








Moon 1991) and greedy
2003, Romeijin et al. 2010, Lin et al. 2006).
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— Then all it takes to solve subproble
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- ~“Unconstrained minimum, where






















 Closing any facility will result in
 All nodes can be created by the branching rule have been searched







Instance n m K/D|Instance n m K/D|Instance n m K/D|Instance n m K/D|Instance n m K/D
pl 10 50 1.74 pl2 10 50 2.06 p23 20 50 3.5 p34 30 150 4.04 pdd 20 80 4.14
p2 10 50 1.74| pl3 2050 2.77| p24 20 50 3.5 p35 30 150 4.04| pd46 30 70 7.1
p3 10 50 1.74| pl4 20 50 2.77| p25 30 150 4.12| p36 30 150 4.04 | pd7 10 90 1.76
pd 10 50 1.74| pl5 2050 2.77| p26 30 150 4.12| p37 30 150 6.06 | pd8 20 80 4.06
pb 10 50 1.37 pl6 20 50 2.77 | p27 30 150 4.12 p38 30 150 6.06 p49 30 70 T.08
pb6 10 50 1.37 pl7 20 50 2.8 p28 30 150 4.12 p39 30 150 6.06 ph0 10 100 1.89
p7 10 50 1.37| pl8 2050 2.8 p29 30 150 3.03| p40 30 150 6.06 | p51 20 100 3.98
p8 10 50 1.37| pl9 2050 2.8 p30 30 150 3.03| p4l 10 90 2.12| p52 10 100 1.6
p9 10 50 2.06 | p20 20 50 2.8 p31 30 150 3.03| p42 20 80 4.99| p53 20 100 3.37
pl0 10 50 2.06| p21 20 50 3.5 p32 30 150 3.03| p43 30 70 8.28| p54 10 100 1.52
pll 10 50 2.06 p22 20 50 3.5 p33 30 150 4.04 p44 10 90 1.76 pb5 20 100 3.21
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Function type 2
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Initial
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Enhanced CG

Cost

Facility

Capacity

Lagrangean heuristic (CG) heuristic heuristic structure status utilization
Gap Time Cols |Gap Time Cols |Gap Time Cols |Fixed Prod Var |Opn ES |Umax Umin Uavg
Base Case |
Max|23.01 390.86 1126 | 2.65 3205.79 11794 |2.65 4988.04 61455 |44.45 63.21 45.36| 19 3 |89.11 71.37 72.80
Avg| 6.57 T78.60 297.29| 0.86 670  3389.69|0.66 516.73 12484.56|27.96 40.04 32.00|11.29 0.49| 58.16 50.13 54.60
Min| 0 1.51 79 0 2.70 130 0 7.22 558 13.14 30.05 18.77| 5 0 |51.07 27.46 47.17
Dominant fixed costs
Max |53.67 1236.43 1148 | 3.98 16872.55 29792 |2.49 22098.06 1128727 | 80.77 28.96 21.57| 17 1 |94.25 78.92 80.89
Avg|12.62 175.59 417.44(0.78 1177.83 3802.67(0.59 1151.18 50375.69|69.91 18.48 11.60| 9.69 0.07|64.37 57.60 60.51
Min| 0 2.06 94 0 3.09 138 0 10.36 635 |58.21 12.46 440 | 4 0 |53.22 37.06 51.91
Dominant production costs
Max|15.86 797.70 1277 | 2.26 5085.60 17425 |1.33 17864.77 917680 |11.14 90.35 14.67| 16 1 |94.18 71.34 72.80
Avg| 499 14794 411.36| 048 984.70 3895.35|0.42 1339.96 60428.17| 6.43 84.01 9.56 | 9.62 0.02| 65.69 58.36 60.86
Min| 0 2.09 95 0 3.63 162 0 10.33 724 349 7848 512 | 4 0 |55.22 47.02 54.52
Dominant variable costs |
Max|7.712 620.88 2097 [1.067 6552.84 26985 |0.64 1143.46 18645 |22.73 24.85 87.80| 19 16 | 100 61.39 72.80
Avg |0.860 80.47 347.44|0.232 807.01 4273.04|0.09 138.90 2580.08 [10.58 14.51 74.91|13.71 5.42| 67.28 27.68 49.55
Min| 01 1.00 65 01 2.95 151 0 8.31 653 397 7.60 5430 9 0 |50.84 3.21 30.05
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Initial Column Generation Enhanced CG Cost Facility Capacity

Lagrangean heuristic (CG) heuristic heuristic structure status utilization
Gap Timme Cols | Gap Time Cols |Gap Time Cols |Fixed Prod Var |Opn ES |[Umax Umin Uavg
Base Case ‘
Max |24.79 2629.58 2134 | 2.95 13707.28 18496 |2.95 2587.74 29518 |38.41 50.57 48.36| 14 2 | 81.16 7T4.82 78.47
Avg| 650 28250 545.47(0.93 1485.21 3171.07|0.81 449.54 &8123.53|24.16 38.53 37.32| 8.60 0.27| 75.20 59.30 69.66
Min| O 212 8 0 3.74 154 0 17.88 959 |113.99 29.60 23.72| 4 0 |64.52 32.39 55.00
Dominant fixed costs ‘
Max |46.63 4288.36 1862 |11.67 36122.19 9328 |6.26 29853.99 83636 | 79.36 26.69 29.10| 12 1 |92.85 92.77 92.81
Avg |12.37 466.15 BHH8.76( 2.67 2153.22 1957.9812.19 1601.85 8949.47|64.13 18.70 17.18| 6.73 0.07|87.32 74.18 84.48
Min| 031 2.62 90 0 2.95 128 |0.13 10.05 b47 |51.41 12.38 6.78 | 3 0 | 82.84 43.22 74.39
Dominant production costs ‘
Max [10.09 2090.29 1650 | 2.72 7152.37 15056 |1.56 1839.91 43850 |10.11 90.50 18.06| 15 1 |73.63 72.18 72.80
Avg| 3.17 322,57 555.31|0.53 810.04 1880.65|0.38 409.11 6494.53| 5.75 83.89 10.37| 8.60 0.13| 67.87 60.87 66.07
Min| 0 2.84 101 0 4.49 169 0 13.74 656 3.20 77.05 526 | 4 0 |63.05 40.90 60.38
Dominant variable costs ‘
Max| 4.98 1042.90 2155 | 1.30 7T021.46 25759 [0.45 992.71 16493 [22.79 22.78 88.82| 18 15 [91.58 67.57 81.49
Avg| 0.60 183.28 520.64| 0.15 791.68 3321.73|0.06 181.77 2857.03|10.37 12.64 76.99|12.55 5.65| 78.47 23.95 54.50
Min| O 253 109 0 5.65 257 0 15.21 860 | 3.34 7.26 54.43| 8 0 | 6007 543 31.72
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Initial Column Generation Enhanced CG Cost Facility Capacity

Lagrangean heuristic (CG) heuristic heuristic structure status utilization
Gap Time Cols |Gap Time Cols | Gap Time Cols |Fixed Prod Var |Opn ES [Umax Umin Uavg
Base Case |
Max|30.73 2289.22 1699 | 5.03 16680.61 8341 | 2.94 3098.23 29843 |44.97 65.78 59.56( 12 0 100 81.80 95.71
Avg| 8.23 238.40 441.49( 1.23 1796.57 2186.05| 1.02 283.00 5040.42|25.38 33.62 40.99| 8.35 0 |93.38 70.58 85.41
Min| O 1.33 T 0 3.49 167 0 4.46 191 5.73 10.58 22.34| 6 0 |76.23 54.80 71.38
Dominant fixed costs |
Max|61.83 3481.19 1711 |21.20 15972.76 8776 |10.04 2593.05 96583 |88.67 43.47 29.62| 10 1 100 99.47 99.89
Avg|17.86 394.71 461.87| 4.08 1303.75 1693.09| 3.40 464.54 7T744.42|63.52 18.71 17.77| 6.31 0.11|98.95 75.80 93.59
Min| 0 1.28 64 0 2.20 92 0 211 92 3770 223 753 3 0 |85.50 4.57 76.14

Dominant production costs
Max|17.99 1309.99 1002 | 6.17 19674.19 13026 | 5.97 859.50 25459 |37.81 85.17 49.29( 13 1 100 93.54 98.76
Avg| 7.63 18217 376.82| 1.18 1823.92 2159.22| 0.92 172.81 5069.39(17.81 53.21 28.98| 8.75 0.02|91.04 74.24 84.80
Min| O 1.68 79 0 5.58 238 0 13.21 748 2.47 1948 10.23| 6 0 |75.61 38.66 71.38
Dominant variable costs

Max| 4.84 1821.17 1709 | 1.68 5569.64 11960 | 0.79 661.556 15623 |22.72 30.31 91.58| 17 11 | 100 69.00 82.83
Avg| 0.84 195.79 500.35(0.21 717.54 2912.24| 0.10 135.59 4074.44| 9.21 12.45 78.34(11.20 4.04|92.34 26.58 62.25
Min| O 1.11 82 0 4.35 289 0 9.81 764 2.24 248 61.35| 8 0 42.65

71.09 543

-



much over the CG heuristic.










