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Automatic Tuning for the Algorithm of QR Decompaosition
— an investigation into performance models —

TAKESHI FUKAYA ,T1 YUSAKU YAMAMOTO 12
AND SHAO-LIANG ZHANGT!

Recently, we have studied the automatic performance tuning for algorithms of basic ma-
trix computations such as the QR decomposition. In terms of the tuning cost, it is not
practical to measure all values required in the tuning process. Therefore, values estimated
by performance models are used, instead of exact values. In this paper, we discuss the per-
formance models used in our proposed auto-tuning method. Numerical experiments show
that some models decrease tuning cost and keep the effect of tuning.
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Fig.1 QR decomposition using the Householder transformations.
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Fig.2 Blocked Householder QR decomposition.
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Algorithm 1 Dynamic Programming (DP)
Input: m,n
Output: Bgrl, ], Bwy|,]
for h = 1tomdo
Torlh, 1] = Twy[h, 1] < Housef)
end for
for k =2tondo
for h = k tom do
Tor[h, k] = Twy[h, k] — +o0
fori=1tok —1do
tor < Twy[h,i] + Tapp(h, i, k — 1)
+Torlh — i,k — ).
twy < Twy[h,i] + Tapp(h, i, k —3)
+Twy[h — i,k — t] + Tagg(h, i, k — 7).
if tor < Tor[h, k] then
Tor[h, k] < tor, Bor[h, k] — i
end if
if twy < Twy|h, k] then
Twy [h, k] < twy, Bwy[h, k] — i
end if

end for
end for
end for
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+ [mipa —mllng — allksy — E|f(ms,n500, kR)
+ |m; — ml|nj — Aillkpyr — klf(mis1, ng, k)
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Table 1 Computational environments used in experiments.

oo oo
CPU Intel Xeon X5670 (2.93GHz) D OO OO0
ooo 24GB
oS Yellow Dog Enterprise Linux
ooooo geever. 41200000 -03)
BLAS ATLAS ver. 3.8.0

52 0 00O
Tapp, Tagg 000000 300000000000
model D 000 BLASOOOODUOOOOOOODOOOOODOOOOO
model 2000000000000 DDOO0 1,2,4,8,16,32,64,128,256,5120
model3J 000000 DOOOODODOOOO 1,3,9,27,81,243,5120
gobooooOooboOooobooenbboOoOO
bO recursive bisection
fO fixed-size blocking
hO hybrid blocking (fO bO
diOmodel 10000000 O0OOOOOODOOOOOCOOO
d20model 20 0000000000 OOOOOOOOOO
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Table 2 Time for optimization (sec.).

ooo 0ooooo ooooo 0o
modell - 1.95 x 10°  1.95 x 10°
model2 5.81 374 380
model3 2.73 373 376
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Table 3 Execution time for computing QR decomposition (msét[l O Parenthetic number means the optimal block
length.

execution time (msec.)

m n b f h d1 d2 d3
128 128 | 142 1.13(12) 1.12(12) 110 153 141
256 128 | 248 2.05(12) 2.04(12) 203 235 266
256 256 | 6.97 5.58(12) 5.47(48) 532 6.66 7.28
384 128 | 359 3.01(12) 296(12) 292 329 4.00
384 256 | 104 8.61(12) 8.29(48) 820 9.16 11.1
384 384 | 178 155(18) 145(48) 144 169 202
512 128 | 477 3.93(16) 3.89(12) 3.77 415 5.08
512 256 | 13.8 11.8(12) 11.3(48) 111 122 147
512 384 | 241 21.8(18) 20.4(48) 202 223 289
512 512 | 39.8 33.3(18) 30.6(48) 30.8 346 426
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Fig.6 Detail of xecution time for computing QR decomposition when= n = 512.
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