Mathematics
of Computation

YEMA47,
WA

TPHTOX MH

ATENME
viizi3

EDITED BY
James H. Bramble, Managing Editor
Carl de Boor
Todd Dupont
Walter Gautschi
Donald Goldfarb
Eugene lsaacson
Heinz-Otto Kreiss
Yudell L. Luke
James N. Lyness
Morris Newman
John E. Osborn
Beresford Parlett
Philip Rabinowitz
John R. Rice
Daniel Shanks
Charles C. Sims
Hans . Stetter
Vidar C. Thomée
Hugh C. Williams
John W. Wrench, Jr.

April 1981
Volume 36, Number 154, Pages 321—-670
Published by the American Mathematical Society

Providence, Rhode Island USA
ISSN 0025-5718



Editorial Committee

JAMES H. BRAMBLE, Chairman. Dept. of Mathematics, White Hall, Cornell Univ., Ithaca, NY 14853
CARL DE BOOR, Mathematics Research Center, Univ. of Wisconsin, Madison, WI 53706

MORRIS NEWMAN, Dept. of Mathematics, Univ. of California, Santa Barbara, CA 93106

DANIEL SHANKS, Dept. of Mathematics, Univ. of Maryland, College Park, MD 20742

Technical Editor
ANITA WAHLBIN, Dept. of Mathematics, White Hall, Cornell Univ., Ithaca, NY 14853

Board of Associate Editors

TODD DUPONT, Dept. of Mathematics, Univ. of Chicago, Chicago, IL 69637

WALTER GAUTSCHI, Computer Sciences Dept., Purdue Univ., West Lafayette, IN 47907

DONALD GOLDFARB, Dept. of Computer Sciences, School of Engineering, The City College of the
City Univ. of New York, 139th Street & Convent Avenue, New York, NY 10031

EUGENE ISAACSON, Courant Institute of Mathematical Sciences, New York Univ., 251 Mercer
Street, New York, NY 10012

HEINZ-OTTO KREISS, Dept. of Applied Mathematics, California Inst. of Technology, Pasadena, CA
91125

YUDELL L. LUKE, Dept. of Mathematics. Univ. of Missouri at Kansas City, Kansas City, MO 64110

JAMES N. LYNESS, Argonne National Laboratory, 9700 South Cass Avenue, Argoone, IL 60439

JOHN E. OSBORN, Dept. of Mathematics, Univ. of Maryland, College Park, MD 20742

BERESFORD PARLETT, Dept. of Computer Science, Univ. of California, Berkeley, CA 94720

PHILIP RABINOWITZ, Dept. of Applied Mathematics, The Weizmann Institute of Science, Rehovot,
Israel

JOHN R. RICE, Division of Mathematical Sciences, Purdue Univ., Lafayette, IN 47907

CHARLES C. SIMS, Dept. of Mathematics, Rutgers Univ., New Brunswick, NJ 08903

HANS J. STETTER, Institut fur Numerische Mathematik, Technische Universitat Wien, Karlsplatz 13,
A-1040, Wien, Austria

VIDAR C. THOMEE, Mathematics Dept., Chalmers Univ. of Technology, Goteborg, Sweden

HUGH C. WILLIAMS, Dept. of Computer Science, Univ. of Manitoba, Winnipeg, Manitoba, Canada
R3T 2N2

JOHN W. WRENCH, JR., 6310 Jefferson Blvd., Frederick, MD 21701

SUBSCRIPTION INFORMATION: MATHEMATICS OF COMPUTATION is published quarterly, with
issues numbered serially since Volume 1, Number 1. Subscription prices for Volumes 36 and 37 (1981)
are $65.00 list; $45.00 institutional member; $35.00 member of CBMS organizations; $25.00 individual
AMS member. Combination paper and microform (microfiche or microfilm) subscription prices are
$87.00 list; $60.00 institutional member; $47.00 member of CBMS organizations; $33.00 individual
AMS member. Microfiche of each issue will be mailed the fastest way before the camera copy is sent to
the printer.

BACK NUMBER INFORMATION: Back number prices per volume are for Volumes 1-27, $36.00 list,
$27.00 member; for Volumes 28-29, $54.00 list, $40.50 member; for Volume 30, $72.00 list, $54.00
member; for Volumes 31-33, $84.00 list, $63.00 member; for Volumes 34-35, $49.00 list, $36.75
member. Beginning with Volume 32, back volumes are also available on 16mm positive or negative
microfilm or on microfiche; Volumes 1-31 are available on microfilm only, not microfiche. The
microfilm may be mounted on spools or in Kodak or 3M cartridges. Only current subscribers are
eligible to purchase back volumes on microform. Write to the AMS for a detailed price list.

UNPUBLISHED MATHEMATICAL TABLES: The editorial office of the journal maintains a repository
of Unpublished Mathematical Tables (UMT). When a table is deposited in the UMT repository a brief
summary of its contents is published in the section Reviews and Descriptions of Tables and Books. Upon
request, the chairman of the editorial committee will supply copies of any table for a nominal cost per
page. All tables and correspondence concerning the UMT should be sent to James H. Bramble,
Chairman, Department of Mathematics, White Hall, Cornell University, Ithaca, NY 14853.

Orders for subscriptions and publications of the American Mathematical Society should be addressed
to the AMS, P. O. Box 1571, Annex Station, Providence, R.1. 02901. A/l orders must be accompanied by
payment. Other correspondence should be addressed to P. O. Box 6248, Providence, R.1. 02940,

MATHEMATICS OF COMPUTATION is published quarterly by the American Mathe-
matical Society, 201 Charles Street, Providence, RI 02904. Second-class postage is paid at
Providence, Rhode Island, and additional mailing offices. Postmaster: Send address changes
to Mathematics of Computation, American Mathematical Society, P. O. Box 6248, Provi-
dence, RI 02940.
Copyright © 1981, American Mathematical Society
Printed in the United States of America



MATHEMATICS OF COMPUTATION
TABLE OF CONTENTS
April 1981
Bjorn Engquist and Stanley Osher, One-Sided Difference Approximations for Non-
linear Conservation LAWS.........cococuveeriririnriiiscsenns st sessnns st seseessesssassnens

Amiram Harten and Hillel Tal-Ezer, On a Fourth Order Accurate Implicit Finite
Difference Scheme for Hyperbolic Conservation Laws: I. Nonstiff Strongly
Dynamic Problems.........cocoeireeeiuiiceeietiiierreecit e e seaeseenens

Gerard R. Richter, Numerical Identification of a Spatially Varying Diffusion Coef-
FICIBIIE ..ttt st

C. I. Goldstein, The Finite Element Method With Nonuniform Mesh Sizes for Un-
DOUNAEd DOMAINS......c.veiiueiririeieirieietertee ettt seb ettt ebe b st neae

M. Djaoua, A Method of Calculation of Lifting Flows Around Two-Dimensional
Corner-Shaped BOdIes..........covueeiuriiriineeriiniincinciecieierineieiseteeaseae e ce s nssesseesesaces

B. Mercier, J. Osborn, J. Rappaz and P. A. Raviart, Eigenvalue Approximation by
Mixed and Hybrid Methods..........c.coovieurnincinninccnsrcceecrneecceeeeneneenens

M. Delfour, W. Hager and F. Trochu, Discontinuous Galerkin Methods for Ordi-
nary Differential EQUAtions ..........ccocvcvcuviininiiiincnincniccisieicinnsinennes

John R. Rice, Elias N. Houstis and Wayne R. Dyksen, A Population of Linear, Sec-
ond Order, Elliptic Partial Differential Equations on Rectangular Domains.

Stephen F. McCormick, A Mesh Refinement Method for Ax = ABx......cccccoevivruinnnne.
L. F. Shampine, Type-Insensitive ODE Codes Based on Implicit A-Stable Formulas

Ian H. Sloan, Quadrature Methods for Integral Equations of the Second Kind Over
INFiNite INTEIVALS. ....c.ovviieeenciecici ettt s

Borislav D. Bojanov, Uniqueness of the Optimal Nodes of Quadrature Formulae

Walter Gautschi, Minimal Solutions of Three-Term Recurrence Relations and Or-
thogonal POLYNOMIALS........ccoeeveercerimnirieriiiinercn i sse e
Staffan Wrigge, Calculation of the Taylor Series Expansion Coefficients of the
Jacobian Elliptic Function sn(x, K)........ccccoenenmnnininninniiieesesssesssanes
M. D. Hendy and N. S. Jeans, The Jacobi-Perron Algorithm in Integer Form...............

Svein Mossige, Algorithms for Computing the h-Range of the Postage Stamp Prob-

Masao Kishore, On Odd Perfect, Quasiperfect, and Odd Almost Perfect Numbers......

David G. Cantor and Hans Zassenhaus, A New Algorithm for Factoring Polynomials
OVEr Finite FAelds........cooooiueiririeiiriiiecincrcicisicieicter e sersesensesesssneseesssssssssssessssenens

H. C. Williams, A Numerical Investigation Into the Length of the Period of the Con-
tinued Fraction EXpansion 0f v/D .........cccooevvvecrrreeeesnsseescsssnsessssssssseesssssssssessseses

Moshe Goldberg and Eitan Tadmor, Scheme-Independent Stability Criteria for
Difference Approximations of Hyperbolic Initial-Boundary Value Problems.




Richard P. Brent and John M. Pollard, Factorization of the Eighth Fermat Number 627

H. C. Williams, Some Results Concernign Voronoi’s Continued Fraction Over

G072 N 631
W. W. Stothers, Subgroups of Finite Index in a Free Product With Amalgamated

SUDGIOUP ...ttt s e 653
Reviews and Descriptions of Tables and BoOKS.............ccccoouiiiiniiiiriniiinieecens 663

Ciarlet 6, Schempp and Zeller, Editors 7, Albrecht, Collatz and Kirchgassner,
Editors 8, Gladwell and Wait, Editors 9, te Riele, Editor 10, Ansorge,
Glashoff and Werner, Editors 11

AUTROT IIA@X ...ttt ettt ettt st et et et essesebese st esasebesaneesesannnnas 667

Microfiche Supplement
John R. Rice, Elias N. Houstis and Wayne R. Dyksen, A Population of Linear,
Second Order, Elliptic Partial Differential Equations on Rectangular Domains

Information for Contributors

Manuscripts should be typewritten double-spaced in the format used by the journal. For journal
abbreviations, see the latest Mathematical Reviews volume index. An author should submit the original
and two copies of the manuscript and retain one copy. The author may suggest an appropriate editor for
his paper. It is reccommended that the author acquaint himself with the pertinent material contained in
“A Manual for Authors of Mathematical Papers,” which is available from the American Mathematical
Society. All contributions intended for publication and all books for review should be addressed to
James H. Bramble, Chairman, Editorial Committee, Mathematics of Computation, Department of
Mathematics, White Hall, Cornell University, Ithaca, New York 14853. Institutions sponsoring research
reported in the journal are assessed page and microfiche charges.

Each article submitted for publication must be accompanied by a brief and reasonably self-contained
abstract, and by 1980 Marhematics Subject Classification numbers. If a list of key words and phrases is
included, it will be printed as a footnote on the first page. A list of the classification numbers may be
found in the 1978 Subject Index to Mathematical Reviews.

The research journals of the American Mathematical Society carry a page charge of $40.00 per page
to help defray the cost of publication. This amount is charged to the institution or to a contract
supporting the research reported in the published paper. The publication charge policy of the United
State Federal Council for Science and Technology (FCST) is reported on page 112 of the February,
1975 issue of the NOTICES of the American Mathematical Society. In no case is the author personally
responsible for paying the page charge, nor is acceptance of the author’s paper for publication
dependent upon payment of the page charge.

Copying and Reprinting

Individual readers of this publication, and nonprofit libraries acting for them are permitted to make
fair use of the material, such as to copy an article for use in teaching or research. Permission is granted
to quote brief passages from this publication in reviews provided the customary acknowledgement of the
source is given.

Republication, systematic copying, or multiple reproduction of any material in this publication
(including abstracts) is permitted only under license from the American Mathematical Society. Requests
for such permission should be addressed to the Executive Director, American Mathematical Society,
Box 6248, Providence, Rhode Island 02940.

The appearance of the code on the first page of an article in this journal indicates the copyright
owner’s consent for copying beyond that permitted by Sections 107 or 108 of the U. S. Copyright Law,
provided that the copier pay the stated per copy fee through the Copyright Clearance Center, Inc., 21
Congress Street, Salem, Massachusetts 01970. This consent does not extend to other kinds of copying,
such as copying for general distribution, for advertising or promotion purposes, for creating new
collective works, or for resale.




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

portant applications to other areas of mathe-
matics; fog 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

how well are they approximated (Jackson type
theorems). For example, a continuous function f
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) + f(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-

pproximation 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. List price $25.60; institutional ber $19.20; individual ber $12.80.
To order, please specify SURV/17E

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

Volume 16, 128 pages, 1978, hard cover. List $22.80; i

new geometric approach used in the book is in-
strumental in extending the theory from sub-
groups of PSp (n > 6) where it was known to sub-
groups of PI'Sp, (n > 4) where it is new. There are
extensive investigations and several new results
on the exceptional behavior of P['Sp, 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.

itutional ber $17.10; individual ber $11.40

To order, please specify SURV/16E
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Send for the book(s) above to: AMS, P.O. Box 1571, Annex Station, Providence, R1 02901




Richard P. Brent and John M. Pollard, Factorization of the Eighth Fermat Number 627
H. C. Williams, Some Results Concernign Voronoi’s Continued Fraction Over

W. W. Stothers, Subgroups of Finite Index in a Free Product With Amalgamated
Subgroup.......... b e AN ot s B N ..

Reviews and Descriptions of Tables and Books
Ciarlet 6, Schempp and Zeller, Editors 7, Albrecht, Collatz and Kirchgassner,
Editors 8, Gladwell and Wait, Editors 9, te Riele, Editor 10, Ansorge,
Glashoff and Werner, Editors 11 ;

Anthorndex. . i b R s i e i 667

Microfiche Supplement
John R. Rice, Elias N. Houstis and Wayne R. Dyksen, A Population of Linear,
Second Order, Elliptic Partial Differential Equations on Rectangular Domains



MATHEMATICS OF COMPUTATION
TABLE OF CONTENTS
April 1981

Bjorn Engquist and Stanley Osher, One-Sided Difference Approximations for Non-

linear Conservation Laws.............. i L& SRS Al A TR
Amiram Harten and Hillel Tal-Ezer, On a Fourth Order Accurate Imphclt Finite

Difference Scheme for Hyperbolic Conservation Laws: I. ‘Nonstiff Strongly

b 170 V011 1038 by (0101111 Pyt SRR ORI AR S AR SRR S L e e SO T FER
Gerard R. Richter, Numerical Identification of a Spatlally Varying Diffusion Coef-

FUGHRIIL 2. L iy iosnn b mmineddonasaindiusat apopaihsosss nnssonrotetbo A psstoisRaghpdarmsnirocngsertinssmeint :
C. L. Goldstein, The Finite Element Method With Nonuniform Mesh. Sizes for Un-

BOURAEd D OMBINS i A, ot S s i b A o oy e s S N e g EDI

M. Djaoua, A Method of Calculation of Lifting Flows Around Two-Dimensional
CotnerShAPEd "BOIEE ... 1.1 it i aasiasssdestedbaiedssimisiss bistievbi essiess oandinsbans s 5Hoa

B. Mercier, J. Osborn, J. Rappaz and P. A. Raviart, Elgenvalue Approximation by
Mixed and Hybrid MEHOASs ... i o ety et Ben s fois Ko aespeb vl s skaeiess bs

M. Delfour, W. Hager and F. Trochu, Discontinuous Galerkin Methods for Ordi-
nary-Differential Bquations . i S i S s s e a hvaser i fios
John R. Rice, Elias N. Houstis and Wayne R. Dyksen, A Population of Linear, Sec-
ond Order, Elliptic Partial Differential Equations on Rectangular Domains.

Stephen F. McCormick, A Mesh Refinement Method for Ax = ABX...cc..ccccvurevemnuniecinnne
L. F. Shampine, Type-Insensitive ODE Codes Based on Implicit 4-Stable Formulas
Ian H. Sloan, Quadrature Methods for Integral Equations of the Second Kind Over

Infinite Antervals: i s s nlieimm s inmaln s el S et L R i
Borislav D. Bojanov, Uniqueness of the Optimal Nodes of Quadrature Formulae

Walter Gautschi, Minimal Solutions of Three-Term Recurrence Relations and Or-
thogonal PolynOMIIALIS . . v i s i ot it s b sl o gL e bl RSN e S5 b
Staffan Wrigge, Calculation of the Taylor Series Expans1on Coefficients of the
Jacobian Elliptic FURCHON SHGE; K wre il fidhitiss i dsiysssss hpateasabis ssndane afisntesssssshs

M. D. Hendy and N. S. Jeans, The Jacobi-Perron Algorithm in Integer Form............... :

Svein Mossige, Algorithms for Computing the #-Range of the Postage Stamp Prob-

Masao Kishore, On Odd Perfect, Quasiperfect, and Odd Almost Perfect Numbers......
David G. Cantor and Hans Zassenhaus, A New Algorithm for Factormg Polynomials
Over/Finite FieldS, & e i o e i i b S it M I o s s 8 e ot
H. C. Williams, A Numerical Investigation Into the Length of the Period of the Con-
tinued Fraction EXpansion Of v/D.........oouosuessecseeessesssssmmsmsnsiosiosedosssssisssssisissssmmens
Moshe Goldberg and Eitan Tadmor, Scheme-Independent Stability Criteria for
Difference Approximations of Hyperbolic Initial-Boundary Value Problems.

321



