
Construction and Properties of Coarse Discretization Spaces by  AMGe  

Abstract:   Several approaches to construct AMG coarse finite element discretization spaces are presented based on element agglomeration AMG (or 

AMGe) as well as smoothed aggregation AMG (or SA AMG). The spaces can be used both for building multilevel iterative methods as well as upscaling 

(discretization) tool.  This is illustrated on diffusion equation with large jumps in coefficient in primal and mixed formulation. 
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• The coefficient is constant on each fine element 
• Fine elements are combined in agglomerated elements (AE) 
• Local stiffness matrices (AT) are assembled for each AE 
• For SA AMG, aggregates are generated corresponding to AEs. 

Mesh and Elements 
Agglomerated elements Aggregates 

Smoothed Aggregation Spectral Element-

Agglomeration AMG[1] (TL and ML results) 

[1] Marian Brezina, P.S.  Vassilevski, LLNL Report #LLNL-PROC-490083, June 29, 2011 

[2] Ilya Lashuk, P.S. Vassilevski,  LLNL Report #LLNL-JRNL-485771, June 6, 2011 

[3] J.E. Pasciak and P.S. Vassilevski, “Exact de Rham Sequences of Spaces Defined on Macro-elements in Two and Three Spatial Dimensions,'‘ SIAM Journal on Scientific 

Computing 30 (2008), pp. 2427-2446. 

[4] P.S. Vassilevski, “Coarse Spaces by Algebraic Multigrid: Multigrid Convergence and Upscaling Error Estimates,'' 

Advances in Adaptive Data Analysis 3 (1&2)(2011) pp. 229-249. 

.on  0)( ,in  1)( )( xpxpxkdiv

Smooth coefficient test[4]: spectral AMGe 

To ensure approximation property: 

Solve local AE eigen-problems 

to construct local  P and block-diagonal 

global tentative  

Use SA polynomial to form global P 

P̂

Coarse Raviart-Thomas Spaces with Approximation Properties 
Main idea of the method: construct coarse space  that 

interpolates vector constants (gradients of linear functions, 

like in the third figure below) exactly.  
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Comparison of approximation properties of new method [2] versus  [3]. 
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