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Abstract

Convolutional Volterra integral differential equations are an important class of problems, widely
used in biology, economics, among other fields. This study presents a fast algorithm for solving
convolutional Volterra integral differential equations. The method involves discretizing the equa-
tions using a multi-step collocation approach, combined with the characteristics of the convolu-
tion kernels, resulting in a linear system of equations composed of Toeplitz matrices, diagonal
matrices, and sparse matrices. Considering fast algorithms for Toeplitz matrices and vectors, a fast
computation format for the coefficient matrix and vector is designed. By combining the GMRES al-
gorithm with the fast computation format, an improved algorithm for efficiently solving linear
systems is obtained. Experimental results verify the effectiveness of the improved algorithm.
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Table 1. Detailed table of matrices for each part during coefficient matrix P decomposition

* 1. RBIEN P HIRR S IR AR

R eaia
A XA AR N
B Toeplitz %54 2N
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K i B REL Dium
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Cs i L R Dium
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Algorithm 3. UPDATA (Y,,i) algorithm
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FEATT R, FRATE I BUE S5 150 I SO SV SRR 2R ME RGN RhE, 256 5 2%t GMRES SR fi
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PRI RF R 3 25 AR Ak 175 100
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Table 3. GMCM®? : Comparison of GMRES and improved algorithm solution time
3. GMCM"? : GMRES S5t B %K iR T LL

GMRES BSEia RS
N AR 22 AR CPU 115 7] FRAX 52 AR CPU 15 ]
100 1.26 x 107 17 418x107° 1.26 x 1071 17 517 x 107
200 1.52x 107 17 5.85x 107 1.52x 107 17 7.12x10°°
400 1.62x 107 17 7.43x10°° 1.62x 107 17 9.91x107°
800 1.65x 107 17 9.55x10°° 1.65x 10 17 1.16 x 1072
1600 1.67x 107" 17 1.77x 107 0.67x10° 17 1.71x 1072
3200 1.67x 107" 17 6.55 x 10°° 0.67x10° 17 2.96 x 1072

Table 4. GMCM*"* : Comparison of GMRES and improved algorithm solution time
4. GMCM" : GMRES 53# &R AT xftt

GMRES B A
N FER R 22 AR IREL CPU 15 [r] FHR 57 EARIEL CPU i} HH [a]
100 1.26 x 107 17 418x10°° 1.26 x 107 17 5.17 x10°®
200 1.52 x 107 17 5.85x 107 1.52 x 1071 17 7.12x107°
400 1.62x 107 17 7.43x107° 1.62 x 1071 17 9.91x107°
800 1.65x 107 17 9.55x 107 1.65x 107 17 1.16 x 1072
1600 1.67x 107" 17 1.77x 1072 1.67 x 1071 17 1.71x 1072
3200 1.67 x 107 17 6.55x 10°° 1.67x10° M 17 2.96 x 1077
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XX [H] [0,8] fEAEEE R4y, HUARIE N, T GMCM®?, GMCM™, GMCM?° 15 FI| 1ty 2k 1tk 7 4t 43 3 1
GMRES ByEMUE H R A4S CPU THE R K WiEe 3, £ 4 FiEe 5, 18 1 45 Tk AU RE AR 7R 22 (1)
AAESL, 15 2 25 T AR AR B CPU TR A

M 3y 4 4 RN 5 HRT AT B VA A R AR IR & <107, GMRES Sy A1 s ik B2 45 T
FEX IR ZE AR TE,  FOEARREEE, (HBE N 3K, SodEEER CPU THER 22/ T GMRES &M

Table 5. GMCM?° : Comparison of GMRES and improved algorithm solution time

5= 5. GMCM?° : GMRES S¥i#t & % R EAHCXTEE

GMRES BGEAC A7
FEE 3 AR UK i o . N N VK i i
N AHXS 5% 2 BRI EL CPU &I [A] FHXS R eI AN €1 CPU 5 I [H]
100 1.26 x 107 17 418x10°° 126 x 107" 17 517x10°
200 152x 107" 17 5.85x 107 152 x 107" 17 7.12x107°
400 1.62x 107" 17 7.43x107° 1.62x 107" 17 9.91x 107
800 1.65x 107" 17 9.55x 107° 1.65x 107 17 1.16 x 1072
1600 1.67x 107 17 1.77x10°° 167x 107" 17 1.71x10°°
3200 1.67x 107" 17 6.55 x 107 167x 107" 17 2.96 x 107
107 100
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) o
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Figure 1. Changes in relative residuals during the iteration process
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Figure 2. Comparison between GMRES and improved algorithms in solving problems
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