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Abstract

For the 1D variable-coefficient nonlinear bilateral space fractional diffusion equation with non-
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homogeneous Dirichlet boundary conditions, this paper applies and analyzes an efficient and stable
numerical method. Firstly, by introducing an appropriate variable transformation, the original prob-
lem is transformed into a homogeneous boundary form. Based on this, a second-order semi-implicit
central difference scheme is adopted in time, and a weighted shifted formula is used to discretize
the bilateral fractional derivatives in space, thereby establishing a fully discrete finite difference
scheme. Subsequently, assuming the nonlinear term satisfies a local Lipschitz condition, the uncon-
ditional stability and second-order convergence of the numerical scheme are rigorously proven. In
the numerical implementation, due to the non-local nature of the spatial fractional operator, each
time step requires repeatedly solving asymmetric dense linear algebraic systems. To improve over-
all computational efficiency, this paper employs the Jacobi-preconditioned Bi-CGSTAB method to
solve the linear system, comparing it with the traditional Bi-CGSTAB method. Numerical results
show that, under the same accuracy requirements, this method significantly reduces the average
number of iterations. The overall scheme exhibits grid-independent convergence and demonstrates
obvious CPU time advantages in long-time simulations. In summary, the adopted preconditioned Bi-
CGSTAB method performs well in accuracy, stability, and computational efficiency, providing a fea-
sible approach for the efficient numerical solution of a class of nonlinear spatial fractional diffusion
equations.
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1- XZ -t 2 l-a 12 2-a 24 3-a 6 1-a 12 2-a
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B Z AT BRI AR 7k, AN IR TR
av(x,t)zi C:(X)aav(x,t)_D(X)a"v(x,t) g
ot OX ox“ a(—x)a
0<a<L(xt)e(0,L)x[0,T], (41)
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g=e'|x 2 e 12 s 24 e
r(3-a) I'(4-a) r(5-a)
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Figure 1. Comparison of exact solutions and numerical solutions at different times
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Figure 2. Comparison between exact solution (left) and numerical solution (right)
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Figure 3. Relative error between exact solution and numerical solution
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Table 1. Convergence order result data when « =0.5

1. a =05 REEE

a=05
r=h, E,(h,.7) order, E,(h.7) order,
2—10 2.3426E-04 1.4018E-04
4—10 7.1124E-05 1.7197 3.4397E-05 2.0331
% 1.9491E-05 1.8676 8.4189E-06 2.0306
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g%k
1
160 5.1031E-06 1.9333 2.0705E-06 2.0236
1
320 1.3069E—-06 1.9653 5.1173E-07 2.0165

Table 2. Speed comparison data between the two algorithms when « =0.5
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r=h, Bi-CGSTAB PR preprocessing Bi-CGSTAB SEEIERP
1
200 0.09 s 17.1 0.03s 10.9
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— 0.32s 18.2 0.07 s 10.1
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800 ' ' ' '
1 12.90s 26.1 5.60 s 10.5
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1 562.95 s 271 222.84's 11.2
3200 ' ' ' '
1
5200 4571.44 s 29.4 1830.45 s 13.0
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Figure 4. Comparison of matrix condition numbers
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