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An Incremental Parameter Estimation Method
for Software Automatic Performance Tuning
Applied to Sparse Matrix Computation

TERUO TANAKA,"® TAKAHIRO KATAGIRIO®
and TOSHITSUGU YUBA®000

In this study, an Incremental Parameter Estimation Method is applied to software auto-
matic performance tuning at run-time. In the method, the estimation is started from the least
sampling points, and the sampling points are incremented dynamically to improve accuracy.
For the evaluation of the method, it was applied to sparse matrix computation to estimate
block size for sparse matrix structure as a performance parameter. The results of the eval-
uation showed: 1) effects of optimized block sizes were between 107% and 223% according
to computers, 2) the method behaved global optimization rather than local optimization for
parameter estimation and 3) the execution time required for the parameter estimation was

only 1/1000 in average of the time required for sparse matrix computation.
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Fig.2 Structure of matrices E and D.
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Fig.3 Execution process of user program using numerical

library.
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Fig.4 Algorithm of incremental performance parameter
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estimation method.
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parameters and sparse matrices data source.
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Table 1 Sparse matrix data.

gooo ooogo oooooo oo
1 bbmat 38,744 L771,722  0.12%
2 cagel?2 130,228 2,032,536 0.01%
3 cage8 1,015 11,003 1.07%
4 circuitl 2,624 35,823 0.52%
5 ex11 16,614 1,096,948  0.40%
6 ex19 12,005 259,879 0.18%
7 ex35 19,716 227,872 0.06%
8 ex40 7,740 458,012 0.76%
9 1hr34 35,152 764,014 0.06%
10 lhr71c 70,304 1,528,092 0.03%
11 li 22,695 1,215,181 0.24%
12 matrix9 103,430 1,205,518 0.01%
13 olafu 16,146 1,015,156  0.39%
14 raefskyl 3,242 294,276 2.80%
15 raefsky3 21,200 1,488,768 0.33%
16 raefsky4 19,779 1,316,789 0.34%
17 raefsky5b 6,316 168,658 0.42%
18 raefsky6 3,402 137,845 1.19%
19 rim 22,560 1,014,951 0.20%
20 | rmal0 46,835 2,374,001  0.11%
21 shyy161 76,480 329,762 0.01%
22 stdlJac2 21,982 1,248,213 0.26%
23 std1lJac3 21,982 1,455,374 0.30%
24 twotone 120,750 1,206,265 0.01%
25 | xenonl 48,600 1,181,120  0.05%
26 xenon2 157,464 3,866,688 0.02%
27 ZdJac3 22,835 1,915,726 0.37%
28 ZdJac3db 22,835 713,907 0.14%
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Fig.8 Example of non-zero elements pattern.
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Fig.9 Example of ratio of non-zero elements pattern.
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Table 2 Expeliment result using all values of performance

parameter.

oooo SR11k SR8k Ppower PCnl
1 bbmat |BCRS(4) | BCRS(8) CRS CRS
2 | cagel2 |BCRS(2)|BCRS(4) CRS CRS
3 cage8 |BCRS(2) | BCRS(4) CRS CRS
4 | circuitl |BCRS(2) |BCRS(4)| CRS CRS
5 ex11 BCRS(4) | BCRS(4) | BCRS(2) | BCRS(2)
6 ex19 BCRS(2) | BCRS(4) CRS CRS
7 ex35 BCRS(4) | BCRS(7) CRS CRS
8 ex40 BCRS(4) | BCRS(4) | BCRS(4) CRS
9 1hr34 |BCRS(4) | BCRS(7) CRS CRS
10| 1lhr7lc |BCRS(4) | BCRS(T7) CRS CRS
11 li BCRS(2) | BCRS(4) CRS CRS
12| matrix9 | BCRS(3) | BCRS(4) | BCRS(3) | BCRS(3)
13 olafu BCRS(6) | BCRS(6) | BCRS(6) | BCRS(6)
14| raefskyl | BCRS(2)|BCRS(7) | BCRS(2) | BCRS(2)
15| raefsky3 | BCRS(4) | BCRS(8) | BCRS(8) | BCRS(4)
16 | raefsky4 | BCRS(4)|BCRS(4) CRS BCRS(2)
17| raefsky5 | BCRS(6) | BCRS(4) | BCRS(4) | BCRS(2)
18| raefsky6 | BCRS(3)|BCRS(4) CRS BCRS(2)
19 rim BCRS(2) | BCRS(8) CRS CRS
20| rmal0 |BCRS(4) |BCRS(4)| BCRS(4) | BCRS(2)
21| shyy161 |BCRS(4) CRS CRS CRS
22| stdlJac2 CRS CRS CRS CRS
23| std1Jac3 | BCRS(2) CRS CRS CRS
24| twotone CRS CRS CRS CRS
25| xenonl |BCRS(3)|[BCRS(6)|BCRS(3)|BCRS(3)
26| xenon2 |BCRS(3)|[BCRS(6)|BCRS(6) | BCRS(3)
27| ZdJac3 |BCRS(2) CRS CRS CRS
28 | ZdJac3db CRS BCRS(8) CRS CRS
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Table 3 Effect of block structure (CRS = 1).
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04 00000000O0OCRS=10000000000000
0O CRSOODO0OOOODOOODOOO
Table 4 Effect of block structure (CRS = 1) excluding
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Fig.10 Experiment result of each computers.
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method.
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