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Abstract

For the Riemann-Liouville (R-L) type fractional differential equations describing sub-diffusion
phenomena, a kind of explicit-implicit and implicit-explicit difference schemes for numerically
solving this problem is constructed. It takes advantage of the fast computation of explicit formats
and the unconditional stability of implicit formats, alternatingly applies the classical explicit for-
mat and the implicit format by time layer. Then, using the Fourier method analysis, the format is
unconditionally stable and convergent. The numerical test results are consistent with the theoret-
ical analysis results, and show that the computational efficiency of the explicit-implicit and impli-
cit-explicit formats is better than the classical implicit format. The explicit-implicit and impli-
cit-explicit methods are feasible to solve the R-L fractional diffusion equation.
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Figure 1. Surfaces of analytic solution and E-I, I-E scheme numerical solutions
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Table 1. Accuracy comparison analysis of three numerical schemes
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0.9 9.120269¢—-05 9.220024¢—-03 7.364446e-3

0.7 6.179395e-04 6.502290e—03 5.974529¢-3

1/64 1/8 0.5 1.314730e—03 3.249718e-03 3.161334e-3
0.3 1.982242¢-03 1.653329¢—03 1.614587¢-3
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0.7 5.482559¢—05 2.026541e-04 1.986532¢—4

1/1024 1/32 0.5 9.165862¢—05 9.577424¢—05 9.559231e-5
0.3 1.274819¢-04 9.450674¢-05 9.448991e—-5

0.1 1.830142¢—04 1.322454¢—04 1.322423e—4
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Table 2. Time direction convergence order of three difference schemes (2 = 64)

2. ZMEDEIHIETE) 75 RSN (h = 64)

, . B stk B 2 - Bkt 5 R
” Orderl ” Orderl ” Orderl
1/64 1.426230e—5 9.297907¢-3 8.043854¢-3
1/128 6.030494¢—6 1.241859 4.126093e-3 1.172129 3.686533¢—3 1.125622
0.8 1/256 2.504195¢—6 1.267929 1.820571e—3 1.180385 1.665053¢—3 1.146696
1/512 1.018163¢—6 1.298378 7.998264c—4 1.186632 7.443993¢—4 1.161419
1/1024 4.065508¢e—7 1.324460 3.502548¢—4 1.191281 3.303804¢—4 1.171948
1/64 7.070541e—5 3.155111e-3 3.066631e—3
1/128 2.612963¢—5 1.436133 1.087937¢—3 1.536095 1.069143¢—3 1.520198
0.5 1/256 9.583624¢—6 1.447043 3.777440e—4 1.526115 3.736301c—4 1.516773
1/512 3.479504¢—6 1.461689 1.318220e—4 1.518816 1.308965¢—4 1.513183
1/1024 1.254311e—6 1.471986 4.617265¢-5 1.513481 4.595935¢-5 1.509996
1/64 1.222746¢—4 1.125885¢—3 1.110219¢-3
1/128 4.353112¢—4 1.490005 3.137943¢—4 1.843168 3.115149¢—4 1.833471
0.2 1/256 1.551831e—5 1.488075 8.803143¢—5 1.833728 8.769561e—5 1.828724
1/512 5.515686e—6 1.492359 2.484449¢—5 1.825092 2.479441¢-5 1.822489
1/1024 1.957345¢—6 1.494641 7.053630e—6 1.816488 7.046068¢—6 1.815124
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Table 3. Spatial direction convergence order of three difference schemes under different y

3. ZMED BB 75 RS

) i - stk 5 2 - Bkt - R
” Order2 ” Order2 ” Order2
1/32 4.337162¢—4 2.062319¢—2 1.703867¢—2
1/64 1.576891e—4 1.459668 4.116246¢-3 2.324866 3.678975¢—3 2211437
0.8 1/128 5.261402¢-5 1.583563 7.998308¢—3 2.363562 7.449800e—4 2.304030
1/256 1.636167¢—5 1.685127 1.573565¢—4 2.345657 1.508601¢—4 2.303989
1/512 4.825412¢—6 1.761595 3.206672¢—5 2.294887 3.126079¢—5 2270785
1/32 2.494460e—3 9.302961¢—3 8.864491¢e—3
1/64 6.850987¢—4 1.864344 1.354164¢—3 2.780287 1.334845¢—3 2.731365
0.5 1/128 1.799265¢—4 1.928903 2.452734¢—4 2.464939 2.443643¢—4 2.449566
1/256 4.614015¢-5 1.963313 5.095395¢—5 2267125 5.090712¢—5 2.263094
1/512 1.168540e—5 1.981315 1.151355¢—5 2.145860 1.151091e—5 2.144864
1/32 4.655305¢-3 4.087168¢-3 3.961494¢-3
1/64 1.178949¢-3 1.981374 8.845865¢—4 2.208026 8.827352¢—4 2.165992
0.2 1/128 2.958975¢—4 1.994331 2.227549¢—4 1.989545 2.227059¢—4 1.986840
1/256 7.406791e—5 1.998176 5.588745¢—5 1.994861 5.588590e—5 1.994583
1/512 1.852411e—5 1.999444 1.399239¢—5 1.997881 1.399236¢—5 1.997845

Implicit scheme

E-I scheme

I-E scheme

Figure 2. Surface of numerical solution of three different schemes for different
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Table 4. Comparison of calculation times for three differential schemes (unit: s)

4. ZMESBITEREREER(BAL: s)

15 RV =N - Bt B - Akt
200 581s 4.86s 4.85s
400 14.56 s 11.33s 10.97 s
800 48.76 s 3325 33.20's
1600 30042 s 156.12's 160.49 s
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Figure 3. Comparison of calculation times for three differential schemes
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