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Abstract

In this paper, we are concerned with numerical methods for the solution of initial-boundary

value problems of anomalous diffusion equations of order α ∈ (1, 2). The classical Crank-

Nicholson method is used to discretize the fractional diffusion equation and then the spatial

extrapolation is used to obtain temporally and spatially second-order accurate numerical

estimates. Two preconditioned iterative methods, namely, the preconditioned generalized

minimal residual (preconditioned GMRES) method and the preconditioned conjugate gra-

dient for normal residual (preconditioned CGNR) method, are proposed to solve relevant

linear systems. Numerical experiments are given to illustrate the efficiency of the methods.
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1. Introduction

Fractional differential equations emerge from numerous topics such as turbulent flow

[7, 27], chaotic dynamics of classical conservative systems [39], groundwater contaminant

transport [4, 5], and applications in physics [28], finance [25], biology [18], and image pro-

cessing [2]. Since there are very few fractional differential equations whose analytical closed-

form solutions are available, the research on numerical methods for the solution of the equa-
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