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Robust incomplete factorization (RIF) based on the A-orthogonalization process is an effective preconditioning
technique for the conjugate gradient (CG) method to solve highly ill-conditioned linear systems. This research aims
to accelerate the convergence of the finite element analysis of shell structures by holding the sparsity in the

preconditioner and by parallelizing the localized process of RIF preconditioning and by using mixed precision

arithmetic. In the numerical results, the proposed RIF preconditioner has shown better convergence and faster

computing time than the conventional preconditioner.
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Fig.1 Preconditioned conjugate gradient method
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Fig. 2 Preconditioner of ISAINV
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Fig. 3 Preconditioner of IRIF
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Fig. 4 Preconditioner of IRIF(1)
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Fig. 5 Schematic representation of sill-in and ignored
domains of lower triangular matrix in localized IRIF
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Fig.6 Mixed precision preconditioned conjugate
gradient method
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Table 1 Numerical results of mixed precision parallel preconditioned CG method

Matrix Precond. (S,F:ggg ) PE Iteration m:gzn t?rrrlzcgi] timeC [C:ec] timZOE:elc]
SHELL-B Localized 15 1 145265 3.52E+10 2.69 2703 2706
ILU(2) 15 2 236442 6.54E+10 0.84 2317 2318
Single 15 4 232386  6.43E+10 0.306 1231 1231
precision 15 8 241825 6.55E+10 0.125 693 693
15 16 239214 6.72E+10 0.0668 399 400
Localized 15 1 144343 3.52E+10 2.72 2740 2743
ILU(2) 15 2 229277 6.53E+10 0.853 2294 2295
15 4 226431 6.43E+10 0.315 1229 1229
1.5 8 229507  6.40E+10 0.136 679 679
15 16 245880  6.82E+10 0.0708 459 459
SHELL-B Localized 0.08 1 115353 1.40E+10 586 2088 2674
RIF(1) 0.08 2 140451 1.40E+10 149 1330 1479
Single 0.08 4 143220 1.40E+10 38.8 730 769
precision 0.08 8 145154 1.39E+10 9.88 298 308
0.08 16 152784 1.41E+10 244 244 246
Localized 0.08 1 114751 1.40E+10 554 2136 2690
RIF(1) 0.08 2 140205 1.40E+10 141 1364 1505
0.08 4 142978 1.40E+10 37.3 754 791
0.08 8 145151 1.39E+10 9.45 419 428
0.08 16 152768  1.41E+10 25 284 289
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