e

Introduction a I'analyse numérique
Prof. Marco Picasso

sssss

Fror
olvnomia wl M1
wrlttmpp0\ferfor¥]ladl\/lded Strlctly Smaller a . SO ute S()}r‘lleon

derlvatlve u_ gtem @ fo]_]_owj_ng *method RN
G g e continuowsly T jgstate < Newton methoe x ]-t s g
_§ ior g0es tudy ext ate < % O é
i ’_“ R E < positive _g E_l_, g
previouslye equatlons EQ'; « bap > Peroach exact dc]”éeii(r{ed ’f_{U E U
— identi .
point. x1 :5 @ = Vo B
example Aodiitear € values . compute 50 @
Shialler:= @i, 54 >
”””””” = . o
convergence d fixed memat r lX =~ linear 5
mllnear comblnatlonor er SOlve entry Y-
- 2 1o W Y mean.
’WO;;::ELZ:it: “-) (EE [:) _:E;_ :li,:]- S;:a'!:]r c <:]-‘) 't: '_] .
$ C initia 9‘ ulque eorem op
. i (] + last figore U
approximation o. ey h e U7
Q. [l d S
l e r- V a = 5 G) nelghborﬁoodobserve
[ 5 z L.

umeri

+~hﬁ

=PrL



https://mediaspace.epfl.ch/media/0_gt4rl2m6
https://mediaspace.epfl.ch/media/0_gt4rl2m6

Om 03s

Ce\a‘?% - ngmodz, de Fom{" .Pt'xe_ Gk

T g 4 dok i R-R E* et 7l 9@=7 , dugpuioms [0 [ <L
Mo T¢v0 ¥ 2-£$x < =4, lasude dff».m Xy =90 )
Convngt by . T Fﬂm fa commrgonce it Engae -

Jodcgt M [y, 1S ClEx].

Dﬁ" e 'fjr(") JEro <t Vik€4dx {xi€
\ / Selt X-£4x £ RtE ena

The proof of this theorem is very instructive, and we will study it. "
Proof " Here is the function g', the graph of g', I know that g'(x bar) is
smaller than 1 in absolute value, the graph of the function g', I know that
in x bar, g'(x bar) is strictly smaller than 1. Since the function g' is
continuous, I claim that this function g' remains smaller than one in a
neighbourhood of x bar, that is, there exists a positive epsilon and chi
positive but strictly smaller than 1, such that for all x between x bar
minus epsilon and x bar plus epsilon, g'(x) in absolute value is smaller
or equal to chi, which is strictly smaller than 1. I can draw the
corresponding figure, here is the neighbourhood, here x bar plus epsilon,
and this is x bar minus epsilon, in this neighborhood, the function is
smaller or equal to chi, which is strictly smaller than 1. Choose x0 be in
this neighborhood, x bar minus epsilon to x bar plus epsilon, here for
instance. We can do the following calculation. I want to calculate x bar
minus x1, why x bar minus x1, because I want to prove that x bar minus
x_n+1 is smaller or equal than something strictly smaller than 1 times x
bar minus x_n, therefore I start with x1.
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5. Equations et systemes d'équations non linéaires (chapitre 8 du livre)
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Take x bar minus x1, in absolute value, x bar is by definition equal to
g(x bar), since it is a fixed point of g, and x1 is equal to g(x0). Now I
use the fundamental theorem of calculus; well this is equal to the
integral between x0 and x bar of g'(s) ds. This is smaller or equal to the
length of the interval, in absolute value, x bar minus x0, times the
maximum of g'(s), which is the integrand. First I stated that the absolute
value of the integral is smaller than the integral of the absolute value. I
take the integrand g'(s) and search for the maximum over the interval [x
bar,x0]. In the figure, here isthe maximum over the interval [x bar,x0].
But on this interval, I know that the function is smaller or equal to chi;
therefore I can state that x bar minus x1 is smaller or equal than x bar
minus x0 times chi, which is strictly smaller than 1. Lets carry on, this
time for x bar minus x2, I start over: x bar is equal to g(x bar), this
comes from the definition of a fixed point, x2 is equal to g(x1), which is
the integral between x1 and x bar of g'(s) ds taken in absolute value. As
previously, I bound this quantity, here I have x bar minus x1, and I must
take the maximum on the interval [x bar, x1] or [x1, x bar].

Summary
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https://mediaspace.epfl.ch/media/0_gt4rl2m6?st=134

4m 21s

w\a\?% - ngmodz, de Fom{" .Pt'xe_ Gk

T R 4 dot i R-R E* et 7R 9E=7, dugpuioms (90 <L
oo T¢90 ¥ %-£<x < %4, lasace dff.por ¥, =90x,)
Convngt by % . T Fﬂm fa Con e once at Intade -

Jodcgt M (R x,, 1L ClEx].

o

(3 "Y€ % <A

< (=, | .sv;:.: I~3 [3)

X,

$lrx,| %

Pomil ] 746 Ieve Iack<d VREL LRIE
= 4 \ / Selt X-£4x & R+g ena
T | 2= A ] 1&‘]-3&.” =J£Eﬂ'&')dsj
B -
G AR P [ax, 1 | g®) -0 < fa'mwl AL

~H L
\<. lE-X‘,[ 2 T_.—-, a

Ewmle,'. cgu PQ%E In.

Previously, I said that the error x bar minus x1 was strictly smaller than
x bar minus x0, this means I can put x1 here for example in the graph. I
repeat, x bar minus x0 is larger than x bar minus x1. The maximum, on
this interval, of g'(s) on the interval [x bar, x1] is again smaller or equal,
so x1 is in this interval and the derivative is smaller than chi, and hence
this will be smaller or equal than x bar minus x1 times chi. And so on,
you can observe that this methodology can be recursively repeated, and
I get that x bar minus x_n+1 is smaller or equal to x bar minus x_n
times chi. Et donc, comme cette quantité-la, Well by induction I get that,
x bar minus x_n+1 is smaller or equal to x bar minus x0 times chi to the
power n+1, since chi is included in (0,1), as n approaches infinity, this
quantity approaches 0. I have therefore proven that the sequence defined
by x_n+1 equal to g(x_n) converges, and that this convergence is linear.
This means that the error at step n+1 is strictly smaller than the error at
step n. Now I suggest to come back to, the previous example. Lets
illustrate this theorem using the previous example. the example from the
previous page.
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