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Berth joint scheduling based on quantum genetic hybrid algorithm
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Abstract: In order to improve the efficiency of container port services and reduce the tardiness costs of ship services, a
new mathematical model was established with the objective of minimizing the sojourn time of the ships and the total tardiness
for the tug-berth joint scheduling problem under the established conditions of port hardwares (berths, tugboats, quay
cranes) , and a hybrid algorithm was designed for solving it. Firstly, the serial hybrid strategy of Quantum Genetic Algorithm
(QGA) and Tabu Search (TS) algorithm was analyzed and determined. Secondly, according to the characteristics of the
joint scheduling problem, the update strategy of dynamic quantum revolving gate was adopted when solving key problems in
the executing process of the hybrid algorithm (chromosome structure design and measurement, genetic manipulation,
population regeneration, etc. ). Finally, the feasibility and effectiveness of the algorithm were verified by the production
examples. The experimental results show that compared with results of manual scheduling , the sojourn time of the ships and
total tardiness of the hybrid algorithm are reduced by 24% and 42. 7% respectively; compared with the results of genetic
algorithm, they are reduced by 10.9% and 22. 5% respectively. The proposed model and algorithm can not only provide
optimized operation schemes for berthing, unberthing as well as loading and unloading operations of port ships, but also
increase the port competitiveness.
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Tab. 1 Matching principle of ship type and tugboat horsepower
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Fig. 1 Schematic diagram of

quantum gate update
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Fig. 5 Scheduling result of genetic algorithm

N T BT AR 0 A6 35 15 (B) 244 80 h, B4 ) (] Sy
8.5 he Bt AL A VA B R B A e G S M AN A R )
68. 1878 h, L A THHEEE/D 1 14. 8%; AN ] Jy 6. 285 3 h,
LN TR T 26. 1%, TR-G RIS T SR 0 S A
PAFE A I A1 A 60. 793 4 b, A HL A TR EEWE > T 249%, M Eb 3
BB T 10. 9% ; MG E Oy 4. 871 8 b, #H EL A T8 3
WD T 42.7% M LI AE IR T 22, 5% WS E R
YT RT AT 00T LR AR I TR A (R A B3 R S A Y
Z PR SRR o i, FLARALRE ) T O
5 #iE

1) T S AR LA 3 25 1 B — A {57 i J3E R 2200 5 v 4 e 1A

JRE 1) REASE TR 8y R B | A SRS TRY [ B =% P T 46 6 — T 7 B0 45 8

FIFEME I C , LA S B/ N St 300 RF T [ 30, 87 [ A A8 58 o O

VLA P2 SRR, A T S Sk
)G A LR A R SRR ) AR SIS R

AT R AE Sy TG TR TR R s it TRl

AR AU RIR G R, R4 -1 13K 5 18 2 AL 2 2

BN
3) GG AT BIR BT R S T I L TR R R

W A LAt 33005 TR A SRR T AU S A 0 IR i 7 48, BEAIR

T AR ARTE S R AL RST8], 7E AT IR A 1 5E e,

ANMEAT LA 54 DA , 3 mT LA R 2 I

S EZ Lk (References)

(1 Besess. JET AREF R MIn AL Bl Jr XAT5E D 1. BU -
TL IR, 2017:9-31. (DUAN W X. Research on berth alloca-
tion based on invasive weed optimization [J]. Hangzhou: Zhejiang
University of Technology, 2017: 9-31. )

[2] DULEBENETS M A. A novel memetic algorithm with a determinis-
tic parameter control for efficient berth scheduling at marine contain-
er terminals[ ] |. Maritime Business Review, 2017, 2(4):302-330.

[3] XIANG X, LIU C, MIAO L. A bi-objective robust model for berth

allocation scheduling under uncertainty [J]. Transportation Re-

search Part E: Logistics and Transportation Review, 2017, 106:
294-319.

[4]  XURSHE, 2R, HRIE T+, A5 . HE4E 3 25 0 BE AR & T8 AL R B 7
B LT S8, 2016,3 7(2):519-524, 529. (LIU
7Z X, 11J, SHAO Z Y, et al. Design of hybrid evolutionary strategy
algorithm of dynamic tugboat scheduling problem[]J]. Computer En-
gineering and Design, 2016, 37(2): 519-524, 529. )

(51 £ Hils Al A AR RIBETE (D ). b st st T
K2, 2016:5-9. (WANG W. Study on the control of fuel costs of
certain port enterprise tug[J]. Beijing: Beijing Institute of Technol-
ogy, 2016: 5-9.)

[6] HU Z. Multi-objective genetic algorithm for berth allocation prob-
lem considering daytime preference [J]. Computers and Industrial
Engineering, 2015, 89: 2-14.

(7] F4, 58004, MG, 55 BT Ak o) iR A0 7 R
(], izt #o T RS, 2018, 18(5):197-203. (WANG
J, GUO L M, DU J, et al. Berth scheduling scheme optimization
based on dynamic learning [J]. Journal of Transportation Systems
Engineering and Information Technology, 2018, 18(5): 197-203. )

[8] & it 5 & WO EAIE D], Kk Kik i giRe,
2014: 16-18. (WANG Y. Research on port tughoat scheduling op-
timization and simulation[ D ]. Dalian: Dalian Maritime University ,
2014:16-18.)

[91 E¥k . HEEEAIALLA PR JE BERTSE (D ], ik - Kk Ifg i Ry,
2013: 18-32. (BAI J. Research on tugboat-berth scheduling[D].
Dalian: Dalian Maritime University, 2013: 18-32. )

[10] A4, ML, X, 45 . 56T BO i AL 5 s VA oL /5 A7 000 8] 0] B2

PEAe LI FHEALEI , 2016, 36(11) :3136-3140. (YANG J,
GAO H, LIUT, et al. Integrated berth and quay-crane scheduling
based on improved genetic algorithm[J]. Journal of Computer Ap-
plications, 2016, 36(11): 3136-3140. )

[11] RS BRTEAL, 25 8, 45 . BT 200 IR E A Y 3
frig it feakl]. mrerile, 2019, 47(2):266-273. (QU Z
J, CHEN Y H, LIP]J, et al. Cooperative evolution of multiple op-
erators based adaptive parallel quantum genetic algorithm[J]. Ac-
ta Electronica Sinica, 2019, 47(2): 266-273. )

[12] SERVRANCKX T, VANHOUCKE M. A tabu search procedure
for the resource-constrained project scheduling problem with alter-
native subgraphs[J]. European Journal of Operational Research,
2019, 273(3) : 841-860.

[13] 2R, RIrth . Sttt 1304z 0 0 e HAE = AL 55
TR L] FHRLE S, 2019, 36(3):786-791. (LIK
L, GUAN L W. Real-coded quantum SOS algorithm and its appli-
cation in cloud task scheduling [J]. Application Research of Com-
puters, 2019, 36(3): 786-791. )

[14] ALAM T, RAZA Z. Quantum genetic algorithm based scheduler
for batch of precedence constrained jobs on heterogeneous comput-
ing systems[ J]. The Journal of Systems and Software, 2018, 135:
126-142.

[15] XIONG H, WU Z, FAN H, et al. Quantum rotation gate in quan-
tum-inspired evolutionary algorithm: a review, analysis and com-
parison study [J]. Swarm and Evolutionary Computation, 2018,
42: 43-57.

This work is partially supported by the National Natural Science
Foundation of China (51875422).

CAI Yun, born in 1970, Ph. D., associate professor. Her
research interests include optimization algorithm, production scheduling.

LIU Pengqing, born in 1995, M. S. candidate. His research
interests include intelligent algorithm, optimal scheduling.

XIONG Hegen, born in 1966, Ph. D., professor. His research

interests include intelligent algorithm, manufacturing system scheduling.



