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Adaptive moving grid method for a second-order singularly perturbed delay

boundary value problem

XU Yinuo', LIU Libin'*, YANG Xiu®
(1. Center for Applied Mathematics of Guangxi, Nanning Normal University, Nanning 530100, Guangxi, China; 2. School of
Mathematics and Statistics, Shandong University, Weihai 264209, Shandong, China)

Abstract: An adaptive grid algorithm for a second-order singularly perturbed delay boundary value problem is studied. Firstly, by
integral transformation, the problem is rewritten into a first-order singularly perturbed delay Volterra integral differential equation.
Secondly, a first-order finite difference format is constructed on an arbitrary mesh by using the backward difference and left rectangle
formula. Using the discrete Gronwall inequality, a prior error estimation of the proposed discretization scheme is derived and an
adaptive moving grid algorithm is designed based on the mesh equidistribution principle. It is proved that our proposed adaptive
moving grid method is first-order uniformly convergent. Finally, some numerical results are given to support our presented
theoretical result.
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Table 1 Error ¢V and convergence rates for Example 1

N
&
64 128 256 512 1024
1.79x107? 7.40x107* 3.50x107* 1.80x107* 9.74x10™*
107 1.27 1.08 0.96 0.89
1.97 7.20%107 3.50x107 1.90x1073 1.00x1073
107 1.45 1.04 0.88 0.93
2.04x107? 7.10x107* 3.50x107? 1.90x107? 9.69x10™*
107 1.52 1.02 0.88 0.97
2.04x1072 7.00x1073 3.50x107° 2.00x107 1.20x107
107" 1.54 1.00 0.81 0.74
N 2.04x107 6.90x107 3.50x107 1.80x10°° 1.30x10°°
10 1.56 0.98 0.96 0.47
F£2 B 1 BIRE Y ALY
Table 2 Error ¢ and convergence rates for Example 1
N
&
64 128 256 512 1024
8.24x1072 4.47x107? 2.53x107? 9.60x10* 4.30x10*
107 0.88 0.82 1.40 1.16
1.16x107" 3.57x107 2.34x1072 8.90x107 4.20x107
10°° 1.70 0.61 1.39 1.08
7.09x107* 3.71x1072 2.19x107? 8.50x107° 4.00x107?
107 0.93 0.76 1.37 1.08
8.14x107? 3.92x107 2.07x1072 8.40x107 4.70x107
107" 1.05 0.92 1.30 0.84
N 1.14x107" 4.25x107 1.98x107 8.60x107° 4.30x107°
10 1.42 1.10 1.20 1.00

FRitbZ oh, HBUE e= 107 F1 N=64, K] 1 KR I A BB, P 2 3o I 8 385 0 3% 20 9 4 5505 19 1%
Sk, MIE TR 2 Al RLE 6 1 A BUE AR AE =0 A — DR HFHAE =1 b — A4 5%
Prais



12 4] VE— U, A5 5 A T B A SR DAY 1 3 0 RS 2 A% Sk 91

2301 4.00
g 3.50
2.00F %"%«% )
3.00
1.50 2.50
&
= K 2.00%+
4 N\
1.00 o
Ho1s0 f\\
050 - 1.00
0.50
0 . ) ) ) ) ) ) 0 ke NN
-0.25 025 050 0.75 1.00 125 1.50 1.75
t
B B 1 e B2 )1 FE R RS Sl A 3k £ Qs
Fig.1 Numerical solution for Example 1 Fig.2 Evolution of adaptive moving mesh for Example 1
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Table 3 Error ¢ and convergence rates for Example 2

N
¢ 64 128 256 512 1024

1.59x1072 8.62x107° 4.86x107 2.64x107 1.35x107

107 0.89 0.83 0.88 0.97
1.66x107 8.43x107° 4.40x107° 2.44x107° 1.18x107°

107 0.98 0.94 0.85 1.05
1.66x107* 8.79x107° 4.72x107° 2.43%107° 1.19x10°

107 0.91 0.90 0.96 1.03
1.63x107 8.45x107° 4.65x107° 2.42x107° 1.21x107°

107° 0.95 0.86 0.94 1.01
1.57x107* 8.45x107° 4.42x107° 2.42x107° 1.22x107°

107" 0.89 0.93 0.89 0.97

R4 2 W e FSLHY

Table 4 Error ¢V and convergence rates for Example 2

N
¢ 64 128 256 512 1024

5.49x1072 3.09%1072 1.17x107 5.76x107 3.38x107°

107 0.83 1.40 1.02 0.77
4.39x1072 2.49x107 1.28x107 5.44x107 3.00x107°

107 0.82 0.96 1.24 0.86
4.51x1072 2.25%107 1.09x1072 5.47x107° 2.92x1073

107° 1.00 1.05 0.99 0.90
4.69x107 2.92x107 1.13x107? 5.53x107° 2.88x107°

107" 0.68 1.37 1.03 0.94
4.94x10" 2.42x107? 1.25x1072 5.62x107° 2.83x107°

107" 1.03 0.95 1.15 0.99
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Fig.3 Numerical solution for Example 2 Fig.4 Evolution of adaptive moving mesh for Example 2
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