iven f - a function of f(t,y) \
Lecture 25 and a grid of points t1 <2 < ... < tN
and y0 then o~
Forward or Explicit Euler [ ) /V/ ‘lf) qﬂ( VA % 71
(or First order extrapolation) ' ' 9 % )

- | I First order extrapolation -LA
(or Forward extrapolation) Let yA(0) = y(t0) # initial condition bo-
or ua / 0%/&& gylﬂ///‘m For i=0 to N-1
Backward or Implicit Euler A+1) = VAG) + (i+1)-t0) F(t6).vAG — i
(or ImpI|C|tf|r orderext oatlon’? AFSREE RIS 7(3&&1) :/%) r/"@}” -—{,J ﬂé‘/[ﬁ)-)
or Imolic 4L OZ%/? 1Ly - Julia: [Llﬁ/ 4
S

function first_order_extrapolation(f, ts, y0::Vector)

for i=1:length(ts)-1 : . Z
JOEEHIEE ) = Joepd Shre by
end # todo, do something with y, store each vector? Ll #o
P i
VD[ TL % ) function first_order_extrapolation(f, tO::?gal, dt::Real, N::Int, y0::Vector)
y=y0
Ca) g t=10 < 7 ‘
for|:1:N* f[ _ ﬂéL > a/”/

y .+= dt*f(t, y)
Ao y(#) »f D esertC ;A/)

?
‘é Z '€L L _  C ﬂL/[/ e / end # todo, do something with y, store each vector

A general analysis of one-step
methods and the ideas of
consistency and truncation error
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THE PROBLEM

We are considering numerical methods for the initial value problem:

t—?t' =f(t,y) y(0) =¥yt € [0' T]‘ S

where f is continuous and outputs an RY vector.
EXISTENCE AND UNIQUENESS
THEOREM 1 (Gaustory, p.331, Theorem 53.1) * Assume that £(1,y) is continuous in the first vari-

abile (1) in the range [0, T)] and with respect to the second variable (y), we satisfy a uniform
Lipschitz condition:

If(t.y,) - £(t.y,)l <Lly, -y, te[0.T]y.y, eR" (=

(The norm can be arbitrary) Then the problem (1) has a unique solution y(1),0 <t < T for
arbitrary 'y, and the solution depends continuously on y,.

The only hard part about this statement is the Lipschitz condition. This is called
Lipschitz continuity too.
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THE PROBLEM

We are considering numerical methods for the initial value problem:

dy
d_?‘ =f(t,y)  y(0) =y, te[0,T). (1)

where f is continuous and outputs an RY vector.

EXISTENCE AND UNIQUENESS

THEOREM 1 (Gaustoh, p.331, Theorem 53.1) * Assume that £(1,y) is continuous in the first vari-
abile (1) in the range [0, T) and with respect to the second variable (y), we satisfy a uniform

Lipschitz condition: 0 /—Z/{'/‘)

If(t.y,) - f(ty )l <Lly, -y, te[0.TLy.y, eR".

(The norm can be arbitrary) Then the probiem (1) has a unigue solution )
arbitrary y, and the solution depends continuously ony,,.

The only hard part about this statement is the Lipschitz condition. This is called
Lipschitz continuity too.”
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EXAMPLE 2 That page has a great example, which is

dyjdt=y*, y(0)=1, then {ﬂr):n;(n-:). )
This function does not existat t = 1.

VA@M oN 6‘/”0/ 4?7’?’

The methods we will consider in this class are all grid-approximations of the function
y(t). That is, we consider

y(t) =y(0).y(f,).....y(tn)  tx=T

and usyally gly spaced grids where ¢, = ih for some h = T/N.
Le or convenience.
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