The SENPACK Manual

by

Kevin A. Broughan

A Library of Numeric Functions for Senac

Copyright © 1992-1994 University of Waikato - all rights reserved

The information in this document is subject to change without notice and should not be considered as a commitment by the University of Waikato. The University assumes no responsibility for errors that may appear.

The software discussed in this document is furnished under a licence or agreement and may be used or copied only in accordance with the terms of such a licence or agreement. The software is based in part on a translation of the suite of programs called ‘‘Numerical Recipes" and the translation has been performed with permission. The translation of Numerical Recipes is subject to the following copyright:‘‘Copyright © 1986, 1989 Numerical Recipes Software" and the following disclaimer:

DISCLAIMER OF WARRANTY

THIS SOFTWARE IS FURNISHED ‘‘AS IS". NEITHER NUMERICAL RECIPES SOFTWARE, NOR THE AUTHORS OF THE NUMERICAL RECIPES BOOKS, NOR THE PUBLISHER OF THOSE BOOKS MAKE ANY WARRANTY, EXPRESS OR IMPLIED, THAT THIS SOFTWARE IS FREE OF ERROR, OR IS CONSISTENT WITH ANY PARTICULAR STANDARD OF MERCHANTABILITY, OR THAT IT WILL MEET ANY USER’S REQUIREMENTS FOR A PARTICULAR APPLICATION. NUMERICAL RECIPES SOFTWARE, THE AUTHORS, AND THE PUBLISHER ACCEPT NO RESPONSIBILITY FOR ANY MATHEMATICAL OR TECHNICAL LIMITATIONS OF THE PROCEDURES AND FUNCTIONS WHICH MAKE UP THE SOFTWARE. THIS SOFTWARE SHOULD NOT BE RELIED ON FOR SOLVING A PROBLEM WHOSE INCORRECT SOLUTION COULD RESULT IN INJURY TO A PERSON OR LOSS OF PROPERTY. NEITHER NUMERICAL RECIPES SOFTWARE, NOR THE AUTHORS OF THE NUMERICAL RECIPES BOOKS, NOR THE PUBLISHER OF THOSE BOOKS SHALL IN ANY EVENT BE LIABLE FOR ANY DAMAGES, WHETHER DIRECT OR INDIRECT, SPECIAL OR GENERAL, CONSEQUENTIAL OR INCIDENTAL, ARISING FROM USE OF THIS SOFTWARE. YOUR USE OF THIS SOFTWARE IS ENTIRELY AT YOUR OWN RISK.

No part of this publication may be reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopying, recording or any information storage or retrieval system, without permission in writing from the University of Waikato.

Senac and Senpack are trademarks of the University of Waikato

Acknowledgements

Senpack is being developed at the University of Waikato by staff and students in the Department of Mathematics and Statistics. The support of the following sections of the University is gratefully acknowledged: the Department of Mathematics and Statistics, the University Research Committee and the Computer Services Department.

Senpack includes a version of the numerical subroutine library Numerical Recipes which I translated into Lisp and then interfaced with Senac. This translation was performed by agreement with the permission of Numerical Recipes Authors, whose agreement is gratefully acknowledged.

Optimization functions include large sparse linear programming, integer programming, simulated annealing, assignment problem and global optimization for functions of a real variable.

The most recent addition is an extension to the facilities in Chapter 18 for solving partial differential equations using the finite element method. These include boundary value problem, eigen value problems and initial boundary value problems in one and two space dimensions. There are four different types of mesh generation: manual entry, grid entry for structured meshes, automatic triangulation and automatic quadrilateral mesh decomposition. Output plotting requires the Sengraph module.

Richard Shepherd, Diane Koorey Willcock and Martin Glanvill have assisted with the development of Senpack.

Kevin Broughan Hamilton, New Zealand February 1994

‘‘Lisp also has a reputation for being slow at numeric computations. However, applications such as symbolic algebra, computer graphics, and vision have caused Lisp implementors to pay special attention to making Lisp as efficient at C or Fortran at numerically intensive applications. Lisp’s ability to easily manipulate functions and compose new programs makes it exceptionally good at building libraries of complex numerical algorithms." in "Common Lisp" by Wade L. Hennessey

Table of Contents

Copyright..............................................................................................................................................(i) Acknowledgements ..............................................................................................................................(ii) Contents................................................................................................................................................(iii) Addresses .............................................................................................................................................(iii) Preface

Ch 1 Introduction Ch 2 Solution to linear algebraic equations Ch 3 Interpolation and extrapolation Ch 4 Integration of functions Ch 5 Evaluation of functions Ch 6 Special functions Ch 7 Random numbers Ch 8 Sorting Ch 9 Root finding Ch 10 Minimization and maximization of functions Ch 11 Eigenproblems Ch 12 Fast Fourier Transform Ch 13 Statistical description of data Ch 14 Modelling of data Ch 15 Integration of ordinary differential equations Ch 16 Two point boundary value problems Ch 17 Partial differential equations Ch 18 Finite element method Ch 19 Discrete and global optimization

Addresses

For further information in the UK/Europe contact: University of London Computer Centre (ULCC) 20 Guilford Street London WC1N 1DZ FAX (071)242-1845 Tel (071)405-8400 e-mail: senac@ulcc.ac.uk

All other regions: Associate Professor Kevin A. Broughan University of Waikato, Hamilton, New Zealand Telephone: country and area code 647 then 8562889 or 8566358 Fax: 647 8384155 e-mail: senac@waikato.ac.nz

(iii)