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I(MFI)’ER](ENI’;AL ADAPTIVE STEP-SIZE SELECTION AND ERROR CONTROL
((0.)+Y(1, )=y,

; Up to this point we have not discussed how the step size h of the preceding
'T’}%‘\ZTION methods is to be chosen. Obviously, there is a trade-off to be made: If the step
'UKU size is too small, then computer time is needlessly wasted and accumulation of

arithmetic roundoff errors can become a hazard. A large step size invites large
truncation error associated with higher-order terms neglected in the construction
of the methods. For simplicity, our developments will be concerned only with
Runge—Kutta rules. '

Techniques for automatic step-size selection are based on estimating the local
error at each step and then choosing the step size to keep this estimated error
within some tolerance bound. Thus step-size selection hinges on estimation of the -
local error, which at the jth step is defined to be
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Here y; ., is, of course. the computed approximation of y(x;. ,), and V(x. ) we
define to be the exact value at.y;.., of the differential equation solution that passes

AUSING  *=x through the point (x;, ;). That is, ¥(x) solves the initial-value problem

) BY SECA **x

Vo= fee®. Ny =y

In contrast to local errors. the global error at X;_, is defined to be

s %k

MOGo) =y,

where v(x) is the exact solution of the original initial-value problem (7.3). Figure
7.7 illustrates the relationships between ¥(v), ¥x), and local and global errors.
Intuitively, the local error is the additional truncation error arising from inexact
solution at a given step. The global error gives the accumulated total error propa-
gating from the entire sequence of steps.
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