5548 % 454 W) ‘f’ A Vol. 48 No. 4
2025 412 A NAVIGATION OF CHINA Dec. 2025

XEHS 1000 —4653(2025)04 -0093 - 10

PR A8 E M5 T &R 5< 75 55 Sk R {0 47 Bt 2] &

BEE, Eob', F 4P, Ap?’
(L REFT R W ANy TR E R R %, 107 K 116024
- B EPR IR T AR B BRA ], A 7 5 266011)

B AR A R ARE Rl i TR AT B S AN E 1 T = SRR RE A e L | R S RO R T RE(E =
SR WA XE LTRSS RCER IR 115 B o ST I, SCRE 1 e DU dne/ MU AL 2 s S TR IN 1] O H AR, 2 57 AR 4848
R3Sk A7 70 FC RSN R ORI R Y 5 L, 418 5 068 A2 S0 s R B 1 546 s 1) A0t 282 0 3 o 0k SR e A o o 4
BT dReJi , a3 0 R PRI L7 BE T S8 L, E RSO 37 20 BE T 58 vl i/ i g SE R I T 7 TR X AN A
HAPH o Wy RS TAREL 0T HE , SCE P RSO 2005 A TE/ D L OB, R A 7y
PER 59. 9% A4% 26. 1% ,PEIIZT 15 AT LA ORI AL 7 BUSM] AR SO IR TL , g Ak BIASOMIAN B 1 2% 1R
PR32 53 e [ R (Rt DR SRR A

SRSRAA) 01250 e s ANBRE 1 5 = AR s AR B MO s o0 T ik

hE5SHES U1 +.3 XERARE A DOI:10.3969/j. issn. 1000 —4653.2025.04.011

Berth allocation in container terminals under fuzzy uncertain conditions

TANG Guolei', WANG Yiming', YU Qian>, ZHAO Xiaoyi’
(1. State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology,
Dalian 116024, China;
2. Qingdao International Cruise Terminal Development Co. , Ltd. , Qingdao 266011, China)

Abstract: The arrival and handling times of vessels are subject to significant uncertainty. Triangular fuzzy numbers,
characterized by upper and lower bounds and a most likely value, provide an effective means of representing such imprecise
information. In this context, this paper first establishes a fuzzy integer programming model for berth allocation at container
terminals, aiming to minimize the total departure delay time of vessels. An improved Multi-Verse Optimizer ( MVO)
algorithm is then proposed to solve the model, incorporating solution repair and breakout strategies. Comparative analysis
shows that, in contrast to deterministic berth allocation schemes, the proposed fuzzy berth allocation approach demonstrates
notable advantages in reducing total departure delay time and exhibits greater effectiveness in handling uncertainty.
Moreover, the improved MVO algorithm achieves solution speed improvements of 59.9% , 44% , and 26. 1% in small,
medium, and large scale experiments, respectively, compared to the standard multi-verse optimizer. These results indicate
that the proposed algorithm can efficiently solve the fuzzy integer programming model for berth allocation and offers valuable
decision-making support for addressing berth allocation problems under fuzzy uncertainty.
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Fig.1 Time-space plan of deterministic berth allocation

problem of container terminals
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departure time, and departure delay time
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Tab.4 The berth allocation schemes under deterministic and fuzzy uncertainty conditions
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Fig.5 Triangular fuzzy number Gantt chart of optimal berth allocation for small-scale experiment
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Tab.5 The departure times and delay times for deterministic and fuzzy berth allocation schemes

i i3] e SR F e i e 4] BOWIAS G 2 1 (FBAP) 1€ £ ( DBAP)
i) i) i B i) BRI GEIRETE BV I ]

1 1 1 36 35 36 0 36 0
2 3 5 33 30 35 2 35" 2
3 14 11 32 18 29 0 32 0
4 19 19 40 21 50 10 56" 16
5 24 22 42 18 53 11 50 8
6 53 56 88 35 91 3 91~ 3
7 64 64 99 35 99 0 99 0
8 74 71 97 23 94 0 97 0
9 82 84 105 23 114 9 114~ 9
10 88 91 109 21 115 6 118 9
11 113 110 139 26 136 0 140~ 1
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Tab.6 Comparison table of optimization results for CPLEX, MVO, and IMVO
( withCPLEX experimental time set to 60 minutes)

Fkt (=R7S EAUE FH{E Izl SR TR E s
CPLEX — — —
JNBAE IMVO (6,37,105) 1.21
(6,37,105) (6,37,105)
MVO 2.29
CPLEX — — —
" (195,327,559)
A IMVO (203.7,335.1,564.2) (202,345 ,562) 95.35
MVO (208,328,561) (202.4,343.2,570.6) (201,363,559) 163.11
CPLEX — — — —
SN IMVO (118,297,727) (127.7,325.8,784.4) (157,351,783) 1836.15
MVO (133,336,805) (163.9,376.6,843.9) (206,420,848) 2518.89
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Tab.7 Comparison of convergence data of optimal results for small, medium and large-scale experiments

(with CPLEX experimental time set to 60 minutes)

P =R SRR (= AR s iBFTIE /s
CPLEX — —
MBI IMVO (6,37,105) 41 0.97
MVO 101 2.42
CPLEX (195,327,559) — —
L IMVO (195,327,559) 117 89.19
MVO (208,328,561) 242 159.27
CPLEX — — —
KA IMVO (118,297,727) 499 1828.33

MVO (133,336,805) 681 2 473.42
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Fig.6 Convergence plots of IMVO and MVO optimal objective functions (small, medium and large scales)
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