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One Operation
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MATLAB, file from http://www.cise.ufl.edu/research/sparse/matrices/Simon/venkat01.html



  

Motivation
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Processor Clock (MHz) Data Cache 
sizes

DGEMV
(MFLOPS)

DGEMM
(MFLOPS)

Sun Ultra Sparc IIi 333 L1:    16 KB
L2:     2 MB

58 425

Intel Pentium III-Mobile 800 L1:    16 KB
L2:   256 MB

147 590

IBM Power 4 1300 L1:    64 KB
L2:   1.5 MB
L3:    32 MB

915 3500

Intel Itanium 2 900 L1:    16 KB
L2:   256 KB
L3:     3 MB

1330 3500

Machines



  

CSR: Compressed Sparse Row Format

3 0 0 5

0 1 7 0

0 0 2 0

0 0 0 4

3 5 1 7 2 4Values:

Column Index:

Row start Index:

0 3 1 2 2 4

0 2 3 5 6



  

Register-Blocking

3 0 0 5

0 1 7 0

0 0 2 0

0 0 0 4

Values:

Column Index:

Row start Index:

3 0 0 1 0 5 7 0 2 0 0 4

0 2 2

0 2 3



  

Example for Register-Blocking



  

Example Results



  

Performance Model: Machine Profile



  

Performance Model: Fill-Overhead
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Performance Model
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0 0 2 0

0 0 0 4
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2.54
2

= 1.27

Example on Intel Itanium 2 with 2×2 block-size:



  

Register-Blocking Speedup: Intel Pentium III-M



  

Register-Blocking Speedup: Intel Itanium 2



  

Cache-Blocking

3 0 0 5

0 1 7 0

0 0 2 0

0 0 0 4

Values:

Column Index:

3 1 5 7 2 4

0 1 3 2 2 3

0 1 2 3 4 5 6

0 4 7Block row start:

Block start Index:



  

Cache-Blocking



  

Benchmark Cache-Blocking



  

Cache-Blocking Speedup



  

Multiple Vectors

u0 v0

u1 v1

u2 v2

u3 v3

y00 y01

y10 y11

y20 y21

y30 y31

(1) 3⋅u0+0⋅u1= y00

(2) 0⋅u0+1⋅u1= y10

⋯

(nz+1) 3⋅v0+0⋅v1= y01

(nz+2) 0⋅v0+1⋅v1= y11

(1) 3⋅u0+0⋅u1= y00

(2) 0⋅u0+1⋅u1= y10

(3) 3⋅v0+0⋅v1= y01

(4) 0⋅v0+1⋅v1= y11

3 0 0 5

0 1 7 0

0 0 2 0

0 0 0 4

=⋅

nz = number of non-zero elements in A



  

Multiple Vectors Speedup: Intel Pentium III-M



  

Multiple Vectors Speedup: Intel Itanium 2



  

SPARSITY System

Graph: Paper



  

Conclusion

 4x improvement for register-blocking

 2x for cache-blocking

 10x for register-blocking combined with multiple vectors

 Lot of publications in reference to SPARSITY
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