Laplacian matrix in 2 dimensions
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Kronecker product
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Matlab implementation: full vs sparse

clear
Nx=80; — —
Ny=80; 4 1 0] 1 0 g 0 0
i 4 1, 0 1 Q 0 0 ¢
dx=1; dy=1; %grid spacing Ny =N, = - 0O 1 40 0 1 0 0 ¢
When  Ne=Ny=z5  This T 0 04 1 0 1 0
%full matrices: o meclur excpreston e |01 001 -4 4 0 1
L1x=1/dx"2*diag(-2*ones(Nx,1))+diag(ones(Nx-1,1),1)+diag(ones(Nx-1,1),-1); Koo Xpredh bt 0 6 110 1 4 0 0 1
L1y=1/dy*2*diag(-2*ones(Ny,1))+diag(ones(Ny-1,1),1)+diag(ones(Ny-1,1),-1); Lr gV Vs exeddly wRTl 00 0f 10 0 4 1
L2=kron(eye(Ny),L1x)+kron(L1y,eye(NXx)); o 0 00 1 0 1 -4 1
7 W conphvetd by heed Tl 0 0 0l 0 0 1 0 1 -4
Yosparse matrices: -
sL1x=1/dx"2*spdiags(-2*ones(Nx,1),0,sparse(Nx,Nx))+spdiags(ones(Nx,1),1,sparse(Nx,Nx))+spdiags(ones(Nx,1),-1 sparse(NxN ));
sL1y=1/dy"2*spdiags(-2*ones(Ny,1),0,sparse(Ny,Ny))+spdiags(ones(Ny,1),1,sparse(Ny,Ny))+spdiags(ones(Ny,1),-1,sparse(Ny,Ny));
sL2=kron(speye(Ny),sL1x)+kron(sL1y,speye(Nx));
B=zeros(Nx,Ny);
B(round(Nx/2),round(Ny/2))=1;%boundary condition in center
o T akes Nx* Wy wsfrin B ond  Concalnaks i o
Y= L2\I’eshape(-B,NX*Ny,1); The wldmhj o creakt o~ Colvmn Ve - .EiIE ! Edit  ¥iew [nsert  Tools QES-iIDD Window  Help ~
disp(['with full it takes ' num2str(toc) 's"]) NS e | M ARATDRL- (2 |0EH| =D
tic
Y= sL2\reshape(-B,Nx*Ny,1);
disp(['with sparse it takes ' num2str(toc) 's']) : e
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with full it takes 13.5819s
with sparse it takes 0.021787s




