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MAGMA: LU factorization for small matrices 
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Main points	


•  Panel factorization mostly sequential due to memory bottleneck	


•  Triangular solve has little parallelism	


•  Schur complement update is the only easy parallelize task	


•  Partial pivoting complicates things even further	


•  Bulk synchronous parallelism (fork-join)	
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•  For each step it’s the cost of the panel factorization	


–  Each panel is of size NB and each column of the panel requires	



•  1 idmax for the column to find the max absolute value below the diagonal	


•  1 swap for two rows: current I and the row of the idamax output	


•  1 dscal for the column below the diagonal	


•  1 dger to update the remaining part of the panel	


•  Total number of operations for the panel is (M-1/3NB)NB2 + O(NB2) = O(M)	



–  The trsm is simply a gemm with the inverse of L: B = L-1B	


•  cost is NB*NB*N	



–  The update is simply	


•  1 dgemm that updates the trailing���

matrix, cost is (M-NB)(N-NB)NB	



•  Total cost of the algorithm is mn2-1/3n3. 	


for m=n it is 2/3n3	
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CuBlas

Performance	
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Magma v1: classic
CuBlas

Performance	
  



swap kernel	



gemm kernel	



Profiler	
  tracing	
  

Main points	


•  Swap is expensive, it cost around 60% of the total time	



swap kernel dlaswp: 
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Bottlenecks:	


•  Swap is sequential and data dependent.	



•  Data is not coalescent: a GPU warp cannot read 32 value a the same time unless 
matrix is stored in transpose. However if matrix is stored in transpose the swap is fast 
BUT the other components becomes very slow. 	



Proposition:	


•  Develop a parallel version of swap.	


•  Also  it improves the write back of the swapped rows as the data is now coalescent.	



How the swap work? 



swap kernel	



gemm kernel	



gemm kernel	



swap kernel	



Profiler	
  tracing	
  
sequential swap: 

parallel swap: 



11% of the time	



Profiler	
  details	
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Magma v2: parallel swap
Magma v1: classic
CuBlas
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panel: classical getf2	



Profiler	
  tracing	
  
Panel factorization dgetf2	
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LU	
  details	
  
How the dgetf2 work? 

1.  find the max absolute value of a column below the diag “pivots”	


2.  swap the row of size nb	


3.  scal the column below the diag by the inverse of the pivots	


4.  update the right of the column dger	





30% of the time	
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LU	
  details	
  
How the dgetf2 work? 

Proposition:	


•  Nested blocking fashion:	


	

Develop a nested blocking technique that 
block also the panel in order to replace the 
dger kernel by dgemm kernel.	





panel: classical getf2	



panel: blocked getf2	



Classical dgetf2: 

Blocked dgetf2: 

Profiler	
  tracing	
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8% of the time	
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Magma v3: 2levels blocking getf2
Magma v2: parallel swap
Magma v1: classic
CuBlas
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60% of the time	
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streamed dgemm K=128
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Magma v4: streamed/batched gemm
Magma v3: recursive blocking getf2
Magma v2: parallel swap
Magma v1: classic
CuBLAS
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Proposition:	


•  Multi-levels blocking of the update: 	


	

Take advantage of the dgemm with larger K	
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step 0: 	


dgemm K=32 	


next panel 	



step 1: 	


dgemm K=64	



step 2: 	


dgemm K=32 	


next panel 	



step 3: 	


dgemm K=64	



step 0,1,2: 	


dgemm K=32 	


next panel 	



step 3: 	


dgemm K=128	



step 4,5,6: 	


dgemm K=32 	


next panel 	



step 7: 	


dgemm K=128	



multi-level 
blocking K=128	



multi-level 
blocking K=64	
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Magma v5: 2levels blocking update
Magma v4: streamed/batched gemm
Magma v3: recursive blocking getf2
Magma v2: parallel swap
Magma v1: classic
CuBLAS



Summary	
  and	
  future	
  work	
  

Batched GPU one sided factorization:	


	


•  Batched xpotrf is done, toward the batched xgeqrf	



•  Use the batched technique to factorize tall-skinny matrices for both dense and 
sparse	



•  Develop a version of the panel that factorize only 1 large panel:	


•  to be integrated in MAGMA standalone-GPU one-sided factorization	


•  also might be interesting to port it to the Nvidia Jetson (arms+gpu)	



Ongoing stuff:	


•  Multi-GPU SVD code (1-stage and 2-stages) also using the dynamic version of 

MAGMA.	


•  Distributed Eigenvalue/SVD for PARSEC	


•  Distributed Eigenvalue on GPU using two-stages (paper submitted to SC14)	


•  Tasks based eigensolver routines for multicore/distributed/GPU/MIC	




