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Consideration of Applicating Design of Experiments
to General Purpose Automatic Tuning Facility for Softwares

Kazumasa KOTANI + and RELJI SUDA

In this paper, with an example of an loop unrolling optimization in a matrix-matrix multiply
function, we consider to applicate some tecniques of Design of Experiments as general-purpose
methods to automatic performance tuning of softwares. Adopting orthogonal polynomial
model and orthogonal array on estimation of performance evaluation function, we try to de-
compose the effects of tuning parameters, improve the accuracy of estimation, and reduce the
number of test executions. And we consider evaluation method that is based on the demand

in performance tuning as making choice of optimal parameter configuration.
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'ABCLib$ install unroll (I) region start
'ABCLib$ name MyMatMul
'ABCLib$ varied (I,J,K) from 1 to 5
do I=1, N
do J=1, N
dal = A(I,J)
do K=1, N
dc = C(K, J)
dal = dal + B(I,K) * dc
enddo
A(I,J) = dal
enddo
enddo
'ABCLib$ install unroll (I) region end

0 1 ABCLibScript 000000000000 DOOOOOO
oo
Fig.1 The matarix-matrix multiplier with unroll
directives of ABCLibScript
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Fig.2 The appearance of the effect of N

e 256 000000 NOODODODODODDODODO
DOodooobDooooobooooobooooon
Oo0o0ooodnO0000O000000 mOoOOO
000 QUO0O AlICOO00DO0O0O0oOooooog
00o0o0o0oo0o0ooso0ooooo
AIC’zn{l—l—log(QW%) +2m
00000  NOODOOODOOOOOoOoOOoOoooo
Oo0o000ooooooooooooooooooooo
(1) 00000 4000000000000000
NODDODODOO
(2) 0000 NOOOOODOOOOOoOOooOoD
o000 0oooobooooooooooan
goooooooooo
(3) 220 00000000000000000
(4) AlICOO0OO0OO0O0D0ODOOODODOOoOn
(5) Oodoooobooooooooooooon
god0oooooooo 30000ooon
0004000000000000000004
goboobooooboobuooboobooo
goobooobood
gogboboooboboobobooboboooo
gobooooboobobobobuoobbooobo
gboooloooboboboboboboboobobo
goobooobboooboboooboo
3.4 O00O0OO
gobboooooooboobooboobobooooogo
00 AlCODO0OO00D0DO0O0O0oO 3gooooog
N,i,j, k0000000 (dy,di,d;,de) 000000
0000000 {(dy — 1) %27+ (di — 1) 9 + (d; —
)*3+(de—1))} 000000000
0000 AlCOD0DO00DOoO0DOoOooooooOg
O (dy,di,d;, di) =(1,2,1,2)0(1, 1,1, 1)0(1, 1, 1, 1)

AlC

_1 1500 1 1 1 1 1 1 1 1
0

'2200 T T T T T T T T
128 <N <256 ——
256 <N <512 -—-—----—- :
2300 - 512<N<1024 -------- i -
-2400 | [ T T
-2500 e 4
-2600 4
-2700 N‘
_2800 1 1 1 1 1 1 1 1
0 9 18 27 36 45 54 63 72 81
pattern of model dimension
03 DO0UoOoooooo AIC
Fig.3 calculated AIC at each model dimension
_8500 T T T T T T T T
128 <N<256 ——
256 <N <512 - o
9000  512<N <1024 -------- ; -
900 - i
10000 |ozzzirseziemeed i
-10500 | i
-11000 T T T

9 18 27 36 45 54 63 72 81
pattern of model dimension

04 0D0O0O0OO0OOOOO AICOOOOOOO
Fig.4 calculated AIC at each model dimension
(in full factorial design)

0000000000000000000 3000
0000AICOO000O0O0DDO000O0 (1,3,3,3)0
(1,2,1,1)0(1,2,1,1) 00000

00 330000000000000AICO000
000000000000000000000000
NOiOOODO AICOOO0OO00D0000000
0ooooooo

000000000000000000000000
0000 N=7240000000000000000
0000000 600000000 (4,4,k) = (3,4,2)
0000 NOOOOOOOOOOOO 60000
oooo
00000000000000000000000
00000000000D0000000 (00000
00 ,/0000000)0000000000000
000000000000000000000000
000000000000000000000000

01960


島貫
テキストボックス
－196－


execution time / N®

execution time / N®

4.5e-09 T . : . i : :
observed value (N=724) ———

estimation (full factorial) -------

estimation (orthogonal) -------- E

4e-09
sse00 [ VWV Y 4 1
3e-09 v foas T
2.5e-09 i N A A

2e-09

1.59_09 1 1 1 1 1 1 1
0 8 16 24 32 40 48 56 64
unroll pattern (i,j,k)
05 N=72400000000000
Fig.5 observed values and estimated values of each
unroll patterns at N=724
3.8e-09 T
3.6e-09 -
3.4e-09
3.2e-09 |
3e-09 .
2.8¢-09 |- R
2.6e-09 |
24609 1 observedvalue  + |
2.2e-09 - W estimation (full factorial)  x B
estimation gorthogonal) *
2e-09 L L 1 1 L
0 128 256 384 512 640 768 896 1024

unroll pattern (i,j,k)
06 0000000 (i,j,k)=(3,4,2) 00000000000
Fig.6 observed values and estimated values
at unroll levels (¢, 7, k) = (3,4,2)

oo0ooOooooooooOooOoo /oooooo
oooooooooooooooObo NOOODOOO
Ooooooo 24004,5,k00000000000
goooobooooooooooooocoooooon
ooboooooooobooobooboo 20000
512< N <1024000000000000000
goo,00000000000000000000
goooooooedonooooooOoOooooon

02 0J00000OO0DOO0OOoooa
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Table 3 evaluation by optimal parameter configuration

sum of relative errors of minimum
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1286< N <256 | 19/24 (0.024) | 19/24 (0.024)
256 < N <512 | 17/24 (0.154) | 17/24 (0.154)
512 < N < 1024 1/24 (1.08) 1/24 (1.08)
00ooooo
1286< N <256 | 18/24 (0.025) | 17/24 (0.027)
256 < N <512 | 20/24 (0.163) | 20/24 (0.163)
512 < N < 1024 2/24 (0.98) 2/24 (0.98)
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Fig.7 The relation between residual sum-of-squares

and sum of relative errors of minimum
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