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1. Detailed computational results

Table A1: Root relaxation and cut separation results

BCP-PMWT Root BCP-PMWT-OTI Root* BCP-PMWT-OTI Root

n m Inst UB 1st LB LB Gap Time LB Gap Time LB Gap Time

40 2 1 606 584 606 63.50 606 36.42 606 21.90
40 2 6 3886 3875 3886 11.80 3886 6.50 3886 6.70
40 2 11 9617 9592 9617 6.40 9617 3.87 9617 5.10
40 2 16 38356 38279 38356 41.80 38356 591.89 38356 32.50
40 2 31 3812 3758 3812 29.20 3812 20.23 3812 5.80
40 2 36 10713 10662 10713 50.70 10703 0.093% 153.65 10713 8.10
40 2 56 1279 1272 1279 8.30 1279 6.90 1279 5.70
40 2 61 11488 11311 11394 0.818% 684.80 11388 0.870% 359.36 11488 11.10
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Table A1: continued

BCP-PMWT Root BCP-PMWT-OTI Root* BCP-PMWT-OTI Root

n m Inst UB 1st LB LB Gap Time LB Gap Time LB Gap Time

40 2 66 35279 35130 35197 0.232% 200.60 35195 0.238% 157.92 35233 0.130% 556.10
40 2 71 47952 47935 47952 0.90 47952 1.97 47952 6.50
40 2 81 571 452 571 67.60 571 46.90 571 18.50
40 2 86 6048 5996 6048 31.90 6042 0.099% 76.58 6048 5.20
40 2 96 66116 66111 66116 1.20 66116 1.05 66116 4.30
40 2 111 17936 17898 17936 3.50 17936 4.98 17936 6.00
40 2 116 25870 25786 25870 44.40 25870 44.17 25870 9.80
40 2 121 64516 64507 64516 1.00 64516 0.98 64516 4.40
40 4 1 439 438 439 1.70 439 1.29 439 3.90
40 4 6 2374 2372 2374 2.30 2374 1.15 2374 3.70
40 4 11 5737 5735 5737 0.50 5737 0.66 5737 3.20
40 4 16 21493 21484 21490 0.014% 19.90 21493 19.93 21493 24.50
40 4 31 2525 2496 2500 0.990% 39.30 2500 0.990% 11.61 2507 0.713% 29.70
40 4 36 6420 6355 6364 0.872% 26.50 6364 0.872% 29.21 6367 0.826% 16.40
40 4 41 17685 17634 17637 0.271% 24.30 17637 0.271% 11.97 17639 0.260% 14.10
40 4 56 826 798 817 1.090% 45.50 814 1.453% 16.06 815 1.332% 29.50
40 4 61 7357 7316 7322 0.476% 22.80 7322 0.476% 27.69 7327 0.408% 40.10
40 4 66 20251 20247 20251 1.70 20251 1.04 20251 2.90
40 4 81 564 550 560 0.709% 37.90 560 0.709% 20.81 560 0.709% 19.60
40 4 86 4725 4719 4725 6.80 4725 3.12 4725 6.10
40 4 91 15569 15557 15562 0.045% 27.00 15562 0.045% 13.28 15562 0.045% 17.90
40 4 111 11263 11212 11219 0.391% 58.60 11217 0.408% 15.79 11222 0.364% 17.30
40 4 116 15566 15539 15545 0.135% 19.70 15545 0.135% 19.41 15547 0.122% 19.20
40 4 121 35751 35739 35741 0.028% 39.10 35741 0.028% 9.86 35741 0.028% 15.60
50 2 1 1268 1232 1268 296.60 1268 433.80 1268 28.80
50 2 6 14272 14261 14272 63.10 14272 42.35 14272 10.00
50 2 11 23028 23000 23028 21.30 23028 10.76 23028 10.90
50 2 16 46072 46011 46072 25.10 46072 21.19 46072 17.70
50 2 21 111069 111067 111069 0.70 111069 0.79 111069 6.80
50 2 31 5378 5289 5349 0.539% 1060.20 5349 0.539% 223.79 5378 21.10
50 2 36 18956 18895 18956 26.80 18956 26.62 18956 9.10
50 2 41 38058 37968 38050 0.021% 341.60 38034 0.063% 1615.95 38058 58.00
50 2 46 82105 82085 82105 31.50 82105 26.33 82105 31.40
50 2 56 761 730 761 232.70 761 78.36 761 13.90
50 2 61 13682 13589 13619 0.460% 614.00 13617 0.475% 469.34 13682 22.60
50 2 66 40907 40904 40907 0.60 40907 0.67 40907 6.30
50 2 81 542 538 542 5.30 542 2.34 542 8.90
50 2 86 12557 12277 12427 1.035% 946.70 12415 1.131% 323.63 12557 17.80
50 2 91 47349 47294 47330 0.040% 492.30 47330 0.040% 649.79 47349 8.70
50 2 96 92822 92803 92822 6.30 92822 5.87 92822 7.30
50 2 111 15564 15544 15564 3.50 15564 5.60 15564 9.30
50 2 116 19608 19524 19573 0.178% 453.30 19572 0.184% 712.41 19608 47.10
50 4 1 785 777 785 24.80 785 33.58 785 29.00
50 4 6 8317 8298 8304 0.156% 110.80 8304 0.156% 35.30 8304 0.157% 33.70
50 4 11 12879 12871 12875 0.031% 71.20 12875 0.031% 39.81 12876 0.023% 34.60
50 4 16 25376 25375 25376 8.00 25376 5.96 25376 9.20
50 4 36 10796 10794 10796 5.00 10796 1.55 10796 5.60
50 4 41 21806 21783 21785 0.096% 44.90 21786 0.092% 79.51 21786 0.092% 59.10
50 4 46 44455 44452 44455 15.10 44453 0.004% 25.61 44453 0.004% 17.10
50 4 56 570 538 541 5.088% 45.80 541 5.088% 26.29 540 5.556% 14.20
50 4 61 7898 7850 7857 0.519% 81.80 7856 0.532% 44.74 7857 0.522% 49.30
50 4 71 42645 42625 42628 0.040% 138.40 42628 0.040% 41.61 42627 0.042% 19.00
50 4 81 495 478 495 64.90 495 49.95 495 26.30
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Table A1: continued

BCP-PMWT Root BCP-PMWT-OTI Root* BCP-PMWT-OTI Root

n m Inst UB 1st LB LB Gap Time LB Gap Time LB Gap Time

50 4 86 8369 8330 8336 0.394% 163.30 8336 0.394% 52.30 8336 0.396% 69.90
50 4 91 26551 26546 26548 0.011% 111.60 26551 9.69 26551 12.40
50 4 96 50326 50312 50317 0.018% 91.00 50316 0.020% 54.30 50325 0.002% 77.10
50 4 111 10069 10049 10051 0.179% 63.20 10051 0.179% 27.43 10052 0.169% 39.90
50 4 116 11552 11520 11523 0.251% 54.40 11523 0.251% 26.05 11523 0.252% 27.00
50 4 121 23792 23769 23775 0.071% 58.50 23775 0.071% 34.82 23775 0.072% 49.00

100 2 1 3339 3314 3322 0.509% 814.60 3317 0.659% 273.99 3339 285.80
100 2 6 30665 30644 30665 328.10 30665 502.72 30665 200.10
100 2 11 93894 93894 93894 17.20 93894 0.00 93894 40.10
100 2 16 209100 209062 209100 5086.70 209100 362.96 209100 86.90
100 2 21 457836 457814 457836 24.30 457836 131.59 457836 215.10
100 2 31 12729 12725 12729 210.50 12729 101.87 12729 104.10
100 2 36 56671 56576 56590 0.143% 804.70 56604 0.118% 1352.29 56671 347.60
100 2 41 237964 237773 237841 0.052% 19685.20 237858 0.045% 4597.80 237884 0.034% 2201.70
100 2 46 422831 422804 422830 0.000% 1525.30 422827 0.001% 1034.05 422831 171.90
100 2 56 5047 4983 5047 796.90 4996 1.011% 366.49 5047 152.40
100 2 61 45573 45424 45481 0.202% 6818.20 45473 0.219% 2369.51 45573 275.50
100 2 66 126513 126408 126477 0.028% 6969.70 126475 0.030% 5139.77 126503 0.008% 1976.30
100 2 71 327305 327300 327305 3.10 327305 5.77 327305 57.60
100 2 81 908 792 830 8.590% 968.90 856 5.727% 1959.78 908 198.90
100 2 86 36581 36218 36322 0.708% 3234.00 36316 0.724% 3998.60 36581 262.80
100 2 91 129929 129619 129752 0.136% 3617.10 129766 0.125% 9699.51 129804 0.096% 6258.50
100 2 96 254194 254141 254194 400.20 254194 1144.89 254194 185.90
100 2 111 84220 84005 84097 0.146% 6578.00 84097 0.146% 8333.18 84220 219.50
100 2 116 191186 191085 191173 0.007% 11118.60 191170 0.008% 4350.81 191186 2373.00
100 2 121 242018 241954 241997 0.009% 56938.90 241996 0.009% 5195.25 242018 181.10
100 4 1 2001 1990 2001 668.10 1993 0.400% 724.78 2001 156.10
100 4 11 50232 50199 50203 0.058% 951.30 50203 0.058% 500.44 50203 0.058% 315.40
100 4 16 110219 110114 110118 0.092% 950.60 110116 0.093% 309.06 110120 0.090% 249.50
100 4 21 237392 237389 237390 0.001% 1047.80 237388 0.002% 548.77 237391 0.000% 375.80
100 4 31 7130 7080 7082 0.673% 1156.70 7082 0.673% 362.58 7082 0.678% 311.20
100 4 36 30791 30773 30783 0.026% 1654.20 30782 0.029% 512.14 30782 0.029% 427.90
100 4 41 126185 126130 126144 0.032% 923.40 126146 0.031% 2518.48 126147 0.030% 1376.40
100 4 46 219536 219526 219529 0.003% 910.00 219529 0.003% 724.20 219529 0.003% 578.30
100 4 56 3076 3021 3030 1.495% 1102.50 3030 1.495% 655.17 3030 1.518% 586.30
100 4 61 24856 24806 24821 0.141% 1094.90 24820 0.145% 656.88 24825 0.125% 548.80
100 4 66 67970 67948 67954 0.024% 819.70 67955 0.022% 919.41 67955 0.022% 723.00
100 4 71 170691 170674 170675 0.009% 398.80 170674 0.010% 381.42 170675 0.009% 568.40
100 4 81 819 754 772 5.739% 1242.50 769 6.105% 740.06 784 4.464% 466.10
100 4 86 21286 21209 21218 0.319% 798.60 21220 0.310% 717.18 21220 0.311% 823.80
100 4 91 70608 70582 70589 0.027% 1640.70 70587 0.030% 567.63 70588 0.028% 1269.80
100 4 96 133587 133572 133575 0.009% 443.80 133574 0.010% 457.02 133575 0.009% 1028.70
100 4 111 46719 46616 46630 0.191% 1094.30 46631 0.188% 584.21 46633 0.184% 957.10
100 4 116 101551 101514 101520 0.031% 871.70 101520 0.031% 413.25 101521 0.030% 790.40
100 4 121 127619 127593 127597 0.017% 926.70 127597 0.017% 1051.62 127598 0.016% 904.90
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Table B1: Comparison of Alternative Time-Indexed

Formulations

1st LP Time(s) MIP Time (s)

n m Inst Cy Fy Cz Fz Cy Fy Cz Fz

40 2 66 2.03 1.01 2.71 36.01 798.67 161.91 180.48 655.83

40 4 31 0.84 0.35 0.87 22.78 ≥3600 370.62 31.45 196.45

40 4 36 0.79 0.57 0.81 5.69 406.71 283.05 12.14 28.19

40 4 41 0.65 0.58 0.99 7.57 111.60 31.11 19.84 41.58

40 4 56 1.30 0.32 2.24 9.75 41.84 7.33 137.12 190.69

40 4 61 0.22 0.21 0.49 2.72 45.04 11.47 5.41 14.11

40 4 81 0.05 0.02 0.06 0.13 0.04 0.03 0.21 0.12

40 4 91 0.05 0.01 0.02 0.03 0.26 0.16 0.12 0.27

40 4 111 0.31 0.26 0.50 3.51 26.07 6.40 6.22 7.69

40 4 116 0.30 0.11 0.34 1.74 19.10 3.60 4.29 9.24

40 4 121 0.30 0.09 0.25 0.62 2.89 1.92 1.38 1.30

50 4 6 3.13 1.08 1.93 93.73 ≥3600 407.15 15.59 171.26

50 4 11 0.91 0.19 0.47 3.27 18.30 6.02 11.62 10.38

50 4 41 2.44 0.83 1.08 8.54 104.60 9.00 26.03 25.75

50 4 46 0.04 <0.01 0.01 0.04 0.16 0.02 0.06 0.04

50 4 56 3.12 1.38 9.80 146.49 ≥3600 ≥3600 1757.61 ≥3600

50 4 61 1.89 1.32 1.08 31.59 ≥3600 ≥3600 653.57 1171.95

50 4 71 1.18 0.61 0.94 10.04 17.53 2.88 17.51 25.67

50 4 86 0.72 0.23 0.36 3.53 100.68 59.15 10.36 10.87

50 4 96 0.84 0.35 0.34 2.49 46.88 15.97 16.65 49.62

50 4 111 0.33 0.14 0.30 1.72 5.79 2.19 4.12 8.54

50 4 116 0.54 0.25 1.05 5.82 2644.23 1033.20 217.34 467.90

50 4 121 1.11 0.68 0.96 12.62 109.73 63.73 15.99 23.71

100 2 41 114.36 72.24 93.83 6429.75 ≥3600 ≥3600 ≥3600 ≥3600
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Table B1: continued

1st LP Time(s) MIP Time (s)

n m Inst Cy Fy Cz Fz Cy Fy Cz Fz

100 2 66 14.92 6.94 7.59 198.42 ≥3600 1835.84 605.78 2958.81

100 2 91 96.38 73.22 198.79 3088.84 ≥3600 ≥3600 ≥3600 ≥3600

100 4 11 32.24 34.88 54.41 1571.94 ≥3600 ≥3600 ≥3600 ≥3600

100 4 16 73.86 55.26 46.72 1072.26 ≥3600 ≥3600 ≥3600 ≥3600

100 4 21 30.32 3.04 2.00 109.52 8.37 0.92 2.52 38.28

100 4 31 30.00 118.63 803.14 2314.03 ≥3600 ≥3600 ≥3600 ≥3600

100 4 36 19.04 11.30 43.85 570.91 ≥3600 ≥3600 610.22 ≥3600

100 4 41 42.75 29.76 32.70 603.60 3019.47 299.67 1617.61 2749.60

100 4 46 15.94 10.76 4.39 69.70 81.13 40.73 23.83 189.39

100 4 56 53.09 90.65 775.33 6540.45 ≥3600 ≥3600 ≥3600 ≥3600

100 4 61 11.63 10.05 14.11 242.97 ≥3600 ≥3600 1537.80 ≥3600

100 4 66 18.66 8.30 12.55 165.54 1023.58 214.09 483.20 1412.99

100 4 71 35.73 9.94 18.82 227.95 ≥3600 488.18 ≥3600 ≥3600

100 4 81 19.81 19.91 127.50 599.83 ≥3600 ≥3600 ≥3600 ≥3600

100 4 86 16.03 8.02 28.11 239.84 ≥3600 ≥3600 ≥3600 ≥3600

100 4 91 15.75 6.03 16.21 67.08 2245.20 485.18 401.22 298.60

100 4 96 17.23 5.35 4.99 166.46 940.15 95.42 122.28 282.37

100 4 111 26.33 6.53 31.93 245.29 ≥3600 ≥3600 ≥3600 ≥3600

100 4 116 15.00 5.30 31.04 60.67 ≥3600 ≥3600 ≥3600 ≥3600

100 4 121 23.88 5.43 12.36 246.66 ≥3600 ≥3600 815.18 ≥3600
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Table B2: Effect of Variable Fixation in the Cz Time-

Index Formulation

Root Gap 1st LP Time (s) MIP Time (s)

n m Inst Fix. w/o Fix. Fix. w/o Fix. Fix. w/o Fix.

40 2 66 0.480% 0.499% 2.59 248.26 109.68 ≥3600

40 4 31 1.485% 1.485% 0.75 40.95 19.97 2418.44

40 4 36 1.049% 1.073% 0.76 42.63 21.37 1630.34

40 4 41 0.316% 0.342% 0.61 54.26 3.23 348.15

40 4 56 3.487% 3.487% 2.11 38.67 19.69 ≥3600

40 4 61 0.513% 0.710% 0.76 31.84 9.46 1442.72

40 4 81 2.117% 4.796% 0.04 107.80 0.12 348.03

40 4 91 0.083% 0.191% 0.02 44.28 0.06 175.97

40 4 111 0.685% 0.736% 0.72 51.04 15.05 2251.39

40 4 116 0.245% 0.265% 0.23 25.68 2.31 1062.55

40 4 121 0.045% 0.045% 0.17 13.06 1.12 98.50

50 4 6 0.239% 0.239% 3.28 184.80 10.74 ≥3600

50 4 11 0.069% 0.070% 0.53 125.02 4.58 1331.04

50 4 41 0.112% 0.120% 0.70 99.44 7.05 854.78

50 4 46 0.007% 0.009% 0.01 21.12 0.04 18.10

50 4 56 5.678% 5.678% 9.08 125.55 547.65 ≥3600

50 4 61 0.776% 0.776% 1.03 272.35 854.85 ≥3600

50 4 71 0.056% 0.062% 0.82 39.84 12.79 465.97

50 4 86 0.561% 0.848% 0.53 154.74 6.20 1014.25

50 4 96 0.036% 0.036% 0.50 34.59 12.24 412.73

50 4 111 0.277% 0.289% 0.43 203.12 5.18 2715.11

50 4 116 0.342% 0.353% 0.64 71.30 1101.00 ≥3600

50 4 121 0.118% 0.118% 0.92 69.34 14.24 509.27

100 2 41 0.096% 0.096% 128.67 8597.65 ≥3600 ≥3600
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Table B2: continued

Root Gap 1st LP Time (s) MIP Time (s)

n m Inst Fix. w/o Fix. Fix. w/o Fix. Fix. w/o Fix.

100 2 66 0.105% 0.110% 10.67 6186.86 2267.02 ≥3600

100 2 91 0.287% 0.289% 203.85 8342.06 ≥3600 ≥3600

100 4 11 0.076% 0.076% 38.98 1537.35 ≥3600 ≥3600

100 4 16 0.106% 0.107% 56.98 1014.23 ≥3600 ≥3600

100 4 21 0.002% 0.002% 2.79 275.85 1.18 271.68

100 4 31 0.701% 0.701% 856.73 1392.17 ≥3600 ≥3600

100 4 36 0.061% 0.061% 32.25 1608.79 556.24 ≥3600

100 4 41 0.047% 0.049% 31.69 1709.76 2626.01 ≥3600

100 4 46 0.005% 0.005% 5.31 467.65 237.06 1745.52

100 4 56 1.790% 1.790% 677.43 1510.31 ≥3600 ≥3600

100 4 61 0.248% 0.248% 4.97 1706.10 1653.76 ≥3600

100 4 66 0.048% 0.049% 9.40 810.20 1778.90 ≥3600

100 4 71 0.009% 0.012% 20.86 577.71 ≥3600 ≥3600

100 4 81 7.997% 7.997% 115.28 1357.05 2657.21 ≥3600

100 4 86 0.499% 0.499% 38.87 2271.43 ≥3600 ≥3600

100 4 91 0.048% 0.049% 5.01 1421.21 499.05 ≥3600

100 4 96 0.020% 0.020% 10.83 675.04 59.06 ≥3600

100 4 111 0.239% 0.241% 41.39 2014.67 ≥3600 ≥3600

100 4 116 0.040% 0.042% 18.67 610.95 ≥3600 ≥3600

100 4 121 0.022% 0.022% 10.18 1259.12 1962.12 ≥3600

Table B3: Effect of Projected Cuts in the Cz Time-Indexed Formulation

ATIF TIF

n m Inst Heu UB Root LB Root Gap 1st LP LB 1st LP Gap Root LB Root Gap Gap Improv.

40 2 66 35279 35233 0.130% 35110 0.481% 35131 0.421% 14.26%
40 4 31 2525 2507 0.713% 2488 1.487% 2496 1.162% 28.00%
40 4 36 6420 6367 0.826% 6353 1.055% 6355 1.023% 3.11%
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Table B3: continued

ATIF TIF

n m Inst Heu UB Root LB Root Gap 1st LP LB 1st LP Gap Root LB Root Gap Gap Improv.

40 4 41 17685 17639 0.260% 17630 0.312% 17634 0.289% 7.87%
40 4 56 826 815 1.332% 798 3.509% 798 3.509% 0.00%
40 4 61 7357 7327 0.408% 7320 0.505% 7324 0.451% 12.18%
40 4 81 564 560 0.709% 553 1.989% 553 1.989% 0.00%
40 4 91 15569 15562 0.045% 15557 0.077% 15559 0.064% 20.02%
40 4 111 11263 11222 0.364% 11186 0.688% 11212 0.455% 51.33%
40 4 116 15566 15547 0.122% 15528 0.245% 15539 0.174% 40.84%
40 4 121 35751 35741 0.028% 35735 0.045% 35739 0.034% 33.35%
50 4 6 8317 8304 0.156% 8298 0.229% 8298 0.229% 0.00%
50 4 11 12879 12876 0.023% 12871 0.062% 12871 0.062% 0.00%
50 4 41 21806 21786 0.092% 21782 0.110% 21783 0.106% 4.35%
50 4 46 44455 44453 0.004% 44452 0.007% 44452 0.007% 0.00%
50 4 56 570 540 5.263% 538 5.948% 538 5.948% 0.00%
50 4 61 7898 7857 0.519% 7837 0.778% 7850 0.611% 27.29%
50 4 71 42645 42627 0.042% 42622 0.054% 42625 0.047% 15.01%
50 4 86 8369 8336 0.394% 8323 0.553% 8333 0.432% 27.93%
50 4 96 50326 50325 0.002% 50308 0.036% 50312 0.028% 28.58%
50 4 111 10069 10052 0.169% 10042 0.269% 10049 0.199% 35.09%
50 4 116 11552 11523 0.251% 11513 0.339% 11520 0.278% 21.95%
50 4 121 23792 23775 0.071% 23764 0.118% 23769 0.097% 21.76%

100 2 41 237964 237884 0.034% 237734 0.097% 237772 0.081% 19.81%
100 2 66 126513 126503 0.008% 126380 0.105% 126411 0.081% 30.42%
100 2 91 129929 129804 0.096% 129557 0.287% 129618 0.240% 19.67%
100 4 11 50232 50203 0.058% 50194 0.076% 50198 0.068% 11.77%
100 4 16 110219 110120 0.090% 110102 0.106% 110113 0.096% 10.39%
100 4 21 237392 237391 0.000% 237388 0.002% 237388 0.002% 0.00%
100 4 31 7130 7082 0.673% 7080 0.706% 7080 0.706% 0.00%
100 4 36 30791 30782 0.029% 30773 0.058% 30773 0.058% 0.00%
100 4 41 126185 126147 0.030% 126126 0.047% 126130 0.044% 7.28%
100 4 46 219536 219529 0.003% 219525 0.005% 219526 0.005% 10.00%
100 4 56 3076 3030 1.495% 3021 1.821% 3021 1.821% 0.00%
100 4 61 24856 24825 0.125% 24795 0.246% 24806 0.202% 22.05%
100 4 66 67970 67955 0.018% 67938 0.047% 67947 0.034% 39.15%
100 4 71 170691 170675 0.009% 170675 0.009% 170678 0.008% 23.08%
100 4 81 819 784 2.686% 754 8.621% 754 8.621% 0.00%
100 4 86 21286 21220 0.310% 21180 0.500% 21208 0.368% 36.08%
100 4 91 70608 70588 0.025% 70575 0.047% 70582 0.037% 26.94%
100 4 96 133587 133575 0.009% 133561 0.019% 133572 0.011% 73.35%
100 4 111 46719 46633 0.184% 46608 0.238% 46615 0.223% 6.75%
100 4 116 101551 101521 0.025% 101510 0.040% 101513 0.037% 7.90%
100 4 121 127619 127598 0.016% 127590 0.023% 127592 0.021% 7.41%
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