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Course Video
Section 12.5: Splitting Methods

Prof. R. Hiptmair, SAM, ETH Zurich

Date: November 15, 2022
(C) Seminar fur Angewandte Mathematik, ETH Zrich

A Tablet notes may have been corrected and/or extended after the recording of the video!
Prerequisites.

Dependencies. Section 11.3, Section 11.3.2

Duration: minutes
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Idea: Build single step methods (— Def. 11.3.1.5) based on the following

m discrete evolutions
Lie-Trotter splitting: ¥ = @} o @/, (12.5.0.3)

\ Strang splitting: ¥ = cp’}/z 0@l o cp’f’/ 2, (12.5.0.4)
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VP y=Ay(l—y)+/1—y2 , y(0)=0.
N e, —
=) =:g(y)
1
B oy = T4 (T —1)ert’ t >0,y €]0,1] (logistic ODE (11.1.2.2))
>~ <I>2,1 _ {im(t+arcsin(y)) ,:I;: arcsin(y) < g, £ 0, €01].
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Theorem 12.5.0.6. Order of simple splitting methods

Die single step methods defined by (12.5.0.3) or (12.5.0.4) are of order (— Def. 11.3.2.8) 1 and 2,
respetively. ‘ \L
V
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Idea: In (12.5.0.3)/(12.5.0.4) replace

exact evolutions —— discrete evolutions
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V1i-v* ., y(0)=0.

explicit Euler method (11.2.1.5) — ¥, .,
‘I’;’If + Lie-Trotter splitting (12.5.0.3)

1

explicit Euler method (11.2.1.5) — ¥

YZ, ¢ + Strang splitting (12.5.0.4)

Strang splitting (12.5.0.4): explicit Euler
method (11.2.1.5) o exact evolution (I>"g’ o
implicit Euler method (11.2.2.2)

explicit midpoint method (11.2.3.3) —
¥}, ¢» ¥, ¢ + Lie-Trotter splitting (12.5.0.3)
explicit midpoint method (11.4.0.9) —

‘I’ﬁlg, Yz,f + Strang splitting (12.5.0.4)
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“Splittable” ODEs

f(y) — stiff, but with an analytic solution
¢(y) "easy”, amenable to explicit integration.

y = f(y) +8(y) "difficut” 'y
(e.g., stiff — Section 12.2) y
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VP y=Ay(d —y)tasin(y), A=100, a=1, y(0) =10"*.
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Solution by ode45, see Ex. 12.0.0.1 % 0.2 0.4 0.6 0.8
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inexact splitting method: solution (i)

Ex Ro0l2 ( Sjp&%’% Unazr and decovgled s )

g(y1)
: |, A=AT € RVN positive definite (— Def. 1.1.2.6), (12.5.0.13)

8(yn) /\/7>/(
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y=f(y) := —Ay +

(i) =>

¥' = A;Z will induee <l 1VPs

positive definite (— Def. 1.1.2.6), (12.5.0.13)

For: Y =Rly) —* Use Lbdle |RK-SSM (og 25k
> A i ODE | b 50
v =fly) — Use eqlit RE-SM
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