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Performance Prediction of a Tridiagonalization Algorithm
for Cache-based Microprocessors

YUSAKU YAMAMOTOt

We construct a performance model for Bischof & Wu’s tridiagonalization algorithm that is
fully based on the level-3 BLAS. The model has a hierarchical structure, which reflects the
hierarchical structure of the original algorithm, and given the matrix size, the two block sizes
and the performance data of the underlying BLAS routines, predicts the execution time of the
algorithm. Experiments on the Opteron and Alpha 21264 A processors show that the model
is quite accurate and can predict the performance of the algorithm for matrix sizes from 1920
to 7680 and for various block sizes with relative errors below 10%. The model will serve as
a key component of an automatic tuned library that selects the optimal block sizes itself. It
can also be used in a Grid environment to help the user find which of the available machines
to use to solve his/her problem in the shortest time.
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Fig.1 matrix at the K-th stage of Bischof’s algorithm.
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0 1 The coefficients of eq. (1) for DGEMM(’N’’N’) on
the Opteron.

n at afy agy ago

3 8.75E-9 5.54E-8 -1.54E-9 2.21E-6
6 9.83E-9 7.99E-8 1.08E-8 3.18E-6
12 1.19E-8 1.73E-7 3.63E-8 4.92E-6
24 1.98E-8 2.14E-7 7.64E-8 8.33E-6
48 3.55E-8 3.33E-7 1.57E-7 1.60E-5
96 6.73E-8 4.77E-7 3.11E-7 3.29E-5

0 2 Actual (above) and estimated (below) execution
times (s) of DGEMM(’N”N’) (Opteron, n = 12).

k m = 100 m = 200 m = 400 m = 800
3 1.39E-05 2.17E-05  3.80E-05 7.05E-05
1.26E-05 1.98E-05  3.42E-05 6.29E-05
6 1.63E-05 2.68E-05  4.88E-05 9.25E-05
1.67E-05 2.74E-05  4.89E-05 9.19E-05
12 2.36E-05 3.99E-05 7.53E-05 1.44E-04
2.48E-05  4.27E-05 7.84E-05 1.50E-04
24 3.97E-05 6.84E-05 1.31E-04  2.53E-04
4.12E-05 7.32E-05 1.37TE-04  2.66E-04
48 7.18E-05 1.31E-04  2.53E-04 4.95E-04
7.38E-05 1.34E-04 2.55E-04 4.97E-04
96 1.40E-04  2.55E-04 4.98E-04 9.77E-04
1.39E-04 2.56E-04 4.91E-04 9.61E-04
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0 3 Actual (above) and estimated (below) execution
times (s) of reduction to a band matrix (Opteron,

N = 1920).
M\L 3 6 12 24 48 96
1 16.63  9.57 6.15 4.98 4.65 4.96

15.36 8.90 5.83 4.73 4.46 4.86
2 14.28 8.51 5.73 4.88 4.70 5.20
12.97 7.88 5.33 4.62 4.53 5.07
4 13.23 8.11 5.66 4.95 4.94 5.67
11.98 7.44 525 4.70 4.75 5.49
8 12.89 8.10 5.76 5.22 5.49
11.61 7.41 5.37 4.96 5.22

16 13.05 8.38 6.14 5.90

11.75 7.70 5.71 5.51

32 13.67  9.10 7.04

12.36 8.36 6.43

64 15.07 10.75

13.68 9.69

0 4 Actual (above) and estimated (below) execution
times (s) of reduction to a band matrix (Alpha,
N = 1920).
M\L 3 6 12 24 48 96
1 42.01 23.04 14.27 11.02 9.98 10.55
41.59 23.81 14.54 11.11 9.95 10.31
2 37.27 20.83 13.55 10.86 10.08 11.02
38.41 21.42 13.81 11.03 10.16 10.90
4 35.26  20.16 13.42 11.04 10.60 11.96
36.09 20.76 13.77 11.28 10.79 11.76
8 34.66 20.24 13.68 11.70 11.71
35.63 20.91 14.15 12.04 11.78
16 35.02  20.81 14.63 13.04
36.23  21.72  15.21 13.32
32 36.36  22.67 16.59
37.93 23.61 17.06
64 39.94  26.36
41.56  27.05

5. 0 ooan

oooOooooooooobooooboooooooDboo
0000000 Bischof & WuODOOOOOOOODO
gbooboooobooooooboooooooo
goooboooooooooooooooooobooo
00000000 OOpteron 000 Alpha 21264A0

0290


島貫
テキストボックス
－29－

研究会temp
テキストボックス


ooboooooooDon0o N=192000 N = 17680
0oo0ooooooDool%ooooooooon
gobooOoooooobooooooboooboon
obobooooboobobooooooobooboood
oooooobooooogon

oooooooooooobcoooooooooboao
gbobooboooobooobooooooooooooon
odooooboobooooooooboooooooon
oooboooooooooooooooooooon
gooooooooooooooocooooooon
goobooooooooobbboooobooooo
oooooDo

o0 ooOoOooOobooooooboobOoOooboo
ooboooooooooooooboooooooog
000000002100 coEODOOOOOOOOO
ooooooO0ooOboO0O00ooOO0OooonoOBO
oooog 1ereoo3booonoooOonOO

g o o0 0o

1) Anderson, E., Bai, Z., Bischof, C., Demmel,
J., Dongarra, J., Du Croz, J., Greenbaum, A.,
Hammarling, S., McKenney, A., Ostrouchov, S.
and Sorensen, D.: LAPACK Users’ Guide, Sec-
ond edition, SIAM, Philadelphia, 1995.

2) Bischof, C., Marques, M. and Sun, X.: Parallel
Bandreduction and Tridiagonalization, Techni-
cal Report 8, PRISM Working Note, 1993.

3) Bischof, C., Lang, B. and Sun, X.: Parallel
Tridiagonalization through Two-step Band Re-
duction, Technical Report 17, PRISM Working
Note, 1994.

4) Blackford, L. S, Choi, J., Cleary, A.,
D’Azevedo, E., Demmel, J., Dhillon, I., Don-
garra, J., Hammarling, S., Henry, G., Petitet,
A., Stanley, K., Walker, D. and Whaley, R. C.:
ScaLAPACK Users’ Guide, SIAM, Philadel-
phia, 1997.

5) J. Cuenca, L. -P. Garcia and D. G. Gimenez:
Empirical Modeling of Parallel linear Alge-
bra Routines, in Proceedings of the 5th In-
ternational Conference on Parallel Processing
and Applied Mathematics (PPAM2003), Lec-
ture Notes in Computer Science, No. 3019,
pp. 169-174, Springer-Verlag, 2004.

6) J. Cuenca, D. Gimenez and J. Gonzalez: Ar-
chitecture of an automatically Tuned Linear
Algebra Library, Parallel Computing, Vol. 30,
pp. 187-210 (2004).

7) K. Dackland and B. Kagstrom: A Hierar-
chical Approach for Performance Analysis of
ScaLapack-based Routines Using the Linear

0300

Algebra Machine, in proceedings of Workshop
on Applied Parallel Computing in Industrial
Computation and Optimization (PARAY6),
Lecture Notes in Computer Science, No. 1184,
pp- 187-195, Springer-Verlag, 1996.

8) J. Dongarra and V. Eijkhout: Self-Adapting
Numerical Software for Next Generation Appli-
cations, International Journal of High Perfor-
mance Computing Applications, Vol. 17, No. 2,
pp. 125-131 (2003).

9) Dongarra, J. J., Hammarling, S. J. and
Sorensen, D. C.: Block Reduction of Matrices
to Condensed Forms for Eigenvalue Computa-
tions, Journal of Computational and Applied
Mathematics, Vol. 27, pp. 215-227 (1989).

10) Golub, G.H. and van Loan, C.F.: Matriz Com-
putations, Third edition, Johns Hopkins Uni-
versity Press, 1996.

11) T. Katagiri, H. Kuroda and Y. Kanada: A
Methodology for Automatically Tuned Par-
allel Tridiagonalization on Distributed Mem-
ory Parallel machines, in Proceedings of Vec-
Par2000, pp.265-277, Faculdade de Engenharia
da Universidade do Porto, Portugal, June 2000.

12) 000,000, 00000: 0000000
goob0:000bobooob, on, 198s5.

13) Salvini, S. A. and Mulholland, L.S.: The NAG
FORTRAN Library, in Proceedings of the Ninth
SIAM Conference on Parallel Processing and
Scientific Computing 1999, SIAM, Philadel-
phia (1999).

14) Wu, Y.-J. J., Alpatov, P. A., Bischof, C. H.
and van de Geijn, R.A.: A Parallel Implementa-
tion of Symmetric Band Reduction Using PLA-
PACK, in Proceedings of the Scalable Parallel
Libraries Conference, 1996.

15) O000:000000000000O000OOO
00000o0oog,0o000o00oog ACS,
Vol. 46, No. SIG3 (ACSS), pp. 81-91 (2005).


島貫
テキストボックス
－30－

研究会temp
テキストボックス




