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Abstract

Abstract: A spectral deferred correction method for classical ordinary differential equations is extended
and reconstructed to solve a system of fractional differential equations (FDES) by accelerating the
convergence of lower order schemes. Based on the residual function and the error equation deduced
from Volterra integral equations equivalent to the fractional differential equations, a new high order
numerical method for a system of FDES is constructed according to the idea of spectral deferred
correction. The proposed method allows that one can use a relatively few nodes to obtain the high
accuracy numerical solutions of FDES without the penalty of a huge computational cost due to the non-
locality of Caputo derivative. The numerical experiments verify the high accuracy and efficiency of the
method.
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Abstract: A spectral deferred correction method for classical ordinary differential equations is extended
and reconstructed to solve a system of fractional differential equations (FDES) by accelerating the
convergence of lower order schemes. Based on the residual function and the error equation deduced from
Volterra integral equations equivalent to the fractional differential equations, a new high order numerical
method for a system of FDES is constructed according to the idea of spectral deferred correction. The
proposed method allows that one can use a relatively few nodes to obtain the high accuracy numerical
solutions of FDES without the penalty of a huge computational cost due to the non-locality of Caputo
derivative. The numerical experiments verify the high accuracy and efficiency of the method.
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Tab. 1 Performance of spectral deferred correction method with different node number and fractional index

; q1=9>=0.5 q1=9.=0.8

Iter. Time[s] Errorl Error2 Iter. Time[s] Errorl Error2

18 1126 711  1.608 308e-6  4.064 202e-6 15 0.585 209 1.525 502e-7 1.418 366e-6

18 1.136 405 1.186 658e-7  3.816 067e-7 14 0.621 153 7.911 841e-8 7.695 817e-7
9 17 1.204004 5.174885e-8  1.748 159e-7 13 0.667 354 2.788 936e-8 3.049 835e-7
10 23 1.384072  2.105094e-8  7.602 795e-8 12 0.720 014 1.047 977e-8 1.271 294e-7
11 18 1442811  9.052 285e-9  3.505 575e-8 13 0.819 669 4.245 840e-9 5.715 328e-8
12 17 1.500928  6.986 400e-9  2.013 441e-8 13 0.876 569 4.680 621e-9 2.791 918e-8
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Tab. 2 Performance of fractional predictor-corrector approach with different node number and fractional index

; 41=4,=0.5 91=9,=0.8
Time[s] Errorl Error2 Time[s] Errorl Error2
10 0.033 429 6.431 505e-2 8.037 747e-2 0.031711  4.359 034e-2 4.841 162e-2
20 0.064 596 3.260 715e-2 4.506 307e-2 0.067 586  1.280 250e-2 1.583 297e-2
40 0.190 613 1.087 238e-2 1.628 062e-2 0.192109  3.531471e-3 4.656 207e-3
80 0.705 205 3.411 599e-3 5.423 319e-3 0.704 164  9.673 878e-4 1.329 881e-3
160 2.747 921 1.083 383e-3 1.796 864e-3 2.702947  2.663 694e-4 3.771 247e-4
320 10.592 938 3.522 695e-4 6.020 112e-4 10.600 488  7.383 777e-5 1.068 935e-4
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