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Introduction

The study of the distributed order fractional differential equations and their
applications in the various fields of engineering and sciences have been
considered during the past decade in the literature. In this paper, we treat a
new extension of the both Riemann-Liouville and the Caputo senses as the
single and distributed order Caputo-Prabhakar fractional derivative.

The main purpose of this paper is to present a numerical method for solving
a class of distributed order time-fractional diffusion equation with respect
to the Caputo-Prabhakar fractional derivative. In this respect, we use a
numerical method based on the B-spline interpolation along with the finite
difference method to analyze the following class of distributed order time-
fractional diffusion equation

1 2
fomCn’  uendn=T20Y i,
0 p.u,®,0 ox
where  CpY N and o(w)are the Caputo-Prabhakar fractional
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derivative and the weight function, respectively. For this purpose, we first
consider the Caputo-Prabhakar fractional derivative as a linear combination
of the B-spline functions, and then we approximate the second-order
derivative in the above equation using the finite difference method. By
substituting the associated approximations into the distributed order time-
fractional diffusion equation, the numerical solution is obtained. We also
state the convergence analysis and the error analysis for the proposed
method in the sense of the Caputo-Prabhakar fractional derivative. Finally,
we give three numerical examples for the performance and accuracy of the
numerical method.
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Material and methods
For discretization of the distributed order time-fractional diffusion with
respect to the Caputo-Prabhakar fractional derivative, we apply the
following methods:
1. To approximate the Caputo-Prabhakar fractional derivative,
we use the linear B-spline interpolation,
2. The composite midpoint quadrature rule is applied to
approximate the distributed order fractional operator,
3. We approximate the first order derivative and second-order
derivative by using finite difference method.

Results and discussion

In this paper, numerical results of some test problems are illustrated to
demonstrate the computational efficiency, stability and accuracy of the
presented method. From reported numerical results in the tables and
figures, we observe that the approximate solutions have a good accuracy.
According to the achieved results, the established method is very effective
and accurate in all cases.

Conclusion
The following conclusions were drawn from this research.

e The integral term containing the distributed order Caputo-
Prabhakar fractional derivative was discretized by implementation
of the mid-point quadrature rule. Moreover, the distributed order
Caputo-Prabhakar fractional derivative was approximated by
using linear B-spline interpolation.

e The proposed explicit spline method and the finite difference
algorithm are convergent and unconditionally stable.

e The experimental results are in accordance with the theoretical
results and show that this proposed method is reliable for solving
the fractional diffusion equations.
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