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A Genetic Algorithm for Solving Bike-sharing Rebalancing Problem

LIU Ximei,PAN Lijun
(School of Management, Hunan Institute of Engineering, Xiangtan,;Hunan 411104 , China)

[ Abstract] The Bike-sharing Rebalancing Problem ( BRP) is an extension/ of the Single Commodity Traveler Problem
(1-PDTSP) and a type of NP-hard problem. To address the slow solution” speed,of the existing algorithms, which is not
conducive to real-time/scheduling optimization, a non-intergenerational genetic Jalgorithm for solving BRP is proposed. The
excellent individuals are retained based on the individual search mechanism ,and the line crossover operator and k-point destroy
and repair mutation operator are designed. The destroy and repair mechanism’ is introduced,and when the convergence speed of
the algorithm slows down,new individuals are automatically generated jinto the crowd to avoid falling into the local optimal
solution. Computational results on the benchmark problems show that the algorithm can find the optimal solution for the small-
scale benchmark problems with an average CPU consumption_of 3. 8 s. For the medium-scale and large-scale benchmark
problems ,the algorithm finds the best solutions for 9 benchmark problems,and the speed is improved by over 77% than those of
B&C and D&R algorithms.

[ Key words] Vehicle Route Problem ( VRP) ; Bike-sharing Rebalancing Problem ( BRP) ; genetic algorithm ;line cross;
destroy and repair mutation
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3 CPU, /s s, CPU, /s s, CPU,/s g B&CC g D&R g 1 B&C- 20 D&R
13/30 14 600 2.4 14 600 0.0 14 600 0.0 0.0 0.0
Bari 13/20 15 700 2.5 15 700 0.0 15 700 0.0 0.0 0.0
13/10 20 600 2.9 200600 040 20 600 0.0 0.0 0.0
14/30 16 900 2.6 16,900 0.0 16 900 0.0 0.0 0.0
Regg 1420 23200 3.0 23 200 0.0 23 200 0.0 0.0 0.0
14/10 32 500 7.9 32 500 0.1 32 500 0.0 0.0 0.0
15/30 12 600 2.5 12 600 0.0 12 600 0.0 0.0 0.0
Berg 15/20 12 700 27 12 700 0.0 12 700 0.0 0.0 0.0
15/12 13 500 3(1 13 500 0.1 13 500 0.0 0.0 0.0
15/30 _ 29 000 2/6 39 000 0.0 29 000 0.0 0.0 0.0
Parm 15/20 %.29/000 2.6 29 000 0.0 29 000 0.0 0.0 0.0
1540  32.500 3.6 32 500 0.1 32 500 0.0 0.0 0.0
18730 /29 259 3.4 29 259 0.1 29 259 0.0 0.0 0.0
Trev 18/20 % 29 259 3.4 29 259 0.0 29 359 0.0 0.0 0.0
1810 W31 443 3.9 31 443 0.1 31 443 Ol 0.0 0.0
20730 20 746 3.4 20 746 0.0 20 746 0.0 0.0 0.0
Lasp 20/20 20 746 3.7 20 746 0.0 20 746 0.0 0.0 0.0
20/10 22 811 4.0 22 811 0.1 22811 0.1 0.0 0.0
21730 76 999 3.5 76 999 0.4 76 999 0.0 0.0 0.0
Otta 20720 91619 3.6 91 619 3.6 91/619 4.2 0.0 0.0 ~0.9 14.0
21/10 16 202 3.9 16 202 0.0 16 202 0.0 0.0 0.0
21/30 16 202 4.4 16 202 0.0 16 202 0.0 0.0 0.0
Buen 21/20 17 576 4.6 17 576 0.1 17 576 0.0 0.0 0.0
23/30 22982 4.4 22932 0.1 22 982 0.0 0.0 0.0
Sana 23/20 24007 4.0 34 007 0.1 24 007 0.1 0.0 0.0
23/10 40 149 3.8 40 149 1.1 40 149 0.4 0.0 0.0
27/30 30 300 4.2 30300 0.1 30 300 0.1 0.0 0.0
Bres 2720 31100 4.2 31 100 0.2 31 100 0.1 0.0 0.0
27/11 35 200 3.8 35 200 1.4 35 200 0.4 0.0 0.0
28/30 61 900 3.9 61 900 0.8 61 900 0.4 0.0 0.0
Madi 28/20 66 600 e 66 600 1.7 66 600 3.5 0.0 0.0 ~17.9
28/10 68300 4.4 68 300 0.6 68 300 0.0 0.0 0.0
28/30 29 246 4.1 20 246 0.0 29 246 0.0 0.0 0.0
Roma 28/20 29 839 4.2 29 839 0.1 29 839 0.0 0.0 0.0
28/18 33848 4.4 33 848 0.5 33 848 0.2 0.0 0.0
41/30 57476 6.4 57 476 0.2 57 476 2.1 0.0 0.0
Guad 4120 59 493 5.3 59 493 0.3 59 493 1.5 0.0 0.0
41/11 64 981 5.2 64 981 1.8 64 981 2.4 0.0 0.0 ~117.0
45/30 33 548 5.7 33 548 6.1 33 548 2.3 0.0 0.0 5.9 ~148.7
Dubl 45,20 39786 5.4 39786  76.7 39 786 3.7 0.0 0.0 93.0 —43.8
45/11 54 392 5.1 54392 610.8 54392 5.3 0.0 0.0 99.2 3.7
THy 34 361 3.8 34 361 17.3 34 361 0.7 0.0 0.0 77.7 —483.6
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s, CPU,/s s, CPU,/s S, CPU,/s g B&CCC g_D&R g_t B&C  g_t D&R
51/30 51583 31.7 51583 0.7 51583 0.5 0.0 0.0 -4631.8 -6504.8
Denv 51/20 53 465 32.0 53465 25.3 53 465 24.7 0.0 0.0 -26.5 -29.8
51/10 67 459 22.7 67459 231.5 67 459 103.0 0.0 0.0 90.2 77.9
55/30 122 547 29.5 122547 65.6 122547 198.7 0.0 0.0 54.9 85.1
Riod 55/20 155 446 25.3 155446  3600.0 155517 304. 1 0.0 0.0 99.3 91.7
55/10 253 690 23.9 253690 3600.0 257 147 241.1 0.0 1.3 99.3 90. 1
59/30 65 669 34.5 65 669 28.1 65 669 16.2 0.0 0.0 -22.6 -113.5
59/20 71879 36.4 71879 473.8 71916 178.2 0.0 0.1 92.3 79.5
59/16 74 790 37.5 74790 3600.0 75085 280.5 0.0 0.4 99.0 86.6
75/30 56 011 45.2 47 634 13.8 47 634 246, 4 -17.6 -17.6 -227.5 81.7
75/20 64 106 37.3 50 204 859.7 50 438 251 .8 -27.7 -27.1 95.7 85.2
75/10 94 583 34.7 58814 3600.0 61717 303.9 ~60.8 -53.3 99.0 88.6
80/30 55609 48.3 40794 3600.0 41390 201.5 -36.3 -34.4 98.7 76.0
Bost 80/20 54758 46.1 42621  3600.0 46 631 2694 -28.5 -17.4 98.7 82.9
80/12 61 908 47.3 54238  3600.0 / 58539 321.4 -14.1 -5.8 98.7 8518
82/30 15 4861 31.5 152229 3600.00 2154 038 335.1 -1.7 -0.5 99.1 90.6
82/20 225593 31.5 209379  3600.0 214250 265. 1 -7.7 -5.3 99.1 881
82/10 402 220 44.4 390536  3600.0 397 921 300.3 -3.0 -1.1 9848 85.2
90/30 94 417 45.2 678940 3600.0 4 72279 213.9 -39.1 -30.6 08.7 78.9
90/20 102 336 42.9 “U88 952%, 8.600.00 94319 254.2 -15.0 -8.5 98,8 83.1
90/17 125 896 39.4 999714 \3600.0 103 658 359.6 -26.3 -21.5 98.9 89.0
Ty 114 706 36.5 105692, 2309.5 107 772 222.4 -8.5 ~6.4 98.4 83.6
F3 KMEEGIN G RIT
5 1 N/C A SR B&C Rk D&R Hi i FE T LA/ %
S, CPU, /8 S, CPU,/s S, CPU,/s g B&CCC. g_D&R g_t_B&C g_t_D&R
116/30_. 15 0031 5509, 136 148 3600 138 467 745.3 210.2 -8.4 98.4 92.5
Minn 116/20 17,6783 51.7 157 736 3600 166 150 1 003.7 ~12.1 -6.4 98.6 94.9
116717 246285 53.9 246 133 3600 262 936 946, 4 -0.1 6.3 98.5 94.3
1507307 139 349 56.6 108 275 3600 115 120 742.8 -28.7 -21.0 98.4 92.4
Bris 150/20 150 884 62.6 132419 3600 146 313 957.8 -13.9 -3.1 98.3 93.5
150/17 179 985 73.5 147 236 3600 160 015 966. 4 -22.2 -12.5 98.0 92.4
184/30 187 595 96.5 145 245 3600 167493 871.2 -29.2 -12.0 97.3 88.9
Mila 184/20 254 864 98.3 187 175 3600 218 249 823.8 -36.2 -16.8 97.3 88. 1
184/18 265 474 114.8 203 716 3600 [ 234423 1048.3 -30.3 -13.2 96.8 89.0
] 200/30 192 744 102.5 164 149 3600 N767976 666.7 -17.4 -8.9 97.2 84.6
Lt 200/20 240 757 85.5 191 630 3600 _ 213 090 280. 1 -25.6 -13.0 97.6 69.5
240/30 202 251 109.4 166 653 3600 188995 1 147.9 -21.4 -7.0 97.0 90.5
Toul 240/20 304 234 127.7 190 739 3600 228 674  1398.5 -59.5 -33.0 96.5 90.9
240/13 417 115 167.5 256 036 3600 307 874 869.0 -62.9 -35.5 95.3 80.7
_ 258/30 302 581 96.8 4194805 3600 225076 898.4 -55.3 ~34.4 97.3 89.2
Sevi 258/20 340 398 114.4 240210 3600 279990  1054.3 -41.7 -21.6 96.8 89.2
Vale 276/30 329 798 124.4 9245 979 3600 287 854 789.5 -34.1 ~14.6 96.5 84.2
276/20 430 878 147.1 302 368 3600 367201 1064.4 -42.5 -17.3 95.9 86.2
304/30 418 569 16833 255 259 3600 311097 852.0 -64.0 -34.5 95.3 80.2
Brux 304/20 424 741 215.0 301 100 3600 376 387 835.7 -41.1 -12.8 94.0 74.3
304/16 689 256 243.4 348 303 3600 424432 1038.3 -97.9 -62.4 93.2 76.6
Lyon 336/30 523 088 215.0 300 950 3600 360 009 879.6 -73.8 -45.3 94.0 75.6
336/20 693 106 275.8 356 787 3600 433959  1136.0 -94.3 -59.7 92.3 75.7
410/30 774 701 340.5 311774 3600 543929 458.3 - 148.5 —42.4 90.5 25.7
Barc 410/20 905 674 543.5 449 060 3600 771507 1538.6  -101.7 -17.4 84.9 64.7
410/19 955 741 517.7 429 327 3600 800622 1411.3 -122.6 -19.4 85.6 63.3
Lond 564/30 897 890 903.2 385748 3600 699571 1573.0 -132.8 -28.3 74.9 42.6
564/29 944 685 919.0 363 299 3600 718026 1447.3  -160.0 -31.6 74.5 36.5
Ty 419 266 217.1 247 081 3600 333016 980.2 -69.7 -25.9 94.0 77.8
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