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1 ERBRELIEZ=0.5
Tab.1 Mutation process(Z=0.5)

MR Xa o Xa Xa—Xa 6 Gy Xe Xp Xe—Xp 0 Ghe bl HUBLRG Vi
Xin 2 8 —6 0. 20 —6 7 3 4 0.49 4 1 —1 1
Zio 7 4 3 0. 37 3 5 1 4 0.27 4 8 15 7
Xis 5 1 4 0.18 4 1 8 —7 0.59 0 3 7 7
Ti 3 2 1 0.74 0 4 6 —2 0. 84 0 6 6 6
Zis 6 3 3 0.42 3 8 5 3 0.33 3 5 11 3
Ti6 4 6 —2 0.68 0 3 7 —4 0.13 —4 4 0 8
X7 8 7 1 0. 33 1 2 2 0 0. 60 0 2 3 3
Tis 1 5 —4 0. 60 0 6 4 2 0. 35 2 7 9 1
3.4 XX
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1B A2 5 R P RAMA R ViE=11.7,6,3,3].
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Tab. 2 Fragment genes of mutation individual (Y=0.7)
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% 1 7 7 6 3 8 3 1
0 0.35 0. 89 0.33 0. 24 0.67 0.91 0.52 0.78
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Fig. 4 Crossover operation
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Fig. 5 Flowchart of objective function calculation
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Tab. 3 Results of small-scale problems

CPLEX & DDE % ¥
e E45 80/ 4 — : - GAP/%
PREE /1 /s BT E] /s PREAE f2/s BATHF ] /s

1 4 248 0.61 248 0.56 0

2 6 362 20. 17 364 0.70 0.72
3 8 578 24.08 594 0. 82 2. 77
4 10 809 139. 33 814 1.02 0. 66

5 12 1572 1. 37

ij:GAP:%xmo%
x4 PENEEGLER

Tab. 4 Results of medium-scale problems

CRIETRS 1155 %/ 4> S ONIVE fe/ME/ s I/ s IR AT [E] /s
6 20 3210 2011 2 714.0 2.21
7 50 16 824 12 720 15 113. 2 7.71
8 100 66 111 655 380 60 465. 6 22. 46
9 300 2 010 044 1735 264 1 935 566.0 155. 71
10 600 3145 491 2 922 725 3 023 269.0 575.57

M2 3 T LUE B, MAE S B0 ad 10 B, CPLEX &8 4 Joik 7643 BRI [R] N (15 CPLEX iz 171 [a] EBR K 7 200 )
SRAS B A A o 11 AR SO T A0 22 43 20 A0 B8 3k L 0 AT DA AR e s 1] P SR A5 A L O EL BT SR A5 89 s 8 5 CPLEX R
PRI Z B IRZEAN R T 2. 77% . R 4 /R T B H02E 43 F Ak 3303 6 SR A v A5 B0 ASE [ R B /) 32 A7 B ) 0 E
PReR B . B3R A4 RTLUE S Bl ] BRSS9 ™ K, 3 025 40 108 Ak 50 32 T AR 20 0 1 B I PSR s A A . ke 4b
A SCHE I B 5 R 300 AME S5 B HE R E T EE 155, 71 s, 6 S5 3k HE 3 52 B AR P 2k B b v T ok
PEREEESR . I A b HOE S0 45 SR 00 20 B, T DA R B L B 2 40 A Rk A SR A AS TR RIS A Ak EE AL 8 (]
B 359 R 7 35 6 ) ] P SR A I R A s DDE 583 BE 08 7 450 Ak R A SR s 17 7 L 081 2 [ 8
4.3 BiRfREME S
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VT 52 56 % e 5 A% Bk RN 22 4y i A SR R AT BT, AL SR SO B S IRSCER (11 . B g B ) R
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5 R TN 22 57 A 40 (R e /N 22 5 8 43 FE (R o) i KA 22 57 8 43 [ (R0 Sobs i 22
(SD) ., H# 5 LUK I, B 2 o ARSI 1 Ry B AL 1 SCBRC 11 v Ble e 1) 3 4% 58000 1) R o BRA B 6P AR SC 4



112 ERIMEAFFROEARZFH  http://cqnuj. cqnu. edu. cn % 38 %

HH A TR) R, B2 4 AR B 09 Ry 7E 0,922 31| 2,103 Z [u), 17y hig FH SCHR [ 11 ] o i st 4% B30 30k 3 A7 5K ff B, Ry 7E
14. 417 3] 33. 992 Z [8], 1 B B 82 43 A0 B0 1 38 A7 45 2R B 42 30 (0] R i) B DL A . A, DDE B 66 Y SD e 44 |
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Tab.5 Results of DDE and GA

\ . DDE GA
s AR/ A
Ru Ruin R SD Ru Ruin Rinax SD
11 50 1. 103 0. 00 3.193 1.120 38.658  33.992  41.902 2.830
12 100 1.214 0. 00 2.390 0. 895 32.547  29.196  36.242 2.629
13 200 1. 426 0. 00 2.558 0. 941 23.439  20.656  26.867 2.748
14 300 0. 922 0. 00 1. 869 0. 726 17.301  14.417  20.921 2.539
15 500 2.103 0. 00 3.557 1.301 17.830  14.741  22.599 3. 474
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Operations Research and Cybernetics

A Differential Evolution Algorithm for Twin ASC Scheduling Problem

WANG Hao', BAI Danyu’ ,ZENG Qingcheng’, HOU Nianhua®,ZENG Shasha’
(1. College of Transportation Engineering, Dalian Maritime University;

2. School of Maritime Economics & Management, Dalian Maritime University, Dalian Liaoning 116026, China)
Abstract: [Purposes | A twin ASC scheduling problem of the automatic container terminal is studied. In order to improve the
efficiency of the yard operation, considering the interference and conflicts in the ASC operation process, the integer programming
model is established. The optimization goal is to minimize the total completion time. [ Methods]The CPLEX solver is used to solve
the model. For the medium-scale problems. based on task coding. a discrete differential evolution algorithm is designed. The
solution results are compared with those of the genetic algorithm solution. [ Findings ] The results show that the algorithm proposed
can solve the twin-ASC scheduling problem of automatic container terminals within the required time. [ Conclusions | The algorithm
proposed dominates the genetic algorithm solution.

Keywords: automated container terminal; twin ASC; differential evolution algorithm; mixed-integer programming

(FAEm#E K B



