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30 s(7.5w). X TR EHLIM 7 . HH B 322 0
FARAT 45 B2 46 DL 457 O A H AR LA (D). i s
5] A= A 5 S /NS (N =5) DL 3% 1.
4.1 FEiF

SEE T B A B A R R E LR 2.
4.2 FIRER ST
4,21 HAE 5 HEAAEKIE BAMEE ]
AR R 45 2R W3R 3. Horlr, £, 2R s B s A5E B T 3155
PR Bt i . 25 SR S L WA SR £ S R £ M i
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k1 EPFRA(N=5) KAURZEN 3. 91 %0 » Ui B 5th A5 TR Ay 92 K27 R0 5l )
Tab.1 Instance example (N=5) R T — AN B3 T 5L, n] R S s AR 2 A Ak
[Ea=) O D; 0 fi PERERY PR FI B UE, vk 1 5 CPLEX JhsR18 &1L
. R B B fift 2Z [6) B S 23R 2240 R 0. 49 % 5 44T 55 FL AL 18
F] 12 i}, CPLEX JG ik 78 7] 42 32 1Y 1) 8] PN =R 15 B¢
2 11 8 8 . o o e o i 1
L AH AL 1 RE W8 76 B 5 i ] PN SR A5 3 0L B
’ . . . . PR DL L B 1 SR A% UL AL I B ] A L
4 41 z z H A& R PERE. tAh  SGE B HLE L AR e 4 fr
5 41 7 7 7~ PR EALLE [ — B[] £ Rl — DI o Ny
TE B R R T https://www. instances. de/dfg/. ﬁ)%ﬁéjﬁii}ﬁ , %\%%Tﬁ@ qu:ﬁfmﬁé@ﬂiﬁ&i
®2 ERERE
Tab.2 Experiment settings
LT SEH H SR ZhE 5
% IF R B AR R AT S L3
. ﬁlﬁﬁ%ﬁﬁfiiﬁ;ﬁ;}:ﬁl OFF 45 3 . N=1{6.8.10.12} . %% 3 40 ; QX TH A B . /39 H CPLEX % 3 A 4
Lo REE 1R @5 N=10 I XU T HLAR L 3 75 :
) P Ak R
OFE5HE  N=1{30} ; O LR P. AIAEFHE PnL.[0,1], LK 0.1;
4K 1L B 1 58 S R A
2 igggi@ﬂf‘ R @ttt P P I 100 U0 SR RO 29 0. 5 B /s
TR B2 M2 105 i
OS8R . N=1{30,50} .45 20 41; Q414 P. Al Py, 53503 S 4 414 55 #4.%5
3 0 UE Ak 1 oK ik e
SAESE IR K AL B 9 /MEL R (A0 24 I 6
B 5% 4 R 2 Uk i ) ZE 3R R OR
8 JEE I B K B . T= { 300w+ 600u» 900w » My s @ F 45 % ik . N = {30, 40,
b R R ORI T PO T A N % 6 FulE 7
o 50,75,100,125,150,175}.
r WF 5% 48 3R 3 95 4T 55 19 I B 4 OFFE5 B :N=1{30,50,100} ; @ % 3R F| 1 5 5 5 I A 5 & 09 i g= _
0 P K 30 R0 45 1 £ {0.1,0.2,0. 3) s @B BB K . T= (3001, 6001+ 900u} :
L E 3 PR Py, BYBUE TS I T S056 2 S 80E T E.
®3 EAREE1HAXE R
Tab.3 Programming result comparison of the model and algorithm 1
#iH (CPLEX) Bkl
F5 N Si/u Gi1/% G2/ %
S1/u Tepu/s Smin/u Smax/u Save/u Tepu/s
1 6 115. 00 117. 00 0.19 1.71 117. 00 117. 00 117. 00 0.84 0
2 6 135. 00 140. 50 0.20 3.91 140. 50 151. 00 140. 70 0.79 0. 14
3 6 173.50 177.50 0.19 2.25 177.50 184,50 177.70 0.81 0.11
4 8 243. 50 248. 00 6.22 1.81 248. 00 277.50 248. 40 1.52 0.16
5 8 250. 50 254. 40 9.03 1.53 254. 50 270. 00 255. 00 1.48 0. 24
6 8 240. 00 244. 00 5.55 1.64 246. 00 264. 50 246. 35 1.55 0. 96
7 10 290. 50 292.50 1 134.16 0.68 292. 50 321. 00 294. 60 2.45 0.72
8 10 313.00 316.00 1 652.09 0.95 316. 00 327.00 318. 24 3.12 0.71
9 10 287. 50 294.50 1 145.92 2.38 294. 50 325.00 295. 86 2.18 0. 46
10 12 344, 50 351. 50 3 600. 00 1.99 351. 50 380. 00 354. 45 3.71 0. 84
11 12 392.00 398. 00 3 600. 00 1.51 398. 50 427,00 402. 28 3. 26 1.08
12 12 368. 00 373.00 3 600. 00 1.34 373. 50 394. 50 374. 90 3,29 0.51

TE  fanin ~ fonax F fave 53 IR 10 YRR 25 R 109 foe /ME 35 KAA AT B4 5 Tepu 9 % B0 FEIF ] G = (f1 — fu) / /1 X 100% 5 G2 =
(Sfave = N1 )/f\ XlOO%,
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Fig. 4 The operation paths of dual crane (N=10)
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Fig. 5 The contour distribution of optimization results

by algorithm 1

P 5 5 HE A I T A A Ll AR T L
B ZHUAF (d<<0. 05) THR S5 R 22 ka5,

B 5B HE 1 INAFTE 3 S HL . W T —4
SEHZ% P.=0.5,%4 P,=0.5 (%4 P, =0.5),
B AR 24 P, > (8 < P, B (d<<0.05), 1t
BA2E T S e A RV T A5 T HE 1 e At 5 4
AR A HEEENE. Y P.=0.5 i,
TES V- N XF R 3 Ny P 53 5124 0.5.0. 6
0.7, Ul BH I S 8L A BB 2 FE M RRAE. I
A 38 o fe/MA 5P BE B X L & B BE 1 A
(B £ B T e /ME  H S DR 7 %) 2 50 CRI 5 A 9 5%
HZ AR RAFO 1 IR AL, RWITHE S5 R BOE Y (E
E k.

Jp it — R UEE L 1 AT BE . 2k B
55 BB Ry 30 A 50 BEATINA. A2k — M P b, B
ASTR] B 28 SCFNAS S A8 R A A i/ [ R 58 RN AR
S AE XS SR A A A R B L TH AR A L3R 4.5,
IR LW, B R as R S ahiA T R 2
&) - B iR 2 R T 2% 5 B AN, B 6 AR SR

K4 AABEOTHZE L WAXERIN=30)
Tab.4 The programming results of algorithm 1 for

large-scale instance (N=230)

F5  fu/u fon/tt fmax/u  fuwe/u  Teru/s Gs/%

1 784.00  797.00 827.00 797.92 37.83 1.78
2 703.00  712.00 755.00  716.40 34.13 1.91
3 673.00 689.00 718.00 692.26 33.05 2.86
4 867.50  888.00 907.00  890.16 33.70 2.61
5 865.50  878.00 911.00  881.56 39.07 1. 86
6 918.00  926.00 964.00 929.24 33. 86 1.22
7 790.00  805.00 825.00 807.27 37.51 2.19
8 793.50  807.00 827.00  808.59 35.29 1. 90
9 805.00  821.00 839.00 822.63 37.61 2.19
10 719.00  736.00 762.00 736.94 33.60 2.50
11 705.00  719.00 735.00 719.42 38.77 2.05
12 804.00  816.00 842.00 816.71 37.33 1.58
13 805.00  819.00 858.00 821.46 37.65 2.04
14 732.50  742.00 771.00  747.37 34.08 2.03
15 811.50 831.00 850.00 831.91 37.69 2.52
16 804.50  812.00 848.00  813.25 33.79 1.09
17 810.50  823.00 852.00  826.36 34.02 1.96
18 846.50  859.00 865.00 859.17 33.79 1.50
19 785.50  795.00 820.00  797.85 38.67 1.57

20 850.00  864.00 885.00 865.61 38.77 1. 84

H:Gs = fave = f1)/ f1, X100 %.
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AABABTHE 1 WAXERN=50)

Tab.5 The programming results of algorithm 1 for

large-scale instance (N=50)

F5 /v fon/u foe/u fae/u Teeu/s Gi/%
1 1253.00 1268.00 1275.00 1 269.50 166,18 1.54
2 1443.50 1457.50 1461.00 1 460.00 170.18 1. 85
3 1484.00 1496.50 1513.00 1 506.00 152.72 1. 54
4 1460.50 1493.00 1485.00 1475.50 167.67 1.25
5 1350.50 1371.00 1385.00 1371.00 156.93 2.11
6 1 405.50 1424.00 1 430.50 1425.50 151.97 2. 38
7 1370.50 1 384.00 1 390.00 1 388.50 154.41 1.24
8 1292.00 1312.00 1320.00 1 319.00 169.57 2.14
9 1251.50 1272.00 1 272.00 1272.00 170.13 1.74
10 1491.50 1504.00 1520.00 1519.00 166.79 1.03
11 1362.00 1374.50 1379.00 1 378.50 157.55 2.12
12 1312.00 1323.00 1 340.00 1 333.00 152.29 1. 80
13 1310.00 1323.00 1330.50 1 327.00 170.14 1.72
14 1399.00 1413.50 1422.50 1421.00 168.11 1.37
15 1177.50 1199.50 1 211.00 1 202.00 156.43 1.99
16 1346.50 1 360.50 1 374.00 1 367.00 169.74 1.57
17 1 258.50 1274.50 1 287.00 1 276.00 155.41 2. 38
18 1457.50 1471.50 1475.50 1474.00 159.29 1. 25
19 1424.50 1436.00 1440.00 1 444.00 156.72 1.28
20 1494.00 1509.00 1518.00 1513.50 151.36 1.39
Gy = fave — 1)/ fi, X100%.

* 6
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Fig. 6 Convergence diagram of algorithm 1
4.2.3 R ERERARBEIEL 54 T
AR AAE 22T, 8 5 — i ) B PN %) 4 s AR
R 43 SRy U B B, i s B AR AT 55 43 A AR
49 BE Bt B PN A AR A R — L B AE SR B
RBEFE Y BB K, AT i AL 43 e 28 5 30 5 [R]
AT B4 R JRE ERE BE PN R B0 IR T E B A A A L R TR
AN TR B (14 18 38 e B R0 A ) 8 38 30 o %) 4 4L oR
fift R L ) R T 25

L) 8 B Ik B o A0 Ja 435 S %) 5% vy

A I B A BE T 43 0 BU ML, 900w, 600w Al
300w, Hor M 75 A X 8 s 4 Mk i 47 35 4. FLK)
SRR 6.1 7 Fran, ml O R B A B DN
(N Ay i Tl SN = 2 o= N ST T o s O P
T4y Ay gk 1) IO 5 1 AR B TRD 3 TG 3 Y O B B
FRE A R T4 R A5 Sk T VR 3 A 50

BB B KB A AL X 4R B R

Tab. 6 The effect of the duration of scheduling cycle on the programming results

T=M(o=) T=900u T=600u T=300u
i N

Save/u Saver /1 Hi/% Saver /1 Hy/% Saves 1 H;/%
1 30 717.52 717.52 0 775. 34 8.06 794. 23 10. 69
2 40 961. 00 1019.71 6.11 1 024. 66 6.62 1 056. 50 9.94
3 50 1 270. 36 1 326.99 4. 46 1347.53 6.07 1379. 38 8.58
4 75 1 999. 46 2 062. 80 3.17 2 088.07 4.43 2 154.04 7.73
5 100 2 774.00 2 844,11 2.53 2 864. 31 3.26 2 961. 24 6.75
6 125 3 558.28 3 639. 20 2.27 3677.37 3.35 3 801. 00 6. 82
7 150 4 317,54 4 389.06 1. 66 4 441. 86 2.88 4 587.39 6.25
8 175 5 139. 60 5239.16 1.94 5 289. 69 2.92 5 324.18 3.59

F:He=fovea

— fave) [ fave X 10020, Ho1 € {1, 2.3},
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Fig. 7 The makespan and computing time in various

scheduling cycles
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programming result
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Research on dynamic scheduling for yard crane

with truck arrival time delay

WANG Yaozong, HU Zhihua”, TIAN Xidan, CHEN Wanting

( Logistics Research Center, Shanghai Maritime University, Shanghai 201306, China )

Abstract: For the container collection operations at terminals, delayed arrival of the truck may cause
the planned scheme of yard crane to become sub-optimal or even infeasible. Therefore, it is necessary
to update the scheme in time for the delayed arrival tasks. Considering the dynamic scheduling
problem with truck arrival time delay, based on the batch-based task assigned strategy. the scheduling
period is divided into several scheduling cycles, and the schemes are generated within each cycle. A
mixed integer programming model is established to sequence the handling tasks under the minimization
of the makespan. Moreover, a lower bound derivation model is proposed. An iterative solution
framework is proposed. in which the scheme is re-optimized whenever the truck arrival time delay is
revealed. In the framework, a genetic algorithm is designed to solve the planned scheme of the
corresponding batch tasks in each cycle, and a greedy insertion algorithm is proposed to re-optimize
batch tasks with delayed arrival and update the scheme. The experimental results show that the model
and the lower bound derivation model have correctness and validity, and the algorithm has good
performance. Shortening the scheduling cycles helps to generate the scheme quickly for crane
operation. The larger the proportion of delayed arrival containers, the bigger the makespan. And this

effect becomes weakened by the reduction in the scheduling cycle.

Key words: yard crane; truck arrival time delay; dynamic scheduling; iterative re-optimization; greedy

strategy



