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Interpolacéo baricénirials

Interpolacdo de Lagrange
Funcdo polyfit no Matlab

H(x—xk)

w; = Hm#] (:13] — a:m)_l Ej(x):—ﬁ(xj—xk)

L(x):iéj(x)-fj

Instabilidade

-1
Se x, = x,, o erro relativo de (xj —xk)
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% The function p = polint(xk, fk, xnew) computes the polynomial interpolant
% of the data (xk, fk). Two or more data points are assumed.

%

% Input (constant weight)

% xk: Vector of x-coordinates of data (assumed distinct).

% fk: Vector of y-coordinates of data.

% Xnew: Vector of x-values where polynomial interpolant is to be evaluated.
%

% Output:

% fkk: Vector of interpolated values.

% Mi: Matrix of interpolation

function [fnew,Mi] = Bary_Generic(xk, fk, xnew)

xnew = xnew(:); % Make sure the data are column vectors
xk = xk(:); fk = fk(:);

N = length(xk);
L = logical(eye(N));
D = xk(:,ones(1,N))-xk(:,ones(1,N))"'; % Compute the weights w(k)

D(L) = ones(N,1);
w = 1./prod(D)";

%%

Mi = bsxfun(@minus,xnew,xk'); %A1l xnew(j) - x(k)
Mi = bsxfun(@rdivide,w',Mi); %A1l w(k)/(xnew(j) - x(k))
Mi = bsxfun(@rdivide, Mi, sum(Mi,2)); % Normalization
Mi(isnan(Mi)) = 1; % Remove NaNs
%%
fnew = Mixfk;
~end
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f(x) =10’ sin(ﬂ:x) X€ [—1,1]
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Aproxime f por um polindbmio de
grau 21 (pontos de Cheby).

Use interpolacdo de Lagrange
p/ calcular f em 501 pontos
equiespacados.

Compare com a interpolacdo
baricéntrica.

Compare com o resultado
analifico.




Cheby Poly (I) T,

xe[—l,l:l Tn(cose)zcos(ne) x=cos0
0e [O,n]

T x=live T

e 1(x)=x d—)g:—sine

Ortogonalidade T (cos 9) = cos(n@) =P (9)
1

—sin6

1

Jon%.pmdezj‘l—ln.Tm. dx=f_llTn-Tm- St

1—x?

Portanto,

oA S f cosa-cosb:[cos(a—b)+cos(a+b)]/2

<Tn‘Tm>W= T se m=n=0

et o) cos{ ) [s{(m=n) ()] 2

Se m:n:0=>j0“1-de=n.

Se  m=n#0= ["1-d6/2+] cos(k6)-d6/2=m/2 keN’

0
Se  m#n = [ cos(k0)-d0/2+ [ cos(k,0)-d6/2=0 S

Osvaldo Guimaraes

0 0




Cheby Series

, 2 x__ /L)
T 2 ek, a":ELf.T" 1_xx2 :<Tk|£>
Operador projetor: proj= <T‘ ‘];i>>

k|l k
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Lobatto points: 0. =i-w/n, i=n:-1:0

x =cos0.
_ : ’ "Inversa" da Base n
Matriz de Base ordem » a

BZ.H’].H:cos(jOl.):]}(xi) TO(xO)/Z Q(xl) To(xn)/Z
g T(x) T(x) - T.(x) ! gyt 2Tl . 2T;(x,)
B= T°(f‘) e _Jz(x;)/z () 7,(x,)/2 |

7(x) £(s) |

Transformagdo Discreta (Exata p/ polindmios até grau n)

(04
RN
c, = = E il (xj)p(xj),
Supondo f (x) polinomial de grau o < n

o =1p ouk=neao, p/ o resto f(x)=<B‘A>n i
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n=25

% sin(nx)

%

/(%)

0.5

-0.5
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0.5

-0.5 —

-1.5
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I function B = FOU_CHB(A,direction)

1% A - original data in columns

% B - transformed data in columns

% direction - set equal to 1 for nodal to spectral

- % anything else for spectral to physical

[N,Ml=size(A);

if direction==1 % physical-to-spectral
A = flipud(A);% TO FOLLOW THETA DIRECTION
F=ifft([A(1:N,:);A(N-1:-1:2,:)]);

B=([F(1,:); 2%F(2:(N-1),:); F(N,:)]1);

else % Spectral-to-physical

F=fft([A(1,:); [A(2:N-1,:);2%A(N,:);A(N-1:-1:2,:)1/2]1);
B = F(N:-1:1,:);

- end
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Equacao da onda

>
u

Para cada abscissa u, temos: f° (u) =0t (x o vt)

X=u+v-t=>u=x—vt

u ou
Rt g | At ot RO
D DR %Ji S %Ji
t X
9f _df du_df A 3 ou_0f
dx Ou Ox OJu df Jdu ot Ou
Portanto: : ] ]
eI A af SR E of Onda regressiva: f = f (x +v- t)
ot ox

Em ambos os casos, f ¢ arbitraria.



Série de Fourier

— A” ein.\" 1
f(.X) Z € A, = f(\?)(’ inx d x.

n=-oo 2 T
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Para cada abscissa u, temos: f° (u) L (x — vt)

X=u+v-t=u=x—vt

a—u—l e %z—v
ox ot

O f _&f

ox> od’u

N A e A
D g at‘au( v) e N2
A AR G 8 A

Pu v o ox

Portanto:
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Equacao da onda
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Collocation

L}
aE——
Scontorno

S-y=F7
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Boundary Value Problems (BVP)

Programa 13

V.= e, y(il) =)
Analiticamente: y = [e“x =X sinh(4) - cosh(4)} /16.

%% BVP p.13 - Alternative code

3 1C1 N = 25;
Equagao matricial x = -cos( (@:N)*pi/N ).'; D = Generalized_Diff Mat(x); D2 = D*2;
el D2([1,N+1],:) = @; D2(1,1) = 1; D2(N+1,N+1) = 1;
D-(D-y)—f(x), = exp(4x(2:N)); f = [0;f;0];
5 u = D2\f;
D °})::]:

eLinha 1 de D:[10..0] e f = y(~1)=0
0Linha(n+1) deD:[O ...... ] € f = (+1):
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=2.3981e-14

max err

|
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Problema 14 - BVP ndo linear

v, =€, y(1)=0. eITor

I
D
g
w2

no.steps =29  u(0) =-0.36805602444149
0.05 T T T T T

-0.05

-0.1

-0.15

-0.2

-0.25

-0.3

-0.35

-0.4 | | | | | | | | |

Osvaldo Guimaraes



Programa 15 - Autovalores

= —k2 (il) =), %% Alternative code
/% Vs ) e
x = —cos( (@:N)*pi/N ).'; D = Generalized_Diff _Mat(x); D2 = D*2;
3 {1 D2([1,N+1],:) = @; D2(:, [1,N+1])=0 ;
Equa(;ao matrlc:lal [V,1lam] = eig(D2, 'vector');
okt Ve ) [lam,ii] = sort(-lam(lam<@)); % sort eigenvalues and -vectors
Diy==ky, V= V(:,ii);
y(il) =()
Solugoes estacionarias ¢/ periodo maximo 4 (2L).
on Autovalores
W, =—="n/2radls ® =n-w,. ;
4 S Al SO
No Ventre NO kn /5 n? =n T
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eig5= 24.9999999999999‘pi2/4 10.2 ppw

eig10= 100.0000000000000‘pi2/4 51 ppw
eig15= 225.0000000836757’pi2/4 3.4 ppw
eig20 = 400.0021618870279'pi2/4 2.5 ppw
eig25= 611.8316481972494'pi2/4 2.0 ppw
eig30 = 1284.5983963438086’pi2/4 1.7 ppw
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TAREFA

I) Codigo para montar as matrizes do slide 7, dado n, com

X &= —cos(kn/n), k=0:n

IT) Codigo para obter os coeficientes de Cheby usando FFT, a partir dos
valores da funcao nos nodos, conforme slide 10.

IIT) Resolver numericamente:

Série de Chebyshev (grau 7 ou 8):
2

;—Oy"+x-y'—y—5x5+1=0, comxe[—l,l] y(—1)=2 ey(1)=0

Testar todas as resolucdes e enviar em pdf.
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