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CHAPTER 19

LIPSCHITZ CONSTANTS AND ROBUST ODE CODES*

L.F. SHAMPINE

Applied Mathematics Research Department, Sandia Laboratories, Albuquerque,
NM 87185, U.S.A.

Estimates of local Lipschitz constants can be computed cheaply with Adams and
Runge-Kutta methods. ODE codes can be made more robust with this information by
helping the user know if his problem is correctly formulated, if he is using the right kind
of method, and if the method is being applied in a reliable way.

19.1. Introduction

In this paper we show how to estimate cheaply a local Lipschitz constant
when solving an initial value problem for an ordinary differential equation
(ODE) with Adams or Runge-Kutta methods. We are most concerned
about the occurrence of a ‘large’ Lipschitz constant. This may mean that
the problem is not correctly posed. It certainly means that the solution will
be expensive. There is a class of such problems called stiff which can be
solved efficiently by other methods. We consider how to recognize such
problems. The Adams and Runge-Kutta methods are extremely effective
for the solution of non-stiff problems. Their reliability depends upon the
code having some idea as to the scale of the problem. We consider how to
achieve this using an estimate of the Lipschitz constant. Thus we propose
to obtain information which will help the user know that his problem is
correctly formulated, that he is using the right kind of method, and that the
method is being applied in a reliable way. Capabilities of this kind are part
of what is called the robustness of a code. ,

¥ An example from the literature illustrates the practical value of the

* This article sponsored by the U.S. Department of Energy under Contract DE-AC04-
76DP00789.
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