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Abstract: The research focuses on the continuous berth allocation problem considering tidal factors and pre-
ferred berthing positions, which influence ship entry and exit in port channels and the processing time of ships
deviating from preferred berths. Aiming to minimize the total time of all ships arriving at the port within the
planned period, a mixed integer linear programming model is constructed, incorporating preferred berthing points
as constraints. A hybrid algorithm combining the global search capability of genetic algorithms with the local
search power of simulated annealing is designed for solution. This combination enhances the search efficiency of
the algorithm. The effectiveness of the algorithm and model is validated through example solutions.
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Tab.1 Model parameters and their definitions
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Tab.2 Model decision variables and their definitions
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BT AR 3 AR . IZMRESIER TS A R A (IGA) FIRLIR k
(SA) WAL, M T AAbln B, S Sk 1 size_pop D HIMRMR, BeE RECHEGS, JFHEIE
— N EHREIEANEES (1 ~317), #HE, EAFER, 1EHFERE DA & K max_ genera-
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IR — BRI (5 ~617) o AAJE, TENTRIERA D, Ji i BAR P e ik i B ACANMA, X E AT
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Tab.3 Algorithm operation flow

SA-IGA BER IR

1: InitializeX[ 1. .size_pop] = Generate initial fish population

2. [Initialize generation counter

3. Initialize an empty elite set

4. while (generation < =max_generations) do

5. Apply elitism to select and carry forwardelite_size individuals to the next generation
6: Initialize a new population

7. while (new_population is not full) do

8: Select parent] using tournament selection

9. Select parent2 using tournament selection

10. Apply crossover to parentl and parent2 to create childl and child2
11; Apply mutation to childl and child2

12, Add childl and child2 to the new population

13. end while

14, Ifrand(0,1) <ps

15; population[i] = call _simulated_annealing function

16; End if

17. Update the population with the new population

18 Update the elite set with the best individuals

19. Update the generation counter

20: end while
21 Return the best individual from the elite set
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Fig.3 Heuristic solution process for the second stage
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SIS R BT EMLECE A Windows10 R4E, i7 4b#ELF . 8 GB AT, R Python 1 5 17 4
*%jﬁﬁ’q’:o SA-IGA ﬁ{fﬂ’]*ﬁ?ﬁ%é&j\j ﬁq%ﬁﬁ%ﬁ (pop_size) , 500; ﬁ%ﬁﬁfﬁﬁ'\i@kﬁ (max_generations) .
200; AEHEAMKREL (elite_size), 105 TEARFELELE AL (compete _size), 20; KK F % p,,
0.1; BHELR AR p,, 0.1,
3.1 EfIRE

BI5% Seyedalizadeh %7 MIBFSE, AT B0 LR K BE 0 3200 m, 5 2 = FH A0 R
SRS 150, 200 1250 m (ADFEMHANZ MZEA R ) . B, Il 250 m AN % 72
e KL BEAHE o S SEAAR L R A A7 L ) AR BRI (B 235 BE R 5 7 A9 b, HASAREEIA AL S R 4
TR RS RO, AR LRI (52 A AL BRS [RDER S5 R SR R 37 73 e (R EER RS O Ak PR AGIE X
A GRS IR0 5 09 AL, M) BR 0.5 b, 25 IR SO m, A5 1 HHl o
W12 36 h, IV HMIECN 3, BI— I 12 b ST RN R BT AR %008 1:00, R
AR 2 0 R 64 x 72 HTE . LRRISIMEARANECE W2 4, RRFSEAEFIZE 4 T 11 ~30
PR RE HEA TS0, AHRE AT B 70 B G 24 e-11 | e-12 2 e-30,

4 2 SA-IGA JIrsR AL 43 J5 Z2 i HHRF P, 12007 5800 ELAR eR BB 571, 161 4 i )%l 3
W G B B 05X BV K R B, FLH R 47 3 NP GAT B, A e R IR 5 T b
051 95 25 4 K Bl LS 8 0 G40 00 0 A 618 15 i i 5
R, WIUET SA-ICA FHEHMAGL AR R TTATHE, TR WA B, PR 15, 17, 18,
21, 24, 27, 28 BIEJE R EAERHANL— B I], BLEVA R BRCRE (A 625 TR A REHE 2 A IR 55, T
ST 3 KRN, DA RS I TSRS B B P, A 3 PSS I K28 45— A%
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IKALEY B BT A g 2] 3047 ERT 2 R0 s 9 B TR 2 X A RE SRR AT R 52, R EY A 2 o FC I, 35X
BEPA SR NS R IR, AR SCHRE HH A2 M R RO R R DR S SE DA SR A AR R, 0 AN R A L RE
FEFRV e KL B B s 11, ELAAA O 25 O 200 0K 7 A= AR 9 2 - i v 2 88 B 3 DR B fm . 3k
R TR RDR AR AE R A5 W L SEPR B EARAT , I s O R AR A2 B fe T A%
®4 30 REEMMEE
Tab.4 Data of 30 arriving vessels

AR 2iE K T Qb3 R || AR 2k K Wi Qb3 e
45 B a I A6, WE R, Fw) | 5 W L Wb, B A, S
1 0 3 12 10 & 16 15 3 12 10 &
2 1 4 24 14 & 17 16 4 24 14 %
3 2 5 36 18 72 18 17 5 36 18 2
4 3 3 47 10 & 19 18 3 47 10 &
5 4 4 59 14 % 20 19 4 59 14 w
6 5 5 12 18 2 21 20 5 12 18 P
7 6 3 24 10 & 22 21 3 24 10 &
8 7 4 36 14 & 23 22 4 36 14 w5
9 8 5 47 18 7 24 23 5 47 18 7=
10 9 3 59 10 7 25 24 3 59 10 &
11 10 4 12 14 i 26 25 4 12 14 &
12 11 5 24 18 S 27 26 5 24 18 =
13 12 3 36 10 & 28 27 3 36 10 &
14 13 4 47 14 & 29 28 4 47 14 &
15 14 5 59 18 2 30 29 5 59 18 =

e K Ao i B 1 fei 7K A3 PF B 2

60 -

50 -

40 -

H{ERA

30

2011

10 1

0 10 20 30 40 50 60
B8] /h
B4 Ao AREHE
Fig.4 Gantt chart of berth allocation scheme

3.2 HEEIFHERIE

1.4 PR PEIR S REOR RIS A CPLEX 12. 6 Rf#eS T, DL e-11 2 e-20 fI/NEIEf)
B AT TR, N3RS PR, SRES AR FTie gt MBI RUE A 800, il RSO0 ) 7 12,
FIE A5 ZERE X 35 0 4 ) P Ay b NS SR (0 R 0 538 A A A B T 58 . SR, BEE S BIRLBE R 3E , #E
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BYRR A ARG, — B GIA R —E RS, SR fEs RS CPLEX RBH/NEBIHESR
TR EHUING DR, R T SR A TR PN A3 R B AR TE L B Tab.5 Results of small test

%, WG AN a & A TR A cases solved by CPLEX
3.3 EEERMISE HH%S  BEE B TEE/ s
HR4IE SA-IGA Il CPLEX PR R J7 12 5K fife 70 584511 15 1) 04 43 7 45 2R ig S? gj
(WEe6), FTLIFEHIRE (GAP) LN 1.33% ~6.04% , XKW,  eI13 204 1.2
TERZHMILT , SA-IGA SEMERENS ™/ 5 CPLEX BB, %5 <0 2 -
SRR R B GI, SA-IGA SRR AE R LI RN EERL e-16 262 3.2
TR, HaXFMR2ZE AR E 2 42 1, X e85 1A R Zi; ig 2451
HIAEIT T SA-IGA LR AE MR DS AR R i (9 S A AT AT e-19 326 13.1
3.4 EEXLESHR e20 346 14.8

J T RAIE SA-IGA Bk R, AR IR e21, 22, -,
e-30 MZE R ICA (MF L) A GA (GG MsRMEs R (Wke) M Txttbadr, &
P, SA-IGA H IGA I GA TS A SR A IA A 20 Bt 9] A5, &2 8 AR T A0 SR ik sk 1) P >t o ek B v 1) £
IR IR & B, TGA Bk MR A I3 i 25 T GA, B UE T AR SC vk bt BB A ml 470 5 i SA-IGA
PSR A i SO T IGA, 0E TSGR JOR S S A Ak A A T A5k

®6 CPLEX 5 SA-IGA KEABEHIMLER
Tab.6 Results of large test cases solved by CPLEX and SA-IGA

=X(]] CAP/ CPLEX SA-IGA IGA GA

%5 U EARE BATEEs  BRRE EATRRs BAME EfitElss BARE B ATEE L
e21  1.33 376 20.7 381 77.4 390 44.8 399 29.8
e22  4.62 389 35.4 407 82.5 405 55.2 411 34.0
e23  4.47 403 80.6 421 98.4 440 57.9 446 38.9
e24  6.04 430 208. 8 456 114.9 469 69.0 483 46. 4
e25  4.50 444 144.5 464 107.6 486 59.5 496 45.4
e26  3.28 458 500.2 473 108. 4 495 78.6 506 49.1
e27 4.55 483 679.8 505 116.2 528 84.5 540 44.2
e28  5.44 496 945.47 523 115.3 531 104.2 554 57.6
e29  4.85 515 2086. 6 540 118.2 564 99.4 574 62.8
e-30 - - - 571 120.6 621 102.2 634 72.2

[F:1)GAP =100% x (SA-IGA ) H#Ar{H - CPLEX H#5{H)/CPLEX % H#5%{H;2) CPLEX 3K fiff i) isf ] I+ FR 1% % 2Ky
3600 s, BEALK A B[R] 2 3600 s TR -7

5 ] SA-IGA . IGA, GA =Fh3 KMt e-30
(lesiont P . Horp GA 2 180 RIS T 634, 164 T | -
76 110 fRA ST 621, SA-IGA 7E 160 AT IS T | —GA |
571, WES s-Hr el 0, X GA #E47 Bt o] £ 5 5k \
WSS T FIR g i, T AL SR g T LAt 35
P EAA SRk RS A A R RE T

1000

BB fE

7D

Bt

800
4 g NG
L T o o T I ———
R 1A LA D T 7 AR S VA A 2 9 £ 5 gﬁﬁfﬁ i
H, ARSI T —Fh Bl 2 8 RIA (37 73 T 1) AL ) R Fig.5 Comparison of algorithm convergence
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MR BN, SRR AY | 53T T 58 T SA-IGA (W iy BOIR & 50k o i 2ok 16 40 A 33461 43 B
SR TP R R AT R, TR T AR AR A SR IA 57 23 TE S B b O 1 P

ASHIEFERI AR T %8 1 R 70 R e AROK L PN BT B, RS T LATIA7 % it s AL 114 52 i
TR 732, AR SORTE M2 P E A A 2 B IX — 384T, AR TSN 2 A 3R 15 19I5
PEE, WRHA0L . FRHE . W sk S MR A TER SR AN, ASCRAIBRIESRAER 7>
e T5 58 SRS O A A — R 200, RS  IOfofT FH S e 2R RS 114 Bk o 552 B0 SRS 1 PO SR A
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