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Optimal configuration and allocation of berth resources in multi-port regions

ZHENG Jian-feng, ZHAO Yu-xing, LIU Xin-tong, GUO Ni-nan

(College of Transportation Engineering, Dalian Maritime University, Dalian 116026, Liaoning, China)

Abstract: Under the background of integrated regional port development, by adjusting berthing
ports for the ships from different liner shipping companies, the configuration and allocation of
berth resources in multi-port regions were investigated. To improve berth utilization, different
liner shipping companies were combined to form stable liner ship clusters and determine the
optimal matching between berth resources and different liner ship clusters in multi-port regions.
A set partitioning model was established to minimize the number of berths and berthing ports to
be adjusted, and a three-stage optimization approach dependent on the queuing theory and
cooperative game theory was presented. Three ports ( Hong Kong Port, Yantian Port, and
Shekou Port) in the Pearl River Delta region, with the ships from four liner shipping companies
berthing at the region, were numerically analyzed. Numerical analysis results show that by using
the three-stage optimization approach, the average queuing length of the ships from these four

liner shipping companies decreases from 23. 569 1 to 22. 930 2, therefore the integration of berth
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resources in multi-port regions is helpful in relieving port congestion and ship queuing. The

number of berths to be allocated by three ports serving four liner shipping companies reduces

from 31 to 27, indicating that the reasonable configuration and allocation of berth resources in

multi-port regions can not only improve berth utilization,

but also reduce the repetitive

construction of port resources of different ports. From the perspective of the number of ships

served by berths, the port has different attractiveness when serving the ships of various liner ship

clusters, indicating that the port should properly select liner shipping companies for serving their

ships in order to improve the operation effectiveness of berth resources. 5 tabs, 5 figs, 29 refs.

Key words: waterway transportation; configuration and allocation of berth resource; three-stage

optimization approach; multi-port region; liner ship clusters; set partitioning model
Author resume;: ZHENG Jian-feng(1981-), male, professor, PhD, jfzheng@dlmu. edu. cn.
Foundation items: National Natural Science Foundation of China (72371046, 72031005, 71871036)

0 35

B 25 [ bR s T A R R R L AR 2 D4
Ml O, BN EVL VesselsValue
AR R, 2021 4 10 A 19 H, @ BkIt A 334 1
RGN O AR R OB T
W OISR e OIS X T O A | AR
2 AR 1 R [ AR R A K

T AE S s 1 i T 2 19 9 R, R 0 7 U AR
i B IR ST AE . Ry G s 1 O AR s 1 SE
J1 AR Z s 11 Aol 45 A Kt i 0 4 R O 2 A A
PETH VR IEAE LA K. X B SEE R IEES
R T W 22 ) S P R R R 2 1 X
R (— AN X SR N A 2 A 0 BB AIAR) . 2015 4R
DAk, v [ 2 3 32 AR A O E X0 1 R R
— RAEDERE L AR AL 1 AR A Ry L9 1 o 11 R R
G4 J7 T Bl Hs 1At 25 000 S5 R M . S ik,
ERZ U O AR R %, AL 02— i
FAEH A BRA A, #l4n.2017 46 11 A 27 B, iLF
BRSO T T ER A RA R

XF T B R A L B s O R URR R R T L
WA T BT AR T B, AR SCUAZ 0 IX R
WHE X &, % J8Ws 1 B % S EM S 5t Rt T
B BTERE R 20 0 KA A R R LR A
7 2508 ok Ml 45 A 2 DX s 10 ) A

BE T I o DA A0 380 7 T SR B LA AR B L AR SCHR
FEAIF 5T 220 11 DX SR 91 407 9% VR T 5 4 i ) A, B op
A 5 U5 I IR A AR Y 22 U 1 X B R R Y
eI B8k T I A 9% U 43 T I R 3 A 5T 2 U
1 DX 3 1) 91 A7 9% T A e] A AS [R] s 11 22 [) 2R 47 fe A 43
e o X TR 20 s T oK A B, AR SC 3 A O AR

T

PERCHE SRS 0, A 20 11 DX, s AR AR P B
M R AR R 2 U O XA A R S
Forp AR 2 — A s O AT AW R A 0 B AR L
SRS BRI , 229 101 X3 Ay A 90 81 9 5 R A B (R ) 2
P R R S D SR AR AR, AR 2
T 1 DX TF A B U IE 5 00 I T, O 3 i T AL A
HENPE 2 IR E o S W AR A 852N f |
T H B[R] A A 4 B Y Rk 55 K,
FI N A (R 0 2 5 A R AT T R O
RS LA 1 (R ) g BRI 41

H AT TR AR G B BB 58 N 2812, 2 2 il
PLYA A 43 BE (7] # (Berth Allocation Problem, BAP).
BAP 3= 2 fif P JH 7 55 I8 A8 3z 7 )2 T %) 9 B ) 8, A
BEFR AT A7 V8 B T, S A R T 0 3N S 3 s
185 0L 1 3 S2 70 4 43 BiL 7] 8 ; Barbosa 48 £ X B
B S AR TR AL o3 BE )t $2 40 1 — FiiR & 2R 3 %
Ursavas 860 $& H — A~ DLBE ML 20 25 FL R O 2% R L il
PSS IRY il AR A () 2 TR 418 28 Y A 00 7 B AL 210 35 1 119 e
RS s Lalla-Ruiz % 7E K AT 3 B &R, R kak
SRR K (Y BEFE 43 I5C AT 09 4500 02 '8 5 Xiang 557
2 BN E PR ZR B0 67 TiE B 8] B, ST T L&
25 2 A0 OG22 A BE DRy H bR B X H AR B R T AL 0 AR
B Xu SE R T — S5 S BLLR SR B LA
TR I BRI A 9 BE 5515 Schepler MBI % IR £
i 3k A 22 2Bk a2 09 4R A W 1 IA A7 O b A A
Imai SV BT T 5L T BoA% 1 H AL 5t i & U
K S 80 25 W IE AL 43 T 18] 8 Correcher S5-H 42 1
N LA N R R R S CIE DA DRI &8
BEAL, DULAECF BAP WA I8 SEAS R % A A 9% iR
Y HC 5 A3 C A Ak ) L,

AEVA L % PR B B 7 1, Zheng 2552 32 7E B Uk



% 54

AR, F. B0 R AETROZMLERE L 56 185

1 oA R AE B R4S 4 3 23 BiC & AR 2 OF il Sr R
ORI AL Tlai A5 H 7T W 158 P43 I 1] AL £
Zia Oy HAR I it T LA Ak X SRR
A% s Legato S5 23 BITE SR Rl iz 45 J22 1 e TF X
AL TR R A RIS . e Ah , 2 3 T 2 40
BRI J7 15 A TR s 109057 9% R P, G THIA
7 T TR IC " TR) AL, LA A T 5 T B 5 s I

TE 22 4 TR 23 C 7 1], 5 A 45 ST T B0
T2 53 TiE BB [ DG A A5 28, Sy 25 (0 8 11 ) At i 4 it 3
WSCHE TR AF ) g N 22k 1 B IR A S IR kE
BRI 51— A HE U Sk 8 22 05 Kk 90 A
JEE In) L e O R R R BA1 Sk TR AL 9 R IR) A
Venturini 8% L2 i 18 57, BT A i 00 76 7 8
A e /I R AR pR B ST TR A G A e RE AR R
VR AE Y AL TR AR MR DR N 2 0 2
BR5 98 B2 A 2 F bR AR Lk B SR, O it 1 et
(3L T . DG F 220 100 BT IR 43 e ) A, DA /) F
FEAN A TA LB IR A4 T AL

FEE F BT B0 FE B 5 R 7 T A — L85
FR I S22 FLIZ 2 AR 45 3 B F BEEAT AT ST . Guo 451
K TR E 0 T R BIE s 3R IS ] LA 205 45 0 2 A A0 58 T
(F) 1 HG 73 TRC B 57 580 s A 4500 S T 5 A AL
i e 400 2 A7 A2 S AR E) T 67 2 A9 BB 5 9 B2 1 I B A
s f /NS TORIFSE T IR AL R T B0 T 3% 2R RUIA AL
BN RS EE R, 5C T D B IRAYICE S
I B [ T, DAAE B BIF 50 3 2 OC TE B R 55t

25 Ll RLESC TR AL B A SR 9T o s K202
BT E R WA BAP WSS, M0 OE A A 5E I AC
(ol B 5 0 ) TR) AT, 2 2R 5 R Pk AP 5.
2 SC A R B VA AL E TR TC IR A, DA 2R T R
TF 224 DA AL B IR 04 T 5 0 I 1) 3L A% BF 50 4 S
R R AR = W B AR O vk #EATOR R ad i
BOE X5 R B 76 2 W 11 XU 5 A 07 B, AL fE
A RO AR AT AR HE BN L 38 RE S IR LA R L A i 1
18 B A . A SCRYIF I D 22 10 DX o7 9 G B
153 e B BIF S 21—~ R4 i) BB HE 2L

1 {Ris &% {4 #0 (o) 3 4 A

1.1 RigFEH

R 7 A ST 22 1 XA A BT U A B ) RO A
TUFF B RSk O DU R .

C P A0 280 9 1 16 Sy 21038 22 8 1 DI 5 — >
W R I ]

(2) 38 3 AR HERE HE DR IS AR RO AR L HE %

S0 T IX Bk N ) — 9 11 R ) — A~ B AR B
B 00 A 2 T DXk rp A [ A s T

(3) A ARTE W 11 AR i i 55 B[] 2 A 0 7E 22 96 1
DX 8l A s AR IR 55 BF ) A 5L

() AR TE 7 E1HRBA IR 55 1), 25 08 5 31 56 ik 55 1
J O], HE BN &R e ) 25 1 A PR .

AT ZIA AL AT LI AT A B AT R 55
1.2 [ R

A SO 5 22 W 1 DX 67 B IR T B 40 T ()
s T b R 5 e B R G B S A e — R
R 00 M ) W R S A H A2 B A5 (] R Y
il 2, 3 5k 25 (7 i M E Bl DA HS 1 o A% 0 1 P2 R =S
() 73 A 25 460, PRt , AT DA TR 2 3 LA o e
EROTEE B O AR L O M . AE BB AT,
B Bk = A DY R i U A R, 40 )
DL 3 AN s EAE SR RO o ) R )2 ik 2 o) HG i b €]
1R o FARAE 58 X A KB R ¥ 0 B, AN R 1
Z A BAT AR B A AR BIAS AR AT DA 502 X b
P W 1ok 58 B DX B 7R 75 5K

AR A0 1) 8 5 SR A8 B A 2 L AT LUK AS SCBIESRE
1 22 W 11 X 3000 o7 9% 95 S B 5 4 T 1) R LR 3R B Oy
22U DAL B IR 5 AR R BESS 28 =) B9 A A 2 18] %) S A
DE T, A S0 Y A0 380 s R OR A B R
AN R R U O, YA BERE A R AN Bk 20
DX Sl s AT DA 3 v — A B 2 N i D AT HESE
WE 2 B 1 s, Sy 1 TS 220 A 3 7 7 oK
A BD AN SR O EOR S AR SCTERE A
A AR B, 25 RO W BE 46 4 6 08 R Re S BE L 1 R —
PEAC AR A A0 5 20 1 X s A R A s 1, 7R
IELAL b X 22 i EIA AL B R R AT G R S A T,
Bl 2 dprBe Il s

T RN R PR A AR A B A
BEECSERE I BT I A A0 8 — R R SR WS 1, AR SO 3t
TEVEEZE RS 1Y Shapley {8 1 FZ A 38 % 4
Mrotase e e iy Rs e 1k . BERR AR I 1Y A PR L T B
REMNSIR A A PR A, o BB A H L
(Vi€ MR mA, Kb L AR AES.
T o B2 R PRAE AL 1, SR AR A B0 S 47 ) Wy, B
M HACY RN R PR AR C BREN

Dler = h(ze) (D

lecC

220 < hz)

[6(,‘1

2o vze, 2090 00 22 W 1 X800 iR 95 BEAE SR E C

VC CC (2)



186 X O@ E

2023

\
& e

At H
2y BEIFBRL  — WER

PR

BT BR = A X 0 Pt T 3

Fig. 1
Mg 1 WOl %.g
e At A 5 mfz]) AOD—=5+
__________ W H2 %ﬁé&
[ ABER A FIAL AOO-E=-
'Ot /A 7B
mE P
BE
B 4B DA B
OAAOAOL
~OAAOAQO

YL S A B 5112

ATYSETY
'Owist A AB !
ot s

& 2 IR B IR ARG E S o A R
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Table 1 Port time distribution test of liner ship clusters composed

of COSCO and MSK

h d, P npr (dy—np)?/np
0~4 1 0.016 2 1.701 0 0.288 9
4~8 14 0.109 8 11.529 0 0.529 6
8~12 21 0.194 6 20.433 0 0.015 7
12~16 25 0.207 6 21.798 0 0.470 4
16~20 17 0.171 5 18.007 5 0.056 4
20~24 7 0.121 5 12.757 5 2.598 4
24~28 7 0.077 8 8.169 0 0.167 3
28~32 2 0.046 3 4.861 5 1.684 3
32~36 6 0.026 1 2.740 5 3.876 8
36~40 2 0.014 1 1.480 5
40~44 2 0.007 3 0.766 5 2.121 4
44~48 1 0.003 7 0.388 5
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Table 2 Parameters of Poisson distribution and Erlang distribution

of different liner ship clusters

PEAE A R A k 1
{HMM,ONE,MSK,COSCO}|  30.57 4 1. 409
{HMM,ONE,MSK} 25.57 4 1. 405
{ONE,MSK,COSCO} 24. 43 3 1.467
{HMM, MSK,COSCO} 21. 14 4 1. 360
{HMM, ONE,COSCO} 20. 57 5 1.398
{HMM,ONE} 15.57 4 1. 391
{MSK,COSCO} 15. 00 4 1.428
{HMM, MSK } 16. 14 4 1.342
{ONE.,COSCO} 14. 43 5 1.492
{HMM,COSCO} 11.14 5 1. 301
{ONE,MSK} 19. 43 4 1.479
{HMM} 6. 14 3 1. 204
{COSCO} 5.00 3 1.424
{ONE} 9.43 6 1.533
{MSK} 10. 00 4 1.431

4.2 RMAMHEIUE

AN [ BE 4 B 6 Ny 1Y) e AR TA 7 B A AL an sk 3
JE7s , AL AR BRI A R AR, 4 DA
F] MSK,COSCO, HMM, ONE 43 575 % 10,5.7.
9 AN 4 DA FEDE IR SRR, LT 226 4>
T R IR 55, BESS 28 v G AR X T3 0 58 iR G
HArHE.,



% 54

AR, F. B0 R AETROZMLERE L 56 189

x3 RMBEHER

Table 3 Results of optimal berth number

x5 VREHREN
Table 5 Liner ship clusters stability

A R RS RER A/10° 0

£l PRt
MSK |COSCO| HMM | ONE
{ONE,MSK} 6.189 5,440
2 XWR/AF | {ONE.COSCO} 3.319 5. 289
1 {MSK,COSCO} | 6.027 | 3.308
3 FHE AT [ {ONE,MSK,COSCO} | 6.102 | 3.232 5. 364
AE 5461 6.237 | 3.518 | 4.894 | 5. 488
{HMM, ONE} 4,641 | 5.234
2 FYR AT {HMM, MSK } 5.807 4, 464
2 {ONE, MSK} 6.189 5,440
3 F PR AH | {HMM,ONE,MSK} | 6.138 4,591 | 5.567
A& 541 6.237 | 3.518 | 4.894 | 5. 488

Prat R 25 /A x(z" )/
{HMM,ONE,MSK, COSCO} 26 22.590 1
{HMM,ONE, MSK} 22 19.100 1
{ONE,MSK,COSCO} 21 17.241°5
{HMM, MSK ,COSCO} 19 16. 415 7
{HMM,ONE,COSCO} 18 15.574 3
{HMM,ONE} 15 12.024 5
{MSK,COSCO} 14 10.942 0
{HMM, MSK} 14 12. 844 2
{ONE,COSCO} 13 10. 086 0
{HMM, COSCO} 11 9.282 2
{ONE, MSK} 17 13.634 6
{COSCO} 5 4,111 0
{(HMM} 7 5.723 1
{ONE} 9 6.428 0

{MSK} 10 7.307 0

4.3 BASHEBRENLES
% H] Shapely {8270 #E 45 2\ 7] B H 7EUE LA 45
RANK 4 fros, Al F . 72k {32 E T MSK., COSCO,
HMM ., ONE % H BUA 535120 6. 237 X10° 3. 518 X
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