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Outline 

 Goals: 
 Automated BDDC for challenging problems 
 Reasonably sized coarse spaces 
 Efficient implementations for 3D problems 

 Background: 
 Problem setting and BDDC preconditioner 

 Theory: 
 Localization of BDDC estimate 

 Implementation 
 Examples 

 Conclusions 
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Problem Setting 
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Equivalence Classes (Globs) 
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BDDC Preconditioner 
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BDDC Preconditioner 
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Well Known Theory 
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Localization of BDDC Estimate 
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Localization of BDDC Estimate 
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Generalized Eigenproblems 
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Adaptive Enrichment of Coarse Space 
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Current Implementation 
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Current Implementation 

 Parallel C++ code: 
 Code complexity increased by need for parallel communications 

when processing equivalence classes (coloring used) 
 Same local factorizations needed in conventional BDDC 

algorithms can be reused to avoid new ones 
 Plans to migrate to Trilinos when code more mature 
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Diffusion Example 
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stiffness weights deluxe weights 
Threshold +face +edge cond +face +edge Cond 

0 0 2.7x104 0 0 2.4x104 

0.001 6 2 296 10 2 297 
0.01 8 2 24 21 2 23 
0.10 43 2 9.3 81 2 9.3 

Q1 elements 
27 subdomains 
initial coarse space 
dimension 28 (corners) 
left boundary fixed 
red: ρ = 1 
other colors: ρ = 104 



Elasticity Example 1 
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stiffness weights deluxe weights 
threshold additional 

constraints 
condition 
number 

additional 
constraints 

condition 
number 

0 797 0 1 
0.05 90 1.44 1 1 
0.035 87 28.4 

0.0015 8 665 

Q2P0 elements, 2 subdomains 
initial coarse space dimension 0 
entire boundary fixed 
yellow: E = 103, ν = 0.3 
red: E = 1, ν = 0.49999 

Note: existing theory applies, 
but rho scaling not directly 
available from matrix 

weights matter! 



Elasticity Example 2 
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H/h # add face # add edge cond # 

4 84 84 3.5 
5 108 84 3.8 
6 108 84 4.3 
7 108 84 4.7 

Q2P0 elements, 27 subdomains 
initial coarse space dimension 24 
exterior boundary fixed 
E = 1, ν = 0.4999 
stiffness-based weights 

Note: Use of deluxe weights was problematic and currently being investigated 



Conclusions 

 Summary: 
 Algebraic theory for very general SPD problems 
 Eigenproblems include constraints on neighboring globs 

 Helps limit number of additional constraints 
 Numerical results encouraging, but work remains 

 More efficient implementations (e.g. solutions of eigenproblems) 
 Weight selection remains open  

 Theory holds as well for corresponding FETI-DP method 
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Extra Slides 
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Present Implementation 
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Present Implementation 
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2D Diffusion Example 1 
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stiffness weights deluxe weights 
# additional 
constraints 

condition 
number 

# additional 
constraints 

condition 
number 

0 3.71 0 3.76 

standard Q1 elements 
14 corner constraints 
eigen threshold = 0.01 
red: ρ = 1 
yellow: ρ = 103 



2D Diffusion Example 2 
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stiffness weights deluxe weights 
# additional 
constraints 

condition 
number 

# additional 
constraints 

condition 
number 

0 1.6 x 103 0 8.8 
2 3.0 

standard Q1 elements 
14 corner constraints 
eigen threshold = 0.01 
red: ρ = 1 
yellow: ρ = 104 



2D Diffusion Example 3 
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stiffness weights deluxe weights 
# additional 
constraints 

condition 
number 

# additional 
constraints 

condition 
number 

0 1.6 x 103 0 1.6 x 103 

1 4.2 3 2.8 

standard Q1 elements 
14 corner constraints 
eigen threshold = 0.05 
red: ρ = 1 
yellow: ρ = 104 

Notes: similar results for H/h = 16 and perturbed nodal positions  

see notes 
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