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Performance and Accuracy of Algorithms
for Computing the Eigenvalues of Real Symmetric Matrices
on Cache-based Microprocessors

YUSAKU YAMAMOTO'

Dongarra’s tri-diagonalization algorithm has been widely used to compute the eigenvalues
of real symmetric matrices on cache-based microprocessors. However, it is known that this
algorithm can attain only 10 to 25% of the peak performance because half of the total arith-
metic operations are done in the form of matrix-vector multiplication, which has low rate
of data reuse. In this paper, we evaluate the performance and accuracy of Bischof’s and
Wu’s algorithms, which can perform most of the operations as matrix-matrix multiplication.
Experiments on the Pentium 4 Xeon, Opteron, Alpha 21264A and Ultra SPARC III micropro-
cessors show that these algorithms can attain twice the performance of Dongarra’s algorithm
when tri-diagonalizing a matrix of order 3840, achieving 50% of the peak performance. The
accuracy of computed eigenvalues was found to be slightly lower, but the maximum relative
errors lie within 2 to 3 times that of Dongarra’s algorithm in most cases, and within 10 times
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even in the worst case.
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Fig.1 Matrix at the k-th stage of the Householder
method.
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01 L0O L 000000000000 Opteron 1.6 GHzO
N = 9600
Table 1 Execution times as a function of L and L’
(Opteron 1.6 GHz, N = 960).

L'| L=1 3 6 12 24 48 96
1] 808 348 196 1.23 0.92 0.77 0.81
(0.0) (3.45) (1.94) (1.21) (0.86) (0.66) (0.59)
0.07 0.10 0.16 0.26 0.44 0.96
8.08 3.55 2.06 1.39 |1.18]| 1.21 1.77
2| 470 2.23 1.37 0.98 0.80 0.75 0.85
(3.71) (2.19) (1.35) (0.95) (0.74) (0.64) (0.63)
- 0.07 0.10 0.16 0.26 0.44 0.96
4.70 2.30 1.47 1.14 1.06 1.19 1.81
4| 292 1.63 1.11 0.86 0.78 0.79
(1.97) (1.62) (1.10) (0.83) (0.73) (0.69)
— 0.07 0.10 0.16 0.26 0.45
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02 LOL0000000000OOOpteron 1.6 GHzO
N = 19200
Table 2 Execution times as a function of L and L’
(Opteron 1.6 GHz, N = 1920).

L'| =1 3 6 12 24 48 96
1| 49.31 2279 1297 8.28 6.24 521 5.33
(0.0) (22.75) (12.87) (8.15) (6.01) (4.73) (4.25)
- 031 042 0.69 1.08 216 4.93

49.31 23.10 13.39 8.97 |7.32| 7.37 10.26
2| 30.13 15.48 9.55 6.79 5.50 5.04 5.47

(22.02) (15.45) (9.48) (6.68) (5.27) (4.58) (4.39)
- 0.31 042 068 1.09 216 4.93
30.13 15.79 9.97 7.47 6.59 7.20 10.40
4] 19.96 12.08 8.09 6.08 534 519 5.87
(11.93) (12.04) (8.04) (5.98) (5.12) (4.73) (4.80)
- 0.31 042 069 1.09 216 4.93
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(0.71) (1.31) (1.02) (0.91) (10.15) (7.47) (6.24) (5.95)

— 0.07 0.10 0.16
1.64 1.39 1.14 1.10
32| 1.48 1.43 1.20
(0.55) (1.41) (1.17)

- 0.07 0.09
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Fig.3 Performance of the three algorithms on the
Opteron processor (1.6 GHz).
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Table 3 Parameters for the structural analysis matrices.

oo N 000000 00000000
besstk08 | 1074 7017 4.7 x 107
besstk12 | 1473 17857 5.3 x 108
besstk13 | 2003 42943 4.6 x 10'°
besstk23 | 3134 24156 6.9 x 1012
besstk24 | 3562 81736 65
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04 Frank0OODOODOODOODOOOOO
Table 4 Maximum relative errors of the computed
eigenvalues for the Frank matrices.

N Dongarra O Bischof O Wu O
480 | 3.87 x 107 4.03x 107 4.03 x 107
960 | 1.59 x 10710 245 x 10719 245 x 1071°
1920 | 7.39 x 10710 772 x 1071°  7.90 x 10710
3840 | 1.91x107° 365 x 107  3.65 x 107°

05 200 550000000000UDO0ODOODOUODOODOO
Table 5 Maximum relative errors of the computed eigen-
values for the 2-dimensional 5-point finite differ-
ence matrices.

N Dongarra O Bischof O Wu O
480 | 4.24 x 107 3.69x 107  1.14x 10714
960 | 1.94 x 107'* 887 x107'* 3.03x 10"
1920 | 4.43 x 107'*  1.90 x 107! 9.11 x 1074
3840 | 1.14x 107  1.68 x 107'% 342 x 10713

06 OD0OOOODOODOOOOOOOOOOO
Table 6 Maximum relative errors of the computed

eigenvalues for the structural analysis matrices.

N Dongarra O Bischof O Wu O
besstk08 | 1.38 x 107 291 x107°  1.37 x 107°
besstk12 | 1.46 x 1078 1.39 x 1078 258 x 1078
besstkl13 | 1.34 x 107 1.16 x 107%  1.26 x 107°
besstk23 | 1.78 x 107% 153 x 107%  1.09 x 10~4
besstk24 | 1.36 x 107°  3.60 x 107°  3.09 x 107°

Largest relative error
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Fig.7 Maximum relative errors of the computed

eigenvalues for the random matrices.
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