
Lecture Notes in 
Computer Science 
Edited by G. Goos and J. Hartmanis 

76 
I ! 

Codes for Boundary-Value Problem,, 
in Ordinary Differential Equations 
Proceedings of a Working Conference 
May 14-17, 1978 

Edited by 
B. Childs, M. Scott, J. W. Daniel, 
E. Denman and P. Nelson 

Springer-Verlag 
Berlin Heidelberg NewYork 1979 



Editorial Board 
P. Brinch Hansen D. Gries C. Moler G. SeegmiJIler 
J. Stoer N. Wirth 

Editors 
Prof. Bart Childs 
Department of Industrial Engineering 
Texas A & M University 
College Station, Texas ?7843/USA 

Dr. Jim W. Daniel 
Department of Mathematics 
University of Texas at Austin 
Austin, Texas 78?12/USA 

Dr. Paul Nelson 
School of Mathematics 
Georgia Tech 
Atlanta, GA 30332/USA 

Dr. Melvin Scott 
Department of Applied Mathematics 
Sandia Laboratories 
Albuquerque, NM 87115/USA 

Dr. Eugene Denman 
Department of Electrical Engineering 
University of Houston 
Houston, Texas 77004/USA 

AMS Subject Classifications (1970): 34 BXX, 56 LXX, 65 DXX, 
65 K XX, 
CR Subject Classifications (19 ?4): 34 A10, 34 A34, 34 A50 

ISBN 3-540-09554-3Springer-Verlag Berlin Heidelberg New York 
tSBN 0-387-09554-3 Springer-Vertag New York Heidelberg Berlin 

Library of Congress Cataloging in Publication Data 
Working Conference on Codes for Boundary-Value Problems in Ordinary Differential 
Equation, University of Houston, 1978. 
Codes for boundary-value problems in ordinary differential equations. 
(Lecture notes in computer science; v. 76) 
Bibliography: p. 
Includes index. 
1. Differential equations--Numerical solutions-- Data processing--Congresses. 2. Boundary 
value problems--Numerical solutions--Data processing--Congresses. 3. Coding theory-- 
Congresses. t. Childs, Bar[, 1938- II. Title. III. Series. 
QA372.W76 1978 519.4 79-21694 
ISIBN 0-387-09554-3 
This work is subject to copyright. All rights are reserved, whether the whole or part 
of the material is concerned, specifically those of translation, reprinting, re-use of 
illustrations, broadcasting, reproduction by photocopying machine or similar means, 
and storage in data banks. Under § 54 of the German Copyright Law where copies 
are made for other than private use, a fee is payable to the publisher, the amount of 
the fee to be determined by agreement with the publisher. 

© by Springer-Verlag Berlin Heidelberg 1979 
Printed in Germany 
Printing and binding: Beltz Offsetdruck, Hemsbach/Bergstr. 
2145/3140-543210 



FOREWORD 

I met Melvin Scott at the SIAM meeting in San Francisco, December 1975. In 

discussing the beauty of the host c i t y  and other f i ne r  points,  we reached a mutual 

decision that  there was need fo r  a conference, workshop, and/or meeting with a 

central theme of Working Codes fo r  Boundary-Value Problems in ODEs. Persuant to 

th is  conversation and some prodding telephone ca l l s  from Mel, we selected the 

organizing committee, we a l l  agreed to serve, and we a l l  worked to perform the many 

tasks necessary. The organizing committee of:  

Jim Daniel - Un ivers i ty  of Texas at Austin 

Paul Nelson - Texas Tech Univers i ty  

(Paul was at Georgia Tech 1977-78) 

Gene Denman - Univers i ty  of Houston 

Melvin Sco t t -  Sandia Laboratories 

was not selected because we f e l t  that  a l l  knowledge springs from the Southwest, 

but because we had no budget fo r  planning and we were close, geographical ly.  We 

g ra te fu l l y  acknowledge our employing i n s t i t u t i o n s  for  the ind iv idua l  assistance 

given during the planning. 

We met in Aust in,  Texas to ou t l ine  the proposals for  support, i d e n t i f y  codes 

fo r  demonstration and to be the subject of expository papers, i den t i f y  possible 

conference dates, compile mai l ing l i s t s  for  s o l i c i t i o n  of par t i c ipan ts ,  and discuss 

guidel ines of select ing the f i na l  par t ic ipants  g iv ing papers. I am especia l ly  

pleased that  the conference was well  received and bel ieve that th i s  was la rge ly  due 

to the open-minded professional a t t i tudes of the organizing committee at th i s  

meeting and through t he i r  subsequent e f fo r t s .  

Our primary motivat ion came from appreciat ion of the advanced state of codes 

in the area, the fact  that  papers describing codes are often not publ ishable in 

the usual journa ls ,  that  much was to be gained by having code authors, users, 

and potent ia l  users together in a pleasant surroundings, and that  prompt publ ica- 

t ion  of a proceedings would be proper. 

We are gratefu l  to Editors Jur is  Hartmanis and Cleve Moler fo r  accepting th is  

Proceedings in to  t he i r  outstanding series. The Proceedings contain many valuable 

papers and we express our appreciat ion to the authors for  t he i r  e f fo r ts  and also 

thank the par t ic ipants  who were not authors for  t he i r  excel lent  pa r t i c ipa t ion .  

The Working Conference on Codes fo r  Boundary-Value Problems in Ordinary 

D i f f e ren t i a l  Equation was held May 14-17, 1978 at the Univers i ty  of Houston. This 

meeting was j o i n t l y  supported by the National Science Foundation, Grant No. MCS 77- 

22818 and the Department of Energy, Grant No. ER-78-G-05-5885. We are especia l ly  

gratefu l  fo r  t he i r  support. 



IV 

These proceedings contain the inv i ted  papers and the contr ibuted papers pre- 

sented at the Conference. Various workshops to discuss working codes, algorithms 

u t i l i z e d  in the codes and benchmark problems were held, and workshop reports are 

given in these Proceedings. 

The f i r s t  three papers in the Proceedings are inv i ted survey papers on numeri- 

cal methods for  two-point boundary-value problems, i n i t i a l  value in tegrators ,  and 

nonl inear equation solvers. Three addi t ional  surveys are interspersed in the Pro- 

ceedings, two on methods that  are not as widely understood as f i n i t e  d i f ference and 

shooting methods, namely project ion methods and invar ian t  imbedding. The th i rd  

survey paper describes various approaches in f i n i t e - d i f f e r e n c e  and co l locat ion 

codes fo r  mesh select ion.  

Inv i ted papers on working codes that  are avai lab le fo r  problem-solving are 

given in these proceedings. The codes presented at the conference were a) a 

shooting code for  Sturm-Liouvi l le  problems (Bailey-Shampine), b) a f i n i t e - d i f f e -  

rence code for  f i r s t - o r d e r  ~ystems (Pereyra), c) a mul t ip le  shooting code for  

f i r s t - o r d e r  systems (Bu l i rsch) ,  d) a mul t ip le  shooting code with or thogonal izat ion 

(Scot t ) ,  e) a sp l ine-co l loca t ion  code fo r  mixed-order systems (Asher, Christ iansen 

and Russel l ) ,  and f )  a shooting code fo r  mu l t ipo in t  boundary-value problems ar is ing 

in system i d e n t i f i c a t i o n ( C h i l d s - P o r t e r ) .  A l l  of the above codes were demonstrated 

in some manner at the meeting and information on the codes is avai lab le from the 

authors or other sources. 

The set of codes avai lable from the NAG Library in England was described by 

Gladwell but were not demonstrated at the conference. 

Numerous contr ibuted papers were presented and the papers are published in 

these Proceedings. These papers describe pa r t i cu la r  aspects of solv ing boundary- 

value problems or discuss resul ts  of a numerical experiment in which boundary-value 

problems are encountered. 

The code demonstration workshop at the conference was a valuable part of the 

meeting in that the workshop acted as a stimulus for  act ive discussion of codes. 

Information gained from implementation of codes in a "conference environment"should 

be of value fo r  fu ture conferences. Code t r anspo r t ab i l i t y  did not prove to be a 

major problem, although considerable pre-conference e f f o r t  is required fo r  success- 

fu l  implementation. 

We did exercise ed i t o r i a l  l icense as a committee. Some worthwhile papers 

were not accepted for  presentation at the conference. We have made some minor 

changes in some manuscripts to enhance c l a r i t y  and have requested rewr i t ing  of 

others to meet the conference goals. I accept the respons ib i l i t y  for  any errors 

we have made in these e f fo r ts .  The statements and claims of the ind iv idua l  authors 

are t h e i r  own and do not necessari ly re f l ec t  the views of the committee, our i n s t i -  

tu t ions ,  or the sponsoring agencies NSF and DOE. 



F ina l l y ,  I wish to express my most sincere appreciat ion to Gene and Norma 

Denman and the Univers i ty  of Houston fo r  the exce l lent  f a c i l i t i e s  and h o s p i t a l i t y  

they provided. As several par t ic ipants  have wr i t t en ,  I owe the success and plea- 

sant atmosphere of the conference to my wife Shi r ley  fo r  her many hours of work in 

making reservat ions, ca l l i ng  tax i s ,  being a pleasant guide, being a stern camp 

d i rec to r ,  and being hersel f .  Other than the thanks I have spoken, the auditors 

w i l l  l e t  me thank her only by dedicating th is  work to her and our wonderful 

daughter, Meredith. 

S. Bart Childs 

August 1978 

College Stat ion,  Texas 

Those interested in obtaininq a code should wr i te  the code authors d i r ec t l y .  

See the Workshop Summary beginning on page 370. 

Several of the papers do not have ind iv idua l  b ib l iography. A combined bib- 

l iography of 290 entr ies is at the end of  these Proceedings. I intend to undate 

t h i s  b ib l iography and d i s t r i bu te  i t  on some log ica l  basis. Interested part ies 

are encouraged to send relevant entr ies to me for  inc lus ion in the next release 

of the bibl iography. 
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