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A Distributed Parameter Kinetic Monte Carlo Simulation Algorithm of

Grinding Process and Its Acceleration
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Abstract
Monte Carlo simulation algorithm. The algorithm is based on the idea of dividing the mill into several virtual grinding

In this paper, we propose a prediction model for the particle size distribution of grinding process and a kinetic

machines along the axial direction. The preference function and the system state matrix are defined according to three
kinds of microcosmic events, breakage, forward movement and back movement, and the scheduling strategy of distributed
algorithm is designed. In addition, in view of the low efficiency of the kinetic Monte Carlo algorithm, a Monte Carlo
simulation acceleration algorithm based on 7-leap is proposed. In order to solve the problem of inconsistent state when
updating the distributed parameters, a new buffer based method is proposed. Case study based on simulation shows that
the distributed parameter Monte Carlo dynamic algorithm proposed in this paper has high precision, and the proposed
algorithm based on 7-leap can significantly improve the computational efficiency while maintaining good accuracy.
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Table 1  The relative errors of the discrete numerical algorithm and the 7-leap algorithm with the MC algorithm
TN 1 2 3 5 6 7 8 9 10

H14 WRIRZE 8.6 3.8 4.9 7.2 8.6 7.2 5.8 6.7 5.4 5.7
(x1073) PR 2.2 0.7 1.0 2.1 2.9 1.2 2.2 2.7 1.9 2.7
FH2H RIRZE 4.4 3.3 7.3 7.2 1.1 7.5 6.4 1.1 9.5 6.7
(x1073) IR 1.0 1.2 1.7 1.8 3.1 2.2 2.6 2.9 1.4 1.8
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Table 2 The relative difference of M, (%) of the 7-leap acceleration algorithm comparing with the MC algorithm
t (min) 0~01 01~02 02~03 03~04 04~05 05~06 06~07 07~08 08~09 09~1.0
M, (e = 1x10%) 0.0125 0.0077 0.0038 0.0034 0.0037 0.0029 0.0025 0.0019 0.0023 0.0026
M, (e = 1x103) 0.2654 0.1426 0.0802 0.0738 0.0665 0.0738 0.0671 0.0533 0.0516 0.0532
M, (e = 1x10?%) 0.4565 0.3605 0.1825 0.0770 0.1720 0.1649 0.1071 0.0819 0.0809 0.0426
t (min) 1.0~11 11~12 12~13 13~14 14~15 15~16 16~17 17~18 18~19 19~2.0
M, (e = 1x10%) 0.0019 0.0035 0.0044 0.0044 0.0035 0.0035 0.0027 0.0026 0.0028 0.0023
M, (e = 1x103) 0.0471 0.0580 0.0328 0.0420 0.0448 0.0337 0.0369 0.0488 0.0528 0.0445
M, (e = 1x10?%) 0.0447 0.0586 0.0495 0.0504 0.0524 0.0574 0.0534 0.0559 0.0872 0.1015
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Table 3  The relative difference of M, (%) of the T-leap acceleration algorithm comparing with the MC algorithm
t (min) 0~01 01~02 02~03 03~04 04~05 05~06 06~07 07~08 08~0.9 09~1.0
WSCV (e = 1x10*) 27.6599  16.4219 5.5694 6.4539 6.3902 2.0711 1.6268 0.8461 1.4014 2.8565
WSCV (e = 1x10%) 29.3654 19.5643  12.4057  14.1440 8.9499 9.0685 7.7018 5.3212 4.5702 4.0914
WSCV (e = 1x102) 30.5564  20.5641 15.235 16.2165 8.9873 8.1839 8.4892 6.1973 5.0565 5.9391
t (min) 1.0~11 11~12 12~13 13~14 14~15 15~16 16~17 1.7~18 18~19 19~2.0
WSCV (e = 1x10%) 2.2858 2.6192 3.0302 3.5939 3.3510 5.3169 2.5186 2.1569 1.7443 1.1591
WSCV (e = 1x10%) 6.6934 6.8302 6.3439 6.9364 1.6810 2.7825 3.3907 4.0133 5.6812 3.2316
WSCV (e = 1x10?) 7.2165 7.6127 7.3752 7.9085 2.3725 2.6708 4.3917 5.4931 6.3914 3.9081
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Table 4 The magnitude of speedup achieved by 7-leap over the MC algorithm

t (min) 0~0.1 0.1~0.2 02~03 03~04 04~05 05~06 06~07 07~08 08~09 09~1.0
TSS (e = 1x10%) 1.2654 1.0361 1.0256 0.8022 0.8122 0.8222 0.8322 0.8461 0.8522 0.9578
TSS (e = 1x10?%) 3.0340 3.2120 3.6136 4.1904 4.7486 6.0206 7.1760 10.1046 12.0586 13.5427
TSS (e = 1x10%) 30.5564  33.6722  42.8775 50.7719  59.0955 77.1530  94.5627 106.1508 115.3813 120.9510

t (min) 1.0~11 11~12 12~13 13~14 14~15 15~16 16~17 1.7~18 18~19 19~20
TSS (e = 1x10%) 1.0695 1.1649 1.2973 1.3904 1.5310 1.6498 1.7270 1.8265 1.9938 2.3590
TSS (e = 1x10%)  14.8307 15.9210 17.4453 18.5544  20.0657  21.9578  22.8312 24.1852  27.2161 30.1375
TSS (e = 1x10%) 129.0026 140.3950 147.3712 161.3876 175.1282 180.8352 184.7492 191.9528 226.3620 227.326
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