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Round-off Error Analysis of the Richardson’s Extrapolation for the Differential

Equations: First-Order Derivative
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Abstract

A problem usually encountered in a finite difference method
caused by substitution of values between two points of a very
small step size is usually known as round-off error. In this paper,
the error from Richardson’s extrapolation, which inherits from
finite difference method, was analyzed. With the assumption that
truncation of higher-order term in Richardson’s extrapolation may
contribute to a decrease in round-off error at smaller step size.
To investigate this assumption, the first order derivative was
numerically obtained from different numerical methods namely;

the 2"d order central difference, the 4m order Richardson’s



extrapolation, the 2"d order  complex-step  derivative
approximation. These numerical results were then compared with
the exact solution. The results suggest that higher truncation term
of Richardson’s extrapolation can, although, reduce the error of
numerical approximation, does not contribute to the reduction of
round-off error. The complex-step derivative approximation
perform better than others for step size less than 10-7, but, due to
lower order of approximation, perform equally with the 2nd order
central differencing scheme with the step size of 10_6 and above.
Nevertheless, it is desirable to avoid subtraction of terms
thus can reduce round-off errors in a numerical method. Future
work will deals with a combination of the complex-step derivative
approximation and Richardson’s extrapolation. It is hoped that the

total numerical error will be reduced with such combination.
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