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Abstract

This paper studies the problem of empty car distribution among regional railways. We have not
seen any work on effective models and optimization algorithms for this problem. We construct an
integer programming optimization model that considers the trade-off between the cost and dis-
tributing speed. The model dynamically selects assembly stations and plans car assembly paths
according to the distribution of empty car. In this paper, a hybrid genetic algorithm for the above
model is designed, and the minimum cost maximum flow algorithm is used to calculate the fitness
value of individuals in the population, thus obtaining the high-accuracy solution. Numerical expe-
riments show that under the premise of known freight service cost, the method adopted in this
paper can save over 35% of the assembly cost on average.
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Table Al. A service cost matrix
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Figure Al. Network map of Shenyang railway bureau
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Table A2. Empty train distribution at each station

" A BUMEENT

K Huhi AR ()

40, 62, 30, 21, 85, 53, 33, 94, 103, 4, 71, 49, 75, 30, 17, 127, 5, 87
1 112,91, 123,72, 51, 89, 30, 120, 110, 5, 84, 32,71, 99, 12, 95
76,53, 83, 8,43, 12,103, 100, 3, 49, 76, 101, 106, 41, 93, 119, 19

5,114,27,59, 15,71, 121, 29, 55,77, 95, 13, 5, 91, 34, 100, 69
2 104,99, 18, 103, 114, 7, 122, 102, 65, 30, 87, 78, 126, 31, 5, 72, 75
128,20, 119, 36, 122, 34,9, 73, 58, 54, 80, 124, 12, 24, 42, 43, 45

89,74,6,74,93,67,29,58,19,98, 111, 58, 127, 96, 95, 129, 121
3 22,3,127,100, 22, 26, 30, 15, 30, 50, 127, 82, 3, 130, 20, 130, 83
14, 6, 35, 38, 75, 10, 43, 20, 110, 5, 127, 55, 27, 73, 90, 49, 32

81, 16, 118, 90, 34, 125, 99, 81, 110, 125, 121, 94, 48, 101, 7, 127, 82
4 53,9, 54, 61,21, 72, 13, 30, 81, 27, 109, 87, 41, 110, 60, 48, 108
57,42, 80, 46, 100, 12, 60, 89, 48, 76, 59, 63, 50, 45, 55, 8, 121

62,79, 69, 48, 42, 65, 108, 17, 35, 33, 42, 103, 78,37, 113, 3, 20
5 79,79, 76, 21,127,111, 72, 25, 83, 28, 56, 111, 54, 49, 38, 129, 50
64, 42,26, 17, 46, 25,112, 119, 62,3, 115, 81, 31, 17, 51, 28, 96

120, 109, 65, 28, 94, 16, 12, 4, 130, 110, 110, 104, 19, 115, 47, 121, 57
6 129, 65, 56, 69, 93,7, 107, 116, 27, 4, 90, 26, 16, 28, 103, 26, 109
129, 41, 89, 25, 109, 42, 66, 4, 96, 81, 48, 56, 55, 37, 49, 37, 64

62,101, 19,78, 123, 70, 32, 101, 125, 81, 10, 30, 116, 51, 109, 50, 10
7 57,46,90,7,5, 114, 59, 65, 103, 90, 73, 103, 67, 13, 48, 58, 17
112,124,717, 81, 27, 66, 64, 13,99, 41, 3, 124,71, 13,4, 71, 34

3,17,118, 70,99, 6, 101, 17, 5, 61, 67, 54, 11, 19, 38, 86, 102
8 112,63, 115,111, 50, 55, 31, 127, 31, 48, 105, 18, 54, 120, 33, 64, 7
86, 70, 44, 109, 11, 80, 123, 118, 62, 125, 121, 15, 14, 58, 25, 23, 49

107,47, 48, 35,15, 88, 63,9, 44, 48, 12, 102, 22, 38, 85, 80, 43
9 49,21, 45,78, 71, 24, 62, 130, 130, 24, 93, 127, 61, 27, 65, 7, 89
130,37, 118, 4,77, 130, 17, 38, 66, 62, 54, 120, 70, 7, 62, 119, 119

70,74, 87, 62,8, 118, 102, 120, 20, 32, 98, 49, 121, 63, 87, 115, 51
10 88,115, 18, 21, 130, 128, 33, 17, 4, 20, 93, 20, 36, 96, 67, 52, 42
61,112, 78,114, 120,97, 31, 123, 24, 13, 14, 45, 30, 32, 19, 96, 50

66,102, 4, 6,129, 15,90, 112, 129, 128, 5, 60, 6, 95, 110, 12, 126
11 94, 113, 49, 26, 64, 7, 40, 53, 40, 30, 33, 66, 3, 113, 115, 84, 55
67,5,110, 17,95, 123, 10, 93, 102, 11, 33, 50, 64, 14, 114, 56, 39
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BEX %

Continued
41, 26, 96, 55, 116, 51, 98, 30, 71, 9, 118, 109, 29, 14,21, 122,71
12 69, 86, 19, 13, 82, 86, 46, 110, 95, 53, 130, 33, 69, 37,48, 37, 111
61,119, 24,52, 108,32, 104, 79, 95, 23, 5, 86, 124, 105, 126, 75, 13
18,116, 62, 54, 37, 49, 128, 38, 61, 36, 56, 55, 4, 25, 128, 105, 61
13 84,119, 13, 16,57, 15,44,27,38,97, 11, 8, 29, 33, 55, 112, 105

61,119, 24,52, 108, 32,104, 79, 95, 23, 5, 86, 124, 105, 126, 75, 13

7,124,120, 42, 102, 26, 37, 61, 125, 11, 45, 73, 108, 27, 40, 80, 118,
14 118,113,107, 130, 21, 88, 56, 128, 82, 79, 105, 23, 70,9, 71, 11, 6,
10, 70, 121, 29, 49, 62, 41, 103, 48, 9, 15, 128, 45, 11, 72, 75, 28

47,52,107,4,49,6, 19, 17, 93, 108, 86, 79, 26, 26, 55, 13, 67
15 108, 128, 71, 48, 63, 117, 31, 89, 122, 66, 36, 95, 54, 32, 18, 60, 41
130, 120, 62, 38, 89, 63, 5, 46, 116, 56, 32, 57,97, 57, 80, 84, 94

14,28, 3, 16, 19, 76, 38, 25, 120, 47, 55, 87, 112, 34, 100, 68, 26
16 27,105, 15, 66, 53,23, 119, 7, 120, 77,7, 49, 5,7, 71, 123, 90
29, 81,92,87,43, 44,99, 84, 40, 48, 108, 35, 31, 18, 119, 121, 117

64,70, 105, 34, 126, 88, 54, 77,99, 22, 19, 123, 47, 38, 130, 59, 112
17 121, 10, 29, 24, 16, 36, 57,42, 112, 57, 13, 59, 7, 52, 106, 56, 18
17,26, 104, 125, 114, 52, 120, 34, 28, 28, 16, 76, 103, 119, 80, 16, 62

109, 17, 85, 57, 24,73, 25, 4, 14, 96, 69, 111, 24, 121, 39, 96, 105
18 63,5, 76, 16,45, 27,5, 56, 5, 34, 84, 130, 66, 110, 7, 76, 111
74, 40, 97,90, 61, 18, 101, 28, 82, 79, 91, 39, 96, 83, 52, 86, 102

57,57, 36, 56,4,93, 6,97, 55, 45, 55, 109, 29, 56, 112, 4, 8
19 85, 15,45,22,7,41, 30, 15, 16, 120, 10, 130, 43, 90, 25, 88, 126
75,123, 40, 50, 114, 128, 55, 48, 100, 105, 127, 60, 59, 47, 27, 108, 6

42,70, 24, 80, 36, 86, 91, 98, 60, 13,32, 119, 22, 108, 71, 130, 13
20 59,16, 126, 3,102, 107, 114, 13, 54, 36, 105, 58, 119, 26, 36, 21, 20
114,77,73,21, 112, 82,47, 68, 54,12, 33, 18, 26, 33, 56, 9, 118
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