
Parallel Reduction to Condensed Forms for 
Symmetric Eigenvalue Problems using Fine-

Grained and Memory-Aware Kernels  

Azzam Haidar 



Outline 

1.  Part I : overview 

2.  a story 

3.  Part I : The description 

4.  Part I : The results 

5.  Part II : advertisement 

6.  The Burns supper @ cerfacs: some pics 

7.  I appreciate your contribution and Thanks  



General Overview: the Eigenproblem algorithms 

Two-stages approach: 

1.  Symmetric EVP  
•  Tri-Diagonalization Reduction + solve. 

2.  Singular Value Decomposition 
•  Bi-Diagonalization Reduction + solve. 
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Two-stages approach: 

1.  Symmetric EVP  
•  Tri-Diagonalization Reduction + solve. 

2.  Singular Value Decomposition 
•  Bi-Diagonalization Reduction + solve. 

First stage require:  
•  90% if  only eigenvalues 
•  50% if  eigenvalues and eigenvectors 
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Description: the reduction algorithms 

•  Standard algorithm are very slow 

•  We propose to first reduce the dense matrix to band. This technique 
give us a very good performance.  
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Observations 

   Reduction achieved ONLY to band forms. 

   Need to go to FULL reduction ?  

1.  Investigate research on band solvers: 
•  Re-think about techniques such as Band Divide and Conquer, 
•  Open question… 

2.  Bulge Chasing:  
•  Relies on Blas-1 operations,  
•  Most of the existing techniques consists on sequential operations, 
•  Expensive, memory bound and lack of efficiency. 
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step -2-  

   The bulge chasing of the band matrix 

Description: the reduction algorithms 



Bulge Chasing- The algorithm 



Bulge Chasing- The algorithm 

don’t be scared, 
We can redesign the algo in a new fashion.  

nice shape and color    
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The Bulge chasing algorithm, step -2- 
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The Bulge chasing algorithm, step -2- 
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The Bulge chasing algorithm, step -2- 
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The Bulge chasing algorithm, step -2- 
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i=1 

i=2 

2- How to express parallelism ?  

1- Data dependencies is very complicated 

Drawbacks: 

Solution: 

1-  Express dependencies a function-dep not as data-dep 

2-  Extract a pipelined parallelism  
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The Results of the full reduction 
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 ICL reduction
 MKL SBR
 MKL LPK
 REF LPK

Results are not satisfactory  

The Results of the full reduction 

 Elapsed time in seconds on eight-socket six-AMD Opteron 2.4 GHz processors with MKL V10.2.4. 
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Drawbacks: 

 1- Tasks are small and fast. 

 2- Data are very close in memory 

 3- This will generate huge memory 
    trafic 
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The Results flops formula: 
4n3/3 
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 What about the  
    Singular Value Decomposition? 
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Bulge Chasing- Preliminary results 
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Part II: advertisement 

 MaPHyS 

 Massively Parallel Hybrid Solver 

•  I developed MaPHyS during my PhD thesis 

•  The first beta-version is out distributed by 
 INRIA and CERFACS 
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Part III: the Burns supper @ Cerfacs  



Part III: the Burns supper @ Cerfacs  



The end 

   I appreciate your attention,  
         Thank you very much  


