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8.1 Peta / 43 Giga  is about  190,000!  

8.1 Petaflops 
43 Gigateps 
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•  Iterative methods for solving linear systems  
–  Symmetric SpMV (CG) can potentially go twice as well. 

–  Some unsymmetric methods need transpose (QMR, BiCG) 

•  Principal component analysis, eigenvalues (pagerank) 

y A x y AT x 

A is an n-by-n sparse matrix with nnz << n2  nonzeros 
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#  Canonical approach: Register blocking 
#  Example data structure: BCSR 

•  Nonzeros are grouped into dense r x c blocks 
•  Some explicit zeros are added 
•  Performance can hurt especially in DP as streaming 

explicit zeros is wasteful 
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Matrix independent 
model construction  
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Architecture specific 
•  Nehalem-EX 
•  16 threads 
•  8 cores 

For a particular 
register block size 
•  r = 4  
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Bitmasked register 
blocks pay off 
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Regular register blocks pay off 

Bandwidth-bound 
performance using 
regular register blocks  
(with explicit fill) 
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•  Each of these boxes is a !x! 
“compressed sparse block” for ! "n,  

•  Nonzeros are stored in Z-morton order 
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y A 

Each of these “compressed 
sparse blocks” are further 
parallelized if necessary 

•  Dynamically scheduled nested parallelism  
•  Via work stealing 
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Floating point atomics 

Purely algorithmic 
No data races here 

•  Too many diagonal “levels” might limit parallelism.  
•  Optimal number of levels is (1) architecture, (2) 

matrix, (3) run-time dependent 
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•  Strategy is extendible  
    (guided by auto-tuning)  
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Nonzero density 
for r = 4 
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SpMV autotuning parameters 

Main Inputs:  
•  #{hardware threads} available. 
•  Sparse matrix (and its RCM ordering) 

for symmetric algorithm:  
•  Amount of parallelism on each block diagonal (via cilkscreen) 
•  Atomics performance (determines the number of block diagonals) 

Variables to tune:  
1.  #{block diagonals treated algorithmically} 
2.  #{temporary vectors} ! #{synchronizations between diagonals) 
3.  (potentially variable) register block dimensions   
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for bitmasked register blocking:  
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