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Abstract

In this paper, the mesh-less method based on radial basis functions is used to solve the fractional
diffusion equation numerically. In terms of time, finite difference method is used to discrete time
derivatives. In terms of space, three approximate unknown functions of radial basis functions of
Multi Quadrics (MQ), Thin Plate Spline (TPS) and Cubic are selected respectively. The approxima-
tion accuracy of three kinds of radial basis function is similar, but Cubic radial basis function does
not need to select shape parameter. Numerical results demonstrate the feasibility and effective-
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ness of the proposed method.
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Table 1. The first and second derivatives of three basis functions
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Table 2. Error of different time steps at 7= 1
2. T= 1| HARRESKEIRE

T=1 MQ (c=0.1) MQ (¢ =0.15) TPS (8= 3) TPS (8= 15) Cubic
7=0.1
Ly 0.0083 0.1852 0.0083 8.1565 0.083
L, 0.0343 0.2475 0.0343 9.5223 0.0341
“RMS” 0.0024 0.0175 0.0024 0.6717 0.0024
7=0.01
L 4.27E-04 1.19E+106 4.27E-04 3.4801 4.16E-04
L, 0.0018 1.4625E+106 0.0018 3.8683 0.0016
“RMS” 1.24E-04 1.0316E+105 1.24E-04 0.2728 1.13E-04
7=0.001
L 2.11E-05 6.25E+232 2.15E-05 3.637E+45 1.32E-04
L, 8.28E—05 1.0691E+234 8.85E—05 3.655E+45 2.04E-04
“RMS” 5.84E-06 1.0691E+234 6.24E-06 2.58E+44 1.44E-05
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Table 3. Error at different times 7= 0.01
< 3.7=0.01 FRAERERIRE

7=10.01

T=0.1
Ly
L,

“RMS”

“RMS”

MQ(c = 0.1)

0.0225
0.0934
0.0066

4.27E-04
0.0018
1.24E—-04

1.13E-04
4.59E—-04
3.24E-05

MQ(c = 0.15)

1.92E+03
2.71E+03
190.9490

1.19E+106
1.4625E+106
1.0316E+105

1.89E+221
6.1548E+222
6.15E+222

TPS(B=3)

0.0225
0.0934
0.0066

4.27E-04
0.0018
1.24E—-04

1.13E-04
4.66E—04
3.28E-05

TPS(B = 15)

3.9620
4.1155
0.2903

3.4801
3.8683
0.2728

3.2949
43.6856
0.2600

Cubic

0.0225
0.0933
0.0066

4.16E-04
0.0016
1.13E-04

9.84E-05
3.47E-04
2.44E-05

3 9T =0.01 AR FRZES R, HIRFAAUG H MQ A1 TPS R 2 (¥ 115 45 AU T
TERSHE R, Mok, (EARRIIE EPKT Cubic 0N RRARSE R A TPS, MQ X34 B A AH

[, FRAT B T BB AN L R E . B AR T=1, ©=0.1 K MQ. TPS.
Cubic FIECE M, B2 NEKIKR N T=1, t=0.1 5 MQ. TPS. Cubic fJiZ%.

M T A 2 FRRT DAER B, fEAE MR BUIRZE(MQ (¢ = 0.1)s TPS (8= 23)i, —FhiZ it
B AL B SR A 45 BN SK RS B, T L Cubic 42 7] 35 06 BUE A SR T TR S B0 B 2 0 35
1.2 1.2 1.2
1 **** 1 ***** 1 ****
* % % * 5
* * * % #* %
0.8 0.8 0.8
* * * * * »
#* * * * * *
c 06 0.6 0.6
© %* * % *
04f o 041 o @ 047 .
0.2 # #* 0.2 1% + 0.2 #
% o5 1 15 00 05 1 15 2 0o 05 1 15
cm
Figure 1. Numerical solution comparison
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Figure 2. Error comparison
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