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Fig. 1 Gaussian synthetic surface
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Tab.1 Comparison of computational efficiency with different pre-processing

) FHAI R B If i) 22 (B PIEARIREL
W%

ICCG SSORCG S T SICCG ICCG  SSORCG S T

101101 0. 0797 0. 0922 0.1178 0. 2418 0. 0381 23 42 74 66
301301 0. 6826 0. 7896 1. 0882 1. 7557 0. 4056 23 38 69 61
501X 501 1. 9908 2. 4962 3. 6256 5.2110 1. 6348 22 37 69 59
10011001 8.1942 10. 4086 15. 6115 21. 3498 7.4173 22 37 69 59
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Tab.2 Comparision of simulation accuracy with different

inner-iteration numbers

EES AR/ € 1CCG SSORCG S T
5 2.3482 7.4335 6. 4740 7.9532
10 0. 0395 0. 8129 4.7385  1.9689
20 0.000026  0.0145 0.4666  0.0876
50 0 0 0.000 513 0. 000 044
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Tab.3 Comparision of simulation accuracy with different

outer-iteration numbers

AR IREL ICCG SSORCG S T
2 0.001163 0.017035 0.113418  0.094594
4 0.000138  0.002427  0.013710  0.007262
6 0. 000064 0.001169 0.006030  0.003271
8 0.000042  0.000821  0.007483  0.002054
4 g

HASM #8 py F SBR[l ™ EE i 29 1
FHET BN o AR SCEF AT I A58 TR B g 285 P S5 A
TESCHEAR LA I HE A L, 73 3R HIAS 58 45 Cholesky
O3 TIUAL TS 35 K o R 28 A i A ot 91 Ak B 7 9 %o
RBGEM AT AL B, 7E AR R b SE %
JE T PIRAS R B BAL BE 5 1% AT S S A i i T

X103

12

0 1 2 3 4 5 6 7 8
Kl 2 S5 ICCG WA 5 P R e &
Fig. 2 Relationship between time interval
(S method and ICCG method) and the number of grid
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Fast Methods for High Accuracy Surface Moldeling

ZHAOQO Na and YUE Tianxiang
(State Key Laboratory of Resources and Environment Information System , Institute

of Geographic Sciences and Natural Resources Research, CAS, Beijing 100101, China)

Abstract: As a novel surface modeling method, the whole computing process of HASM can be divided into
three parts: deriving finite difference approximations to differential equations, establishing the sampling
point equations and solving the algebra equations. The well known conjugate gradient method has been
used extensively to solve this symmetric positive definite system instead of Gaussian's elimination based di-
rect methods, especially for very large systems when parallel solution environment is preferred. However,
a difficulty associated with the method of conjugate gradients is that it works well on matrices that are ei-
ther well conditioned or have just a few distinct eigenvalues and the coefficient matrix of the algebra equa-
tion in HASM is ill-conditioned. In this paper, we show how to preprocess a linear system so that the ma-
trix of coefficients assumes one of these nice forms. We give two other preconditioners, i. e. incomplete
Cholesky decomposition conjugate gradient method (ICCG) and symmetric successive over relaxation-pre-
conditioned conjugate gradient method (SSORCG) , so as to improve the convergence rate of HASM. Fur-
thermore, we give adequate consideration in storage scheme of the large sparse matrix and optimize the
performance of sparse matrix-vector multiplication. The cost of the computation is also considered in each
iteration. We implement and test the proposed method on a Dell OptiPlex 990MT machine. Numerical
tests show that ICCG has the fastest convergence rate of HASM. We also find that both ICCG and SSOR-

CG have much faster convergence rates than others.

Key words: preconditioned conjugate gradients method; incomplete Cholesky factorization; successive o-

ver-relaxation algorithm; HASM



