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Automatic Performance Tuning for Numerical Software

Toshitsugu Yuba
Abstract

Long-life software available during a long range period is required in high-performance computing
applications. There appear two remarkable tendencies in the field; increase of software development
cost and decrease of hardware development cycle. Rapid cycle of hardware development forces to
make long-life software indispensable. As a result, automatic performance tuning (auto-tuning, in
short) is in the spotlight, which leads to keep numerical software long-life by automatically adjusting
its performance to various computing environments. Performance tuning in high-performance
computing generally needs professional knowledge on target applications, libraries and computing
systems to obtain the maximum performance. Here, performance means speed, accuracy and
stabilization of computation. Auto-tuning makes it possible to automatically tune performance to
multiple computing systems.

In this paper, auto-tuning technology for numerical software is overviewed. First, auto-tuning is
formalized as “optimized mapping” from source programs to object programs, which can be
executed efficiently on a target computing system. Secondly, a framework of optimized mapping is
introduced and the auto-tuning mechanism for numerical software is described. Then, the
effectiveness of auto-tuning is shown by using experimental results based on a practically
implemented numerical library with an auto-tuning mechanism. Finally, related work and future

problems are remarked.
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Fig.1 Optimized mapping (Automatic tuning) model
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Fig.4 Implementation process of numerical library with
automatic tuning features

IABCLib$ static select region start

IABCLib$ parameter (in CacheS, in NB, in NProc)

IABCLib$  select sub region start

IABCLib$  according estimated

IABCLib$ (2.0d0*CacheS*NB)/(3.0d0*NProc)
Algorithm 1

IABCLib$ select sub region end

IABCLib$  select sub region start

IABCLib$  according estimated

IABCLib$ (4.0d0*CacheS*dlog(NB))/(2.0d0*NProc)
Algorithm 2

IABCLib$  select sub region end

IABCLib$ static select region end
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Fig.5 Description of machine characteristics and cost
definition function

IABCLib$ install unroll (j) region start
IABCLib$ varied (j) from 1 to 16
IABCLib$ fitting polynomial 5 sampled (1-5, 8, 16)
do j=0, local_length_y—1
tmpul = u_x();
do i=0, local_length_x—1
AlixH, i_y+) = Ali_x+, i_y+)+u_y(i)*tmpri1-x_k(i)*tmpu1
enddo enddo
IABCLib$ install unroll () region end
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Fig.6 Description of automatic tuning region and cost
definition function



if G_unroll .eq. 1) then
{the “as is” code]}
endif
if G_unroll .eq. 2) then  /*j is even.*/
do j=0, local_length_y—1, 2
tmpul = ux();  tmprl = mutmpul-y k()
tmpu2 = ux(+1); tmpr2 = mu*tmpu2-y _k(j+1)
do i=0, local_length_x—1
Ali_x+, i_yH) = Ali_xH, i_y+)+u_y(i*tmpr1-x_k(i)*tmpul
AlixH, iy++1) = AlxH, i_y++1)+u_y(i)*tmpr2—x_k(i)*tmpu2
enddo enddo
endif
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Fig.7 Program components generated by unrolling
outer-most loop
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Fig.8 Use of numerical library with automatic tuning features
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Fig.9 Development support system for automatic tuning programs
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Fig.10 Effect of algorithm selection in Frank matrix eigensolver machine environments

4.3 IW—TEROE 4.4 MEEREILOHF

FE2 TIX, SEBEOY Y YEREIZOWT, TAEE E1212, TR0 A4 X2 Zbse, FhiZL -
BTNV —TREDOMRZMWE L2 (7] R11IIRT CHEEERESED X ICZLS 50 %2 510 L 224 5 %2 R
£ ERTIE, OABF 2 —= Y 7 2#A L 2WEa. 3 [5], ~ ¥ » 85513 Hitachi SR8000 T %, MislidAT
@A Y A b= VEEOHBER L7286, OF Y A M=)V F9 4 X, fiElhid MFLOPS % HA7 & § 2 #EMRETH 5,
WA CTBBa — VSO @A L2612 T, E1T V—TREOBEEE 3~ 15 T TELEETn5, ZOFE
B2 M L7z v— 7RI X 2&EIIE. BEOT  Ehrs, DX EREEINS,

UL T ORI T a Y ICEENTWAEDT, Fh

FEMALZHE L LAV EIIOVWT, HEFa—=> 1) 7514 4 X 4,006 3545 C, M PERE SRR 124K T

T2 X B EEAL OB AT FIEY 4 LIRS T2,
W) TH Do 2) V— TEBBEK3 OaE. 54 Rk 5 E
SHHO~Y VERREIIBWT, HEjF 2 —= v 7% FEPERED A X 22 25 B 72 0o

HAL7ZHEE, AL ZWEEICLRTL2 ~35/0 3) V—TREBR I & ICHE RS R S,
EHEPEONTVWDE, PCTIAT R~y VY IRET

3. BE T 2 — =Y Z ORI A » A F — VIR EALT INHIE, Fy v P aDBERPLIOTAT VT
HY . BEI - VEOZWIZNEANTIE RV, PC7  BIRIZ X 2 AT5H 1 XH34,032 D & X Ozt v —
FAY Tl B VBT 2= ZI2E D, 34 FREBEBEK 3 OHEAT6,628K [, 15 D4 T 2,796K
EDEHELATEH N TV 5, SRE000 X VPP300 D & 9 742 [HFsA4: LTV 5475 4 XH34,006 D & X137 L < V—
A=A E2—=FTlE, A A b= VERELIZE)  FREBRN 3 D4 T4,233K [0, 15 D34 T 2,704M
WER Y VHESSELMRIIRE, L2 L BT - |5k LT b, 4,006 6 TORIEZR MR TIE, [T
VEEDRES A X2 ZB L2V — 7ROV TE, 3 Ol s B SHHML TW A DORRKETH 5.
FMba 234 T ORENPEN O ZNRARTIE R Ve V— TEBEM 3 OB413. HEBEHEIRI LTS
A=Ay Ea—=yOEHLa 24 FIZH LT PCYZ 1, 4,096 HHETIEL > L b L WlERIEE H722 b T
T A DYEIEMPLEESNET 4 75 ) 2 HWTWAD T, Zbhb, 1754 X2 X B EEREDZB A 2 WERE
BT — VIRIZAT ) OV — TR BORKBEALORNRDTE L2 MESESNTWE, F v v Y 2 DHEEENZE D
To T TORMBALT TV a YORBRIZOVWTIE,  H4VHEHIFAT, V— TEBABMOKZIVEREETH 5,
SR8000 (37 2% L 0 F5 A%, VPPOO (ZHEEIRE DT 3F Lo L., HEFE LTI A2RAEHLDT, #h%
TR/ S v T V%1 T ORGEALREIIZ, B X HEhwIcmhEE LR el AT 2 HEF 2 — =
CHEIZ L) GHDIRE W EPREBRIICHION TS, 723 s Shb,



12 E¥im

1200 —
My ——
M4 —
M5 -
1000 | W6
MY
a00 110
» MAZ ——
g M-AE ———
M-14
gmy M-15
19 M : Loop unrolling depths
o
f=
S 400 Hitachi SR8000
a 175141 X 4096
200 FEETHI1/2012
M=15 2704M T
0 . R . . . \ .
420 4040 4060 4000 4100 H20 4140 4ED 4180

Matrix dimension
12 vy 2Ty 9P H70 THEDARREN

Fig.12 Performance instabilization caused by cache thrashing
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