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Tab. 1 Number of iteration with respect to step h for each method g%%ﬁ
i
GlGlE s A=RiS ERCINERS AR
B 0.5
h=0.04 h=0.02 h=0.01 h=0.04 h=0.02 h=0.01
107° =200 =200 =200 34 416 44 £ 0
10°° 76 101 100 32 34 34 _0sh
107" >200 =200 =200 29 31 31 .
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Fig. 2 Free boundary of numerical solution
10° =>200 >200 =>200 39 42 41

and exact solutionfor example 2
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Tab. 2 CPU time with respect to step h for each method
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h=0.04 h=0.02 h=0.01 h=0.04 h=0.02 h=0.01
10°° =>0.012 64 >0.015 35 >0.017 08 0.004 68 0.002 72 0.004 57
10 ° 0.004 73 0.011 25 0.007 96 0.001 66 0. 002 81 0. 002 47
10 ' =>0.015 24 >0.011 17 >0.015 09 0.001 41 0. 003 46 0.002 21
10’ =>0.011 99 =>0.024 57 =>0.018 06 0.003 67 0.001 92 0.002 35
10" >0.010 74 >0.014 69 >0.021 67 0.002 17 0.002 09 0.002 48
10° >0.014 12 >0.014 08 =0. 020 06 0.001 66 0. 002 95 0. 003 41
10° >0.014 21 >0.011 44 =>0.016 68 0.001 90 0.002 41 0. 003 02
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Tab. 3 Number of iteration with respect to step & for each method
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f h=0.2 h=0.1 h=0.05 h=0.2 h=0.1 h=0.05
10° 185 184 183 19 25 31
10 ° 27 28 51 17 20 34
10" 48 160 =200 18 28 34
10° =200 =200 =200 16 30 36
10" =200 =200 =200 22 34 43
107 =200 =200 =200 21 34 51
10° =200 =200 =200 26 40 45
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Tab. 4 CPU time with respect to step h for each method
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g h=0.2 h=0.1 h=0.05 h=0.2 h=0.1 h=0.05
10°° 0.154 65 5.425 13 153. 625 84 0. 020 40 0.768 76 26.774 53
10°° 0.023 05 0.796 73 43.015 95 0. 015 60 0. 688 17 29. 458 08
10" 0. 040 92 4. 647 09 >175.163 45 0.016 57 0. 869 72 29. 236 07
10 >0.163 38 >6.010 14 >173.660 75 0.013 03 0. 887 92 31. 250 32
10' >0. 158 70 >3.165 36 >177.087 63 0.018 45 1.011 88 37.249 13
10° >0. 158 46 >5.673 44 =>178.026 27 0.016 99 0. 996 52 44. 883 13
10° >0.157 51 >5.732 01 >170.177 90 0.023 16 1.187 29 40. 086 81

4 Z5ig

AR SCHR TSR g BN B A (7 ALY 1 S B Bk T 0k S R e 22 A XORE ) R IR — A R AR
[ 250, AR i 7 S B0 AR AR B b — 2D A 45 A S IR S RO . BUE R A5 R R I S HON A i
INVEL S A RES AU VAR i Rr R T | N7 U G

e

(1] shdkolk & 7oA, R AR e e B AN BIE 58k M. b HAN W M, CHENG X L. Introduction to variational in-
. B2 H R W R A, 2006 :17-141. equation[ [ M].Beijing: Higher Education Press,2007.
HAN ] Y,.XIU N H, QI H D.Nonlinear complementary [3] GLOWINSKI G. Numerical methods for nonlinear varia-
theory and algorithm[ M]. Shanghai: Shanghai Science and tional problems[ M ].Berlin: Springer-Verlag,2008.
Technology Press.2006,17-141. [4] LIAN X P,CEN Z D,CHENG X L.Some iterative algo-

C2] iR R A% A (ML AL & S 207 R rithms for obstacle problems[J].INT ] COMPUT MATH,

#,2007. 2010,87(11):2493-2502.



76 Journal of Chongging Normal University (Natural Science)

http://www.cqnuj.cn Vol. 35 No. 1

(5] sK<y5t. A s Sl ARy 26 o b S U L) 1.0
DI A2 2 4l CH AR B RO 2 2013,38(7) : 15-19.
ZHANG S G.The linear complementary-projection iterative
algorithm for seepage with free boundary problem[]].Jour-
nal of Southwest China Normal University(Natural Science
Edition) ,2013,38(7) :15-19.

(6] Bk~¥ 5. A F 3 5 R Y A 0 T -4 1 S vk [T ). 76 pg Ui
TR AZ 2 CHARFHA D 2 2014,39(9) 1 1-5.
ZHANG S G. On a self-adaptive prediction-correct algo-
rithm for free boundary problem[]].Journal of Southwest
China Normal University ( Natural Science Edition), 2014,
39(9) :1-5.

(7] sKay 5t ok MR B fy 34 5 o) 80 0 355 Wi 3 vk [T ] = PR 5
KRR CHARBEE IR 2 2015,32(2) :50-52.
ZHANG S G. A projection and contraction algorithm for
the free boundary problem[ ] ].Journal of Chongging Nor-
mal University(Natural Science),2015,32(2):50-52

(8] ™ H H . gl Ha i, 5K <¥ 5%. @ ¢h 1 5 1] R 0% Bl i ¢ 3% 3 ik
L) E RIS R A7 2 4 CA AR B A MO , 2017, 34(1) : 70-73.
YAN Y Y,ZHONG Y L,ZHANG SG.An Improved Pro-

jection Algorithm for the Free Boundary Problem[ ] ].Jour-
nal of Chongqing Normal University ( Natural Science) ,
2017,34(1) :70-73.

[9] HE B S, LIAO L Z, WANG S L. Self-adaptive operator
splitting methods for monotone variational inequalities[ ] ].
Mumer Math,2003,94(4).715-737.

[10] HAN D R.Solving linear variational inequality problems
by a self adaptive projection method[J]. Appl Math Com-
put,2006,182(2) :1765-1771.

[11] LI M, BNOUHACHEM A. A modified inexact operator
splitting method for monotone variational inequalities []].
Glob Optim.2008,41(3) :417-426.

[12] LIM, BNOUHACHEM A, KHALFAOUI M, et al. A
modified inexact implicit method for mixed variational In-
equalities[ ] ]. Comput Appl Math, 2010, 234 (12) : 3356~
336°.

[13] MERMRI E B, HAN W.Numerical approximation of a u-
nilateral obstacle problem [ J].J Optim Theory Appl,
2012,153(1):177-194.

A Self-Adaption Projection Method for the Unilateral Obstacle Problem

ZHONG Yanli, YAN Yueyue, ZHANG Shougui

(School of Mathematics Science, Chongqing Normal University, Chongqing 401331, China)
Abstract: [ Purposes ] The unilateral obstacle problem plays an important application in variation inequalities and the exact solution
does not exist or is difficult to be obtained, so it is necessary to find a numerical method for the problem. [ Methods] For this
problem, a projection method is proposed for the numerical solution of the problem by using the finite difference method, and
formulated as a linear complementary problem. Then an algorithm with variable parameters is obtained by the projection method,
and the parameters are adjusted automatically in the iterative process. The method only needs to solve a system of linear equations
for each iteration. [ Findings ] The problem is discredited as a finite dimensional linear complementary problem which is equivalent to
projection problem . Then a self-adaption projection problem for the solution is obtained. The detail process of the algorithm is
presented. It is very simple for us to prove the convergence results with projection properties. [ Conclusion Finally, some numerical
examples are used to verify the validity of the algorithm, compared with the projection algorithm with fixed parameters. The
numerical results show that the parameter has little effect on the self-adaptive projection method. Furthermore, our method
converges faster.

Keywords: unilateral obstacle; finite difference; linear complementary; projection algorithm; self-adaption rule
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