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Abstract: In order to enhance the reliability of liner shipping network design, this paper introduces vul-
nerability to hub-and-spoke network design. The impact of potential interference on hub-and-spoke network de-
sign is calculated using interference scenarios and corresponding costs, and aninteger quadratic programming
model is established so as to determine the optimal hubs for the hub-and-spoke network with minimum network
vulnerability. The result shows tha tthe model established is able to design feasible network with minimum vul-
nerability under interferences. Therefore, the model is feasible.
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Fig. 1 Liner service hub-and-spoke network
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Tab.1 Relevant data of available hubs

TR FH A T 3ET0
X 4 s Probability of interference Cost of interference/Ten thousand US dollar
Hub port JEETHE — T4 JEETH — T
Severe interference General interference Severe interference General interference

|7 Shanghai 0.010 0.30 150 000 6 000
%111 Busan 0.030 0.20 120 000 7 000
F#E Hong Kong 0.050 0.25 130 000 5 000
15 H Yantian 0.020 0.15 200 000 8 000
FUINE Singapore 0.040 0.40 180 000 4 000
3 B2 FER Fremantle 0.035 0.10 130 000 3 200
BHEIE Colombo 0.010 0.10 160 000 5500
BHK Cochin 0.020 0.25 190 000 3 800
FEHISE Salalah 0.050 0.50 130 000 6 000
3K Jeddah 0.020 0.10 110 000 3 500
5 L0 Southampton 0.045 0.30 200 000 2 000
REFFFT Rotterdam 0.008 0.35 150 000 4100
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Tab.2 Relevant data of arteries

THmE FHe LA J7 3ot
T By Probability of interference Cost of interference/Ten thousand US dollar
Attery FEE T — BT JEETH — T
Severe interference  General interference Severe interference  General interference
|7 Shanghai—7 #& Hong Kong 0.001 0 0.10 20 100 2 000
|7 Shanghai—%£k FHl Yantian 0.002 0 0.11 18 000 2 500
22111 Busan—77¥ ¥ Hong Kong 0.002 0 0.13 19 900 3 000
%2111 Busan—31k M Yantian 0.003 0 0.12 16 000 1 000
T Hong Kong—#1 MK Singapore 0.000 8 0.08 22 200 4 000
U Hong Kong—3h HL 2 4#/K Fremantle 0.003 0 0.20 21 000 2 500
£5H Yantian—BT M Singapore 0.002 0 0.10 30 000 3 000
£ Yantian—35 B2 FE/R Fremantle 0.003 5 0.30 16 000 1 800
FINE Singapore—BHEYE Colombo 0.010 0 0.40 15 000 2 000
FIME Singapore—FHK Cochin 0.008 0 0.20 19 000 1 200
3 B2 R Fremantle—BHEME Colombo 0.006 0 0.25 21 000 2 300
Jf B2 /R Fremantle—BHK Cochin 0.006 0 0.30 31 000 2 500
BHEYE Colombo—ZEHI3E Salalah 0.008 0 0.07 28 000 21 500
RHEIE Colombo— 7 15 Jeddah 0.009 0 0.08 30 000 3 100
BHK Cochin—ZEH1 3K Salalah 0.006 0 0.20 23 000 2100
BHK Cochin—7 1% Jeddah 0.010 0 0.30 24 000 2 000
FERI 3 Salalah— P L Southampton 0.090 0 0.20 40 000 5 000
FEHIZE Salalah—FERHFT Rotterdam 0.008 0 0.35 36 000 2 500
T 3K Jeddah— P % 5 Southampton 0.006 0 0.10 38 000 2 100
18 Jeddah—FE4FST Rotterdam 0.005 0 0.08 26 000 2 500
& XIS A B R A BT . — TR AR R AR I 3R 3 iR
#3 BREZEMBEAXHTE
Tab.3 Relevant data of feeder lines in all regions
THLMER FHe kA TT T
SR AR Probability of interference Cost of interference/Ten thousand US dollar
Feeder line JUE R — BTk JEETR — T
Severe interference  General interference Severe interference  General interference
K it ¥ Shanghai 0.08 0.2 8 000 900
Dalian %2111 Busan 0.07 0.2 8 000 650
Ko ¥ Shanghai 0.07 0.3 7 500 600
Tianjin %101 Busan 0.05 0.3 6 500 340
E |7 Shanghai 0.06 0.3 7 500 800
Qingdao £ 111 Busan 0.06 0.2 7 000 400
T ¥ Shanghai 0.07 0.1 6 500 900
Ningbo 22101 Busan 0.04 0.1 6 500 500
SERA | ¥ Shanghai 0.05 0.2 7 000 1 000
Kwangyang 22101 Busan 0.03 0.1 5 500 350
B Kobe L/E} Shanghai 0.07 0.3 8 500 700
22111 Busan 0.04 0.3 7 000 520
i |1 Shanghai 0.06 0.3 7 000 450
Yokohama %101 Busan 0.05 0.2 4200 300
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THumE FHNA T I
igﬁﬂﬁ B Probability of interference Cost of interference/Ten thousand US dollar
Feeder line TEE T — T JEE — T

Severe interference  General interference Severe interference  General interference
REe ¥ Shanghai 0.09 0.3 7 500 400
Tokyo 22111 Busan 0.02 0.2 4 000 230
] & #E Hong Kong 0.07 0.4 6 000 400
Xiamen EL I Yantian 0.06 0.2 6 700 300
PN Fr#k Hong Kong 0.08 0.4 6 500 500
Chiwan £5 M Yantian 0.05 0.2 8 000 550
=91 7 Hong Kong 0.06 0.1 8 500 600
Kaohsiung £h H Yantian 0.08 0.2 6 000 300
HJedr i #k Hong Kong 0.05 0.2 7 000 380
Manila £5 I Yantian 0.05 0.3 6 500 400
MAs PE SHNYE Singapore 0.07 0.2 5500 350
Laem Chabang égﬁ E%#%;J_{ Fremantle 0.05 0.3 6 000 750
HHEH SHNYE Singapore 0.04 0.2 6 000 400
Ho Chi Minh # BB 4R Fremantle 0.03 0.1 7 000 330
B4 BN Singapore 0.01 0.1 5 500 420
Port Klang 5 H 2 45K Fremantle 0.05 0.2 4 000 150
- HME Singapore 0.01 0.2 8 000 620
AEME Jakerta ' 3 42 remantle 0.03 0.1 6 000 350
o] 722 e e BN Singapore 0.03 0.2 5200 340
Adelaide %E%’%ﬁ? Fremantle 0.03 0.1 5 500 300
BIRA UYL Singapore 0.04 0.3 4 800 210
Melbourne # BB 4R Fremantle 0.03 0.3 3 500 200
ZJe SHNYE Singapore 0.06 0.3 6 600 520
Sydney 3 B2 HR Fremantle 0.06 0.2 4 000 100
EMTPE HINE Singapore 0.01 0.5 5 000 800
Brisbane i B B 4R Fremantle 0.04 0.2 8 500 550
S BHEHE Colombo 0.08 0.4 8 800 720
Chennai BHK Cochin 0.06 0.3 7 300 550
fHI BHEH Colombo 0.1 0.5 7 500 900
Sheva BHK Cochin 0.03 0.1 8 000 300
IS EC BHEIE Colombo 0.06 0.2 6 000 450
Nhava BHEK Cochin 0.02 0.3 6 500 250
R BHEYE Colombo 0.04 0.2 6 800 220
Chittagong BHK Cochin 0.04 0.6 5 000 400
A L FEIE Salalah 0.01 0.1 6 800 200
Jebel Ali T 3K Jeddah 0.08 0.3 4 500 100
B UAG FERIZE Salalah 0.04 0.2 4 500 260
Karachi F ik Jeddah 0.04 0.1 8 000 400
AV I FEHIE Salalah 0.06 0.2 5 000 300
Aqabah H ik Jeddah 0.02 0.4 6 800 100
R FEPISE Salalah 0.04 0.3 5500 300
Sokhna i35 Jeddah 0.05 0.3 5 000 400
eI B Southampton 0.03 0.2 7 000 400
Thames port FEHE P} Rotterdam 0.07 0.3 9 000 800
WIBTHE /R P Southampton 0.04 0.1 8 000 300
Le Havre REHF Rotterdam 0.08 0.3 5500 500
AT B B L Southampton 0.05 0.2 6 000 250
Zeebrugge JEFEST Rotterdam 0.07 0.3 7 000 600
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THumE FHeA, T 350
SR A Probability of interference Cost of interference/Ten thousand US dollar
Feeder line JEE T — TR JEE TR — Tk

Severe interference  General interference Severe interference  General interference
G L Southampton 0.08 0.2 6 500 450
Antwerp JEHEF) Rotterdam 0.06 0.5 5 500 700
P i P 1 Southampton 0.09 0.2 6 000 450
Bremerhaven RS} Rotterdam 0.08 0.4 7 500 800
I AR B 222 Southampton 0.08 0.3 7 000 350
Hamburg REHEST Rotterdam 0.04 0.1 7 500 650
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