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High-Order Compact Alternating Direction Implicit Scheme for Complex

Ginzburg-Landau Equations in Two Dimensions
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(College of Mathematics and Statistics, Nanjing University of Information Science and Technology , Nanjing, 210044, China)

Abstract: In the paper, we propose a time-splitting high-order compact alternating direction implicit (ADI)
finite difference scheme for two-dimensional complex Ginzburg-Landau (GL) equation. The GL equation is
split into a nonlinear sub-problem and two linear sub-problems. The nonlinear sub-problem and one of the
linear subproblems are solved exactly. Then a compact alternating direction implicit difference scheme is
constructed for another linear subproblem. In practical computation, a family of constant coefficient
tri-diagonal linear algebraic equations by using the catch-up method at each time step is solved to make the
algorithm get high accuracy and efficiency. Numerical experiments show that the algorithm has second-order
and fourth-order accuracy in time and space direction, respectively. And some dynamics behaviors of the
equation are simulated.
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Fig.4 Numerical simulation of the equation (32) with variable coefficients at T= 10
®1 h,—=h,=x/30f7=0.001 b E {ET |le"||, %A [le"||.. B CPU K & By X tL
Tab.1 Comparison of [le"[|,,[le"||..and CPU time with 2, = h, = x/30 and r= 0.001
! Re_. Tm.. [le"]], lle" |- CPU time/s
2 7.902 9e—007 6.825 7e—007 3.280 6e—006 1.044 3e—006 29.919 678
5 1.420 2e—006 2.190 5e—006 8.201 5e—006 2.610 6e—006 75.095 680
7 3.620 6e—006 4.997 7e—007 1.148 2e—005 3.654 9e— 006 104.861 663
10 4.766 7e—006 2.130 7e—006 1.640 3e—005 5.221 3e—006 150.428 226
R2 h,=h,=a/2HEr=10ZMFiRE
Tab.2 Errorin /*-norm at =1 when h, = h,= /28
A i) 2P 7=0.005 =0.002 5 7=0.001 25 =0.000 625 7=0.000 3125
1.636 5e—06 4.093 6e—07 1.025 6e—07 2.586 1le—08 6.690 1le—09
order, 1.999 2 1.996 9 1.987 6 1.950 7
3 t=0.00001 F7Er= 1 B &M AR E
Tab.3 Error in /*-norm at =1 when z = 0.000 01
ELIEAN h=m/8 h=m/16 = /32 h=rm/64
| 3.131 8e—04 1.948 6e—05 1.216 5e—06 7.602 3e—08
order, 4.006 5 4.001 6 4.000 2
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