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Optimization of yard pre-marshalling operations under partial truck
arrival information

ZHU Hui-ling', CHEN De-xing, LIU Chun-feng
(Dalian Maritime University, School of Transportation Engineering, Dalian 116026, China)

Abstract: Due to factors such as traffic congestion, differences in driver behavior, and fluctuations in gate queuing
conditions, container terminals often find it difficult to accurately obtain the arrival times and sequences of external
trucks, which may lead to a mismatch between the actual container pickup sequence and the yard storage configuration.
To improve yard operational efficiency and reduce truck waiting time, this study investigates the container pre-
marshalling problem under partial truck arrival information. A dynamic priority determination mechanism based on
truck arrival times is constructed, and a target layout rule that ensures the dispersed stacking of containers with the
same priority is proposed. With the objective of minimizing rehandling operation time, a mixed-integer linear
programming model is developed, and an improved A* algorithm that considers cross-bay yard crane scheduling is
designed. Finally, through comparative experiments involving the mathematical model, ablation variants, and Beam
Search as a baseline algorithm, the effectiveness of the proposed model and algorithm is verified, and extended
computational experiments and sensitivity analyses are conducted from multiple perspectives. The results show that the
proposed dual-violation heuristic can significantly reduce the search space and improve computational efficiency;
compared with Beam Search, the improved A* algorithm performs better in terms of solution quality. The findings
provide theoretical support and methodological guidance for optimizing yard pre-marshalling operations and yard crane
scheduling decisions at container terminals.

Keywords: container terminal; incomplete truck arrival information; the pre-marshalling problem; Mixed-integer

linear programming; improved A* algorithm; same-priority dispersed stacking rule
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f(@) = g(q) + h(q). (36)
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BUATPRAS T LA 3 MR S EC N, T

JE R BRHUE SUN:
h(q¢) = N(E + D). (37)
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B AN e /N BT KPR Bl B + DAl AN B AN L 20
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T EAR S DUALI R], DR

0 < h(q) < hx(q) (38)

Hoh o« (q) AT A g3 B beAi 7 I 32 SL e B
IS TED. DR A2 R, ARAIE A R 1 e L

SACR “R R EIF BT AR RGBT
VA EL, AR SO KRR BRI I 2 R R g M b e, BE R
AEHf R WM IR 5 H AR R 1 850 22 85, A 2405
SHZE T, B TERCREY .
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TRARIAR 1) RIS 25 (A RS B AR 2 25 v % o
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i, 15k, SRR i “BRIAE R 87 Hk, R
PR SCBC BB 45 1 s A5 R S50 1 1 o AR [+,
AR BRI A BE, R SN AL
PR IR 2, L Jeh B DAL A shin el e/ i 4. 1
AR P9 25 SR 1 R S 56+ B IE

E BARSEEL A, FE 43 N5 A Open R Al
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Algorithm 1 Improved A* algorithm for the CPMP

1: Input: Initial state (go, by), initial crane bay position by,
2: OQutput: Optimal pre-marshalling move sequence and total cost
3: Open « {(qu,bu)}, BestG[(qu,by)] « 0

4: g(qo.bo) « 0, hiqy, by) « H(go)

5 flgu,bo) ¢ glau,bo) + h(go, by), Parent](qo, by)] < @

6: while Open # 0 do

T (g,B) « node in Open with minimum f

8 if g(g.b) = Best(G|(q.b)] then

O: continue

10: end if

11: if (q,b) is a goal state then

12: return optimal path and g(q,b)

13: end if

14: for each successor (¢, V) € Succ(q,b) do

15: Gnew < g(a,5) + e((q,b), (¢',8))

16: if (¢, 1) ¢ BestG or guew < BestG[(q’,b')] then
17: BestG(q', V)] ¢ gnew

18: glq’ . ') 4 Gnew

19: h(g',b') + H(q")

20 flg', b)) < glg'. b) + hig', V)

21: Parent((¢',¥)] + (g.,b)

22: Insert (¢’,d') into Open or update its key
23: end if

24: end for

25: end while

2fi: return No Solution

4 L A*EGEAKED

BIFE 751 45 W AE Bl T 47 I SR A5 7 58T Open .

B 4 st A8 R E AR, AR VAN oA 2L
f(q) = g(q) + h(q)EFHAY I 5.
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Gen Intel i7-12800HX (2.00 GHz), 16GB RAM,
Windows 11. t4b, J8 i i fil 5256 73 A 592 & ML),
351 N\ Beam Search {E R4k 2k,
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10 ¥ % 5 & K FxE
F2 WPERANGHE AR RERTEE
e AR LK TIPSR A T (s) P35 B MEAE I 7] (s) AP
S H HFAR ik A B P bt kAR
1 6 4 50% 12 24 0.1 4363 4363 0.00%
2 6 4 60% 14 9.6 0.2 538.6 538.6 0.00%
3 6 4 70% 17 116.4 2.7 661.5 678.2 2.52%
4 6 5 50% 15 149 1.0 523.9 523.9 0.00%
5 6 5 60% 18 56.8 33.7 665.2 689.5 3.65%
6 6 5 70% 21 601.2 92.8 819.3 839.9 2.51%
7 6 6 50% 18 1333 54.2 757.8 757.8 0.00%
8 6 6 60% 22 262.9 86.6 9183 950.4 3.49%
9 6 6 70% 25 — 675.6 — 1219.1 —
10 8 4 50% 16 21.7 6.5 536.5 536.5 0.00%
11 8 4 60% 19 343 124 652.9 696.1 6.62%
12 8 4 70% 22 240.4 85.6 853.1 898.3 5.29%
13 8 5 50% 20 232 75 7323 740.1 1.08%
14 8 5 60% 24 239.4 41.4 1041.5 1097.8 5.41%
15 8 5 70% 28 — 3952 — 1210.3 —
16 8 6 50% 24 387.9 84.5 943.9 952.1 0.87%
17 8 6 60% 29 — 405.1 — 1180.4 —
18 8 6 70% 34 — 746.2 — 1376.7 —
19 10 4 50% 20 82.4 311 707.2 726.9 2.79%
20 10 4 60% 24 210.8 48.6 832.7 889.2 6.79%
21 10 4 70% 28 506.2 2375 1079.2 1137.6 5.41%
22 10 5 50% 25 1425 40.6 8273 857.4 3.64%
23 10 5 60% 30 5783 2383 1150.9 1195.9 3.91%
24 10 5 70% 35 — 772.4 — 1349.1 —
25 10 6 50% 30 336.1 102.1 9242 960.8 3.96%
26 10 6 60% 36 — 422.4 — 1222.5 —
27 10 6 70% 42 — 828.5 — 14533 —
28 12 4 50% 24 152.7 58.6 899.4 9422 4.76%
29 12 4 60% 29 367.9 105.2 1071.1 11243 4.97%
30 12 4 70% 34 — 456.4 — 1368.8 —
31 12 5 50% 30 558.6 107.3 1132.7 1194.6 5.47%
32 12 5 60% 36 — 397.0 — 13283 —
33 12 5 70% 42 — 793.5 — 1542.1 —
34 12 6 50% 36 798.3 201.6 1077.6 1132.8 5.12%
35 12 6 60% 43 — 5715 — 1397.7 —
36 12 6 70% 50 — 885.6 — 1678.5 —
#3 BENMEGIFET KBS EZERES T
o e . - T35 e AIMEAE B 8] (5)
HeEAi Ry MR R (4030) B ARSI A (N H030) GAP
1 2%6%4 50% 12 416.7 30/30 416.7 30/30 0.00%
2 2%6%4 60% 14 540.2 27/30 540.2 29/30 0.00%
3 2%6*4 70% 17 641.5 21/30 652.2 25/30 1.67%
4 2%8%4 50% 16 502.3 28/30 516.9 30/30 2.91%
5 2%8%4 60% 19 661.1 23/30 692.4 26/30 4.73%
6 2%8%4 70% 22 819.3 19/30 852.5 24/30 4.05%
7 2%10%4 50% 20 703.6 25/30 734.1 25/30 4.34%
8 2%10%4 60% 24 792.7 18/30 839.2 22/30 5.87%
9 2%10%4 70% 28 1096.3 16/30 1158.7 20/30 5.69%
10 2%12%4 50% 24 861.5 20/30 902.3 19/30 4.74%
11 2%12%4 60% 29 1085.3 9/30 1139.6 16/30 5.00%
12 2%12%4 70% 34 — 0/30 1324.8 12/30 —
433 AREMRERENRE TGRS B
953 T AR S R0 40 B0 SR i &5 SR I s e, A TEIBHME, BT 485 6 RILAELEERN

TR G IR 6 2K (1—6) BN 4 3¢ (1—4),
FAE SR RSRARI [8) 58— 50 600 s [ 14 T T et

L) S A AL AR ZE S, R S SE REE AT H
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FxH B R F AT R 5443 8 00 T A8 A L ARALHT R 1
F 4 ARPRERPR TRE 5 E L F K AT B & /MU B R B 3T EE 4347
wo o e T38RI 1] (s) TR ML ) (s)
B om B MURRON BGEAEEE HORHUN BUEAYHEE  BORBUE BOREA*HIE HOPR AT
(900s) (900s) (450s) (450s) (900s) (900s) (450s) (450s)

1 2*%6*4  50% 12 2.4 0.1 2.3 0.1 436.3 436.3 0.00% 421.6 421.6 0.00%
2 2%6*4  60% 14 9.6 0.2 10.8 0.2 538.6 538.6 0.00% 551.2 551.2 0.00%
3 2*%6*4  70% 17 116.4 2.7 110.2 2.9 661.5 678.2 2.52% 642.1 687.4 7.05%
4 2%8*%4  50% 16 21.7 6.5 234 72 536.5 536.5 0.00% 508.4 532.7 4.78%
5 2%8*%4  60% 19 343 124 314 13.9 652.9 696.1 6.62% 659.5 704.8 6.87%
6 2%8*%4  70% 22 240.4 85.6 251.3 90.7 853.1 898.3 5.29% 843.7 902.5 6.97%
7 2*%10*4  50% 20 824 31.1 80.1 332 707.2 726.9 2.79% 687.6 719.2 4.60%
8 2*%10*4 60% 24 210.8 48.6 221.8 51.7 832.7 889.2 6.79% 812.4 861.7 6.07%

9 2*%10*4  70% 28 506.2 237.5 — 250.5 1079.2 1137.6 5.41% — 1146.7 —
10 2*12*4 50% 24 152.7 58.6 162.9 57.2 899.4 942.2 4.76% 874.3 922.6 5.52%
11 2*12*4 60% 29 367.9 105.2 390.2 115.6 1071.1 11243 4.97% 11124 1148.1 3.21%

12 2*12*4 70% 34 — 456.4 — — — 1368.8 — — — —

TS5 HAEX D RE T FI & MEA BB B E N 5347
WEEs R MEE AR PRRMEIPITIG)

BUEERER(62%) Sk A*BTE(625) GAP BUERR (425) Bk AR (425 GAP

1 2%6*4 50% 12 416.7 416.7 0.00% 467.2 467.2 0.00%

2 2%6*4 60% 14 540.2 540.2 0.00% 596.3 614.5 3.05%

3 2%6*4 70% 17 0641.5 652.2 1.67% 759.6 774.9 2.01%

4 2%8%4 50% 16 502.3 516.9 2.91% 563.1 582.2 3.39%

5 2%8%4 60% 19 661.1 692.4 4.73% 741.2 781.5 5.44%

6 2%Q%4 70% 22 819.3 852.5 4.05% 966.2 1012.6 4.80%

7 2*10*4 50% 20 703.6 734.1 4.34% 770.5 801.4 4.01%

8 2*%10*4 60% 24 792.7 839.2 5.87% 918.6 973.1 5.93%

9 2*%10*4 70% 28 1096.3 1158.7 5.69% 1201.9 12534 4.28%

10 2%12%4 50% 24 861.5 902.3 4.74% 974.5 1031.8 5.88%

11 2%12*4 60% 29 1085.3 1139.6 5.00% 1184.7 1257.6 6.15%
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