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A Race-based method for improving performance assurance level for matrix computation

Ken Naono", Mitsuyoshi Igai® and Hiroyuki Kidachi®
1) Central Research Laboratory, Hitachi, Ltd. 2) Hitachi ULSI Systems Corporation

We propose a race-based method for improving performance assurance level for matrix computation. The method executes
multiple sets of matrix computation with the different tuning parameters to alleviate the performance degradation of the
computation with a single tuning parameter. Along with the development of Grid computing technologies, automatically tuned
matrix libraries, which enable high performance tuning on several computing platforms, are recently attracting much attention.
However, the performance with the existing automatic tuning sometimes degrades dramatically in some cases to cause performance
instability problems. Our race-based method is the solutions to such performance instability problems. The experiments of the
method for 5 BLAS (Basic Linear Algebra Subprograms) codes on PC (Pentium4, 3.2GHz) show that, in the best case, a 4 member

race achieves about 8.6% better in the sense of the lowest-performance in a certain interval.
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K1 FEBAROEARITIE

L~yL i JLER N

BLAS1 DAXPY Y MLVNFE

BLAS2 DGEMV1 1THNT VIR

BLAS2 DGEMV2 HREATHI I MV

BLAS3 DGEMM 1THIRE ((HLN X 40 O
1THNC D)

BLAS3 DSYR2K Zv 7 2FH ({HLN X 40
SYOEHNZED)

AT SRR B II LA T DL BN THD,

c N—KRDU =T+ 7T r7 4 — A Hitachi FLORA370DG (CPU :
Pentium 4 (HT) 3.2GHz, L1 ¥ =:8KB, L2 ¥+ =:512KB,
F70%:512MB DDR-SDRAM)

+ 227317 :Intel FORTRAN Compiler Version 7.1

s XA AT g —03 —prefetch —unroll —align —lowercase
—nodps —fpp2 ~tpp7 —xW —vec_report3 —opt_report

KRBT DT a—= T RTG A= F, Tora—0r 7B
NEBLOTHNIT AR DS FIETHD, FK21ZH BLAS
HAEOMGT v a—U o T BB Y 2Rd, BETRI,
42T BLAS ETHO), {(+1), {+2), (+3}0 4 @35, Fiz,
% BLAS OREBZ v/ 7 40%X5, K6I1Z/RT, 72F, K

0990

£ FR Tra— T B A

DAXPY (1), (2), (4), (8), (16)

DGEMV1 (1-1), (2-1), (4-1), (8-1), (16-1)

DGEMV2 (1-1), (2-1), (4-1), (8-1), (16-1)

DGEMM (1-1-1, (1-2-1, 1-4-1), @-1-1), (2-2-1),
(2-4-1), (4-1-1), (4-2-1), (4-4-1)

DSYR2K (1-1-1, (1-2-1), (1-4-1), (2-1-1), (2-2-1),
(2-4-1), (4-1-1), (4-2-1), (4-4-1)

BLAS1 (DAXPY) (4)JEBA
DO 50 1=1,N,4
Y@ =YD + AxX(0)
YA+ 1)=Y(I+ 1)+ AX(T+ 1)
Y +2) =Y +2) + AxX(1 + 2)
YA +3)=Y(I+3)+AxX(1 + 3)
50 continue

BLAS2 (DGEMV1) (2-1)BH
DO 240 J=1,N,2
SO=ALPHA*X(J )
S1=ALPHA*X(J+1)

DO 230 I=1,M
Y=YD+ALJ] )*S0
* +A(LJ+1)%S1

230 CONTINUE
240 CONTINUE

BLAS2 (DGEMV2) (2-1)ERH
DO 340 J=1,N,2
S=0.0D0
S$1=0.0D0
DO 330 I=1,M
S=S+AU0 )X
SI=S1+A,J+1)%X(1)
330 CONTINUE
Y(J )=ALPHA%S
Y(J+1)=ALPHA*S1
340 CONTINUE

BLAS3 (DGEMM) (4-2-1)5A
PARAMETER (LF=2,1.G=4)
LGMOD=MOD(LGX,LG)
LEMOD=MOD(LFX,LF)
DO 1040 NG=0,L.GX-1-LGMOD,LG
DO 1010 NF=0,L.FX-1-LFMOD,LF
$11=0.0D0
$21=0.0D0
$12=0.0D0
$22=0.0D0
S13=0.0D0
$23=0.0D0
$14=0.0D0
$24=0.0D0
DO 1000 K=0,LHX-1
S11=S11+A(K,NF )*B(K,0)
S12=S12+A(K,NF  )*B(K,1)
S13=S13+A(K,NF )*B(K,2)
S14=S14+A(K,NF )*B(K,3)
$21=S21+A(K,NF+1)%B(K,0)
$22=822+A(K,NF+1)*B(K,1)
$23=S23+A(K,NF+1)*B(K,2)
$24=524+A(K,NF+1)*B(K,3)
1000 CONTINUE
CINF NG )=C(NF NG )+S11
C(NF+1,NG )=C(NF+1,NG )+S21
C(NF ,NG+1)=C(NF ,NG+1)+S12
CINF+1,NG+1)=C(NF+1,NG+1)+$22
C(NF  ,NG+2)=C(NF ,NG+2)+S13
C(NF+1,NG+2)=C(NF+1,NG+2)+$23
C(NF  ,NG+3)=C(NF ,NG+3)+S14
C(NF+1,NG+3)=C(NF+1,NG+3)+$24
1010 CONTINUE
1040 CONTINUE

X5 BLAS OREB7 177 L4
(DAXPY, DGEMV1, DGEMV2, DGEMM)
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BLAS3 (DSYR2K) (4-2-1)& B
NMOD=MOD(N,4)
KMOD=MOD(K,2)

DO 50 J=1,N-NMOD, 4
DO 20 L=1,K-KMOD,2
QI=ALPHA*Q( ,L )
Q2=ALPHA*Q(] ,L+1)
Q3=ALPHA*Q(J+1,L. )
Q4=ALPHA*Q(J+1,L+1)
Q5=ALPHA*Q(J+2,L. )
Q6=ALPHA*Q(J+2,1.+1)
Q7=ALPHA*Q(+3,L. )
Q8=ALPHA*Q(J+3,1.+1)
UI=ALPHA*U(J L )
U2=ALPHA*U(J ,L+1)
U3=ALPHA*U(J+1,L. )
U4=ALPHA*U(J+1,L+1)
U5=ALPHA*U(J+2,L. )
UB=ALPHA*U(J+2,L+1)
U7=ALPHA*U(J+3,L. )
US=ALPHA*U(J+3,L+1)
DO 10 I=1,]
AL ) =A0J )+ ULL )*Ql + QUL )*U1
* + U(LL+1D*Q2 + Q(I,L+1)*U2
AQLJ+D) = A(LJ+D + UQLL )*Q3 + Q(LL )*U3
* + U(LL+1)*Q4 + Q(I,L+1)*U4
A(LJ+2) = A(LJ+2) + UL )*Q5 + QUL )*U5
* + U(LL+1)%Q6 + QU L+1)%U6
A(LJ+3) = A(LJ+3) + ULL )*Q7 + QUL )*U7
* + U(LL+1D)*Q8 + QU L+1)%U8
10 CONTINUE
20 CONTINUE
50 CONTINUE

X6 BLAS OJERR7 17 15 (DSYR2K)

4.2 FHERER

FTEDITFIYAX N O (%1, N=1000-1100) (235
T, X N AR R BB S & ORRFE ] L 7=7s CHEREIRFE
Lo EEEFR LT, $7-. KN TORRMERE L i
AR RO E /NS LIz R e MERE A B E IR (PR %
D7/ ERIDOZE) LU T L7z, Z2°C, A ~-HEDL
(Trebb, #BEDHM) IOV TIE, 0}, (+0, +1}, {+0, +1,
+2}, {10, +1, +2, 3} 4 BV LTz, LItk ZNHOEBED
FaE N, (40}, Max{+0, +1}, Max{+0, +1, +2}, Max{+0, +1,
+2, +31EEKFT D,

#3124 BLAS OXMKETra— T BBz b4
BT O X N EARMEREE, 3 L OMEREZEBNIRHIBEE D
FERETRT,

Max{+0,+1,+2,+3}DFERE 12 LV . DSYR2K TIEX MR AIK
PERENR 8.6%b 1A B L fEHED DRI IR R E SR
Lot o BLAS TiE, K&K DR LN
DAXPY {ZBWTH 0.77%B LT 0.72% ., DGEMM (28T
9 1.02%B LN 2.83% R EFIUTEREZII2VN, YEREL )
IEIZ DWW TIFR 23%~60%HITR CETHRY, /EFEDZHEN
MR TET-,

#3 4% BLAS IR DR IBINHARPEREE O] ERIBI O
PEREA B IR HI IR

Max{+0,+1,+ 538.77 Mflop/s 39.3%
2 (1.0057)
Max{+0,+1,+ 539.58 Mflop/s 49.8%
2,+3} (1.0072)
DGEMV1/ 600— {+0} 729.43 Mflop/s -
2-1) 700 (——)
Max{+0,+1} 761.20 Mflop/s 36.4%
(1.0436)
Max{+0,+1,+ 762.66 Mflop/s 38.2%
2} (1.0456)
Max{+0,+1,+ 762.66 Mflop/s 38.2%
2,+3} (1.0456)
DGEMV1/ 1300- | {+0} 774.81 Mflop/s -
2-1) 1400 (—)
Max{+0,+1} 778.07 Mflop/s 7.1%
(1.0043)
Max{+0,+1,+ 782.99 Mflop/s 17.7%
2} (1.0106)
Max{+0,+1,+ 793.67 Mflop/s 40.8%
2,+3} (1.0243)
DGEMV2/ 800— {+0} 761.06 Mflop/s -
2-1) 900 G )
Max{+0,+1} 767.03 Mflop/s 9.1%
(1.0078)
Max{+0,+1,+ 781.58 Mflop/s 31.4%
2 (1.0270)
Max{+0,+1,+ 786.22 Mflop/s 38.5%
2,+3} (1.0331)
DGEMV2/ 1700- {+0} 688.49 Mflop/s -
2-1) 1800 (——)
Max{+0,+1} 703.74 Mflop/s 16.6%
(1.0222)
Max{+0,+1,+ 712.95 Mflop/s 26.6%
2} (1.0355)
Max{+0,+1,+ 713.11 Mflop/s 26.8%
2,+3} (1.0358)
DGEMM/ 1000- | {+0} 3071.78 Mflop/s -
(1-4-1) 1100 (—)
Max{+0,+1} 3101.94 Mflop/s 22.0%
(1.0098)
Max{+0,+1,+ 3102.48 Mflop/s 22.3%
2} (1.0100)
Max{+0,+1,+ 3103.25 Mflop/s 22.9%
2,+3} (1.0102)
DGEMM/ 2500~ | {+0} 3056.02 Mflop/s -
(1-4-1) 2600 G )
Max{+0,+1} 3119.58 Mflop/s 41.6%
(1.0208)
Max{+0,+1,+ 3132.03 Mflop/s 49.7%
2} (1.0249)
Max{+0,+1,+ 3142.42 Mflop/s 56.5%
2,+3} (1.0283)
DSYR2K/ 500- {+0} 740.15 Mflop/s -
(4-4-1) 600 (——)
Max{+0,+1} 792.86 Mflop/s 35.4%
(1.071)
Max{+0,+1,+ 792.86 Mflop/s 35.4%
2} (1.071)
Max{+0,+1,+ 803.94 Mflop/s 42.9%
2,+3} (1.086)
DSYR2K/ 1800~ | {+0} 662.12 Mflop/s -
(4-2-1) 1900 (—)
Max{+0,+1} 681.05 Mflop/s 29.9%
(1.029)
Max{+0,+1,+ 687.90 Mflop/s 40.7%
2} (1.039)
Max{+0,+1,+ 697.02 Mflop/s 55.2%
2,+3} (1.053)

BLAS/ X[ Ak X[ P e AR P i i MEREZH)
unroll (1) _E3R) T IR
DAXPY/ 9000~ | {+0} 1724.14 Mflop/s -
(4) 9100 (—)
Max{+0,+1} 1735.06 Mflop/s 49.6%
(1.0063)
Max{+0,+1,+ 1737.36 Mflop/s 60.0%
2} (1.0077)
Max{+0,+1,+ 1737.36 Mflop/s 60.0%
2,+3} (1.0077)
DAXPY/ 30000 | {+0} 535.73 Mflop/s -
2) - (——— )
30100 | Max{+0,+1} 536.42 Mflop/s 8.9%
(1.0013)

0 1000
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F/=. ATLAS(R—a 3.6)&, Max(+0, +1, +2, +3}, 3K
OMHO M EATE A LB U 7= 85 A X 7127~ ., DAXPY,
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