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A dynamic scheduling method via predicted inventory variation
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Abstract: To improve the efficiency and reduce the scheduling cost of public bicycle system, a
dynamic scheduling scheme based on the predicted inventory variation rate was proposed. Each
public bicycle station was regarded as an inventory system, the inventory variation rate of each
station during the scheduling period and the inventory rate of each station at the end of the
scheduling period were predicted based on the stationary distribution of Markov Process.

Considering the reasonable interval of inventory rate of each station, the stations which should be
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rebalanced were determined based on the initial inventory rate and the predicted inventory rate of
each station. The dynamic scheduling problem (DSP) was addressed, in which a capacitated
dispatching vehicle was employed to redistribute the bikes in terms of the latest arrival time of
each station with the objective of minimizing total scheduling distance. The DSP model was
solved by the Simulated Annealing Algorithm, and got the optimal scheduling scheme. Because
the inventory variation rate of each station were predicted, for a given scheduling area, the
dispatching vehicle cruised only once, which could enable the inventory rate of each station to
stay in a reasonable interval from the time it was served to the end of scheduling period.
Bluebikes (Boston, MA, USA) public bicycle system was taken as an example, the dynamic
scheduling scheme based on predicted inventory variation rate was validated. The results show
that the dynamic scheduling scheme based on the predicted inventory variation rate could at most
shorten the cruise distance of the dispatching vehicle by 35. 58% among all scheduling areas, and
could shorten the total cruise distance of all dispatching vehicles by 18. 53% for the whole
Bluebikes public bicycle system. Compared with the rolling scheduling horizon, the proposed
scheme avoids the passive adjustment of the scheduling scheme without the piecewise detection of
the system operation state, and improves the efficiency of the generation and execution of the
scheduling scheme. 3 tabs, 4 figs, 26 refs.
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Fig. 2 Results of scheduling regions delimitation
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Tab. 1 Basic informations of scheduling regions

X 2 = | ol RO bR TR
1 10 30.37.75,119,28.88.84,180,159,161
2 8 33.38,141,10,13,34.306.50
3 9 21.14.307.54.,182.12.53,140.,55
4 9 49.39.71,25.32.,44.,110.,48.142
5 5 7.19,139.,5,31
6 9 40,124.26.6.304.15.16.29.3
7 8 109,136,111,125,126,176,153,151
8 8 11.45.51,42,43.,23.305.,36
9 7 27.308,197.,56,165,198.,164
10 6 35.112,22.9.300,309
11 5 150,303.1.4.,20
12 7 46.,190,41.,2,17.,186.194
13 5 103,128.,96,189.,118
14 7 157.,120,83,193,195,163.82
15 4 187,121,149,115
16 5 191.116.,160,192.,152
17 2 123,114

x2 XEAHRARESEECGEERT)

Tab. 2 Status data of stations in scheduling regions (before schedule)

R || WA AT R/ | EAP AR/ G - b D
49 15 1 3
39 19 2 1
71 15 10 2
25 23 5 6
32 22 9 1
44 15 10 1
110 15 6 —1
18 15 4 —1
142 15 11 -3
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Fig.3 Scheduling scheme based on predicted

inventory variation rate
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Fig. 4 Scheduling scheme based on rolling horizon
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Tab.3 Comparisons of scheduling schemes
T A A7 A Al 1k TR Bl Ik
X Jof g = s iR - S E I U Y
K /m K /m
1 0—88—180—28—30—75—119—84—0 5514, 65/ 0—>84—119—75—+30—28—180—88—0—28—0 6674. 36 17.38
2 0—+33—10—38—0 1692.97| 0—38—+33—10—0—+38—0 2156. 80 21.51
3 0—55—14—54—0 1517. 44| 0—+54—0—14—0—55—0 2202.77 31.11
4 0—39—142—49—25—0 2626.83|0—39—49—0—25—0—142—0 4077, 43 35.58
5 0—+19—7—+139—5—0 3299.22|0—=7—+19—5—0—139—0 3923.06 15.90
6 0—6—+15—+3—16—304—40—124—26—0 4567. 43 (]);30_'304_'40_']24_'26_'0_'6_'0_'16_'0_' 6462. 91 29. 33
7 0—+151—136—125—+126—176—0 6109.07{0—>136—126—+176—151—0—125—0—126—0 8667. 4 29.52
8 0—+23—43—+42—51—+36—0 3105.70| 0—+42—43—+23—36—+0—51—0 3688.61 15. 80
9 0—+197—27—56—+165—164—0 5308.89|0—+27—197—164—155—+0—56—0 5843.93 9.16
10 0—+300—+309—22—112—0 3056. 51| 0—+300—309—22—112—0 3056. 51 0. 00
11 0—+1—20—303—0 1943. 07| 0—303—20—+0—>1—0 2237.95 13.18
12 0—+2—190—+46—0 2090. 88| 0—+46—190—0—>2—0 2678.04 21.93
13 0—103—+118—189—0 3578.67|0—118—-189—0—103—0 3950. 26 9.41
14 0—163—+82—0 3066.07|0—>163—>0—82—0 3806. 81 19. 46
15 0—121—187—0 1952. 92| 0—187—0—+121—0 2480. 22 21.26
16 0—192—+160—116—0 4040. 32| 0—192—160—>116—0 4040. 32 0. 00
17 0—114—123—0 1372.87|0—114—123—0 1372. 87 0. 00
J58an 54 843.51 67 320. 25 18.53
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