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Compact difference method for the time fractional parabolic integro-differential
equation based on weighted and shifted Griinwald-Letnikov formulae

CHEN Ao,CHEN Xuejuan™ ,ZHU Xiaojuan

(School of Science,Jimei University, Xiamen 361021, China)

Abstract : [Objective] Time fractional parabolic integro-differential equations can be used to describe complex dynamic systems with
memory and hereditary characteristics. Notably, the time fractional Riemann-Liouville (R-1.) integral term differs from traditional
parabolic equations. Herein,an effective compact difference method for solving time fractional parabolic integro-differential equations
is proposed. [Methods] In time, the fractional R-L integral term is approximated by using the second-order weighted and shifted
Griinwald-Letnikov (SWGL) formulae,combined with the Crank-Nicolson (C-N) scheme. Whereas in space, the compact difference
method is used for discretization. Then a fully discrete numerical scheme based on the SWGL formulae is obtained. Finally, results of
unconditional stability and convergence of this numerical scheme are proved by using the energy method. [ Results] In the proposed
numerical method,accuracies of the second order in time and those of the fourth order in space have been achieved. Finally, through
numerical examples, the feasibility and the effectiveness of the method are confirmed. [Conclusions] The compact difference scheme of

time fractional parabolic integro-differential equations based on the SWGL formulae is established, thus providing an effective and
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highly accurate numerical method for the physical model containing fractional integral terms in the engineering field.

Keywords: time fractional parabolic integro-differential equations; Riemann-Liouville integral; weighted and shifted Grinwald-

Letnikov formulae; Crank-Nicolson scheme;compact difference scheme
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