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Application of the Optimal Control Theory to Numerical
Solution of Ordinary Differential Equations

Masakr Utumn? Ryusnr Takakiit and Tosuio Kawarftt

Discrete variable methods for ordinary differential equations often meet difficulties to
make a useful error estimation at the final point based on their local error estimation. In
order to obtain the error behavior on the whole interval of stepping, we derive a dynami-
cal system equation which the error obeys. The equation make it possible to derive an op-
timization of error level at the final step by the application of the optimal control theory.
Setting an appropriate cost function, we obtain an optimal step size control strategy for
numerical solution. Some simple numerical examples show the following results. (1) The
step size changing based on our theory gives the final error smaller than that by the fixed
step size classical Runge-Kutta formula or the variable step size Runge-Kutta-Fehlberg for-
mula of orders 4 and 5. (2) The estimated error by our theory agrees well with that ac-
tually generated in the numerical process.
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Table 2 Ratio of error of the constant time step
method to that of the optimal time step
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