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A Study on the Development of an Efficient Subspace Iteration Method

Byung-Chai Lee and Seung-Hwan Oh
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Abstract

An enhanced subspace iteration algorithm has been developed to solve eigenvalue problems

reliably and efficiently. Basic subspace iteration algorithm has been improved by eliminating

recalculation of converged eigenvectors, using Krylov sequence as initial vectors and incorporat-

ing with shifting techniques. The number of iterations and computational time have been consider-

ably reduced when compared with the original one, and reliabililty for catching copies of the

multiple roots has been retained successfully. Further research would be required for mathemati-

cal justification of the present method.
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Problem 1 Problem 2 Problem 3 Problem 4
No. of element 972 818 2940 2500
No. of node 5934 608 1516 2601
No. of d.o.f 3024 3600 9000 7399
Profile ] 494748 235000 1146060 1121115
Assemble time (sec) 1.2 0.71 13.7 8.29
Decomposition (sce) 29.9 6.92 78. 94 55.3
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Fig. 1 Building structure consist of beams (1)
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Fig. 2 Building structure consist of beams (2)
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Table 2 Time for eigen analysis, sec (Problem 1)
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Problem Method Matrix multiply Eigen analysis Total CPU time
M1(18) 53.88 204.49 242 .44
M2(18) 43.45 162.91 200.87
P1(10) MZ(ZO) 40.97 143.03 176.25
M3(20) 33.98 123.92 162.58
| M@0 26.07 127.10 153.25
M1(28) 108.75 410,73 449 45
M2(28) 80.15 296.76 335.43
J M2(40) 78.21 272.38 306.76
P1(20) E—
M3(40) L 81.84 302.25 340.97
M3 (54) 75.35 279.68 318.46
M4 (40) 58.57 233.82 266.11
MI1(38) 235.03 889.35 928.30
M2 (38) 148.10 532.83 571.88
P1(30) M2 (60) 150.49 525.37 559.25
M3 (60) 92.34 343.72 382.72
M4 (60) 82.68 322.13 354.49
Table 3 CPU time for eigen analysis, sec (Problem 2)
Problem Method Matrix multiply Eigen analysis Total CPU time
M1(18) 35.65 126.54 136.32
M2(18) 29.92 104.24 114.08
P1(10) N M2(20) 26.78 89.53 98.54
M3 (20) 15.31 56.41 66.24
M4 (20) 10.83 40.31 48.34
M1(28) 131.08 460.44 470.27
M2(28) 90.88 305.33 315.16
M2 (40) 88.79 287.53 296.54
P (20) >
M3(40) 111.05 396.61 406 .45
M3 (54) 54.55 203.66 213.55
M4 (40) 45.67 167.45 177.52
1
M1(38) 273.21 955.98 965.81
M2(38) 171.35 545.19 555.02
P2(30) M2 (60) 129.12 432.10 441.16
M3 (60) 177.49 636.14 646.09
M3(85) 85.18 337.02 346.09
M4 (60) 107.37 393.11 401.18
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Table 4 CPU time for eigen analysis, sec (Problem 3)

Problem Method Mat-rix Eigen} J TOtél
multiply analysis CPU time
M1(18) 97.03 9107 | 170.99
M2(18) 83.27 338.45 418.31
P3(10) M2(20) 71.46 279.46 350.70
M3(20) 71.13 330.05 409.97
M4 (20) 62.86 295.44 % 355.75
M1(28) 368.29 1424.83 1504.69
M2(28) 232.16 887.43 % 967.46
o) M2 (40) 252.10 909.18 T[ 980.48
M3(40) 136.33 622.69 702.67
M4 (40) 102.36 370.03 430.45
M1 (38) 822.72 3132.02 3212.04
M2(38) 609.16 2118.48 2198.50
P3(30) M2 (60) 669.54 2352.13 2423.59
M3(60) 347.22 1471.68 1551.76
M4 (60) 211.08 852.94 j 913.47
Table 5 CPU time for eigen analysis, sec (Problem 4)
Problem Method Matrix multiply Eigen analysis Total CPU time
M1(18) 79.52 282.54 r 354.66
M2(18) 70.97 250.18 322.42
— 1
P4(10) M2 (20) 79.75 279.90 352.08
M3 (20) 79.92 278.58 350.08
M4 (20) 64.22 302.97 375.09
M1(28) 182.38 639.23 711.34
M2 (28) 140.48 482.13 554.37
P4(20) M2 (40) ‘ 167.98 609.23 681.52
M3 (40) 122.35 447.97 520.25
M4 (40) 123.55 5929.15 601.32
MI1(38) 318.11 1172.72 1244 .89
M2(38) 226.91 791.10 863.32
P4(30) M2 (60) 273.30 1056. 00 1128.50
M3(60) 176.80 679.31 751.60
M4 (60) 150.99 585.56 657.85
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Table 6 CPU time for eigen analysis with convergence tolerance 107% sec (Problem 4)
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Problem Method Matrix Multiply Eigen analysis Total CPU time
M2 (20) 54.25 190.26 222.50
P1(10)
M4 (20) 31.37 141.65 173.90
M2 (40) 119.04 415.40 447.70
P1(20)
M4 (40) 68.60 237.26 309.56
M2 (60) 192.10 673.72 706.07
P1(30)
M4 (60) 92.50 372.12 404 .42
M2(20) 38.07 127.26 135.28
P2(10)
M4 (20) 14.90 60.52 68.49
M2 (40) 128.85 420.90 428.97
P2(20)
M4 (40) 53.47 202.78 210.86
M2 (60) 173.13 579.30 587.43
P2(30) -
M4 (60) 122.06 456 .65 464 .67
M2(20) 99.97 348.77 409.20
P3(10) -
M4(20) 63.55 301.98 362.34
M2 (40) 340.14 1164.64 1225.23
P3(20)
M4 (40) 132.93 561.28 621.70
Mz (60) 855.37 2927.75 2988.49
P3(30)
M4 (60) 276.39 1107.79 1168.32
M2 (20) 100.18 352.29 423.04
P410)
M4 (20) 70.84 326.09 423.04
M2 (40) 212.14 768.29 839.21
P4(20)
M4 (40) 133.77 566 .66 637.52
M2 (60) 342.78 1321.34 1392 .36
P4(30)
M4 (60) 151.32 586.05 656.91
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