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OUTLINE 

1. Introduction 

a) Frontal solver  

b) Multi-frontal solver 

c) Computational costs over regular grids 

2. How h refined grids with point singularities imply linear 

computational cost O(N) and linear memory usage O(N)  

of a direct solver algorithm 

3. How to find an optimal elimination tree in an automatic way 

4. How to solve a sequence of computational grids refined 

towards point singularities with linear cost O(N) and 

memory O(N) 



DIRECT SOLVER 

WITH  

LINEAR COMPUTATIONAL COST 



  

  

The elimination tree constructed based level by level ordering 

DIRECT SOLVER FOR RADICAL MESH 



  

Interface size: green nodes 

Constant matrix size  linear cost of the direct solver 

DIRECT SOLVER FOR RADICAL MESH 



  

Interface size: green nodes 

Constant matrix size  linear cost of the direct solver 

DIRECT SOLVER FOR RADICAL MESH 



LINEAR COMPUTATIONAL COST 
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2D Lshape problem 

MUMPS vs frontal solver with ordering level by level 
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2D Lshape problem 

MUMPS vs frontal solver with ordering level by level 
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2D Lshape problem 

MUMPS vs frontal solver with ordering level by level 
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2D Lshape problem 

MUMPS vs frontal solver with ordering level by level 
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AUTOMATIC WAY OF FINDIND 

OPTIMAL ELIMINATION TREES 



  

DYNAMIC PROGRAMMING WITH  

TREE OF PARTITIONS 

Computational cost for a leaf = cost of elimination of interior degrees of freedom 

Computational cost for a node = cost for son1 + cost for son2 +   

                                                    cost of elimination of common interface 

Optimal elimination tree = binary subtree with minimal cost 



  

  

p=2, k=5 

Optimal tree 

Recursive bisections 

SEARCH FOR OPTIMAL ELIMINATION TREE 



  

  

SEARCH FOR OPTIMAL ELIMINATION TREE 

p=2, k=5 

Optimal tree 

Recursive bisections 



  

  

p=2, k=5 

Heuristic tree 

Downside up, level by level 

SEARCH FOR OPTIMAL ELIMINATION TREE 



  

  

p=2, k=5 

Heuristic tree 

Downside up, level by level 

SEARCH FOR OPTIMAL ELIMINATION TREE 



  

  

p=2, k=6 

Heuristic tree equivalent to 

optimal tree 

Downside up, level by level 

SEARCH FOR OPTIMAL ELIMINATION TREE 



  

  

REUTILIZATION 



  

  

The elimination tree constructed based on the unrefinement algorithm 

DOWNSIDE-UP ORDERING 



  

  

Interface size: green (nodes)  

DOWNSIDE-UP ORDERING 



  

  

Interface size: green (nodes)  

Constant !!! 

DOWNSIDE-UP ORDERING 



  

  

UPSIDE-DOWN ORDERING 



  

  

Interface size: green (nodes)  

UPSIDE-DOWN ORDERING 



  

  

Interface size: green (nodes)  

Constant size!!! 

UPSIDE-DOWN ORDERING 



  

  

REUTILIZATION OF PARTIAL LU FACTORIZATIONS 

Interface size: green (nodes)  

Constant size!!! 



  

  

REDUCTION OF COMPUTATIONAL COST 

FOR A SQUENCE OF H REFINED GRIDS  

O(N2)  O(N) 



  

  

NUMERICAL RESULTS – RADICAL GRID 



  

  

NUMERICAL RESULTS – RADICAL GRID 



  

  

NUMERICAL RESULTS – RADICAL GRID 
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p=5, non-zero entries
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  p=5, time
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p=5, time
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NUMERICAL RESULTS – L SHAPE DOMAIN 



  

  

NUMERICAL RESULTS – L SHAPE DOMAIN 



  

  

NUMERICAL RESULTS – LSHAPE DOMAIN 
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p=5 non-zero entries
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NUMERICAL RESULTS – TWO SINGULARITIES 
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NUMERICAL RESULTS - FICHERA 



  

  

NUMERICAL RESULTS – FICHERA  



  

  

NUMERICAL RESULTS – FICHERA  
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LIMITATION – EDGE SINGULARITY 



  

  

LIMITATION – EDGE SINGULARITY 
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LIMITATION – EDGE SINGULARITY 

Fichera edge singularities, p=2
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LIMITATION – EDGE SINGULARITY 
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