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FPT Technology Research Institute, FPT University, Hanoi, Viet Nam

hoanghm@fpt.edu.vn

Rafael Martinelli

Departamento de Engenharia Industrial,
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Inst n m Wor-10 Avg-10 Best-10 GapBKS GapLB T(s) BKS BKLB

A1-1 31 5 631 631.00 631 0.00 0.00 7.49 631 631.0

A2-1 32 6 660 660.00 660 0.00 0.00 7.23 660 660.0

A3-1 35 5 652 652.00 652 0.00 0.00 9.48 652 652.0

A4-1 36 6 750 750.00 750 0.00 0.00 8.87 750 750.0

A5-1 38 5 616 616.00 616 0.00 0.00 8.57 616 616.0

A6-1 43 6 676 676.00 676 0.00 0.00 9.92 676 676.0

A7-1 44 7 934 934.00 934 0.00 0.00 12.84 934 934.0

A8-1 47 7 926 926.00 926 0.00 0.00 11.84 926 926.0

A9-1 53 7 1113 1113.00 1113 0.00 1.44 22.17 1113 1097.2

A10-1 59 9 1354 1354.00 1354 0.00 1.37 21.97 1354 1335.7

A11-1 61 8 1121 1121.00 1121 0.00 1.29 18.51 1121 1106.7

A12-1 62 10 1093 1093.00 1093 0.00 0.00 16.74 1093 1093.0

A13-1 64 9 1034 1034.00 1034 0.00 0.00 13.69 1034 1034.0

A14-1 79 10 1352 1352.00 1352 0.00 0.30 18.68 1352 1347.9

B1-1 30 5 507 507.00 507 0.00 0.00 7.37 507 507.0

B2-1 34 5 688 688.00 688 0.00 0.00 7.47 688 688.0

B3-1 38 5 470 470.00 470 0.00 3.52 7.69 470 454.0

B4-1 42 6 680 680.00 680 0.00 2.27 13.56 680 664.9

B5-1 44 5 594 594.00 594 0.00 3.09 9.84 594 576.2

B6-1 49 7 656 656.00 656 0.00 0.00 14.77 656 656.0

B7-1 50 7 1032 1032.00 1032 0.00 6.04 16.96 1032 973.2

B8-1 55 7 707 707.00 707 0.00 10.31 21.66 707 640.9

B9-1 56 9 1256 1256.00 1256 0.00 0.00 13.75 1256 1256.0

B10-1 63 9 797 797.00 797 0.00 2.06 19.19 797 780.9

B11-1 66 10 1032 1032.00 1032 0.00 2.55 26.67 1032 1006.3

B12-1 77 10 1031 1031.00 1031 0.00 1.14 24.61 1031 1019.4

p03-1 100 3 584 584.00 584 0.00 0.00 31.34 584 584.0

p06-1 50 2 365 365.00 365 0.00 0.00 9.04 365 365.0

p07-1 75 2 506 506.00 506 0.00 0.00 15.98 506 506.0

p08-1 100 3 528 528.00 528 0.00 0.46 21.75 528 525.6

p09-1 150 4 667 667.00 667 0.00 0.69 41.16 667 662.4

p10-1 199 6 805 805.00 805 0.00 1.35 77.11 805 794.3

p13-1 120 3 634 634.00 634 0.00 8.45 40.60 634 584.6

p14-1 100 3 587 587.00 587 0.00 1.31 23.57 587 579.4

p15-1 100 4 591 591.00 591 0.00 1.65 28.38 591 581.4

p16-1 199 6 800 800.00 800 0.00 1.05 77.44 800 791.7

Table 6: HGS results for the VRP-SL instances with 1 group
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Inst n m Wor-10 Avg-10 Best-10 GapBKS GapLB T(s) BKS BKLB

A1-2R 31 5 692 692.00 692 0.00 0.00 8.72 692 692.0

A2-2R 32 6 676 676.00 676 0.00 0.00 9.17 676 676.0

A3-2R 35 5 696 696.00 696 0.00 0.00 10.12 696 696.0

A4-2R 36 6 746 746.00 746 0.00 0.00 7.72 746 746.0

A5-2R 38 5 646 646.00 646 0.00 0.00 10.08 646 646.0

A6-2R 43 6 916 916.00 916 0.00 0.39 17.79 916 912.4

A7-2R 44 7 990 990.00 990 0.00 0.00 13.43 990 990.0

A8-2R 47 7 925 925.00 925 0.00 0.00 13.48 925 925.0

A9-2R 53 7 959 959.00 959 0.00 0.00 12.06 959 959.0

A10-2R 59 9 1275 1275.00 1275 0.00 0.54 20.40 1275 1268.2

A11-2R 61 8 1105 1105.00 1105 0.00 1.17 16.64 1105 1092.2

A12-2R 62 10 1170 1170.00 1170 0.00 0.50 17.33 1170 1164.2

A13-2R 64 9 1140 1139.50 1139 0.04 1.86 28.29 1139 1118.7

A14-2R 79 10 1414 1414.00 1414 0.00 2.20 20.48 1414 1383.5

B1-2R 30 5 609 609.00 609 0.00 0.35 10.25 609 606.9

B2-2R 34 5 658 658.00 658 0.00 0.00 6.39 658 658.0

B3-2R 38 5 482 482.00 482 0.00 1.90 8.45 482 473.0

B4-2R 42 6 658 658.00 658 0.00 0.00 11.77 658 658.0

B5-2R 44 5 614 614.00 614 0.00 3.89 12.96 614 591.0

B6-2R 49 7 665 665.00 665 0.00 1.51 14.39 665 655.1

B7-2R 50 7 889 889.00 889 0.00 0.19 12.33 889 887.3

B8-2R 55 7 621 621.00 621 0.00 3.85 17.68 621 598.0

B9-2R 56 9 1443 1443.00 1443 0.00 3.28 17.37 1443 1397.2

B10-2R 63 9 825 825.00 825 0.00 1.99 22.26 825 808.9

B11-2R 66 10 916 916.00 916 0.00 1.08 19.97 916 906.2

B12-2R 77 10 1053 1053.00 1053 0.00 1.91 24.21 1053 1033.3

p03-2R 100 3 551 551.00 551 0.00 0.00 20.30 551 551.0

p06-2R 50 2 367 367.00 367 0.00 0.00 9.50 367 367.0

p07-2R 75 3 506 506.00 506 0.00 0.00 15.86 506 506.0

p08-2R 100 3 556 556.00 556 0.00 0.00 23.92 556 556.0

p09-2R 150 4 667 667.00 667 0.00 0.69 40.23 667 662.4

p10-2R 199 6 805 805.00 805 0.00 1.36 87.22 805 794.2

p13-2R 120 3 656 656.00 656 0.00 7.40 40.81 656 610.8

p14-2R 100 4 590 590.00 590 0.00 3.07 27.86 590 572.4

p15-2R 100 4 590 590.00 590 0.00 3.16 26.09 590 571.9

p16-2R 199 6 801 800.10 800 0.01 1.06 74.66 800 791.7

Table 7: HGS results for the VRP-SL instances with 2 groups (random distribution)
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Inst n m Wor-10 Avg-10 Best-10 GapBKS GapLB T(s) BKS BKLB

A1-2C 31 5 764 764.00 764 0.00 0.00 9.81 764 764.0

A2-2C 32 6 632 632.00 632 0.00 0.00 8.53 632 632.0

A3-2C 35 5 645 645.00 645 0.00 0.00 10.04 645 645.0

A4-2C 36 6 784 784.00 784 0.00 0.00 8.64 784 784.0

A5-2C 38 5 689 689.00 689 0.00 0.00 11.86 689 689.0

A6-2C 43 6 696 696.00 696 0.00 0.00 11.64 696 696.0

A7-2C 44 7 1110 1110.00 1110 0.00 0.30 14.89 1110 1106.7

A8-2C 47 7 984 984.00 984 0.00 1.31 13.67 984 971.3

A9-2C 53 7 1132 1132.00 1132 0.00 0.32 19.02 1132 1128.4

A10-2C 59 9 1117 1117.00 1117 0.00 0.00 12.95 1117 1117.0

A11-2C 61 8 1073 1073.00 1073 0.00 0.00 15.96 1073 1073.0

A12-2C 62 10 1057 1056.20 1056 0.02 0.33 17.21 1056 1052.7

A13-2C 64 9 1107 1107.00 1107 0.00 1.82 23.24 1107 1087.2

A14-2C 79 10 1620 1620.00 1620 0.00 1.41 31.96 1620 1597.5

B1-2C 30 5 521 521.00 521 0.00 0.00 8.48 521 521.0

B2-2C 34 5 810 810.00 810 0.00 2.08 9.03 810 793.5

B3-2C 38 5 488 488.00 488 0.00 4.18 10.26 488 468.4

B4-2C 42 6 694 694.00 694 0.00 0.00 14.01 694 694.0

B5-2C 44 5 574 574.00 574 0.00 1.02 8.93 574 568.2

B6-2C 49 7 656 656.00 656 0.00 1.56 12.37 656 645.9

B7-2C 50 7 1032 1032.00 1032 0.00 4.65 17.88 1032 986.1

B8-2C 55 7 600 600.00 600 0.00 0.64 15.61 600 596.2

B9-2C 56 9 1509 1509.00 1509 0.00 2.76 25.46 1509 1468.5

B10-2C 63 9 814 814.00 814 0.00 2.60 18.76 814 793.4

B11-2C 66 10 924 924.00 924 0.00 0.74 20.82 924 917.2

B12-2C 77 10 1141 1139.00 1137 0.18 2.65 36.61 1137 1109.6

p03-2C 100 3 528 528.00 528 0.00 0.55 19.88 528 525.1

p06-2C 50 2 395 395.00 395 0.00 0.00 12.19 395 395.0

p07-2C 75 3 511 511.00 511 0.00 0.00 17.29 511 511.0

p08-2C 100 3 578 578.00 578 0.00 0.00 25.58 578 578.0

p09-2C 150 5 729 729.00 729 0.00 2.20 50.95 729 713.3

p10-2C 199 6 805 805.00 805 0.00 1.39 74.98 805 794.0

p13-2C 120 3 628 626.80 626 0.13 9.29 49.09 626 573.5

p14-2C 100 4 588 588.00 588 0.00 4.35 27.26 588 563.5

p15-2C 100 3 587 587.00 587 0.00 1.28 22.54 587 579.6

p16-2C 199 6 807 804.90 804 0.11 1.53 109.63 804 792.8

Table 8: HGS results for the VRP-SL instances with 2 groups (clustered)
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Inst n m Wor-10 Avg-10 Best-10 GapBKS GapLB T(s) BKS BKLB

A1-5R 31 5 726 726.00 726 0.00 0.00 9.67 726 726.0

A2-5R 32 6 615 615.00 615 0.00 0.00 8.34 615 615.0

A3-5R 35 5 599 599.00 599 0.00 0.00 8.27 599 599.0

A4-5R 36 6 927 927.00 927 0.00 0.00 12.51 927 927.0

A5-5R 38 5 683 683.00 683 0.00 1.13 9.93 683 675.4

A6-5R 43 6 763 763.00 763 0.00 0.00 11.23 763 763.0

A7-5R 44 7 1041 1041.00 1041 0.00 0.00 14.95 1041 1041.0

A8-5R 47 7 909 909.00 909 0.00 0.89 11.72 909 901.0

A9-5R 53 7 1149 1149.00 1149 0.00 1.46 21.46 1149 1132.5

A10-5R 59 9 1258 1256.50 1256 0.04 0.69 27.29 1254 1247.9

A11-5R 61 8 1137 1137.00 1137 0.00 0.00 18.45 1137 1137.0

A12-5R 62 10 1207 1207.00 1207 0.00 0.57 26.43 1207 1200.2

A13-5R 64 9 1139 1139.00 1139 0.00 0.62 28.05 1139 1132.0

A14-5R 79 10 1628 1628.00 1628 0.00 1.07 46.04 1628 1610.8

B1-5R 30 5 616 616.00 616 0.00 1.48 9.80 616 607.0

B2-5R 34 5 804 804.00 804 0.00 3.13 10.49 804 779.6

B3-5R 38 5 508 508.00 508 0.00 4.63 12.72 508 485.5

B4-5R 42 6 638 638.00 638 0.00 0.00 10.41 638 638.0

B5-5R 44 5 681 681.00 681 0.00 0.35 13.93 681 678.6

B6-5R 49 7 664 664.00 664 0.00 0.00 13.44 664 664.0

B7-5R 50 7 911 911.00 911 0.00 0.53 12.89 911 906.2

B8-5R 55 7 625 625.00 625 0.00 2.56 18.41 625 609.4

B9-5R 56 9 1331 1327.70 1327 0.05 1.37 29.10 1327 1309.8

B10-5R 63 9 807 807.00 807 0.00 1.98 19.69 807 791.3

B11-5R 66 10 908 906.80 906 0.09 0.80 24.86 906 899.6

B12-5R 77 10 1130 1128.70 1128 0.06 3.09 36.58 1128 1094.9

p03-5R 100 3 557 557.00 557 0.00 0.00 20.60 557 557.0

p06-5R 50 2 421 421.00 421 0.00 0.00 11.40 421 421.0

p07-5R 75 3 549 549.00 549 0.00 0.00 20.27 549 549.0

p08-5R 100 3 532 532.00 532 0.00 0.00 21.05 532 532.0

p09-5R 150 5 704 704.00 704 0.00 1.78 45.24 704 691.7

p10-5R 199 6 806 805.10 805 0.01 1.39 96.83 805 794.1

p13-5R 120 3 652 650.60 650 0.09 8.76 47.11 650 598.2

p14-5R 100 4 587 587.00 587 0.00 4.15 28.11 587 563.6

p15-5R 100 4 588 588.00 588 0.00 4.37 28.05 588 563.4

p16-5R 199 6 800 800.00 800 0.00 1.06 95.57 800 791.6

Table 9: HGS results for the VRP-SL instances with 5 groups (random distribution)
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Inst n m Wor-10 Avg-10 Best-10 GapBKS GapLB T(s) BKS BKLB

A1-5C 31 5 724 724.00 724 0.00 0.00 9.59 724 724.0

A2-5C 32 6 708 708.00 708 0.00 1.51 10.35 708 697.5

A3-5C 35 5 739 739.00 739 0.00 0.00 10.56 739 739.0

A4-5C 36 6 818 818.00 818 0.00 0.00 9.82 818 818.0

A5-5C 38 5 713 713.00 713 0.00 0.00 10.47 713 713.0

A6-5C 43 6 897 897.00 897 0.00 0.17 13.30 897 895.5

A7-5C 44 7 1040 1040.00 1040 0.00 0.77 13.41 1040 1032.1

A8-5C 47 7 997 997.00 997 0.00 0.00 14.25 997 997.0

A9-5C 53 7 1013 1013.00 1013 0.00 0.00 17.75 1013 1013.0

A10-5C 59 9 1170 1170.00 1170 0.00 0.65 23.43 1170 1162.5

A11-5C 61 8 1188 1184.50 1184 0.04 2.87 33.89 1184 1151.5

A12-5C 62 10 1136 1136.00 1136 0.00 0.38 19.98 1136 1131.7

A13-5C 64 9 1089 1089.00 1089 0.00 0.83 19.95 1089 1080.0

A14-5C 79 10 1617 1612.50 1612 0.03 0.57 43.07 1612 1603.4

B1-5C 30 5 671 671.00 671 0.00 0.80 11.73 671 665.7

B2-5C 34 5 781 781.00 781 0.00 0.00 8.33 781 781.0

B3-5C 38 5 538 538.00 538 0.00 5.45 12.06 538 510.2

B4-5C 42 6 661 661.00 661 0.00 0.00 10.24 661 661.0

B5-5C 44 5 662 662.00 662 0.00 0.30 12.87 662 660.0

B6-5C 49 7 703 703.00 703 0.00 5.75 16.28 703 664.8

B7-5C 50 7 917 917.00 917 0.00 0.00 15.57 917 917.0

B8-5C 55 7 634 634.00 634 0.00 2.09 17.93 634 621.0

B9-5C 56 9 1352 1347.90 1346 0.14 2.47 25.17 1346 1315.4

B10-5C 63 9 817 817.00 817 0.00 2.99 21.12 817 793.3

B11-5C 66 10 979 979.00 979 0.00 2.93 28.43 979 951.1

B12-5C 77 10 1108 1108.00 1108 0.00 1.79 22.59 1108 1088.5

p03-5C 100 3 555 555.00 555 0.00 0.00 21.23 555 555.0

p06-5C 50 2 387 387.00 387 0.00 0.00 11.57 387 387.0

p07-5C 75 3 526 526.00 526 0.00 0.00 18.15 526 526.0

p08-5C 100 3 530 530.00 530 0.00 0.00 20.19 530 530.0

p09-5C 150 5 711 711.00 711 0.00 2.02 53.00 711 696.9

p10-5C 199 6 833 832.10 831 0.13 1.34 95.36 831 821.1

p13-5C 120 3 634 633.60 633 0.09 9.70 42.63 633 577.6

p14-5C 100 4 588 588.00 588 0.00 4.31 28.40 588 563.7

p15-5C 100 4 588 588.00 588 0.00 4.27 28.85 588 563.9

p16-5C 199 7 817 816.20 815 0.15 1.76 106.96 815 802.1

Table 10: HGS results for the VRP-SL instances with 5 groups (clustered)
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Table 11: HGS results for the CPTP instances of [2]

UGHS – [3] ILS – [3] This paper

Instance n Avg-10 Best-10 T(s) Avg-10 Best-10 T(s) Avg-10 Best-10 T(s) T∗(s) BKS

p03-15-200 100 664.92 664.92 189.60 663.83 664.92 131.40 664.92 664.92 32.69 12.88 664.92

p03-2-50 100 57.75 57.75 128.40 57.75 57.75 111.00 57.75 57.75 5.95 0.05 57.75

p03-2-75 100 106.15 106.15 209.40 106.15 106.15 201.00 106.15 106.15 6.75 0.16 106.15

p03-2-100 100 158.21 158.21 295.20 158.21 158.21 253.20 158.21 158.21 7.52 0.25 158.21

p03-2-200 100 330.14 330.14 303.60 330.14 330.14 307.80 330.14 330.14 10.19 0.72 330.14

p03-3-50 100 80.82 80.82 96.60 80.82 80.82 88.80 80.82 80.82 6.60 0.10 80.82

p03-3-75 100 147.55 147.55 171.00 147.55 147.55 151.80 147.55 147.55 8.03 0.26 147.55

p03-3-100 100 218.63 218.63 225.60 218.63 218.63 208.80 218.63 218.63 8.49 0.40 218.63

p03-3-200 100 447.15 447.15 302.40 447.10 447.15 305.40 447.15 447.15 16.22 2.51 447.15

p03-4-50 100 100.36 100.36 100.20 100.36 100.36 84.00 100.36 100.36 7.55 0.15 100.36

p03-4-75 100 185.27 185.27 212.40 185.27 185.27 141.00 185.27 185.27 9.37 0.29 185.27

p03-4-100 100 268.34 268.34 268.80 268.34 268.34 219.60 268.34 268.34 11.80 1.14 268.34

p03-4-200 100 537.66 537.66 302.40 537.66 537.66 287.40 537.62 537.66 28.98 12.71 537.66

p06-10-160 50 259.24 259.24 22.20 258.97 258.97 18.60 259.24 259.24 12.91 0.12 259.24

p06-2-50 50 33.88 33.88 19.80 33.88 33.88 20.40 33.88 33.88 4.20 0.00 33.88

p06-2-75 50 72.28 72.28 35.40 72.28 72.28 30.60 72.28 72.28 4.91 0.06 72.28

p06-2-100 50 100.27 100.27 47.40 100.20 100.27 42.60 100.27 100.27 5.41 0.09 100.27

p06-2-160 50 168.60 168.60 73.20 168.60 168.60 42.00 168.60 168.60 6.69 0.15 168.60

p06-3-50 50 40.95 40.95 21.00 40.95 40.95 17.40 40.95 40.95 4.55 0.02 40.95

p06-3-75 50 92.32 92.32 22.20 92.32 92.32 19.80 92.32 92.32 5.69 0.06 92.32

p06-3-100 50 134.72 134.72 25.20 134.72 134.72 16.20 134.72 134.72 6.57 0.08 134.72

p06-3-160 50 219.36 219.36 50.40 219.36 219.36 30.60 219.36 219.36 9.73 0.55 219.36

p06-4-50 50 45.43 45.43 21.00 45.43 45.43 16.20 45.43 45.43 5.26 0.06 45.43

p06-4-75 50 99.37 99.37 16.20 99.37 99.37 17.40 99.37 99.37 6.74 0.11 99.37

p06-4-100 50 153.30 153.30 20.40 153.30 153.30 13.80 153.30 153.30 8.45 0.29 153.30

p06-4-160 50 258.97 258.97 25.80 258.78 258.97 18.00 258.97 258.97 12.26 0.50 258.97

p07-20-140 75 540.67 541.32 34.80 538.94 541.32 28.20 540.78 541.32 21.69 2.78 541.32

p07-2-50 75 49.18 49.18 63.60 49.18 49.18 52.80 49.18 49.18 5.00 0.00 49.18

p07-2-75 75 92.44 92.44 93.00 92.44 92.44 68.40 92.44 92.44 5.48 0.03 92.44

p07-2-100 75 132.70 132.70 132.60 132.70 132.70 114.60 132.70 132.70 6.03 0.08 132.70

p07-2-140 75 199.97 199.97 258.00 199.97 199.97 177.00 199.97 199.97 6.72 0.12 199.97

p07-3-50 75 69.94 69.94 61.80 69.94 69.94 60.60 69.94 69.94 5.29 0.02 69.94

p07-3-75 75 131.12 131.12 71.40 131.12 131.12 57.60 131.12 131.12 6.27 0.08 131.12

p07-3-100 75 185.25 185.25 106.80 185.25 185.25 93.00 185.25 185.25 7.35 0.20 185.25

p07-3-140 75 274.80 274.80 189.00 274.80 274.80 157.20 274.80 274.80 9.43 0.91 274.80

p07-4-50 75 90.65 90.65 50.40 90.65 90.65 45.60 90.65 90.65 6.06 0.02 90.65

p07-4-75 75 158.11 158.11 75.00 158.11 158.11 69.00 158.11 158.11 7.64 0.17 158.11

p07-4-100 75 233.40 233.40 88.80 233.40 233.40 87.60 233.40 233.40 8.53 0.30 233.40

p07-4-140 75 344.35 344.35 126.00 344.35 344.35 103.80 344.35 344.35 13.20 2.67 344.35

p08-15-200 100 664.92 664.92 190.80 663.83 664.92 130.80 662.74 664.92 32.20 9.60 664.92

p08-2-50 100 57.75 57.75 127.20 57.75 57.75 108.00 57.75 57.75 5.58 0.05 57.75

p08-2-75 100 106.15 106.15 210.60 106.15 106.15 202.20 106.15 106.15 6.64 0.15 106.15

p08-2-100 100 158.21 158.21 299.40 158.21 158.21 253.80 158.21 158.21 7.35 0.22 158.21

p08-2-200 100 330.14 330.14 303.60 330.14 330.14 307.80 330.14 330.14 9.94 0.78 330.14

p08-3-50 100 80.82 80.82 96.60 80.82 80.82 91.20 80.82 80.82 6.57 0.10 80.82

p08-3-75 100 147.55 147.55 171.00 147.55 147.55 147.60 147.55 147.55 8.01 0.27 147.55

p08-3-100 100 218.63 218.63 226.20 218.63 218.63 210.60 218.63 218.63 8.96 0.46 218.63

p08-3-200 100 447.15 447.15 302.40 446.44 447.15 304.20 447.15 447.15 15.42 2.02 447.15

p08-4-50 100 100.36 100.36 103.20 100.36 100.36 84.00 100.36 100.36 7.45 0.14 100.36

p08-4-75 100 185.27 185.27 212.40 185.27 185.27 139.80 185.27 185.27 9.18 0.23 185.27

p08-4-100 100 268.34 268.34 265.80 268.34 268.34 220.80 268.34 268.34 12.14 1.46 268.34

Continued on the next page
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Table 11: HGS results for the CPTP instances of [2] (continued)

UGHS – [3] ILS – [3] This paper

Instance n Avg-10 Best-10 T(s) Avg-10 Best-10 T(s) Avg-10 Best-10 T(s) T∗(s) BKS

p08-4-200 100 537.66 537.66 302.40 537.66 537.66 288.60 537.58 537.66 28.77 12.43 537.66

p09-10-200 150 1214.99 1215.29 296.40 1213.40 1215.29 282.60 1215.29 1215.29 75.60 38.19 1215.29

p09-2-50 150 65.03 65.03 278.40 65.03 65.03 240.60 65.03 65.03 7.80 0.03 65.03

p09-2-75 150 117.66 117.66 303.00 117.66 117.66 301.20 117.66 117.66 7.89 0.15 117.66

p09-2-100 150 161.22 161.23 303.00 161.19 161.23 306.60 161.23 161.23 9.98 0.59 161.23

p09-2-200 150 347.90 347.90 306.60 346.76 347.90 321.00 347.90 347.90 13.56 1.38 347.90

p09-3-50 150 96.16 96.16 286.80 96.16 96.16 231.00 96.16 96.16 8.35 0.10 96.16

p09-3-75 150 160.96 160.96 302.40 160.96 160.96 304.20 160.96 160.96 10.51 0.64 160.96

p09-3-100 150 230.49 230.49 302.40 230.32 230.49 306.00 230.49 230.49 12.47 1.22 230.49

p09-3-200 150 502.34 502.34 304.80 501.58 502.34 309.60 502.34 502.34 19.16 4.94 502.34

p09-4-50 150 121.35 121.35 247.80 121.35 121.35 253.20 121.35 121.35 9.63 0.16 121.35

p09-4-75 150 204.25 204.25 302.40 204.25 204.25 296.40 204.25 204.25 12.44 0.91 204.25

p09-4-100 150 290.75 290.97 302.40 290.89 290.97 305.40 290.97 290.97 17.57 4.90 290.97

p09-4-200 150 641.78 642.72 303.00 640.42 642.72 309.00 642.10 642.72 34.82 17.30 642.72

p10-20-200 199 1788.60 1793.95 302.40 1776.49 1785.00 303.60 1798.79 1799.65 86.01 36.65 1793.95

p10-2-50 199 70.87 70.87 301.80 70.87 70.87 303.00 70.87 70.87 9.76 0.09 70.87

p10-2-75 199 124.85 124.85 303.60 124.85 124.85 306.60 124.85 124.85 10.35 0.24 124.85

p10-2-100 199 171.24 171.24 303.60 171.24 171.24 312.00 171.24 171.24 11.59 0.57 171.24

p10-2-200 199 382.00 382.41 307.20 382.03 382.41 325.80 382.41 382.41 14.77 1.24 382.41

p10-3-50 199 103.79 103.79 301.80 103.79 103.79 303.00 103.79 103.79 10.15 0.14 103.79

p10-3-75 199 177.90 177.90 302.40 177.90 177.90 306.00 177.90 177.90 11.67 0.36 177.90

p10-3-100 199 249.82 250.18 303.60 249.55 250.18 308.40 250.18 250.18 12.53 0.91 250.18

p10-3-200 199 559.66 560.12 306.00 556.76 560.12 319.20 560.12 560.12 19.71 3.15 560.12

p10-4-50 199 134.81 134.81 301.80 134.81 134.81 303.60 134.81 134.81 11.27 0.21 134.81

p10-4-75 199 229.27 229.27 302.40 229.27 229.27 306.00 229.27 229.27 12.98 0.47 229.27

p10-4-100 199 324.90 324.93 303.00 324.67 324.93 307.20 324.93 324.93 15.69 2.07 324.93

p10-4-200 199 724.65 725.06 306.60 724.46 725.06 315.60 725.06 725.06 32.19 13.16 725.06

p13-15-200 120 319.68 319.68 302.40 316.98 319.68 304.80 317.67 319.68 33.80 7.97 319.68

p13-2-50 120 64.12 64.12 106.80 64.12 64.12 131.40 64.12 64.12 6.93 0.13 64.12

p13-2-75 120 110.12 110.12 235.80 110.12 110.12 295.20 110.12 110.12 8.61 0.24 110.12

p13-2-100 120 145.75 145.75 301.80 145.75 145.75 304.20 145.75 145.75 9.66 0.18 145.75

p13-2-200 120 240.87 241.15 304.20 239.99 241.15 309.60 241.15 241.15 16.97 2.96 241.15

p13-3-50 120 87.25 87.25 89.40 87.25 87.25 106.80 87.25 87.25 8.27 0.28 87.25

p13-3-75 120 139.37 139.37 207.00 139.37 139.37 296.40 139.37 139.37 11.10 0.23 139.37

p13-3-100 120 181.63 181.63 303.00 163.25 181.63 274.20 181.63 181.63 13.25 0.55 181.63

p13-3-200 120 282.70 283.70 303.60 281.94 283.70 311.40 282.62 283.70 20.14 1.64 283.70

p13-4-50 120 104.18 104.18 115.20 104.18 104.18 111.00 104.18 104.18 10.54 0.77 104.18

p13-4-75 120 161.62 161.62 202.80 161.62 161.62 270.60 161.62 161.62 13.62 0.47 161.62

p13-4-100 120 202.30 202.36 294.00 202.12 202.36 305.40 202.36 202.36 16.20 1.13 202.36

p13-4-200 120 303.07 304.15 301.80 301.61 303.18 306.60 303.15 303.18 27.84 6.11 304.15

p14-10-200 100 890.44 890.44 37.20 890.44 890.44 35.40 890.44 890.44 26.10 0.44 890.44

p14-2-50 100 43.26 43.26 80.40 43.26 43.26 84.60 43.26 43.26 6.58 0.08 43.26

p14-2-75 100 77.09 77.09 108.00 77.09 77.09 111.60 77.09 77.09 6.81 0.12 77.09

p14-2-100 100 125.29 125.29 136.20 125.29 125.29 132.00 125.29 125.29 7.63 0.16 125.29

p14-2-200 100 303.37 303.37 282.00 303.37 303.37 279.00 303.37 303.37 9.39 0.89 303.37

p14-3-50 100 59.43 59.43 55.80 59.43 59.43 64.20 59.43 59.43 6.59 0.13 59.43

p14-3-75 100 112.56 112.56 69.00 112.56 112.56 78.60 112.56 112.56 7.75 0.17 112.56

p14-3-100 100 182.31 182.31 115.20 182.31 182.31 100.80 182.31 182.31 9.04 0.35 182.31

p14-3-200 100 423.36 423.36 291.60 423.27 423.36 227.40 423.36 423.36 16.59 4.53 423.36

p14-4-50 100 68.63 68.63 61.20 68.63 68.63 68.40 68.63 68.63 7.71 0.18 68.63

p14-4-75 100 139.88 139.88 54.00 139.88 139.88 62.40 139.88 139.88 8.45 0.25 139.88

Continued on the next page
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Table 11: HGS results for the CPTP instances of [2] (continued)

UGHS – [3] ILS – [3] This paper

Instance n Avg-10 Best-10 T(s) Avg-10 Best-10 T(s) Avg-10 Best-10 T(s) T∗(s) BKS

p14-4-100 100 237.68 237.68 70.80 237.68 237.68 78.60 237.68 237.68 10.42 0.52 237.68

p14-4-200 100 537.80 537.80 150.00 537.80 537.80 130.80 537.80 537.80 17.07 2.10 537.80

p15-15-200 150 1179.39 1180.65 296.40 1170.14 1173.56 250.20 1179.96 1180.88 50.68 12.10 1180.65

p15-2-50 150 64.98 64.98 285.00 64.98 64.98 285.00 64.98 64.98 8.03 0.16 64.98

p15-2-75 150 120.93 120.93 303.00 120.93 120.93 304.20 120.93 120.93 8.78 0.15 120.93

p15-2-100 150 169.71 169.71 303.60 169.71 169.71 306.00 169.71 169.71 9.31 0.19 169.71

p15-2-200 150 377.58 378.09 304.80 376.96 378.09 316.20 378.09 378.09 11.97 0.73 378.09

p15-3-50 150 96.42 96.42 271.20 96.42 96.42 247.20 96.42 96.42 8.77 0.15 96.42

p15-3-75 150 174.58 174.58 302.40 174.58 174.58 304.80 174.58 174.58 10.16 0.29 174.58

p15-3-100 150 244.08 244.08 302.40 244.08 244.08 305.40 244.08 244.08 11.14 0.56 244.08

p15-3-200 150 521.43 522.81 304.80 519.56 522.81 313.80 522.57 522.81 17.86 3.15 522.81

p15-4-50 150 124.02 124.02 256.20 124.02 124.02 216.60 124.02 124.02 9.65 0.15 124.02

p15-4-75 150 219.22 219.22 300.60 219.22 219.22 303.00 219.22 219.22 11.77 0.59 219.22

p15-4-100 150 309.75 309.75 301.80 309.75 309.75 306.60 309.75 309.75 14.84 1.88 309.75

p15-4-200 150 661.80 663.40 303.00 659.45 663.40 309.00 663.40 663.40 25.11 7.17 663.40

p16-20-200 199 1804.00 1809.98 301.80 1797.76 1804.32 303.60 1813.69 1813.76 84.46 32.38 1809.98

p16-2-50 199 66.81 66.81 303.00 66.81 66.81 304.80 66.81 66.81 9.79 0.22 66.81

p16-2-75 199 123.38 123.38 302.40 123.38 123.38 306.00 123.38 123.38 10.52 0.27 123.38

p16-2-100 199 176.65 177.23 303.60 176.88 177.23 309.60 177.23 177.23 11.92 0.66 177.23

p16-2-200 199 394.05 394.05 309.60 393.23 394.05 324.60 394.05 394.05 15.28 1.52 394.05

p16-3-50 199 99.70 99.70 301.80 99.70 99.70 304.80 99.70 99.70 10.47 0.22 99.70

p16-3-75 199 179.55 179.55 302.40 179.55 179.55 306.60 179.55 179.55 12.21 0.50 179.55

p16-3-100 199 258.89 259.25 302.40 258.65 259.25 308.40 259.25 259.25 13.90 1.06 259.25

p16-3-200 199 567.84 568.13 309.00 566.32 568.13 329.40 568.13 568.13 28.12 11.77 568.13

p16-4-50 199 131.37 131.37 302.40 131.37 131.37 297.60 131.37 131.37 11.39 0.26 131.37

p16-4-75 199 235.03 235.03 302.40 234.78 235.03 303.60 235.03 235.03 13.73 0.93 235.03

p16-4-100 199 337.19 337.80 303.00 336.33 337.80 308.40 337.80 337.80 15.56 1.86 337.80

p16-4-200 199 735.69 736.52 306.60 733.92 736.52 319.20 736.37 736.52 37.73 18.63 736.52

Avg. Gap(%) 0.029 0.000 0.172 0.014 0.012 -0.002

Avg. T(s) 211.68 205.86 14.07

Avg. T∗(s) 2.53

CPU Xe 3.07GHz Xe 3.07GHz Intel i7 3.4GHz
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Table 12: Branch-and-price results for the CPTP instances of [2]

B&P1 – [1] B&P2 – [1] This paper – B&P

Instance n UB LB T(s) UB LB T(s) UB0 UB LB T(s) BKUB

p03-15-200 100 675.00 664.92 3600.00 674.68 – 3600.00 675.52 672.79 664.92 3600.00 674.68

p03-2-50 100 57.75 57.75 0.00 57.75 57.75 0.00 57.75 57.75 57.75 0.06 57.75

p03-2-75 100 106.15 106.15 3.00 106.15 106.15 3.00 106.24 106.15 106.15 0.50 106.15

p03-2-100 100 158.21 158.21 5.00 158.21 158.21 5.00 159.48 158.21 158.21 2.52 158.21

p03-2-200 100 337.59 330.14 3600.00 337.43 – 3600.00 339.14 331.74 330.14 3600.00 337.43

p03-3-50 100 80.82 80.82 0.00 80.82 80.82 0.00 81.43 80.82 80.82 0.15 80.82

p03-3-75 100 147.55 147.55 4.00 147.55 147.55 4.00 150.39 147.55 147.55 1.46 147.55

p03-3-100 100 218.63 218.63 11.00 218.63 218.63 11.00 221.71 218.63 218.63 8.84 218.63

p03-3-200 100 451.92 447.15 3600.00 451.68 – 3600.00 453.97 447.62 447.15 3600.00 451.68

p03-4-50 100 100.36 100.36 0.00 100.36 100.36 0.00 100.36 100.36 100.36 0.07 100.36

p03-4-75 100 185.27 185.27 3.00 185.27 185.27 3.00 188.26 185.27 185.27 2.56 185.27

p03-4-100 100 268.34 268.34 333.00 268.34 268.34 334.00 271.41 268.34 268.34 91.90 268.34

p03-4-200 100 552.05 537.66 3600.00 551.74 – 3600.00 550.59 544.46 537.66 3600.00 551.74

p06-10-160 50 265.99 259.24 3600.00 265.21 – 3600.00 270.33 262.66 259.24 3600.00 265.21

p06-2-50 50 33.88 33.88 0.00 33.88 33.88 0.00 35.60 33.88 33.88 0.11 33.88

p06-2-75 50 72.28 72.28 1.00 72.28 72.28 0.00 72.28 72.28 72.28 0.05 72.28

p06-2-100 50 100.27 100.27 2.00 100.27 100.27 2.00 100.27 100.27 100.27 0.09 100.27

p06-2-160 50 168.60 168.60 13.00 168.60 168.60 12.00 169.19 168.60 168.60 1.11 168.60

p06-3-50 50 40.95 40.95 0.00 40.95 40.95 0.00 41.99 40.95 40.95 0.08 40.95

p06-3-75 50 92.32 92.32 0.00 92.32 92.32 0.00 92.99 92.32 92.32 0.16 92.32

p06-3-100 50 134.72 134.72 2.00 134.72 134.72 1.00 134.72 134.72 134.72 0.11 134.72

p06-3-160 50 219.36 219.36 870.00 219.36 219.36 578.00 224.91 219.36 219.36 41.68 219.36

p06-4-50 50 45.43 45.43 0.00 45.43 45.43 0.00 45.43 45.43 45.43 0.02 45.43

p06-4-75 50 99.37 99.37 22.00 99.37 99.37 22.00 103.89 99.37 99.37 3.09 99.37

p06-4-100 50 153.30 153.30 16.00 153.30 153.30 16.00 156.13 153.30 153.30 2.26 153.30

p06-4-160 50 260.31 258.97 3600.00 259.67 256.55 3600.00 265.24 258.97† 258.97 93.87 259.67

p07-20-140 75 548.65 541.32 3600.00 548.10 – 3600.00 552.48 544.79 541.32 3600.00 548.10

p07-2-50 75 49.18 49.18 0.00 49.18 49.18 0.00 49.18 49.18 49.18 0.03 49.18

p07-2-75 75 92.44 92.44 0.00 92.44 92.44 0.00 92.44 92.44 92.44 0.10 92.44

p07-2-100 75 132.70 132.70 1.00 132.70 132.70 1.00 132.70 132.70 132.70 0.13 132.70

p07-2-140 75 199.97 199.97 3.00 199.97 199.97 4.00 199.97 199.97 199.97 0.27 199.97

p07-3-50 75 69.94 69.94 0.00 69.94 69.94 0.00 69.94 69.94 69.94 0.03 69.94

p07-3-75 75 131.12 131.12 0.00 131.12 131.12 0.00 131.12 131.12 131.12 0.06 131.12

p07-3-100 75 185.25 185.25 3.00 185.25 185.25 2.00 185.25 185.25 185.25 0.16 185.25

p07-3-140 75 274.80 274.80 878.00 274.80 274.80 768.00 277.86 274.80 274.80 19.33 274.80

p07-4-50 75 90.65 90.65 0.00 90.65 90.65 0.00 90.65 90.65 90.65 0.03 90.65

p07-4-75 75 158.11 158.11 3.00 158.11 158.11 3.00 161.38 158.11 158.11 2.57 158.11

p07-4-100 75 233.40 233.40 3.00 233.40 233.40 3.00 233.40 233.40 233.40 0.13 233.40

p07-4-140 75 345.15 344.35 3600.00 344.82 344.35 3600.00 348.33 344.35† 344.35 82.92 344.82

p08-15-200 100 674.99 664.92 3600.00 674.68 – 3600.00 675.52 672.77 664.92 3600.00 674.68

p08-2-50 100 57.75 57.75 0.00 57.75 57.75 0.00 57.75 57.75 57.75 0.07 57.75

p08-2-75 100 106.15 106.15 3.00 106.15 106.15 3.00 106.24 106.15 106.15 0.52 106.15

p08-2-100 100 158.21 158.21 5.00 158.21 158.21 5.00 159.48 158.21 158.21 2.78 158.21

p08-2-200 100 337.59 330.14 3600.00 337.42 – 3600.00 339.14 331.76 330.14 3600.00 337.42

p08-3-50 100 80.82 80.82 0.00 80.82 80.82 0.00 81.43 80.82 80.82 0.15 80.82

p08-3-75 100 147.55 147.55 4.00 147.55 147.55 4.00 150.39 147.55 147.55 1.31 147.55

p08-3-100 100 218.63 218.63 11.00 218.63 218.63 10.00 221.71 218.63 218.63 8.65 218.63

p08-3-200 100 451.90 447.15 3600.00 451.70 – 3600.00 453.97 447.54 447.15 3600.00 451.70

p08-4-50 100 100.36 100.36 0.00 100.36 100.36 0.00 100.36 100.36 100.36 0.07 100.36

p08-4-75 100 185.27 185.27 3.00 185.27 185.27 3.00 188.26 185.27 185.27 2.62 185.27

p08-4-100 100 268.34 268.34 320.00 268.34 268.34 330.00 271.41 268.34 268.34 92.44 268.34

Continued on the next page

15



Table 12: Branch-and-price results for the CPTP instances of [2] (continued)

B&P1 – [1] B&P2 – [1] This paper – B&P

Instance n UB LB T(s) UB LB T(s) UB0 UB LB T(s) BKUB

p08-4-200 100 552.00 537.66 3600.00 551.74 – 3600.00 550.59 544.49 537.66 3600.00 551.74

p09-10-200 150 1233.57 1187.54 3600.00 1233.23 – 3600.00 1228.77 1225.95 1215.29 3600.00 1233.23

p09-2-50 150 65.03 65.03 0.00 65.03 65.03 0.00 65.03 65.03 65.03 0.16 65.03

p09-2-75 150 117.66 117.66 2.00 117.66 117.66 2.00 117.66 117.66 117.66 0.38 117.66

p09-2-100 150 161.23 161.23 41.00 161.23 161.23 41.00 163.71 161.23 161.23 5.34 161.23

p09-2-200 150 359.97 343.21 3600.00 359.92 – 3600.00 357.36 348.45 347.90 3600.00 359.92

p09-3-50 150 96.16 96.16 1.00 96.16 96.16 1.00 96.16 96.16 96.16 0.16 96.16

p09-3-75 150 160.96 160.96 8.00 160.96 160.96 8.00 161.82 160.96 160.96 4.52 160.96

p09-3-100 150 230.49 230.49 37.00 230.49 230.49 37.00 233.31 230.49 230.49 10.44 230.49

p09-3-200 150 516.45 500.87 3600.00 516.37 – 3600.00 509.74 502.61 502.34 3600.00 516.37

p09-4-50 150 121.35 121.35 1.00 121.35 121.35 1.00 121.35 121.35 121.35 0.17 121.35

p09-4-75 150 204.25 204.25 6.00 204.25 204.25 6.00 204.91 204.25 204.25 0.91 204.25

p09-4-100 150 290.97 290.97 632.00 290.97 290.97 634.00 297.19 290.97 290.97 185.31 290.97

p09-4-200 150 657.13 632.54 3600.00 656.93 – 3600.00 650.58 645.68 642.72 3600.00 656.93

p10-20-200 199 1829.59 1655.01 3600.00 1824.91 – 3600.00 1819.95 1817.52 1799.65 3600.00 1824.91

p10-2-50 199 70.87 70.87 1.00 70.87 70.87 1.00 70.87 70.87 70.87 0.24 70.87

p10-2-75 199 124.85 124.85 2.00 124.85 124.85 2.00 124.85 124.85 124.85 0.53 124.85

p10-2-100 199 171.24 171.24 18.00 171.24 171.24 19.00 171.59 171.24 171.24 2.08 171.24

p10-2-200 199 383.62 382.41 3600.00 383.58 – 3600.00 384.95 382.41† 382.41 42.57 383.58

p10-3-50 199 103.79 103.79 1.00 103.79 103.79 1.00 103.79 103.79 103.79 0.25 103.79

p10-3-75 199 177.90 177.90 9.00 177.90 177.90 9.00 179.75 177.90 177.90 3.81 177.90

p10-3-100 199 250.18 250.18 32.00 250.18 250.18 33.00 251.19 250.18 250.18 15.43 250.18

p10-3-200 199 563.16 553.36 3600.00 563.08 – 3600.00 565.57 560.12† 560.12 462.79 563.08

p10-4-50 199 134.81 134.81 2.00 134.81 134.81 1.00 134.81 134.81 134.81 0.25 134.81

p10-4-75 199 229.27 229.27 9.00 229.27 229.27 9.00 230.10 229.27 229.27 2.22 229.27

p10-4-100 199 324.93 324.93 57.00 324.93 324.93 56.00 326.85 324.93 324.93 22.63 324.93

p10-4-200 199 732.19 722.46 3600.00 732.19 – 3600.00 732.65 727.73 725.06 3600.00 732.19

p13-15-200 120 357.52 271.39 3600.00 357.30 – 3600.00 341.10 337.65 319.68 3600.00 357.30

p13-2-50 120 64.12 64.12 13.00 64.12 64.12 13.00 66.08 64.12 64.12 4.61 64.12

p13-2-75 120 110.12 110.12 10.00 110.12 110.12 10.00 110.12 110.12 110.12 0.50 110.12

p13-2-100 120 145.75 145.75 218.00 145.75 145.75 218.00 145.75 145.75 145.75 1.22 145.75

p13-2-200 120 257.62 219.29 3600.00 257.56 – 3600.00 247.99 243.75 241.15 3600.00 257.56

p13-3-50 120 87.25 87.25 37.00 87.25 87.25 38.00 88.60 87.25 87.25 4.46 87.25

p13-3-75 120 139.37 139.37 702.00 139.37 139.37 700.00 141.50 139.37 139.37 78.00 139.37

p13-3-100 120 196.21 177.07 3600.00 196.21 – 3600.00 183.27 181.63† 181.63 43.37 196.21

p13-3-200 120 314.59 244.31 3600.00 314.44 – 3600.00 297.12 292.55 283.70 3600.00 314.44

p13-4-50 120 104.18 104.18 243.00 104.18 104.18 250.00 106.11 104.18 104.18 25.69 104.18

p13-4-75 120 161.62 161.62 2086.00 161.62 161.62 2089.00 163.99 161.62 161.62 320.20 161.62

p13-4-100 120 206.59 201.59 3600.00 206.59 – 3600.00 205.78 202.36† 202.36 932.28 206.59

p13-4-200 120 347.68 255.11 3600.00 347.61 – 3600.00 329.91 320.75 303.18 3600.00 347.61

p14-10-200 100 925.01 878.35 3600.00 925.02 – 3600.00 903.67 898.53 890.44 3600.00 925.02

p14-2-50 100 43.26 43.26 0.00 43.26 43.26 0.00 43.26 43.26 43.26 0.01 43.26

p14-2-75 100 77.09 77.09 1.00 77.09 77.09 1.00 77.43 77.09 77.09 0.08 77.09

p14-2-100 100 125.29 125.29 7.00 125.29 125.29 7.00 125.78 125.29 125.29 0.22 125.29

p14-2-200 100 326.11 283.35 3600.00 325.95 – 3600.00 306.30 303.37† 303.37 21.68 325.95

p14-3-50 100 59.43 59.43 0.00 59.43 59.43 0.00 59.43 59.43 59.43 0.01 59.43

p14-3-75 100 112.56 112.56 1.00 112.56 112.56 1.00 112.56 112.56 112.56 0.03 112.56

p14-3-100 100 182.31 182.31 8.00 182.31 182.31 8.00 184.26 182.31 182.31 0.89 182.31

p14-3-200 100 456.50 399.37 3600.00 456.27 – 3600.00 432.78 427.73 423.36 3600.00 456.27

p14-4-50 100 68.63 68.63 2.00 68.63 68.63 2.00 69.53 68.63 68.63 0.06 68.63

p14-4-75 100 139.88 139.88 2.00 139.88 139.88 2.00 139.88 139.88 139.88 0.03 139.88
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Table 12: Branch-and-price results for the CPTP instances of [2] (continued)

B&P1 – [1] B&P2 – [1] This paper – B&P

Instance n UB LB T(s) UB LB T(s) UB0 UB LB T(s) BKUB

p14-4-100 100 237.68 237.68 13.00 237.68 237.68 13.00 238.59 237.68 237.68 0.34 237.68

p14-4-200 100 567.31 474.06 3600.00 566.90 – 3600.00 539.23 537.80† 537.80 7.49 566.90

p15-15-200 150 1210.22 1146.68 3600.00 1209.69 – 3600.00 1206.41 1203.74 1180.88 3600.00 1209.69

p15-2-50 150 64.98 64.98 1.00 64.98 64.98 1.00 65.00 64.98 64.98 0.33 64.98

p15-2-75 150 120.93 120.93 2.00 120.93 120.93 2.00 120.93 120.93 120.93 0.35 120.93

p15-2-100 150 169.71 169.71 13.00 169.71 169.71 13.00 171.60 169.71 169.71 24.64 169.71

p15-2-200 150 378.09 378.09 608.00 378.09 378.09 594.00 380.41 378.09 378.09 94.91 378.09

p15-3-50 150 96.42 96.42 1.00 96.42 96.42 1.00 96.42 96.42 96.42 0.16 96.42

p15-3-75 150 174.58 174.58 5.00 174.58 174.58 5.00 174.58 174.58 174.58 0.36 174.58

p15-3-100 150 244.08 244.08 31.00 244.08 244.08 31.00 245.75 244.08 244.08 13.70 244.08

p15-3-200 150 533.75 512.56 3600.00 533.70 – 3600.00 534.34 529.76 522.81 3600.00 533.70

p15-4-50 150 124.02 124.02 1.00 124.02 124.02 1.00 124.02 124.02 124.02 0.17 124.02

p15-4-75 150 219.22 219.22 9.00 219.22 219.22 9.00 219.22 219.22 219.22 0.38 219.22

p15-4-100 150 309.75 309.75 145.00 309.75 309.75 162.00 315.64 309.75 309.75 190.60 309.75

p15-4-200 150 669.93 653.40 3600.00 669.87 – 3600.00 666.30 663.40† 663.40 320.10 669.87

p16-20-200 199 1848.57 1629.10 3600.00 1845.31 – 3600.00 1837.65 1835.70 1813.76 3600.00 1845.31

p16-2-50 199 66.81 66.81 1.00 66.81 66.81 1.00 66.81 66.81 66.81 0.25 66.81

p16-2-75 199 123.38 123.38 8.00 123.38 123.38 8.00 123.38 123.38 123.38 0.51 123.38

p16-2-100 199 177.23 177.23 23.00 177.23 177.23 22.00 178.70 177.23 177.23 11.95 177.23

p16-2-200 199 397.86 391.66 3600.00 397.83 – 3600.00 400.91 394.05† 394.05 1403.30 397.83

p16-3-50 199 99.70 99.70 1.00 99.70 99.70 1.00 99.70 99.70 99.70 0.23 99.70

p16-3-75 199 179.55 179.55 20.00 179.55 179.55 20.00 179.75 179.55 179.55 1.71 179.55

p16-3-100 199 259.25 259.25 40.00 259.25 259.25 40.00 260.72 259.25 259.25 6.84 259.25

p16-3-200 199 579.70 562.62 3600.00 579.27 – 3600.00 581.71 574.43 568.13 3600.00 579.27

p16-4-50 199 131.37 131.37 2.00 131.37 131.37 2.00 131.37 131.37 131.37 0.25 131.37

p16-4-75 199 235.03 235.03 12.00 235.03 235.03 12.00 235.03 235.03 235.03 0.55 235.03

p16-4-100 199 337.80 337.80 33.00 337.80 337.80 33.00 339.97 337.80 337.80 18.22 337.80

p16-4-200 199 745.15 733.95 3600.00 745.03 – 3600.00 745.87 739.86 736.52 3600.00 745.03

Average 273.07 263.12 1083.69 272.96 151.91 1080.75 272.44 268.74 268.73 784.28 272.96

CPU Xe 3.07GHz Xe 3.07GHz Intel i7 3.4GHz

†: New optimal solution.

References

[1] Archetti, C., N. Bianchessi, M.G. Speranza. 2013. Optimal solutions for routing problems

with profits. Discrete Applied Mathematics 161(4-5) 547–557.

[2] Archetti, C., D. Feillet, A. Hertz, M.G. Speranza. 2009. The capacitated team orienteering

and profitable tour problems. Journal of the Operational Research Society 60(6) 831–842.

[3] Vidal, T., N. Maculan, L.S. Ochi, P.H.V. Penna. 2016. Large neighborhoods with implicit

customer selection for vehicle routing problems with profits. Transportation Science 50(2)

720–734.

17


