Computer derivation of numerical methods

M. SOFRONIOU^�

Abstract Mathematica V3.0 has unique capabilities aimed at the construction and analysis of numerical methods. This is particularly emphasised in the area of numerical solutions of ordinary differential equations [2, 3]. Here we review the traditional approach to the construction of Runge-Kutta type methods and illustrate its limitation. Next we discuss how a modern formalism can be automated and how to obtain computer based proofs of existence and non-existence. Then we demonstrate how new classes of such methods, built on top of the standard formalism, can be derived [1, 4]. Finally we present a unique tool for the stability analysis of certain types of numerical methods. We illustrate how a shift in frameworks leads us to examine numerical schemes as approximants of functions in the complex plane.

References

[1] A. Iserles, G. P. Ramaswami, M. Sofroniou (1994), “Runge–Kutta methods for quadratic ordinary differential equations”, BIT (submitted).

[2] M. Sofroniou (1994), “Symbolic derivation of Runge–Kutta methods”, J. Symb. Comp. 18 (3), pp. 265–296.

[3] M. Sofroniou (1996), “Order stars and linear stability theory”, J. Symb.

Comp. (to appear).

[4] M. Sofroniou (1996), “Symplectic Runge-Kutta Schemes I: Order conditions”, SIAM J. Num. Anal. (to appear).

�Wolfram Research Inc., 100 Trade Center Drive, Champaign, Illinois 61820, United States. Email: na.msofroniou@na-net.ornl.gov