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Abstract

Abstract: This paper researches on quay crane scheduling for unloading operations in container terminal.
Considering quay crane work within its time window, an unloading scheduling simulation model is
established.According to the characteristics of the unloading scheduling simulation model,a DoubleList
Molecular Structure-based Chemical Reaction Optimization(DLMCRO) algorithm is developed. There are
two parts in coding: one is the priority relation of the task, and the other is the task-to-quay-node
mapping.Discrete Event Dynamic Simulation(DEDS)is used to simulate the decoding process. Four
elementary chemical reaction operations against the problem are designed. The simulation experiment is
madeby using data generator.The results of simulation show that DLMCRO can get a stable and

satisfactory solution more quickly than CPLEX and GA. And its proved that the model and algorithm are
effective.
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Abstract: This paper researches on quay crane scheduling for unloading operations in container terminal.
Considering quay crane work within its time window, an unloading scheduling simulation model is
established.According to the characteristics of the unloading scheduling simulation model,a DoubleList
Molecular Structure-based Chemical Reaction Optimization(DLMCRO) algorithm is developed. There
are two parts in coding: one is the priority relation of the task, and the other is the task-to-quay-node
mapping.Discrete Event Dynamic Simulation(DEDS)is used to simulate the decoding process. Four
elementary chemical reaction operations against the problem are designed. The simulation experiment is
madeby using data generator.The results of simulation show that DLMCRO can get a stable and satisfactory
solution more quickly than CPLEX and GA. And it s proved that the model and algorithm are effective.
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Fig.1 Layout of container terminal
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FEM R BEEATI R, SEUR IS 2 .
OIEAL S BURFEARIINE DN, W MESAT 55/
Eetsl, SEUEHREEREIE S, B AR N A
Ko T IILSEAES R LU, EAR R RE LI
ool MR SIS TR AN Z .

K GA A DLMCRO 5355375 6 41/ i
SEAEAT 0 B, 0 ORAE AP REE R I EE 1)
AR, BOR [R] H A e o A A P R L 1)
#1L4fF. DLMCRO Hykh Sk & h: WM
B VE M Ik B FELimir=1200 , 3 B8 it 2% £ 1
KE o5srae=0.2, 73 THAEMAE MoleColl=0.2, ¥4
BfE InitialKE=400, #5 K3 TRHEIREL a=2, /)
S FENREIRIE p=60. RHAFHIZAT 5 K, BT
PRIIZE R . PIRNSEIR SR ARSE 530 5 CPLEX K

SERGHATLERE, TP ZE (gap) SRR Ak o i -

Obj,,, —Obj
_ Zheu = opt x100% (20)
Obj

opt
X : Obje, i GA 5L DLMCRO [FIRIEEE B 5 Objopy
i CPLEX [f3Kfift &5

gap
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HBIELT GA. BRI, X T/ NS4, DLMCRO
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4.3.2 KB ELE K7

RSB T45T 50 11 6 20 RS 5 ot

FEAT U N MRS H0S 3 20 LL R,
eSS E N A N CPLEX12.61 TGk el fift «
I, Rt GA F1 DLMCRO #5832 () sR i 46
PIRI LI SR E S 4.2 T 4.3.1 IS HL
EHIE, SFAFEBIEIT 5K, B s R,
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SKAFUEAUAA, BEE AT S5 FUBIE N, PRSI R K A
I T AH 3G K. GA (RS AR IN ] 357 e DLMCRO 3K
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Tab.4 Results of small size instances in different configurations

IM|=2 IT|=3
HpH K|=2 KI=3 IK|=4 K|=2 IK[=3 |Kj=4

T Obj T Obj T Obj T  Ob T Obj T Obj
1 7.5 296 50 235 5.3 225 73 296 52 235 5.0 225
2 725 306 342 252 21.0 239 562 306 334 252 19.5 239
3 582.5 357 4489 282 170 270 506.5 357 4211 282 169 270
4 - 1311.0 293 638.9 285 - - 1286.7 293 684.1 285
5 - - 30657 298 - - - - 31742 298
6 - - - 5007.3 328 - - - - 5124.6 328

VE: “27 WY EITAIN CPLEX WA Sk BB ALM#
RS NI L g R

Tab.5 Comparison results of small size instances

=207 5k J=2iis GA DLMCRO GA 5 DLMCRO #tt
4 1145 Fi T, Obj,  gap T, Obj, gap T\/T, Obj,/Obj,
1 3 4 159 232 3.1 024 230 222 6.62 1.01
2 3 4 173 260  8.79 027 253 2.86 6.41 1.03
3 3 4 1.89 309 14.44 031 298 10.37 6.10 1.04
4 3 4 211 322 1298 036 311 9.12 5.86 1.04
5 3 4 271 350 1745 0.55 342 14.77 4.93 1.05
6 3 4 343 372 1341 081 354 7.93 423 1.05
F 6 RN E &5 R
Tab.6 Comparison results of large size instances

L Lok T GA DLMCRO GA 5 DLMCRO Lt

1% Kot T, Obj, T, Obj, T, Obj,/0bj,
4 4 7.30 859 1.40 789 521 1.09
5 4 9.13 1021 1.43 939 6.38 1.09
6 5 10.74 1121 1.95 1017 5.51 1.10
10 7 5 13.28 1291 235 1138 5.65 1.13
11 8 6 14.75 1399 2.74 1270 5.38 1.10
12 9 6 17.43 1 466 2.63 1354 6.63 1.08
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Tab.7 Results of different parameters

ZH ZHIE SR AR /s H bR
100 131 832
N 200 135 803
InitialKE
300 138 799
400 1.40 789
1 1.40 789
2 128 859
* 1.19 908
4 1.06 917
50 1.40 789
60 1.41 879
b 70 1.46 905
80 1.49 912
5 %ig
ARSI ENSVENE A AR S R 5, H R TR

e LTV REAE AT 55 R0 SE DG 2R AR A A )
SESCPR A, FESL T R E R R A B, i
7l 728 DLMCRO SEX BB A TSR A o B0
Oy TARIR AR T 4 Fhoy FRERE ST BL )
THREV S5, IR A AR AN 5L 1
AR B, BN S S0 A T 07 Z0
W, I CPLEX MUBALHIAI G RFATHI L, B
IR R IERA TR o FLK, ORI S GI0 Skadt A7
YIS AR A R H, sk
WAt e, S SE S HORAS FE 1 DLt
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