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Extension of E-SSOR preconditioning suited to
complex symmetric problem

Abstract: We consider efficient numerical solutions of complex linear systems as the Helmholtz equations in
the external scattering problems. In case of complex problems, the total amount of floating-point operations
increases fairly compared with that of real problems. Accordingly it is crucial to choose optimally the pre-
conditioning technique for the above complex problem. Therefore, we extend the so-called Eisenstat-SSOR
preconditioning to be robust and efficient for the Helmholtz equations. Through numerical experiments, we
verify the efficiency of the modified complex E-SSOR preconditioning.
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Table 1 Characteristics of test matrix.

oo ooo oo oood

ooo Oooo
dtn_scatter_2pi | 123,000 | 2,293,464 18.65
dtn_scatter_55 123,000 | 2,293,464 18.65
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Table 2 The convergence rate of COCG method with five kinds

02 500000000 cocGgOoOOOO

of preconditionings.

(a) matrix0 dtn_scatter_2pi

oo0o@moo w O0o0o0| 0o oo O oo O
O oo oo oo
[sec.] [msec.]

oo |oo -- 2,623| 19.773 1.00{ 7.538 1.00
oo - - 2,439| 18.485 0.93| 7.579 1.01
oooo -- 2,475 19.784 1.00| 7.994 1.06

1C(0) - - 1,035| 18.360 0.93|17.739 2.35

ooo|oo 1.0 - 1,050| 14.325 0.72|13.643 1.81
oo 1.2 - 1,045| 13.988 0.71|13.386 1.78
ooogd|1.0- 1,050| 14.043 0.71|13.374 1.77

DS_v1 -0.5 - 2,995| 40.716 2.06|13.595 1.80

DS_v2|0 0 1.0 - 1,050( 14.238 0.72|13.560 1.80
oo 1.2 - 1,045| 14.353 0.73|13.735 1.82
ooogd|1.0- 1,050| 14.297 0.72|13.616 1.81

CS oo 1.2 0.0075| 1,045| 13.955 0.71|13.354 1.77
oo 1.2 0.075 |1,020({13.651 0.69| 13.383 1.78
oooodj1.2o0.01 1,025| 13.788 0.70|13.452 1.78

(b) matrix0 dtn_scatter-55
oo0o@moo w O0o0o0| 0O oo O oo O
O oo oo oo
[sec.] [msec.]

oo |oo -- 4,735| 35.682 1.00| 7.536 1.00
oo - - 4,765| 35.983 1.01| 7.552 1.00
oooo| -- 4,698| 37.703 1.06| 8.025 1.06

1C(0) - - 2,077| 36.854 1.03|17.744 2.35

ooo|oo 1.0 - 2,145| 28.592 0.80|13.330 1.77
oo 1.2 - 2,035| 27.092 0.76|13.313 1.77
ooogd|12- 2,085 27.921 0.78]13.391 1.78

DS_v1 -0.5 - 4,855| 67.478 1.89|13.899 1.84

DS_v2|00 1.2 - 2,130| 28.770 0.81}13.507 1.79
oo 1.2 - 2,035| 27.688 0.78|13.606 1.81
0oooo|1.0- 2,115| 28.738 0.81]13.588 1.80

CS oo 1.2 0.01 2,095 27.848 0.78]13.293 1.76
oo 1.2-0.25 |1,980(26.443 0.74|13.355 1.77
oood|1.2-0.25 (1,980(26.424 0.74|13.345 1.77
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