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Multigrid Concepts	


  Physics-based preconditioning is used to reduce the order of matrices and make them elliptic and 

diagonally dominant.	


  Multigrid provides a scalable parallel method for solving diagonally-dominant matrices.	


  Coarsening and refining strategies	



•  Classical grid-based methods (CMG): coarser and finer grids.���
Not suitable for spectral elements.	



•  Algebraic multigrid (AMG):  choose largest matrix elements for coarsening. ���
PETSc/Hypre/BoomerAMG.  Tested for spectral elements, unsuccessful.	



•  Spectral element multigrid (SEMG): specifically designed for spectral elements,���
uses higher and lower polynomial degrees within each grid cell.	



  Smoothers	


•  Krylov smoother is used to verify multigrid framework.  Effective but not scalable.	


•  Jacobi smoother.  Diagonal dominance is a property of the nodal basis.  Coarsening and refining 

is easiest in the modal basis.  We work back and forth between them.	


•  SuperLU is used on the coarsest level.  Could use other PETSc solvers, e.g. classical multigrid.	



  References	
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Abstract Multigrid Algorithm	
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Convergence Theorem	
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Analytical Test Case	
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Nodal and Modal Bases: Pictures	
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Nodal and Modal Bases: Equations	
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Coarsening and Refining	
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Test Case: Poisson’s Equation, Stiffness Matrix	
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Implementation and Status	


  Spectral element multigrid is implemented in Fortran 95 module p2_semg.F, using PETSc for 

distributed parallel operation and high-level matrix operations.	


  Fortran 95 derived types are defined for multigrid levels, diagonal blocks matrices, scatter 

contexts between native and PETSc vectors, and a full SEMG problem.	


  Subroutine p2_semg_transform is used to transform between modal and nodal bases and for 

coarsening and refining, using low-order (np+1) matrices T, T-1, R, and C.	


  A multigrid sawtooth cycle is performed iteratively, with a full SuperLU direct solve on the 

coarsest level and a Krylov or Jacobi smoother on each of the finer levels.	


  The formulation is general.  Current test problem is 1D Poisson equation.  Following this, it will 

be tested on:	


•  2D Poisson equation.	


•  Simple linear 2D wave equation.	


•  Ideal MHD waves in a periodic plane.	


•  GEM challenge problem, magnetic reconnection.	


•  3D implementation and testing.	



  Multigrid operation has been successfully tested with Krylov smoother.	


  Jacobi smoother has been set up and tested, not yet fully debugged.  ���

Boundary condition problem	


  Hope to complete 2D implementation and testing by APS/DPP.	




