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Multi-objective constraint handling method for
solving berth allocation and quay crane assignment problem
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Abstract: A reasonable and efficient integrated berth allocation and quay crane assignment scheme can improve the
efficiency of port operation and speed up vessels turnover. To achieve this, a mixed integer nonlinear model is established
for continuous berth with dynamic vessel arrival, aiming at minimizing the total stay time of vessels in port. In this
study, a multi-objective constraint handling strategy is presented to convert the complex constraints into an objective, so
as to transform the original single-objective optimization model into a dual-objective optimization model, which is further
solved by the non-dominated sorting based genetic algorithm (NSGA-II). In addition, other constraint handling strategies,
such as the repair method, penalty function strategy, superiority of feasible solutions strategy and comprehensive strategy,
are developed according to the characteristics of the problem, and incorporate with genetic algorithm to solve the original
model. The test results on numerous instances show that the multi-objective constraint handling-based method is more
efficient and stable than the single-objective constraint handling-based methods.
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Table 1 Comparison results for the 20-size instances of different constraint handling strategies

20-001 20-002 20-003 20-004 20-005 20-006 20-007 20-008 20-009 20-010
MOCH 184.6 138.5 176.2 159.6 139.9 158 164 146.7 166.1 174.8
RM 185.4 140.5 180.6 163.9 143.7 160 165.4 153.4 172.9 179.5
Bt (h) PF 191.5 140.2 194.7 174.4 142.1 159.4 169.7 151 171.4 193.8
SF 192.7 141.8 201.4 173.5 153.2 160.6 174.6 159.8 174.8 191.9
COM 196.1 140.6 200.7 178.9 145.2 160.3 171.9 155.4 173.0 192.3
MOCH  186.2 138.8 180.2 163.4 140.1 158.1 165.0 148.4 169.8 176.4
RM 196.6 144.1 190.7 174.2 150.5 168.3 171.7 157.8 179.2 191.9
Ag (h) PF 212.9 152.5 232.3 207.2 161.6 177.4 188.0 174.9 192.5 209.6
SF 234.6 156.1 233.6 201.2 174.6 177.8 199.5 180.2 189.8 217.3
COM 227.4 154.4 221.8 201.9 162.2 176.1 192.7 170.3 192.5 218.3
MOCH 1.2 0.2 3.5 4.0 0.2 0.1 14 0.7 2.5 1.6
RM 7.3 1.6 7.4 7.8 4.6 5.1 4.0 53 5.5 7.5
SD PF 16.6 11.0 21.0 22.8 13.8 20.2 19 14.2 15.2 14
SF 34.6 12.7 24.5 23.4 19.5 29.8 17.6 16.9 14.8 17.3
COM 242 13.2 21.2 25.9 10.7 12.2 12.0 9.5 16.5 17.4
MOCH 9.5 9.6 10.0 9.7 9.6 9.7 9.8 9.6 9.8 9.7
RM 14.6 14.4 14.9 14.5 14.3 14.4 14.5 14.1 14.4 14.4
Te (s) PF 6.3 6.3 6.3 6.4 6.3 6.4 6.4 6.4 6.4 6.4
SF 6.4 6.3 6.3 6.3 6.2 6.3 6.3 6.4 6.2 6.2
COM 7.4 7.3 7.3 7.4 7.3 7.4 7.3 7.3 7.3 7.3
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Table 2 Comparison results for the 30-size instances of different constraint handling strategies

30-001 30-002 30-003 30-004 30-005 30-006 30-007 30-008 30-009 30-010
MOCH  268.3 209.6 247.4 233.3 282.3 235.5 243.0 243.6 296.6 267.2
RM 294.8 2242 260.9 239.2 293.7 248.7 247.0 256.4 329.6 282.0
Bt/h PF 323.5 230.3 267.5 245.0 325.6 298.5 2754 294.8 356.4 328.0
SF 350.2 247.1 262.8 266.2 376.8 297.9 297.1 293.5 374.0 368.6
COM 300.3 228.3 278.4 238.2 345.0 284.4 312.9 291.1 336.5 360.4
MOCH 277.2 211.5 249.0 237.5 2953 238.0 246.5 2458 310.6 275.4
RM 324.4 2314 269.9 252.0 329.9 271.4 261.4 268.2 351.6 314.6
Ag/h PF 392.7 255.8 321.3 310.7 389.4 352.2 344.7 3725 429.1 395.2
SF 440.1 2779 326.7 361.1 437.1 347.7 361.3 411.6 460.6 470.8
COM 393.6 267.9 330.6 310.8 442.4 331.4 364.2 365.8 437.3 431.6
MOCH 12.8 1.8 1.2 34 8.9 3.7 2.6 24 7.5 59
RM 17.7 4.6 7.4 8.0 17.2 11.4 8.1 9.6 16.3 17.0
SD PF 40.8 23.6 33.2 43.2 30.9 42.8 49.9 52.6 54.0 46.7
SF 57.3 26.0 37.1 81.0 62.7 34.6 52.4 112.0 54.2 129.9
COM 66.8 26.9 374 52.5 51.4 33.6 37.1 479 72.2 60.7
MOCH 29.2 29.2 29.1 29.2 29.1 28.8 29.6 28.9 28.8 29.0
RM 64.0 62.7 62.7 62.4 62.7 63.1 63.7 61.1 62.0 61.3
Te/s PF 21.2 21.3 21.0 21.2 21.1 20.9 21.2 21.5 21.2 21.1
SF 20.5 20.4 20.6 20.4 20.3 20.5 20.2 20.1 20.4 20.5
COM 24.8 24.9 24.7 25.2 24.9 25.0 25.2 25.3 24.8 24.6
PF 19 20 20 20 19 20 20 20 19 20
Nfs/Ik SF 20 20 17 20 19 20 20 20 20 20
COM 19 20 20 20 20 20 20 20 20 20

it DB UEAN [ 2 R AL F S s &8 SR 1 22 Sk
K F Wilcoxon®k 1 £ 56 (wilcoxon signed-rank test,
WRS)X K FH AN [F] SR m& A5 21 11200k 25 R dt 47 S it or
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Table 3 Comparison results for the 40-size instances of different constraint handling strategies

40-001 40-002 40-003 40-004 40005 40-006 40-007 40-008 40-009 40-010
MOCH  388.0 349.1 395.2 454.0 340.3 380.6 378.5 439.4 349.2 372.6
RM 453.9 361.9 426.2 476.6 354.4 432.9 411.4 494.5 401.7 431.2
Bt/h PF 458.8 418.2 526.8 548.8 432.2 562.5 513.1 630.3 496.6 446.2
SF 528.3 549.9 565.5 594.7 - 634.4 679.4 805.5 548.9 644.2
COM 470.4 391.4 528.8 495.1 450.3 448.6 480.3 617.2 441.9 474.5
MOCH  418.7 356.9 4379 488.2 393.7 404.9 392.0 494.3 377.2 406.3
RM 500.0 399.2 507.6 506.2 393.2 485.8 452.1 543.5 449.4 505.5
Ag/h PF 661.7 524.6 701.4 644.3 549.2 697.6 636.3 810.2 574.9 666.2
SF 701.8 658.2 776.8 7773 - 781.6 751.3 10045 7453 843.1
COM 635.6 562.2 682.8 663.2 5974 681.3 618.2 779.9 652.4 701.8
MOCH  23.1 7.7 36.9 26.5 69.8 16.9 13.4 343 15.9 224
RM 30.2 26.3 56.3 17.9 25.3 33.7 28.9 32.6 26.6 435
SD PF 100.0 37.1 111.9 73.2 48.1 95.3 64.3 96.6 523 98.5
SF 70.2 165.7 128.5 258.2 - 135.2 68.0 137.9 159.1 172.8
COM 90.6 101.0 85.9 108.7 108.2 121.4 95.0 113.6 125.0 117.5
MOCH 64.2 64.3 64.2 65.1 64.3 64.4 63.6 64.3 63.5 64.2
RM 180.4 179.8 185.3 188.5 187.0 181.9 180.9 188.6 177.8 189.0
Te/s PF 49.2 48.7 48.6 48.9 47.1 48.5 48.4 48.7 48.4 48.8
SF 473 477 489 48.9 49.1 47.17 494 48.8 48.1 48.6
COM 60.1 60.7 60.8 58.9 61.4 60.8 59.1 59.9 59.6 59.5
PF 20 18 20 15 11 16 13 19 19 14
Nfs/ik SF 19 3 18 2 0 10 7 13 16 10
COM 20 20 20 20 20 20 19 20 20 19
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Fig. 5 The WRS test results of different methods
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Table 4 Comparison results for the 50-size and 60-size instances of different constraint handling strategies

50-001 50-002 50-003 50-004 50-005 60-001 60-002 60-003 60004 60-005
MOCH 4228 5822 8357 5156 5632 11450 789.0 8634  1071.8 592.5
RM 518.9 643.8 858.4 603.2 628.6 1187.0 826.8 906.0 1003.9 791.6
Bt/h PF 7978 7861 11633  678.1  794.1  1830.1 12452 13828 16567 12925
SF 739.6 897.1 1290.2 970.0 932.7 - - - - 1595.6
COM 603.4 785.7 1069.7 792.0 749.6 1530.3 1068.7 1226.7 1417.1 1042.0
MOCH 514.7 668.9 959.8 567.7 638.2 13354 926.4 981.7 1192.8 757.3
RM 556.6 7165 10521 6950 6954 14348 9432 10635 11627 9485
Ag/h PF 921.1 1062.0 1380.9 998.8 901.8 1926.6 1375.9 1654.0 1955.3 1574.6
SF 1209.5 1301.4 1780.8 1292.9 932.7 — — - — 1595.6
COM 8054 9114 13434 9724 8832  1881.1 14288 15607 17509 1461.6
MOCH 57.8 494 98.2 31.6 32.7 130.9 91.3 75.3 96.0 99.5
RM 40.5 35.1 98.6 50.7 39.8 141.4 59.4 93.0 86.3 102.6
SD PF 113.0 1345 1250 1332 637 1306 1380  177.9 4222  185.7
SF 319.7 270.2 465.7 332.3 - - - - - -
COM 133.3 100.0 125.3 126.4 103.8 220.0 222.8 196.6 188.2 234.0
MOCH 92.0 94.7 96.0 93.7 91.4 182.1 179.2 180.2 181.1 180.4
RM 4218 4529 4436  431.6 4383 10372 9958 9539 9675 9375
Tels PF 99.3 102.2 102.1 101.3 99.3 196.3 196.4 196.3 195.9 195.9
SF 98.6 100.6 100.3 100.4 97.7 187.7 187.4 188.8 187.9 187.3
COM 1237 1252 1190 1180  119.0 2482 2464 2512  248.1  246.8
PF 19 20 20 20 12 4 3 12 2 13
Nfs/IK SF 14 16 18 7 1 0 0 0 0 1
CoM 18 20 19 20 19 20 20 19 20 20
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Fig. 6 The convergence process of different methods
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