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an efficient discretization format and systematically analyzes its theoretical properties. The time direc-
tion is discretized by the L2_1, formula, and the spatial direction is discretized by the second-order cen-
ter difference method, which establishes a complete numerical discretization format and proves the
convergence and stability of the format. In order to improve the computational efficiency, two types of
fast algorithms, namely the preprocessing conjugate gradient method and the multiple grid method,
are emphasized, and the computational performances of the two are compared in detail. The numerical
experiments not only verify the theoretical analysis, but also through the time-consuming comparison
of the three solution methods show that the preprocessing conjugate gradient method has a significant
advantage in computational efficiency due to its optimized algorithmic complexity and efficient prepro-
cessing technology.
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Table 1. Errors and convergence orders for different a(z) and 7 at M= 1/h = 50
F 1. EM=1/h=500 B, MAREH a()F0 ¢ BIRZEFBSLIN

a(t) = cos(t) a(t)=1-t
T R W SR R Lies iy
1/100 1.2007e—-05 — 2.4789¢—05 —
1/200 3.0000e—06 2.0001 6.2123e—06 1.9965
1/400 7.4978¢—07 2.0000 1.5549¢-06 1.9983
1/800 1.8742e-07 2.0002 3.8897e¢-07 1.9991
1/1600 4.6851e—07 2.0001 9.7272e—08 1.9996

Table 2. Errors and convergence orders when / and t vary with a(?)
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1/64 1/40 1.1262¢-04 — 1.5381e—04 —
1/128 1/80 2.8328e—05 1.9911 3.8687¢—05 1.9913
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1/256 1/160 7.1035¢-06 1.9956 9.7009¢-06 1.9957
1/512 1/320 1.7785e—06 1.9978 2.4289¢—06 1.9978
1/1024 1/640 4.4497e—07 1.9989 9.7272e-07 1.9989

Table 3. Comparison of CPU(s) of different algorithms at a(¢) = exp(—7)
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h=t DCPU PCPU MCPU
1/128 0.5068 0.1689 0.7808
1/256 0.9980 0.3741 1.3059
1/512 5.9302 1.0706 5.7400
1/1024 44.7123 4.1714 28.6763
1/2048 2402.4512 23.8801 175.2571

Table 4. Performance comparison of different preconditioned subs at a(f) = exp(—¢)
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1/128 0.0851 0.1689 0.0748
1/256 0.4589 0.3741 0.3654
1/512 5.6234 1.0706 2.1640
1/1024 50.6234 41714 15.2364
1/2048 124.5213 23.8801 51.2486
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