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Explicit Euler method
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Approximation of y”
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Explicit Euler method
Yi+1 = Yk + hef (xk, y6),  k=0,1,...

Local error

Li = 3y"(xk + mihi)h2, k=0,1,...

Approximation of y”

’ !
ey o g Y Yimr  F(Xioye) = F(—1,Yk—1) _
y (') ~ _yk_l e Xk —Xk—1 — Xk—Xk—1 , k — 1,2,...

o the goal: L, <TOL, TOL > 0 is given,
o the idea: set hy such that L, ~ TOL.

<

Optimal size of the time step
opt __ 2TOL _
h, fq/yk,,(.), k=0,1,...
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Explicit Euler methods, simple adaptive choice of the time step (L < TOL)

a=x_0

V. Dolejsi Adaptive choice of time steps 2/3



Explicit Euler methods, simple adaptive choice of the time step (L < TOL)

a=x_0

V. Dolejsi Adaptive choice of time steps 2/3



Explicit Euler methods, simple adaptive choice of the time step (L < TOL)

a=x_0

@ yo given by IC

V. Dolejsi Adaptive choice of time steps 2/3



Explicit Euler methods, simple adaptive choice of the time step (L < TOL)

h_0

a=x_0 x_1

@ yo given by IC
@ propose initial step hg
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h_0

a=x_0 ;(_1

@ yo given by IC
@ propose initial step hg
e compute y; = yo + hof (X0, Y0),
2 f(x1,y1)—f(x0,%0)

@ estimate Ly =~ %ho)’o' )/6/ - X1 —X0
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Explicit Euler methods, simple adaptive choice of the time step (L < TOL)

h_0

a=x_0 x_1

Yo given by IC

propose initial step hg

compute y1 = yo + hof(xo0, ¥0),

estimate Lo ~ Sh2yl, v = —f(xl’yz:igx"’yo)
Lo < TOL
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Explicit Euler methods, simple adaptive choice of the time step (L < TOL)

Lo < TOL

set hy := ho* = \/2TOL/y{,

h 0 h_1 )
a=x_0 x_1 X2
@ yo given by IC
@ propose initial step hg
@ compute y1 = yo + hof(xo, yo),
o estimate Lo ~ 3h3y{, y§ = —(Xl’yz:igxo’yo)
o
o
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Yo given by IC
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Lo < TOL

set hy := ho?" = \/2TOL/y{,

compute y» = y1 + hif(x1, y1),

V. Dolejsi Adaptive choice of time steps 2/3



Explicit Euler methods, simple adaptive choice of the time step (L < TOL)

h_ 0 h_1 )
a=x_0 ;(_1 x_2
Yo given by IC
propose initial step hg
compute y; = yo + hof (x0, Y0),
estimate Lo ~ Sh2yl, v = —(Xl’yz:igx"’yo)

Lo < TOL

set hy := ho?" = \/2TOL/y{,

compute y» = y1 + hif(x1,y1), estimate L1 ~ h%)’:{,

V. Dolejsi Adaptive choice of time steps 2/3



Explicit Euler methods, simple adaptive choice of the time step (L < TOL)

h_0 h_1

a=x_0 x_1 x_2

vo given by IC

propose initial step hg

compute y; = yo + hof (x0, Y0),

estimate Lo ~ Sh2yl, v = %ﬁgmy")

Lo < TOL

set hy := ho?" = \/2TOL/y{,

compute y» = y1 + hif(x1,y1), estimate Ly ~ hfy{/
L1 > TOL

V. Dolejsi Adaptive choice of time steps 2/3



Explicit Euler methods, simple adaptive choice of the time step (L < TOL)

h_0 h_1 , h2

= 0 T X2 X3

@ yp given by IC

@ propose initial step hg

e compute y; = yo + hof (x0, yo),

o estimate Lo ~ 3h3y{, y§ = %ﬁémm)
e Lo <TOL

o set hy := hJP' = V/2TOL/y{,

@ compute y» = y1 + h1f(X1,)/1) estimate [ ~ h%)’:{/
e L3 >TOL

o set hy = h{*' = V2TOL/y] < h,
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Explicit Euler methods, simple adaptive choice of the time step (L < TOL)

h_0 h_1 ) h_2
a=x_0 x_1 x_2 x_3

@ yp given by IC

propose initial step hg

e compute y; = yo + hof(x0, o).

o estimate Lo ~ 2h3y{, ¥{ = W

e Lo <TOL

@ set hy = holDt \/W

e compute y» = y; + h1f(x1,y1), estimate L; ~ h%y{’
e L; >TOL

o set hp = h™" = V2TOL/y] < hy,

@ compute y3 = y»... with L, < TOL
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Explicit Euler methods, simple adaptive choice of the time step (L < TOL)

h_0 h_1 ) h_2
a=x_0 x_1 x_2 x_3

@ yp given by IC

propose initial step hg

e compute y; = yp + hof(x0, yo),

o estimate Lo ~ 2h3y{, ¥{ = W

e Lo <TOL

@ set hy = holDt \/W

e compute y» = y; + h1f(x1,y1), estimate L; ~ h%y{’
e L; >TOL

o set hp = h™" = V2TOL/y] < hy,

@ compute y3 = y»... with L, < TOL
adaptive choice of time step “guarantees’ the stability of method
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Explicit Euler methods, advanced adaptive choice of the time step (Lx < TOL)

a=x_0
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h_ 0 h_1 )
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Explicit Euler methods, advanced adaptive choice of the time step (Lx < TOL)

h_0 h_1

a=x_0 x_1 x_2

V. Dolejsi

Yo given by IC

propose initial step hg

compute y; = yo + hof (xo0, ¥o), estimate Lo

Ly < TOL

hy = hgpt = /2TOL/yl, W = f(x1,1) = (x0,¥0)

X1—Xo

compute y» = y1 + hif(x1,y1), L1 > TOL
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Explicit Euler methods, advanced adaptive choice of the time step (Lx < TOL)
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h 0 h_1
a=x_0 x_1 x_2
@ yp given by IC
@ propose initial step hg
@ compute y; = yo + hof(xo, yo), estimate Lo
o Lo < TOL
o hy = h*" = \/2TOL/yf, yf = fbax)=rboxo)
e compute y» = y; + h1f(x1,y1), L1 > TOL
@ step k =1 is REFUSED
o set hy := h*" = \/2TOL/y7,
@ compute y» = y1 + hif(x1, 1),
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Explicit Euler methods, advanced adaptive choice of the time step (Lx < TOL)

h_0 h_1
a=x_0 x_1 x_2
@ yp given by IC
@ propose initial step hg
@ compute y; = yo + hof(xo, yo), estimate Lo
o Lo < TOL
o hy = hgpt = V2TOL/yl, ' = f(XL}/)lq):;EXoJo)
e compute y» = y; + h1f(x1,y1), L1 > TOL
@ step k =1 is REFUSED
@ set h; = hcl’pt = \/W

® compute yp = y1 + h1f(x1, y1),
adaptive choice of time step guarantees the accuracy of method
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