
Laplacian matrix in 2 dimensions



Kronecker product



clear

Nx=80;
Ny=80;

dx=1; dy=1; %grid spacing

%full matrices:
L1x=1/dx^2*diag(-2*ones(Nx,1))+diag(ones(Nx-1,1),1)+diag(ones(Nx-1,1),-1);
L1y=1/dy^2*diag(-2*ones(Ny,1))+diag(ones(Ny-1,1),1)+diag(ones(Ny-1,1),-1);
L2=kron(eye(Ny),L1x)+kron(L1y,eye(Nx));

%sparse 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(Nx,Nx));
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

tic
Y= L2\reshape(-B,Nx*Ny,1);
disp(['with full it takes ' num2str(toc) 's'])

tic
Y= sL2\reshape(-B,Nx*Ny,1);
disp(['with sparse it takes ' num2str(toc) 's'])

surf(reshape(Y,Nx,Ny))

with full it takes 13.5819s
with sparse it takes 0.021787s

Matlab implementation: full vs sparse

    -4     1     0     1     0     0     0     0     0
     1    -4     1     0     1     0     0     0     0
     0     1    -4     0     0     1     0     0     0
     1     0     0    -4     1     0     1     0     0
     0     1     0     1    -4     1     0     1     0
     0     0     1     0     1    -4     0     0     1
     0     0     0     1     0     0    -4     1     0
     0     0     0     0     1     0     1    -4     1
     0     0     0     0     0     1     0     1    -4


