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Development of a Numerical Library with a Performance
Stabilizing Mechanism for Cache Conflicts

TOSHIYUKI IMAMURAt and KEN NAONOf#t

In development of a numerical library, performance issue is a significant metric for guar-
antees of its quality. Recently a lot of systems introduce high performance libraries with
the automatic tuning technology like ATLAS. To select an appropriate code segment due to
the particular platform, accurate evaluation of the upper limit performance and assurance of
the peak performance are essential factors. In this paper, we focus on the cache instability
caused by data layouts, and new stabilizing method is proposed, on which the resource con-
flicts in an n-way set associative cache are avoided by using data reconstruction and dynamic
rearrangement of arrays. The result of a preliminary test shows that our method stabilizes
the performance on several platforms, an SR8000, a Power4 and a Pentium 4. The standard
deviation of the observed performance is reduced within about 2 percent of the mean value.
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Fig.1 Conceptual view of a 2-way set associative cache.
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dimension U(NU,N),V(NV,N)
do I=1,N,M
do J=1,N
A(J,I)=A(J,I)-V(J,I)*U(J,I) &
-V(J,I+1)*U(J,I+1) &

-V(J,I+M-1)*U(J,I+M-1)
enddo
enddo
02 00000000000O00OO0OOoOOOOOOO0OOOOO
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Fig.2 Example code which attracts a set conflict in multi-

ple streams of the same array (the case of an outer
loop expansion).

do I=1,N
do J=1,N
A(J,I)=A(J,I1)-V1(J,1)*U1(J,I) &
-V2(J,I1)*U2(J,I) &
-V3(J,I1)*U3(J,I) ...
enddo
enddo

03 J000O00odobOouooboOoooooooboooboooo
Fig.3 Example code which attracts a set conflict in

multiple streams of multiple variables and arrays.
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introducing the performance stabilizing algorithm.
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do I=1,NV
do J=1,N

ZR(J,1)=ZR(J,I) &
+UR(I,1)*WR(J,1)-UI(I,1)*WI(J,1) &

+UR(I,2)*WR(J,2)-UI(I,2)*WI(J,2) &

+UR(I,M)*WR(J,M)-UI(I,M)*WI(J,M)
Z1(J,1)=Z1(J,I) &

+UR(I,1)*WI(J,1)+UI(I,1)*WR(J,1) &

+UR(I,2)*WI(J,2)+UI(I,2)*WR(J,2) &

+UR(I,M)*WI(J,M)+UI(I,M)*WR(J,M)
enddo
enddo

05 WwYOOOOOOOODOOODO 200000
Fig.5 Second core loop of the inverse Householder trans-
form routine implemented in a WY-representation.
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Table 1 Hardware and compiler specifications.
00 SR8000F1 IBM pSeries690 Desktop PC
ooooo Power3 00O 0O Powerdd 2 00 O Pentium 4
gooo 375 MHz 1.3 GHz 2.8 GHzO FSB533 MHz0O
gooooooo 1.5 GFLOPS 5.2 GFLOPS/00O 5.6 GFLOPS
Liooooo 128 KBO 4-way 32KB/0002-way 8 KBO 4-way
gooooooo 128 B 128 B 64 B
L2ooo0o0o — 512KB x 30 8-way 512 KBO 8-way
gooooooo 128 B 128 B
L3ooooo — 32 MBO 8-way —
goooooooo 512B
ooooo 00 FORTRAN IBM XL Fortran Intel Fortran Compiler
00000 vo1-05 goooo 8.1 for Linux v7.1
ooooooooao -64 -Os -noparallel -q64 -O5 -qarch=pwr4d  -O3 -tpp7 -axW
-pvec -model=F1 -qtune=pwr4 -f-noalias
0oooooooooog (6, L, L p,d) (32,12,7,3,3) (32,11,7,3,3) (16,8,3,3,3)
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Fig.6 Performance observed between 2048 + 64
dimension on an SR8001 model F1.
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Fig. 7 Performance observed betweeen 2048 + 64
dimension on a pSeries690.
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Table 2 Effect of the cache stabilizing mechanism at the dimension between 2048 + 64.

SR8000F1 pSeries690 Pentium4
ooooo oooo 906.705 1806.25 2669.8
oooad 238.641 396.328 110.742
oooo/oooo 0.2631 0.2194 0.0414
Heuristics | 0000 1028.66 2082.01 2689.18
oooo 41.6849 78.7963 39.7363
oooo/oooo 0.0405 0.0378 0.0147
Hybrid oooad 1003.60 2048.17 2625.84
oooo 17.3325 31.3857 21.1173
oooo/oooo 0.0172 0.0153 0.0080

000000000 MFLOPSOOOOOOOOMFLOPSOOOOOO/0OOOO

[MFLOPS]
140
1200 B
1000+ g
800 B
600+ g
400+ B
Stabilizer off
200+ Heuristics 1
Hybrid ——
0 . . . .
0 500 1000 1500 2000 2500

[dimension]
09 102048 000000SR8000F1 00O
Performance observed from 1 to 2048 dimension on
an SR8000 model F1.

Fig. 9

goboboooooooooboooooooon
gooooboooooooboooooooooooon
gobooooooooboooobooouoooooo
oooooooboooooooooooooooon
oooooooon
oobooooooooooooooobooooooa
goobooboooooooooboooooobooon
gooboobooboooooooobobooobooo
2%0000000000000000000000
goooooooobOOoooDooboOooooobooDbo
oobo 2000000
goooooooooboooooooooood
1020480000 10000000000 900 100
11o0000boooobooooobooooooo
gboooobooobooooobooobobooooaoo
gooroooooooooooooboocooooon

100 204800000 512, 683, 1024, 1365, 1536, 2048
00000000 (4000000

[MFLOPS]
300
2500+ 4
2000+ 4
1500~ 4
1000+ 4
5004 Stabilizer off |
Heuristics
Hybrid ——
0 L L L L
0 500 1000 1500 2000 2500

[dimension]

0 10 102048 000 0D OpSeries690
Fig. 10 Performance observed from 1 to 2048 dimension
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Table 3 Effect of the cache stabilizing mechanism at the dimension from 1 to 2048.
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pSeries690 Pentium4

Heuristics 0oooo (ar,br)
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(1143.26, 313.371)
(7286.58, 911.733)
(c,d) | (0.00152, —165.996)

(2134.02, 50.7317) (2813.46, 103.668)
(108437, 4707.19) (37936.9, 1170.44)

(0.00446, —104.938) (0.0145, —103.009)

{SQRT(SSR)/n} /a,

SQRT(SSR/n) 50.90
0.0445

101.1 119.3
0.0473 0.0424

Hybrid 00000 (a1,b1) | (1147.00, 374.153) (2203.03, 55.1822)  (2770.12, 82.4459)
(az,bz) | (7972.82, 887.608) (108428, 4825.25) (758739, 24770.2)
(c,d) | (0.00131, —67.1947)  (0.00461, —101.918)  (0.0160, —100.762)
SQRT(SSR/n) 36.20 64.90 44.97
{SQRT(SSR/n)}/a1 0.0315 0.0294 0.0162
00O0O0ftting 00 00000000000000000 SQRTOSSR/n00000 o, 0000
ooooao Jdd0ddb0obObO00o0oooooooboooooo

goOd2048+64 000 00000000O00O0DOO0O
goooobobOooOooooooobooo1o0o0o
00000 f(z) =az/(z+b) 000000000
grPOO0O0OO0OO0OODODOOOOOOODOOO LIoa
000 L200000000000O00DOO0OooDOo
goobooobooooooboooboooboobooo
O20000000000000DO0DbD0O0bDO0UOO
f(x) = fi(x) - (1 + tanhe(z + d))/2
+fa(z) - (1 —tanhe(z +d))/2  (9)
fi(@) = arz/(x + by),
fo(z) = azx/(x +b2),000 a1 < as.
goooooooooboboobboooooo 30
0000000 0obOoOoooboDoOooooboooao
0o0oooooOOobOboOOo0ooObOOoooOooooOooa
gobooooooobbobooobobibodgn e 0O
gobooboooobbooboooboobooo
00000000 000000 SQRIO SSR/n0O0O
gddooboooboobooooobooooooo
gdobo0o0ooboobooooooo
248 00000000 DOOO0ODOODODO SQRT
OSSR/n00000000000OO0ODOOO0OOOO
000000000 0o00oo 2%000000000
Jo0o0oboooodbo0ooobooboooooooo
0d0oo00Do00ooOOobOoOoOoObDOo0oOooDoOooon
goobobooboboooo
gdboboooooobobb 2000b000bDO
gooodoooboobooobobooooooooooo
goooooooobboooobobobooooo
gooobooooboboboboobobobooboooo

Y 0000000000 NOOOO 300000000000
0000000 300000000000000000000
NOOOOOOoOooOoooo ooOooOOOOOoOOOOOOO
oooooooo

gbooobooooooboooooooooooon
5. 0 0O 0O

0000000000000 oooooooooo
gooooooUoOoooooooooooooooo
o0ooooooooooO0oO0Oooooooooo
ooooooooooOoOoogooooooogo
0000000000000 0C0000 O On-way set
associative 0 OO0 OO O0OD0ODOOOOODO 2000
0000000000 oooooooooooon
000ooooooooooOooooooooooog
000000 0doooDOoO0oooooooooon
J00000o0ooo0oo0oo0oooooooog
00o000o000ooooooooooooooooo
o0oo0oooooooooooooooo

00000 On-way set associative 0 000 OO0
o00opD0oooOOooUoUdoOooooooouoooo
0000ooooOo sMpPOOOOOOOCODOOO TLB
O0o0o0ooUooooooooooooooooo
0o00ooooooooooooooooooooon
0000000o0ooo0ooooooooooood
00000 ooooooooooooooooooo
0o0oooooooooooooooooooon
00000000oooo0o0ooogooooooog
oooooooooooOooooOooooooooo
oooooOooOooOoooOoOoUOooOoooOoDOoo
ooo

0o0ooUoooooopooooUooooooooo
oooooooOoUoooooooooooooooo
000000000 0o0oooooooooood



Vol. 45 No. SIG 6(ACS 6)

o o o o

1) Whaley, R.C., Petitet, A. and Dongarra, J.J.:
Automated Empirical Optimization of Soft-
ware and the ATLAS Project, LAPACK Work-
ing Note 147 (2000).

2) Bilmes, J., Ananoic, K., Chin, C.-W. and
Demmel, J.: Optimizing Matrix Multiply using
PHiPAC: a Portable, High-Performance, ANSI
C Coding Methodology, Proc. International
Conference on Supercomputing 97, pp.340-347
(1997).

3) JJUU0Uuooooo0oo0o OUooo ooo
gooodbooobooboobooboobo
Jo000D0o0ooobOooobooooboooo
00000Dooooooooooooonovol.42,
No.SIG12(HPS 4), pp.60-76 (2001).

4) Katagiri, T., Kise, K., Honda, H. and Yuba,
T.. FIBER: A Generalized Framework for
Auto-tuning Software, Proc. 5th International
Symposium, ISHPC2003, LNCS 2858, pp.146—
159 (2003).

5) Nakada, H., Sato, M. and Sekiguchi, S.: De-
sign and Implementations of Ninf: towards a
Global Computing Infrastructure, Future Gen-
eration Computing Systems, Metacomputing
Issue, Vol.15, Issues 5-6, pp.649-658 (1999).

6) Arnold, D., Agrawal, S., Blackford, S.,
Dongarra, J.J., Miller, M., Seymour, K., Sagi,
K., Shi, Z. and Vadhiyar, S.: Users’ Guide to
NetSolve V1.4.1, Technical Note of University
of Tennessee, ICL-UT-02-05 (2002).

7) Dongarra, J. and Eijkhout, V.: Self-adapting
Numerical Software for Next Generation Appli-
cations, The International Journal of High Per-
formance Computing and Applications, Vol.17,
No.2, Summer 2003, pp.125-131 (2003).

8) U0 0O0O0000O0O0OO0OOOoOoOoOoOOd
goobobooobobooobooooooogood
Vol.2002, No.91, pp.49-54 (2002).

9) 000000 0U0OOOooooOoOooooo
gbobobobobboboooouoooobo

gbdoooboooooooooooooooOoooooooooog 121

00000000000 OoOgDoo SACSIS20030
pp.145-152 (2003).

10) Goto, K. and Van de Geijn, R.: On Reducing
TLB Misses in Matrix Multiplication, FLAME
Working Note #9, Technical Report of The
University of Texas at Austin, Dept. of Com-
puter Science, TR-2002-55 (2002).

11) Golub, G. and Van Loan, C.: Matriz Compu-
tations third edition, The Johns Hopkins Uni-
versity Press (1996).

(0O 1O10010000)
(OO 10110 28000)

o ooooooo

19690001996 0000000
Pt gooooooocoooooooo
.... goooooocooooobooooo
() gooooooooooooooon
gooooooooooooooon
OO0ooooooooooOooo STAoDoooOoOod
2001000 20020000000000000 HLRS
gboooooobobz2e030000000000000
O0000HPCOOOOOOOOOOOOODDOO
ooboooooooooOOooOOboOoOoOoooboooO
b 1nogooooooooooooooobooboooon

O000oooooooooosIAMOOOO

od gooodad
19680 0019940000000
gooooooocoooooooo
gooocbobbobobooboobooooo
OoD0OO0O00000000 SR22010
= SRgpoo DO O0O0O0O0O00ODODOO
O00000o0ooooooooooOoogoRpC
oooooooooOoOoooooooHPCOOOO
ooboooooooooboooobooooooobbooo
oooooooo




