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%Prepera

h=1./2.%(5+[1:5]):

Tion

sp2 = EBix) (=<0).%0 + ...
(x>= 0 & x < 1).% (1/2#*=x.72) + ...
(x>= 1 & x < 2).*% (3/4 - (x-3/2).2) +
(x>= 2 & x < 3).* [(1/2%(x-3).72):
sp3 = @Bi(x) (=<0).%0 + ...
+ (=0 & x < 1).% (1/6 = ®x.73) =+
+ (x>= 1 & x < 2).% (1/6 = (1 + 3% (x-1) + 3% (x-1)."2
+ (x>= 2 & x < 3).% (1/6 = (1 + 3%(3-x) + 3% (3-x)."2
+ (®H»= 3 & X < 4).*% (156 * [(4-x=)."3):
dsp2 = B (=) (=<0} .50 +
(x>= 0 & ® < 1).* ®x +
[x>= 1 & ®x < 2).* [3-2*X) +
(>= 2 & xX < 3).% [(®-3):
dsp3 = B(=) (®<0).*0 +
(M= 0 & = < 1).% (12 = ®.™2) +
(3= 1 & x < 2).% (1/2 * (1+2%(x-1)-3*(x-1)."2)) +
(X>= 2 & x < 3).* (1/2 = (-1 — 2% (3-x) + 3*(3-x)."2))
(2= 3 & = < 4).% (- 1/2 * [(4-x)."2):
X = @(h) [h:h:3-h];:
vy = @(h) [h:h:4-h];
hp norm = @(x, h, p) (h .* (sum(ab=(x)."p)))."(1/p):
hinf norm = E(=) [(max({abs(x))):
% Startc
run_a = true;
run b = true;
run c = true;
run_d = true;

- 3% {m-1)."3))
- 3%{3-x)."3))

+

+
+



if(run a)

R sp2 = @(h) 1/h * (sp2(x(h)) - sp2(x(h)-h)):
F = @(h) dsp2(x(h)) - R =sp2ih);
= 1;
tmp = []:
for i = 1:4
tmp (i) = hp norm(F(h(i}), h(i), p) ./ hp norm(F(h(i+l)),h(i+l),p):
end

W = logd (mean(tmp) )
fprintf("a) w%i = £.1f\n" , p, W):
end

if (run b)

Z sp2 = @(h) 1/2/h * (sp2(x(h) + h) - sp2(x(h)-h));
F = @inh) dsp2(x(h)) - Z_sp2(h);
tmp = []:
for i = 1:4
tmp (i) = hinf norm(F(h({1i))) v hinf norm(F(h(i+1))):
end
W inf = log?2 (mean (tmp) ) -

fprintf("b) w_inf = %.1f\n" , w_inf):

end



6l — if (run c)

62 — V_dsp3 = @(h) 1/h * (sp3{v(h) + h) - sp3(v(h)));

63 — F = @(h) dsp3(y(h)) - V dsp3(h):

ad

a5 — B = 2;

66

a7 — tnp = []-

68 — for i = 1:4

69 — tmp (i) = hp norm(F(h(i}), h(i), p) S hp norm(F{h{(i+l)) h({i+l),p):
70 — end

71 — w = logld (mean(tmp) ) ;

72 — fprintf ("c) wii = 2.1f\a" , p, W):

73 — end

T4

75 — if (run d)

76 — Z dsp3 = @(h) 1/2/h * (sp3(v(h) + h) - sp3(v(h)-h)):
77 — F = @(h) dsp3(y(h)) - Z dsp3(h):

78

T8 — p = 1;

g0

8l — tmp = []:

82 — for i = 1:4

83 — tmp (1) = hp norm(F(h(1i}), h(i), p) S hp norm(F(h{i+l)), ,h(i+l),p):
&4 — end

g0 — w = logd(mean(tmp) )

86 — fprintf ("d) w%i = %.1f\n" , p, wW);:

87 — end

et

g9

a0

e i

Command Window
a) wl = 1.0
b) w inf = 1.0
c) w2 = 1.0
d)y wl = 2.0
fx 5
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Christoph Raunjak Blatt 9 Numerik | SS20

Aufgabe 6
Ha) b.) Oec) d.)

Implementierung einer Funktion, die Werte fiir f(x), g(x) und die benétigten exakten
Ableitungen liefert. Auch eine symbolische Implementierung ware moglich.

EE R R R R R E R R R R R R R R R R

o\@

o\®
M

christoph.raunjak@edu.uni-graz.at
* 3.12.2020 wvsl1.0

EE R e R

%r *
B* func.m *
%vr *
%* Calculates function value / wvalue of derivative *
%-x *
%* Param: x.. value at x *
B* name.. name of the function, f,g possible *
F* n.. nth derivative 0,2,4 possible *
$*  Qut: V.. value of name” (n) (x) *
%r *
%* Author: Christoph Raunjak *

*

*

o

o

function y = fune(x, name, n)
] switch name
case
] switch n
case

case 4
¥ = 24 of (=#l).*5: £~ (4)
otherwise
¥ = 0d
disp ( )
endswitch
case
] if mod(n,Z2) ==
y = exp(-%): %g=g*(2)=g”~(2k)
else
¥ =04
disp( }
endif
otherwise
Y &= di
disp ( )
endswitch
endfunction

Eine Implementierung der gegebenen Differenzenoperatoren fiir f(x), g(x):



GExkExx kA x kI XA ddhhkddhdrddddhhddhddhhd A A kA A A A AT A AT kA kA dd A d Ak hdhdhhkhdhhdh bk d

%* *
5% D_op.m *
%* *
%* Calculates the derivate with the given approximation formula *
%* *
%* Param: x.. calculate D_hf~(n) at (x) *
% h.. h *
5* fname.. function for which Df~(n) gets calculated *
5* n.. calculate the nth derivative *
$*  Qut: d.. D _hf"(n) (x) *
%* *
%* Author: Christoph Raunjak *
5* christoph.raunjak@edu.uni-graz.at *
$* 3.12.2020 vsl.0 *

*

LrrkkkrkrrhkArkhrdhhddhdhhddhhdhhhdh bk d bk bk h b hh A hhkh Ak rhhddhdddhddhhddhddhdddhdhdk

[function d = D_op(x%, h, fname, n)

| if n = 2
d= (l/h*2) * (2*func(x, fname, ) - 5*func(x+h, fname,0) ...
+ 4*func(x+2*h, fname, 0) - func(x+3*h, fname,0)) ;
elseif == /1
d = (L/h*4) * (func(x,fname,0)-4*func(x+h, fname, ) +c*func(x+2*h, fname, 0) ...
- 4*func(x+2*h, fname, 0) + func(x+4*h, fname,0)):
else
d = 0;
disp ( )
endif
endfunction

Implementierung der Fehlernorm aus dem Skriptum

FEEEEEEE RS EEEE R E et EEEEEEEEEE]

%* *
¥ fehlernorm.m *
%* *
%* Calculates the error norm from script page 195 *
%* derivative of certain function. *
%* *
%* Param: x.. a vector to calculate the norm of *
5* p.. using the regular p-norm implemented in Matlab *
B* h.. the weight h used in the norm *
%* Qut: n.. the error norm of x *
%* *
%* Author: Christoph Raunjak *
F* christoph.raunjak@edu.uni-graz.at *
%% 3.12.2020 vsl.0 *

*

Grhxkikhkh bbb hd bbb dhddddhddhdrrrhrrrdhrrrrhrrdrhdr bbb dhdbddhrddrrrrhrrrdrrhrrhaas

|function n = fehlernorm(x, p, h)
| switch p
case Inf
n = norm(x,Inf);
otherwise
n = norm(x, p) * (h~(l/p));
endswitch
endfunctioﬂ

Implementierung einer Funktion um w;, zu bestimmen (Zeilen 29-32) dienen nur zu
spateren Visualisierung.
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22
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24
25H
26
21
28
295
30
31
32
33+
34
350
36
37
38 |
39
40
41

omega.m
Calculates \omega p

Param: fname.. function for which ‘omega gets calculated
n.. calculate \omega p for the nth derivative
p.. which p should be used in fehlernorm.m

Out: w.. \omega_p
DF.. £%(n) (%) for x_h with h = h_5

DF approx.. f"(n) (x) approximated with given formula for x h 5

Author: Christoph Raunjak
christoph.raunjak@edu.uni-graz.at
3.12.2020 wvsl1.0

function [w, DF, DF_approx] = omega(fname, n, p)
H: =]
for i = 1:5
H= [H, 1/(2~{2+i))];
endfor
Eh= [
for i = 1:5
%= A0zH () el)r
F = func(x, fname, n) - D op(x,H(i), fname,n);
F h = [F h; fehlernorm(F,p,H(i)}]:
ifi==258
DF = func(x, fname, n);
DF_approx = D op(x,H(i), fname,n);
endif
endfor
ratio = []:
for i = 1:4
ratio = [ratio, F h{i)} / F h(i+l)];
endfor
w = log2 (mean(ratio));
endfunction

Ergebnis der zu berechnenden w),,

Visualisieru

1.915
0.896 (correct)
1.998
0.956 (correct)

a.) Answer
b.) Answer
c.) Answer
d.}IHnswer

ng der Fehler:

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
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