before a paper will be
published in this journal. After a paper is accepted for publication, the Providence office
will send out a Consent to Publish and Copyright Agreement to all authors of the paper.
By submitting a paper to this journal, authors certify that the results have not been sub-
mitted to nor are they under consideration for publication by another journal, conference
proceedings, or similar publication.

Information for Authors

Initial submission. An author should submit three paper copies of the manuscript.
Initial submission by e-mail is not allowed. The author may suggest an appropriate editor
for his paper. All contributions intended for publication and all books for review should
be addressed to Lars B. Wahlbin, Managing Editor, Mathematics of Computation, Center
for Applied Mathematics, 657 Frank H. T. Rhodes Hall, Cornell University, Ithaca, NY
14853-3801. The date received, which is published with the final version of an accepted
paper, is the date received in the office of the Managing Editor, and it is the responsibility
of the author to submit manuscripts directly to this office.

The first page must consist of a descriptive title, followed by an abstract that summa-
rizes the article in language suitable for workers in the general field (algebra, analysis,
etc.). The descriptive title should be short, but informative; useless or vague phrases
such as “some remarks about” or “concerning” should be avoided. The abstract must
be brief and reasonably self-contained. Included with the footnotes to the paper, there
should be the 1991 Mathematics Subject Classification representing the primary and sec-
ondary subjects of the article. This may be followed by a list of key words and phrases
describing the subject matter of the article and taken from it. A list of classifications
may be found in the annual index of Mathematical Reviews, published with the De-
cember issue starting in 1990. Journal abbreviations used in bibliographies are also
listed in the latest Mathematical Reviews annual index. The classifications and the
journal abbreviations are accessible from e-MATH via the World Wide Web through
the URL http : //wuw.ams.org/committee/publications/mr-info.html or via FTP to
e-math.ams.org (login as anonymous and enter username as password). The classifica-
tions are available as a browsable list and the journal abbreviations are available through
a search tool. When the manuscript is submitted, authors should supply the editor with
electronic addresses if available. These will be printed after the postal address at the end
of each article.

Electronically prepared manuscripts. For the final submission of accepted papers,
the AMS encourages use of electronically prepared manuscripts, with a strong preference
for AAS-I¥TEX. To this end, the Society has prepared ApS-IATEX author packages for
each AMS publication. Author packages include instructions for preparing electronic
manuscripts, the AMS Author Handbook, samples, and a style file that generates the
particular design specifications of that publication series. Articles properly prepared using
the AAS-IETEX style file automatically provide hypertext linking to the bibliography and
other elements of the article for searching electronically on the World Wide Web. Because
linking must often be added manually to electronically prepared manuscripts in other
forms of TEX, using AAMS-I¥TEX also reduces the amount of technical intervention once
the files are received by the AMS. This results in fewer errors in processing and saves
the author proofreading time. AAS-I¥TEX papers also move more efficiently through the
production stream, helping to minimize publishing costs.

ApS-IXTEX is the highly preferred format of TEX, but author packages are also available
in AA4S-TEX. Those authors who make use of these style files from the beginning of the



writing process will further reduce their own efforts. Manuscripts prepared electronically
in IXTEX or plain TEX are normally not acceptable due to the high amount of technical time
required to insure that the file will run properly through the AMS in-house production
system. I#TEX users will find that ApS-IATEX is the same as IXTEX with additional
commands to simplify the typesetting of mathematics, and users of plain TEX should have
the foundation for learning ApS-ETEX.

Authors may retrieve an author package from e-MATH via the World Wide Web
through the URL http : //www.ams.org/tex/ or via FTP to e-math.ams.org (login as
anonymous and enter username as password). The author package can also be obtained
free of charge by sending e-mail to pub@ams.org (Internet) or from the Publication Divi-
sion, American Mathematical Society, P.O. Box 6248, Providence, RI 02940-6248. When
requesting an author package, please specify AMS-ITEX or AnS-TEX, Macintosh or
IBM (3.5) format, and the publication in which your paper will appear. Please be sure to
include your complete mailing address.

The final version of the electronic manuscript should be sent to the Providence office
immediately after the paper has been accepted for publication. The author should also
send the final version of the paper manuscript to the Managing Editor, who will forward
a copy to the Providence office. Editors will require authors to send their electronically
prepared manuscripts to the Providence office in a timely fashion. Electronically prepared
manuscripts can be sent via e-mail to pub-submitQams.org (Internet) or on diskette to
the Electronic Prepress Department, American Mathematical Society, P.O. Box 6248,
Providence, RI 02940-6248. When sending a manuscript electronically, please be sure
to include a message indicating in which publication the paper has been accepted. No
corrections will be accepted electronically. Authors must mark their changes on their
proof copies and return them to the Providence office. Complete instructions on how to
send files are included in the author package.

Electronic graphics. Figures may be sent to the AMS in an electronic format. The
AMS recommends that graphics created electronically be saved in Encapsulated PostScript
(EPS) format. This includes graphics originated via a graphics application as well as
scanned photographs or other computer-generated images.

If the graphics package used does not support EPS output, the graphics file should be
saved in one of the standard graphics formats—such as TIFF, PICT, GIF, etc.—rather
than in an application-dependent format. Graphics files sent in an application-dependent
format are not likely to be used. No matter what method was used to produce the graphic,
it is necessary to provide a paper copy to the AMS.

Authors using graphics packages for the creation of electronic art should also avoid the
use of any lines thinner than 0.5 points in width. Many graphics packages allow the user
to specify a “hairline” for a very thin line. Hairlines often look acceptable when proofed
on a typical laser printer. However, when produced on a high-resolution laser imagesetter,
hairlines become nearly invisible and will be lost entirely in the final printing process.

Screens should be set to values between 15% and 85%. Screens which fall outside of
this range are too light or too dark to print correctly.

TEX files available. Beginning with the January 1992 issue of the Bulletin and the
January 1996 issues of Transactions, Proceedings, Mathematics of Computation, and the
Journal of the AMS, TEX files can be downloaded from e-MATH, starting from URL
http : //www.ams.org/journals/. Authors without Web access may request their files at
the address given below after the article has been published. For Bulletin papers published
in 1987 through 1991 and for Transactions, Proceedings, Mathematics of Computation, and
the Journal of the AMS papers published in 1987 through 1995, TEX files are available
upon request for authors without Web access by sending e-mail to file-request@ans.org
or by contacting the Electronic Prepress Department, American Mathematical Society,
P.O. Box 6248, Providence, RI 02940-6248. The request should include the title of the
paper, the name(s) of the author(s), the name of the publication in which the paper has
or will appear, and the volume and issue numbers if known. The TEX file will be sent
to the author making the request after the article goes to the printer. If the requestor



can receive Internet e-mail, please include the e-mail address to which the file should
be sent. Otherwise please indicate a diskette format and postal address to which a disk
should be mailed. Note: Because TEX production at the AMS sometimes requires extra
fonts and macros that are not yet publicly available, TEX files cannot be guaranteed to
run through the author’s version of TEX without errors. The AMS regrets that it cannot
provide support to eliminate such errors in the author’s TEX environment.

Any inquiries concerning a paper that has been accepted for publication should be sent
directly to the Electronic Prepress Department, American Mathematical Society, P.O. Box
6248, Providence, RI 02940-6248.
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Recently Published Titles from the AMS

Companion to Euclid
A course of geometry, based
on Euclid’s Elements and its
modern descendants

Robin Hartshorne, University of California,
Berkeley

This book presents Euclidean and non-Euclidean
geometries and their relation to modern algebra.
Companion to Euclid starts by closely examining the
first four books of Euclid’s Elements, which students
read concurrently. Next, Hilbert’s axioms are intro-
duced in the text to give a rigorous basis to the logical
structure of Euclid’s geometry. Then, a broader per-
spective to the Elements considers various mathemati-
cal questions and subsequent developments that arise
naturally from Euclid’s geometry.

Berkeley Mathematics Lecture Notes, Volume 9; 1997;
362 pages; Softcover; ISBN 0-8218-0797-8; List $33;

All AMS members $26; Order code BMLN/9IMC

Euler Products and
Eisenstein Series
Goro Shimura, Princeton University, NJ

This volume has three chief objectives: 1) the determi-
nation of local Euler factors on classical groups in an
explicit rational form; 2) Euler products and
Eisenstein series on a unitary group of an arbitrary
signature; and 3) a class number formula for a totally
definite hermitian form. Though these are new results
that have never before been published, Shimura starts
with a quite general setting. He includes many topics
of an expository nature so that the book can be
viewed as an introduction to the theory of automor-
phic forms of several variables, Hecke theory in par-
ticular. Eventually, the exposition is specialized to uni-
tary groups, but they are treated as a model case so
that the reader can casily formulate the corresponding
facts for other groups.

CBMS Regional Conf Series in
Number 93; 1997; 259 pages; Softcover; ISBN 0-8218-0574-6;
List $39; All individuals $31; Order code CBMS/93MC

Fine Regularity of Solutions of
Elliptic Partial Differential
Equations

Jan Maly, Charles University, Prague, Czech
Republic, and William P. Ziemer, Indiana
University, Bloomington

The primary objective of this book is to give a com-
prehensive exposition of results surrounding the work
of the authors concerning boundary regularity of
weak solutions of second-order elliptic quasilincar
equations in divergence form. The structure of these
equations allows coefficients in certain L” spaces, and
thus it is known from classical results that weak solu-
tions are locally Holder continuous in the interior.
Here it is shown that weak solutions are continuous at
the boundary if and only if a Wiener-type condition is
satisfied. This condition reduces to the celebrated
Wiener criterion in the case of harmonic functions.
The work that accompanies this analysis includes the
“fine” analysis of Sobolev spaces and a development
of the associated nonlinear potential theory. The term
“fine” refers to a topology of R" which is induced by
the Wiener condition.

The book also contains a complete development of
regularity of solutions of variational inequalities,
including the double obstacle problem, where the
obstacles are allowed to be discontinuous.

Math

Math

1 Surveys and Monographs, Volume 51;

1997; 291 pages; Hardcover; ISBN 0-8218-0335-2; List $75;
Individual member $45; Order code SURV/51MC

Harmonic Functions on Trees
and Buildings

Adam Koranyi, CUNY, Herbert H. Lehman
College, Bronx

This volume presents the proceedings of the work-
shop “Harmonic Functions on Graphs” held at the
Graduate Center of CUNY in the fall of 1995. The
main papers present material from four minicourses
given by leading experts: D. Cartwright,

A. Figa -Talamanca, S. Sawyer and T. Steger. These
minicourses are introductions which gradually
progress to deeper and less known branches of the
subject. One of the topics treated is buildings, which
are discrete analogues of symmetric spaces of arbi-
trary rank; buildings of rank are trees. One of the
minicourses discusses buildings from the combinator-
ial perspective and another examines them from the
p-adic perspective. The third minicourse deals with
the connections of trees with p-adic analysis. And the
fourth deals with random walks, i.e., with the proba-
bilistic side of harmonic functions on trees.

Contemporary Mathematics, Volume 206; 181 pages;
Softcover; ISBN 0-8218-0605-X; List $35; Individual
member $21; Order code CONM/206MC

An Introduction to Algebraic
Geometry

Kenji Ueno, Kyoto University, Japan

This introduction to algebraic geometry allows read-
ers to grasp the fundamentals of the subject with only
linear algebra and calculus as prerequisites. After a
brief history of the subject, the book introduces projec-
tive spaces and projective varietics, and explains
plane curves and resolution of their singularities. The
volume further develops the geometry of algebraic
curves and treats congruence zeta functions of alge-
braic curves over a finite field. It concludes with a
complex analytical discussion of algebraic curves.
Translations of Math ical Monographs, Volume 166;
1997; 246 pages; Hardcover; ISBN 0-8218-0589-4; List $79;
Individual member $47; Order code MMONO/166MC

Mathematics of Stochastic
Manufacturing Systems

G. George Yin, Wayne State University,
Detroit, MI, and Qing Zhang, University of
Georgia, Athens

This volume presents the proceedings of the 26th
AMS-SIAM Summer Seminar in Applied

Math ics, “The Mathematics of Stochastic
Manufacturing Systems”, held in June 1996 at the
College of William and Mary (Williamsburg, VA).

In this volume, leading experts in mathematical man-
ufacturing research and related fields review and
update recent advances in mathematics of stochastic
manufacturing systems and attempt to bridge the gap
between theory and applications. The topics covered
include scheduling and production planning, model-
ing of manufacturing systems, hierarchical control for
large and complex systems, Markov chains, queueing
networks, numerical methods for system approxima-
tions, singular perturbed systems, risk-sensitive con-
trol, stochastic optimization methods, discrete event
systems, and statistical quality control.

This book presents research problems, techniques for
dealing with problems, and future directions. The
interdisciplinary nature is of great advantage to the
applied mathematics and manufacturing research
community.

Lectures in Applied Mathematics, Volume 33; 1997;

399 pages; Softcover; ISBN 0-8218-0755-2; List $69;
Individual member $41; Order code LAM/33MC

All prices subject to change. Charges for delivery are $3.00 per order. For air delivery outside of the continental U. S., please include $6.50 per item.
Prepayment required. Order from: American Mathematical Society, P. O. Box 5904, Boston, MA 02206-5904. For credit card orders, fax (401) 331-3842 or
call toll free 800-321-4AMS (4267) in the U. S. and Canada, (401) 455-4000 worldwide. Or place your order through the AMS bookstore at

http:/ /www.ams.org/bookstore/. Residents of Canada, please include 7% GST.




American Mathematical Society

History of Mathematics

Mathematics and Mathematicians
Mathematics in Sweden before 1950

Lars Garding, Lund University, Sweden

November 1997; 268 pages; Hardcover; ISBN 0-8218-0612-2;
List $75; Individual member $45; Order code
HMATH-GARDINGMC

The Way I Remember It

Walter Rudin, University of Wisconsin, Madison
Volume 12; 1997, reprinted 1997; 191 pages; Softcover;
ISBN 0-8218-0633-5; List $29; All AMS members $23; Order
code HMATH/12MC

Poincaré and the Three Body
Problem

June Barrow-Green, The Open University, Milton
Keynes, UK

Volume 11; 1997, reprinted with corrections 1997; 272 pages;
Softcover; ISBN 0-8218-0367-0; List $39; All AMS members $31;
Order code HMATH/11MC

Sources of Hyperbolic Geometry
John Stillwell, Monash University, Clayton, Victoria,
Australia

Volume 10; 1996; 153 pages; Hardcover; ISBN 0-8218-0529-0;
List $39; All AMS members $31; Order code HMATH/10MC
Ramanujan: Letters and
Commentary

Bruce C. Berndt, University of
Illinois, Urbana, and Robert A.
Rankin, University of Glasgow,
Scotland

... a very valuable addition to the literature on Ramanujan.
—Choice

... delightful reading ...
ightful veading .. rvalblatt fiir Mathematik

... British contemporaries of Ramanujan have combined
perfectly to produce this book.
—American Mathematical Monthly

Volume 9; 1995, reprinted 1996; 347 pages; Hardcover; ISBN 0-
8218-0287-9; List $59; All AMS members $47; Order code
HMATH/9MC

The Emergence of the American
Mathematical Research Community,
1876-1900: J. J. Sylvester, Felix Klein,
and E. H. Moore
Karen Hunger Parshall, University of Virginia,
Charlottesville, and David E. Rowe, University of
Mainz, Germany
... fine and extensive account of the growth of mathematics
in the United States ... —Isis
... This book is a sound and high quality investigation.
—Zentralblatt fiir Mathematik

... essential reading ...
J —Mathematical Reviews

Volume 8; 1994; 500 pages; Hardcover; ISBN 0-8218-9004-2;
Price $39; Order code HMATH/8MC

Lectures in the History of
Mathematics

Henk J. M. Bos, Mathematics Institute, Utrecht,
Netherlands

Volume 7; 1993; 197 pages; Hardcover; ISBN 0-8218-9001-8;
List $86; Individual member $52; Order code HMATH/7MC

Golden Years of Moscow
Mathematics

Smilka Zdravkovska, Mathematical Reviews, and
Peter L. Duren, University of Michigan, Ann Arbor,
Editors

.. thorough and well-organized. .
—Mathematical Reviews

... really is a good account of the Golden Years of Soviet
Mathematics itself. —Zentralblatt fiir Mathematik
Volume 6; 1993; 271 pages; Hardcover; ISBN 0-8218-9003-4;
List $94; Individual member $56; Order code HMATH/6MC
The Scope and History of
Commutative and Noncommutative
Harmonic Analysis

G. W. Mackey, Harvard University, Cambridge, MA,
Editor

... historic and expository material of the highest quality

and importance. —Mathematical Reviews

... a remarkable account, due to a first-rank contributor in
harmonic analysis ... _zontralblatt fiir Mathematik
Volume 5; 1992; 370 pages; Hardcover; ISBN 0-8218-9903-1;
List $52; Individual member $31; Order code HMATH/5MC
Operations Analysis in the United
States Army Eighth Air Force in
World War 11

Charles W. McArthur, Tallahassee, FL

Volume 4; 1990, reprinted 1992; 349 pages; Hardcover; ISBN 0-
8218-0158-9; List $36; Order code HMATH/4MC

A Century of Mathematics in
America, Parts I, 11, III

Peter Duren, University of Michigan, Ann Arbor,
Editor

Part I11; 1988, reprinted 1991; 675 pages; Hardcover; ISBN 0-
8218-0136-8; List $93; Individual member $56; Order code
HMATH/3MC

Part I1; 1989, reprinted with corrections 1990, third printing
1992; 585 pages; Hardcover; ISBN 0-8218-0130-9; List $87;
Individual member $52; Order code HMATH/2MC

Part I; 1988, reprinted with corrections 1989, third printing
1992; 477 pages; Hardcover; ISBN 0-8218-0124-4; List $75;
Individual member $45; Order code HMATH/1MC

Combination offer also available:

A Century of Mathematics in
America

Parts 1, 11, I1I: 1737 pages; Hardcover; ISBN 0-8218-0138-4; List
$232; Individual member $139; Order code HMATHSETMC
Parts I and II: 1260 pages; Hardcover; ISBN 0-8218-0152-X;
List $162; Individual member $97; Order code
HMATHS/2/3MC

Beginning with Volume 4, History of Mathematics is co-
published with the London Mathematical Society.
Members of the LMS may order directly from the AMS at
the AMS member price. The LMS is registered with the
Charity Commissioners.
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