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Eddy Current Maxwell’s Equations3

• Start with Maxwell’s Equations:

• Drop (nonlinear) magnetization, polarization, 
displacement currents, eliminate B:



Eddy Current Maxwell’s Equations4



Basiscs of Edge Element Maxwell Multigrid5

• Most Maxwell preconditioners use the discrete gradient for the node 
hierarchy.

• The “special sauce” comes in how you handle the edge hierarchy.

• We’ll focus on auxiliary preconditioning style edge hierarchies, e.g. 
Bochev, et al. 2008 and Kolev, et al. 2008.
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All Maxwell preconditioners have two sub-problems: edges and nodes: 

You can mathematically prove you need the node hierarchy (cf. Boonen et al, 2007).

E =     A -    



Why You Need the Nodal Hierarchy6

• Tool: Turn to the Fourier Analysis of Boonen, et al., 2007 (shows damping 
factor):

• Lower left corner should be damped by coarse grid; everything else should 
be damped by the smoother (but GS doesn’t!).

Gauss Seidel (Edge Only) Hiptmair (Edge/Node)
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An Analyst’s Hypothesis8

Fast
Convergence

Metal Void/Air
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Edge Element Stencil10

  Curl-Curl Operator:

  Operator is anisotropic!  xx-component does not contain x-derivative!

  We can see this in the stencil  (2D example, following Boonen et al., 2007):
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Coarsening the Edge Problem12

Plot generated using Hannah Rittich’s LFA-lab software github.com/hrittich/lfa-lab



Coarsening the Edge Problem13

  What makes matters worse here is that each component has different 
anisotropy!

  Result: Standard “nodal” coarsening will not work well with point smoothers!

  Each component (x,y,z) needs to be coarsened separately…. But cannot be 
allowed to mix!

  Approach to take: Composite prolongator based on block-diagonalization of 
matrix.

  Some Classical AMG codes do this by default, but SA-AMG codes generally 
don’t.



And What About Boundary Conditions?14
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Test Problems16



Computational Results: Uniform Mesh17

NX=40, nodrop NX=40,drop NX=80,nodrop NX=80,drop

Nodal, 2 Level 12 12 16 16

Nodal, Multilevel 11 11 15 15

BlockDiag, 2 Level 12 13 16 12

BlockDiag, Multilevel 11 12 15 13

On the small 
problem, all 
methods are 
similar.



Computational Results: Uniform Mesh18
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Computational Results: Uniform Mesh19

NX=40, nodrop NX=40,drop NX=80,nodrop NX=80,drop

Nodal, 2 Level 12 12 16 16

Nodal, Multilevel 11 11 15 15

BlockDiag, 2 Level 12 13 16 12

BlockDiag, Multilevel 11 12 15 13

On the small 
problem, all 
methods are 
similar.

On larger, problems, the 
block diagonal version 
does better

If you add dropping, the iteration counts on the larger mesh don’t increase 
by 25%        Improved scalability!



Computational Results: Radial Mesh20

Ref=1, nodrop Ref=1,drop Ref=2,nodrop Ref=2,drop

Nodal, 2 Level 28 28 39 38

Nodal, Multilevel 26 26 36 35

BlockDiag, 2 Level 28 28 39 37

BlockDiag, Multilevel 26 24 36 31

  Modest improvement in iteration count w/ dropping enabled.

  Does not seem to scale optimally even though it scales better.

  We’re that hoping improving boundary conditions will make an impact here.



Conclusions21

  Revisited auxiliary preconditioners for eddy current Maxwells’ equations.

  Analyst’s observation  led to identification of problems in previous 
approaches.

  Edge hierarchy dofs were not being coarsened correctly.
  Need the “block diagonal approach”

  Edge hierarchy boundary conditions are problematic (still work in progress).

  Modest improvements to performance so far.
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