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Multimodal Transport Route Optimization in Uncertain

Transport Price Environment

ZHANG Jun-tao, ZHU Yong-ming" , GUO Fang
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[ Abstract] 1In order to help enterprises better adapt to the dynamic environment in the real business, a multiperiod intermodal rou-
ting and storage co-optimization model with transport price uncertainty was investigated. Firstly, an integer programming mathematical
model was established in the environment of transport price certainty. Secondly, a robust optimization model was established in the en-
vironment of uncertain transport prices, and the robust optimization model was transformed into an equivalent linear robust peer-to-peer
problem. Subsequently, on the basis of the traditional k-shortest algorithm, iterative greedy algorithm (IG) and adaptive large neigh-
bourhood search algorithm ( ALNS) , a hybrid heuristic algorithm of MKIGALNS was proposed to solve the problems. Finally, the cor-
rectness of the proposed model as well as the effectiveness of the algorithm were verified by different sizes of arithmetic case experi-
ments. The experimental results indicate that in 10 sets of arithmetic cases, the average total operating cost is CNY 439 191 when stor-
age is not allowed and CNY 391 378 when storage is allowed, so the storage decision should be made, which is conducive to the reduc-
tion of operating cost. And through the related robust experiments, the total operating cost as well as the multiperiod intermodal opera-
tion strategy changes with the change of the uncertain budget value, which reveals the intrinsic connection.

Keywords | multiperiod; multimodal transport; uncertainty; robust optimization; hybrid heuristic algorithm
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Table 5 Impact of in-transit storage on operating costs
CPLEX #67} A SCHE
B0l miw SN2 Gap/%
. HE]/s . FE]l/s
S,/7. S,/7C
S-n40 198 840 73 174 950 71 -13.66
S-n48 249 230 74 223 140 71 -11.69
S-n56 285 990 77 253 070 79 -13.01
S-n64 342 550 96 307 240 113 -11.49
S-n72 396 570 82 358 080 83 -10.75
S-n80 467 110 83 418 830 86 -11.53
S-n88 512 360 95 457 160 134 -12.07
S-n96 582 870 101 518 970 136 -12.31
S-n104 645 090 192 573 230 99 -12.54
S-n112 710 400 235 629 110 97 -12.92
SEIE 439 101 110.8 391 378 96.9  -12.20

T Gap Jy Xif M 41 5 52 56 4 B 1 M B AR X 254, 530K Gap =
(S, -5,)/8, x100%
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AR 0 R e A Y R Tl d i, I
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fiti— EH R 18 8 AR
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Table 6 Impact of transit cost on operating costs
A THIE 1 THIE 2 THIE 3

i A LA/ T MR/ Gap/% SR/ T M/ Gap/% S/ IG KER4L/C Gap/%
1 S-n40 174 950 198 840 -12.01 172 210 182 980 -6.25 175 640 217 000 -23.55
2 S-n48 223 140 249 230 -11.69 218 850 230 260 -5.21 224 560 276 890 -23.30
3 S-n56 253 070 285 990 -13.01 249 030 264 020 -6.02 254 970 315 020 -23.55
4 S-n64 307 240 342 550 -11.49 303 050 319 680 -5.49 308 040 376 310 -22.16
5 S-n72 358 080 396 570 -10.75 354 460 372 320 -5.04 358 440 431 480 -20.38
6 S-n80 418 830 467 110 -11.53 414 810 442 110 -6.58 419 430 499 320 -19.05
7 S-n88 457 160 512 360 -12.07 453 870 483 740 -6.58 458 210 550 670 -20.18
8 S-n96 518 970 582 870 -12.31 513 540 550 750 -7.25 521 340 628 260 -20.51
SEH{H 338 930 379 440 -11.86 334 977.5 355 732.5 -6.05 340 078.75 411 868.75 -21.58

T : Gap A% A 5 S 96 40 B DL gt B ARG 2508, A 38K Gap = (S, = S,) /S, x 100%
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Fig. 2 Impact of uncertain budgets on operating costs
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Table 7 Impact of uncertain budgets on transport strategies

r,=2,r,=(0,1,4)

r,=2,r,=(4,1.,0)

r,=4,r,=(0,1,4)

AP KR T st Rl B KR (AR W < B Bk A R T W <
k=1 19-15 17 K% 15 2122 87 K% — e 19-15 17 K 8% 15
19-15 17 — 15 22-15 87 K i — - 2421 109 1k % 21
2122 87 IK — k=1 15-10 87 IK % — 15-14 17 R —
k=2 22-15 87 7K — 109 87 K 9 14-11 17 BRI 11
15-10 87 IK — 2421 109 3 21 2122 87 IK it —
10-9 87 IK % 9 19-15 17 K% — 22-15 87 K % —
10-9 87 — 9 15-14 17 K i 14 k=2 15-10 87 K 10
L3 15-14 17 BRI — 10-9 87 — 9 2120 109 K % —
- 14-11 17 Bk % — k=2 2120 109 K% 20-18 109 K % —
2421 109 K% 21 20-18 109 TK % — 18-7 109 K% —
11-12 17 R — 18-7 109 K i — 7-8 109 K —
9-5 87 R — 7-8 109 K i — 11-12 17 K% —
k=3
2120 109 IK % — k=3  15-14 17 — 14 109 87 K % 9
k=4
20-18 109 K — L4 15-14 17 — 14 k=4 95 87 i —
18-7 109 K — N 85 87 RIS —
7-8 109 K% — 14-11 17 K% — k=5 — — — —
k=5
k=5 — — — — 11-12 17 K% —
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