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1 Results for the small-scale instances

Id.
MILP model SEMPO algorithm

GapLR GapUB
LR UB GapUL t∗ (s) z∗ zw z̄ zsdv t̄∗ (s)

1 14362.21 - - 3600 15070.70 15186.60 15134.38 39.25 789 4.70 -
2 14349.83 - - 3600 15430.10 15554.10 15477.01 38.34 626 7.00 -
3 13192.78 13787.07 2.31 2755 14000.50 14188.70 14086.11 57.48 947 5.77 1.52
4 15117.77 16070.72 4.11 3600 15860.80 15945.00 15899.31 32.12 841 4.68 -1.32
5 12649.02 14871.81 12.26 3600 14470.00 14746.90 14575.43 93.03 722 12.58 -2.78
6 12013.27 12709.82 2.71 3600 13077.60 13188.20 13140.11 32.91 951 8.14 2.81
7 11091.08 11667.72 2.33 3600 11855.70 11948.10 11910.31 24.30 1063 6.45 1.59
8 13417.15 13948.06 1.96 3600 14497.40 14663.30 14583.48 63.23 546 7.45 3.79
9 11195.60 11722.88 1.98 3560 11953.50 11997.70 11979.08 12.65 994 6.34 1.93
10 12406.95 13327.03 4.31 3600 13324.60 13420.20 13374.03 34.05 970 6.89 -0.02
11 15287.85 17630.63 11.70 3600 16263.50 16363.60 16317.16 33.57 1245 6.00 -8.41
12 15118.76 15689.13 1.92 3562 16041.20 16142.80 16105.04 30.15 716 5.75 2.19
13 16058.64 16535.69 1.51 3600 16889.80 17046.40 16984.97 50.20 636 4.92 2.10

Avg 4.28 3519 41.64 850 6.67 0.31

Table 1: Results for the small-scale instances

2 Results for the medium-scale instances

Instances MILP model SEMPO algorithm
GapLR

|N | |T | Id. LR z∗ zw z̄ zsdv t̄∗ (s)

20

14
1 31765.05 33861.00 34310.40 34135.72 152.40 568 6.19
2 35995.55 38037.40 38184.90 38098.06 50.75 934 5.37
3 36849.88 39391.00 39677.50 39533.20 87.06 845 6.45

21
1 70705.51 74315.90 74685.10 74477.94 125.89 634 4.86
2 67279.77 71637.70 71959.80 71773.83 86.61 697 6.08
3 81136.08 85644.50 86204.60 85957.79 213.05 1069 5.26

28
1 105572.10 112247.97 114155.00 113299.10 813.64 1213 5.95
2 108853.94 115040.73 116761.00 115569.96 486.08 723 5.38
3 96870.66 102777.00 104181.00 103317.85 482.34 748 5.75

34

7
1 21504.21 23272.60 23462.20 23372.28 64.95 928 7.60
2 25220.85 26918.00 27388.40 27168.72 138.79 843 6.30
3 19551.37 21610.70 21773.50 21699.36 66.91 634 9.53

14
1 64725.84 68249.90 68664.50 68480.09 148.40 1175 5.16
2 58026.87 63853.30 64305.60 64156.87 152.21 471 9.12
3 60027.36 66903.30 69413.60 67992.80 749.34 945 10.28

21
1 112811.34 120413.00 121767.00 121000.50 449.45 788 6.31
2 142540.14 152232.00 154337.00 153684.00 812.55 1019 6.37
3 125961.65 135518.00 137021.00 136466.10 484.19 941 7.05

28
1 199983.60 210551.00 211847.00 211313.40 379.20 948 5.02
2 194899.22 211936.00 213026.00 212255.30 303.29 914 8.04
3 198494.93 212032.48 214014.00 213063.18 730.89 1227 6.38

46

7
1 28952.92 31531.70 32216.50 31836.35 186.75 1070 8.18
2 31393.57 34461.50 35002.90 34739.92 179.66 772 8.90
3 25408.63 27565.80 27845.20 27684.01 79.09 833 7.83

14
1 70858.72 74801.30 75545.10 75232.20 203.08 1058 5.27
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2 85473.88 91480.70 91840.00 91686.45 103.67 802 6.57
3 78769.42 85545.30 86500.70 86094.61 267.94 850 7.92

21
1 163482.68 174044.00 174392.00 174175.90 99.85 945 6.07
2 165078.24 173148.00 174971.00 174330.50 679.94 1088 4.66
3 129226.17 138930.00 139341.00 139166.00 108.66 888 6.98

28
1 232277.48 245113.00 245555.00 245387.30 148.83 888 5.24
2 263986.87 281252.00 282505.00 281903.30 396.04 936 6.14
3 249555.84 265153.00 265668.00 265435.40 191.95 1053 5.88

58

7
1 46315.26 52713.20 53387.20 53026.60 251.08 676 12.14
2 27474.70 33768.10 34370.00 34107.19 194.95 1036 18.64
3 37506.27 43614.60 44267.90 44028.97 242.42 784 14.01

14
1 100262.00 112607.00 113317.00 112918.60 228.33 950 10.96
2 102989.70 124007.00 124892.00 124339.50 266.90 728 16.95
3 118288.86 129879.00 132119.00 131319.70 847.64 1164 8.92

21
1 199673.24 222510.00 223928.00 222944.20 479.55 1308 10.26
2 198632.42 220827.00 222426.00 221688.20 527.22 910 10.05
3 187080.90 216367.00 217453.00 216936.00 383.59 774 13.54

28
1 312777.77 338614.00 341230.00 340238.10 831.13 993 7.63
2 289651.41 324261.00 325817.00 324912.10 505.19 1091 10.67
3 344415.47 380963.00 385579.00 382520.00 1399.66 822 9.59

83

7
1 46176.09 53916.50 54359.30 54054.96 132.68 801 14.36
2 45115.89 53376.90 53819.60 53657.34 124.79 679 15.48
3 48785.68 55261.00 55892.40 55641.00 211.91 997 11.72

14
1 150855.25 168151.00 168906.00 168624.30 251.30 874 10.29
2 115554.71 129975.00 131003.00 130494.40 370.69 812 11.09
3 161514.81 179839.00 180555.00 180194.70 214.70 811 10.19

21
1 220407.99 240328.00 242961.00 241556.80 713.51 1225 8.29
2 272141.84 298430.00 301140.00 299549.70 826.73 1095 8.81
3 254559.93 280787.00 282879.00 281799.80 659.61 1372 9.34

28
1 – 485412.00 488434.00 487275.20 924.85 1044 –
2 458910.43 499365.00 501946.00 500579.90 798.14 863 8.10
3 – 442948.00 444221.00 443590.80 420.45 1250 –

Avg 375.97 921 8.53

Table 2: Results for the medium-scale instances

3 Results for the large-scale instances

Instances MILP model SEMPO algorithm
GapLR

|N | |T | Id. LR z∗ zw z̄ zsdv t̄∗ (s)

114

7
1 63214.61 73697.50 74914.70 74120.87 357.73 1288.13 14.22
2 62803.88 72296.70 73236.40 72902.97 293.43 1057.53 13.13
3 62229.09 70788.60 71175.00 70952.09 129.24 836.96 12.09

14
1 160846.19 183068.00 184650.00 183790.90 524.65 689.14 12.14
2 240633.57 268914.00 271892.00 270369.50 965.68 809.31 10.52

21 1 368429.18 409142.00 410697.00 409722.40 627.68 683.57 9.95

149 28 1 - 900932.00 905981.00 904061.50 2204.26 780.12 -

170
21 1 - 537235.00 539239.00 538574.90 687.44 1103.05 -
28 1 - 852666.00 856599.00 854943.00 1628.57 888.50 -

183 7 1 - 98708.70 99711.30 99123.17 326.58 806.78 -

Avg 774.53 894.31 12.01

Table 3: Results for the large-scale instances
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