RK45 Pseudocode: Cheney & Kincaid

procedure RK45(f,t,x,h, &)

reale, K, K,, K3, Ky, Ks, K¢, I, 1, x, x4

external function

real cyg < 0.25, ¢ < 0.25

real c3p < 0.375, ¢3; < 0.09375, c¢3, < 0.28125
real cqo < 12./13., cqy < 1932./2197.

real ¢, < —7200./2197., cq43 < 7296./2197.
real ¢s; < 439./216., csp < —8.

real ¢s; < 3680./513., ¢sy < —845./4104.

real cqp < 0.5, ce1 < —8./27., cep < 2.

real cg; <— —3544./2565., ces < 1859./4104.
real ¢gs < —0.275

real a; < 25./216., a, < 0., a3 < 1408./2565.
real ay < 2197./4104., as < —0.2

real by < 16./135., by < 0., b3 < 6656./12825.
real b, < 28561./56430., bs < —0.18

real bg < 2./55.

K, < hf(t, x)

Ky < hf(t +caoh, x + cuKy)

K3 < hf(t +c3oh, x + 31K + cnkK>))

Ky < hf(t + caoh, x + cai K1 + cnKy + ca3K3)
Ks < hf(t+h,x +c51 Ky + cnKo + ¢53K3 + cs4Kyg)
Ko < hf(t + ceoh, x + c61 K1 + cer Ko + c3K3 + ceaKs + c65Ks)
X4 < x+a 1Ky +a3K3 + as Ky + asKs

X < X+ b K+ b3K3 + bsKy + bsKs + bgKg
t<t+h

& <« |x — x4

end procedure RK45



RK45 Pseudocode: Cheney & Kincaid

real cyy < 0.25, ¢y < 0.25

real ¢3p < 0.375, ¢3; < 0.09375, c3 < 0.28125
real ¢,y < 12./13., ¢4 < 1932./2197.

real ¢,y < —7200./2197., c43 < 7296./2197.
real ¢s; < 439./216., ¢5p < —8.

real cs3 < 3680./513., css < —845./4104.

real cqp < 0.5, cg < —8./27., cer < 2.

real cq; < —3544./2565., cqn < 1859./4104.
real cgs < —0.275

real a; < 25./216., a, < 0., a3 < 1408./2565.
real a, < 2197./4104., as < —0.2

real by < 16./135., by < 0., by < 6656./12825.
real by < 28561./56430., bs < —0.18

real bg < 2./55.



RK45 Pseudocode: Cheney & Kincaid

real cyg < 0.25, ¢y < 0.25

real ¢y < 0.375, ¢33 < 0.09375, c¢3, < 0.28125
real cyo < 12./13., ¢4y < 1932./2197.

real ¢, < —7200./2197., c43 < 7296./2197.
real ¢s; < 439./216., ¢5, < —8.

real cs; < 3680./513., css < —845./4104.

real cop < 0.5, c1 < —8./27., cer < 2.

real cg; < —3544./2565., ces < 1859./4104.
real ¢;s < —0.275

real a; < 25./216., a, < 0., a3 < 1408./2565.
real ay < 2197./4104., as < —0.2

real b, < 16./135., by < 0., by < 6656./12825.
real b, < 28561./56430., bs < —0.18

real bg < 2./55.

procedure RK45(f,t,x, h,¢)

real e, K|, K,, K3, K4, Ks, K¢, 1, X, x4

external function f

K, < hf(t,x)

Ky < hf(t + coh, x + ¢ K))

K3 < hf(t + c3oh, x + 31Ky + ¢2K»)

Ky < hf(t 4 caoh, x + ca1 Ky + can Ky + c43K3)

Ks <= hf(t +h,x +c51Ki + caKa + ¢53K3 + c54K4)
K¢ < hf(t 4+ cooh, x + cai Ky + cea Ky + c3K3 + cea Ky + c65Ks5)
Xy < x +a Ky +a3K3 + as K4 + asKs

X < x+b K|+ b3K3 + bsKs + bsKs + bgKs
t<—t+h

&« |x — x4

end procedure RK45



RK45 Maple Code

Runge-Kutta Maple Function

RK45_Step :==proc(f,t,x, h)
local K, x4, x5, i, €,

global c0, ¢, a, b;

K, = h-f(tx);

K, = h~f(t+ COz'h’x+cz,1’K1);

K, = h~f(t+ 003-h,x+c371~Kl +c372~K2);

K, = h~f(t+ O, hxte, K +c K, +c473~K3);

K, = h~f(t+ COS-h,x-i- 0571~K1 + 0572~K2 + 0573~K3 + 0574~K4);

K, = h~f(t+ Oghox+cg K+ oK) +eg Kyt K+ 06’5~K5);

x4 = x+sum('a"'K,i=1.5);
x5 =x+ sum('bl.“'Ki', i=1 .-6);
€= abs(xJ — x4);

return (¢ + &, x5, €)
end proc:




Adaptive RK45 Pseudocode

Adaptive Process Overview

CHENEY & KINCAID (pg 453)

1l

Given a step size & and an initial value x(¢), the RK45 routine computes the
value x (¢ + 1) and an error estimate €.

2. If epin < € < emax, then the step size /1 is not changed and the next step is taken

by repeating step 1 with initial value x (¢t + h).

3. If € < &min, then £ is replaced by 24, provided that |2/1] < hppa.
4. If &€ > ey, then & is replaced by /1/2, provided that |1 /2] > hyiy.
5. If hin < |1] £ hinax, then the step is repeated by returning to step 1 with x(z)

and the new / value.

BURDEN & FAIRES (pg 233)

e O

Given h and x(r), use RK45 to compute x(7 + ) and €.

Set R = [ |xs —xs| /h] and & = ¥/Epar/(2R).

If R < €yqy, then output (¢ +h,x5) and €. Set h = 6h and go to Step 1. for the next point.
If R > &4y, then set h = 6h. Repeat Step 1. with the new A to recompute x5.




Adaptive RK45 Pseudocode

Adaptive Process: Cheney & Kincaid

PSEUDOCODE

procedure RK45_Adaptive(f, t, x, h, ty, itmax, €max, Emin, Mmin, Nmax. iflag)
integer iflag, itmax, n; external function /
real £, emax, Emin &, 1, Rniny Aax, £ L, X, Xsave, Lave
real § < 1 x 1075
output 0, /1,1, x
iflag < 1
k<0
while k < itmax
k< k+1
if || < i then i < sign(h)hpin
if |71] > Dy then i < sign ()
d < |y, —1t]
if d < |h| then
iflag < 0
if d < 8 - max{|z|, |¢|} then exit loop
h < sign(h)d
end if
Xeave < X
Lsave <1
call RK45(f,t,x, h, e)
outputn, . t,x, ¢
if iflag = 0 then exit loop
if ¢ < ey then h < 21
if & > & then
h <« h/2
X <= Xsave
1< Lsave
k<—k—1
end if
end while
end procedure RK45_Adaptive




