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High precision algorithm for spatial distributed-order time fractional
diffusion equation

GONG Shanshan' ,CHEN Jinghua'** , LIU Xinran'
(1. School of Sciences, Jimei University, Xiamen 361021, China; 2. Digital Fujian Big Data Modeling and

Intelligent Computing Institute, Xiamen 361021, China)

Abstract ;[ Objective] Effectively, distributed-order differential equations can describe anomalous diffusion phenomena in multifractal
media. Regarding the solution of spatial distributed-order equations, we find that the integer order is mostly studied in the time
domain, whereas the spatial convergence order is mostly second and third orders, resulting in difficulties to achieve fourth order. To
improve the spatial convergence accuracy in solving the Riesz spatial distributed-order Caputo time fractional diffusion equation,
herein we propose a high-order finite difference method. [ Methods] By using the composite Simpson quadrature formula, the
distributed differential equation is transformed into a multi-term fractional derivative differential equation in Riesz space, and the
fractional derivative of Caputo time is approximated by L1 interpolation. Next, the high-order numerical discrete scheme of the
equation is constructed and the stability and convergence of the scheme are proved by the matrix analysis. Finally, a numerical
example is given to demonstrate the stability and convergence of the scheme. [ Results] In solving this distributed-order differential
equation,our numerical method achieves a spatial convergence order of four for both spatial and distributed orders, and a time
convergence order of 2-8. [ Conclusions] We construct a high-order difference format for the Riesz spatial distributed-order Caputo
time fractional diffusion equation and achieve a spatial convergence order of four. Because distributed-order equations with spatial

convergence orders have been studied mostly at the second or third order, the effectiveness of the proposed method is observed.
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Aa E(zsh, M) WSy
1/2 1. 409 8X10°° —

1/4 8.590 8 X107 4. 036
1/8 5.321 9X10°° 4,012
1/16 3.199 6X107° 4. 055

F 2 RRBEEM R RS (Aa = 7= 1/500,
B=0.7,t=1.0
Tab. 2 The maximum errors and convergence orders for

h(Aa = 7=1/500,8= 0.7, =1.0)

h E(zyhsAa) esidiny
1/10 2.118 7X10°° —
1/20 1. 389 4X10°° 3. 930
1/40 8.688 7X10°" 3.991
1/80 5.134 9X107° 4. 080

3 RKIREM « MBI (Ae = A = 1/1 000,
B=0.7.t=1.0)
Tab. 3 The maximum errors and convergence orders for

(Ba=h=1/1000,f=0.7,t = 1.0

T E(zshsAa) W Sy
1/10 4,782 21078
1/20 2.003 1X10°8 1.255
1/40 8. 280 510" 1.274
1/80 3.397 8107 1. 285
5 & i

ARICKET — Riesz 25 [ 434 i Caputo A [H]
S BO RR 04) vE BRRCE 1 3R R A T R
BHUCH & 20050 50 8 i O B M A BR 22
GRS T R TR R A TE ] 22 43 4 2
FERRE BT S5 RIS, e Ak, A S P A B (E
TS O F 4 (A + 1Y), FeJa s T
BB ) F AR E 5 B A5 R R A — .
TR IE RN 3 B B AR AT R T 5K A 0 B H At 28 AL 1Y
S I o3 .
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