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Introduction

Fractional calculus plays a worthy role in different disciplines of science and
engineering such as in modeling of many physical phenomena. It is concerned
with integrals and derivatives of arbitrary orders. The variable-order (VO)

Article history: fractional derivatives are an extension of the constant fractional-order
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19 August 2022 modeling complex dynamical systems related to non-locality and memory
Accepted: 9 October 2022 effect. Due to the high complexity of the VO fractional diffusion
Published online: equations, their analytical solution is extremely difficult, and even in most
9 June 2024 cases is impossible. In the past decade, one of the main challenges has been to

develop some approximate methods for the solution of the VO time-fractional
diffusion equations in form (1). This equation contains a variable-order

Keywords: fractional time-derivative and a second-order spatial-derivative. To solve
Variable-order fractional problem (1), we develop a high-order numerical method based on the compact
derivative, ) finite difference and weighted shifted Grunwald-Letnikov operators.
Fractional diffusion equation,

Numerical method. Material and Methods

In this paper, first we define the VO Riemann-Liouville and Caputo fractional
derivatives. Then, by using the shifted Grunwald-Letnikov operators, we
derive a second-order approximate formula for discretizing the VO time-
fractional derivative of order a(x,t). Using a compact finite difference
method, the second-order spatial derivative is discretized. Therefore, the
problem (1) is converted to a system of algebraic equations.

Results and discussion

We show that the proposed method is of fourth- and second-order of
convergence accuracy in spatial and time directions, respectively. Also, the
solvability, stability and convergence of the present method are established.
To verify the efficiency and high accuracy of this method, some numerical
examples and comparative results are presented.

Conclusion
The following conclusions are obtained from this research.
e A high-order numerical method is designed and implemented to
solve a boundary value problem governed by the VO fractional
diffusion equation.
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e The proposed method is solvable, unconditionally stable and
convergent.

e The derived numerical results are not sensitive to roundoff error
when the number of temporal/spatial cells increases.

e The presented results coincided with the theoretical analysis very
well.

How to cite: Kheirkhah, F., Hajipour, M. (2024). An accurate numerical method for solving the variable-order fractional
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