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ABSTRACT

A Study on Optimal Routing for a Containership Considering New
Candidate Hub Ports

hin, Yoo fung

Department of Shipping management
The Graduate School of Aorea Maritime University

In the liner shipping industry a shipowner runs a regular service stopping at a
certain set of fixed ports of call and usually on a fixed time schedule. Once a
route has been determined for a ship, it usually lasts for a long time. This
makes the routing problem for a liner shipping company strategic and
challenging which affects a long period of time. Especially, for bigger
containerships usually over 4000TEU, routing strategy is one of the essential

elements that can determine a company’s competitive power.

Larger containerships sail only between bigger ports so called hub ports, and
the cargos discharged at hub ports are distributed and transshipped to smaller
ports called feeder ports. In light of this, the hub ports and feeder ports should
be studied on together, and the design and usage of the network of hub and

feeder ports requires an integrated and systematic decision making model.

In more generic terms, the hub and spoke network system has already been
applied to many transportation and communication industries, and proven to be
helpful to solve complicated routing problems. In spite of this encouraging
results, few academic research have been yet tried exploiting this hub and spoke
network in shipping industries. This thesis applies the hub and spoke network
system and provides an optimal route planning model for a containership. This
model can be used to develop an optimal route for a containership, where the
shipping company faces a new opportunity of stopping at new candidate hub
ports that have potential economic merit but have not yet been included in the

company's liner routes.
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o
=

L)
o,
2

ug

SN
o
o

[O8 2-3] StiMef

00

Fellxstowe

Bremerhaven

Rotterdam
Dakland Norfalk (E) (W)
(“§Savannah (E) (W)
Miami (E) (W)

Manzallino

A5 "AYgA 3 o] A (www.hmm?21.com)
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B B4 F5L Adsn 9ov 30047 dE A A5

!
—
o

X
o,
2

g

=
s

m

S
=

S

o2 =YsE sdrh o FE9 Fa RAFTE BT A4 Y(aem
A

=] FF FAE diEf au(kobe)et Hilok(nagoya) B 8 3Fvk(yokohama),
w] = 0] Al off S (seattle), 5 W =(portland), & F M =(oakland)% °]t}.

AA Hdle] AHeld EF % R Ar|d@dzaEd 5 FEs 229
A7 ~(os angeles)/MZ & Al ~F (san francisco)d S FA o2 3 EHwm At

dH(PSW: pacific south west)& =2} 515 obd 5 (PNW: pacific north
west) =2 FTRIA),

FPoRe F $HERE A/, AAAE, oA, AW, AFALE Folu
Ngoze F $45EROTE WA, A, A9, YAES 5 + U

[O28 2-4] Sojg=z

£9_Yokohama/Tokyo

Kaohsiung

.-Fl

Az dddd 9 o1x (www.hmm21.com)
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44 AALFI=

1980 o) Al A
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il
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Al 0 2 worldwide-service(RTW: round

CRTW= de] 483 AAdF3d ==
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Sulel f 9 FEolAelE dAdsE A e FaYgR - SUASIR,
HuEE FHgE - & R Fo £3stE oRE n 59 US Line]
4ARTEUR AH YA 1235 7FA AL o] AdS AFow =Y, %5357
Alzbeb gtk w3 & Al7]ol EVERGREEN Line©] 1,500~2,000TEUS %
Holyxoz AALdT J2E A2t

ol HAS FEE TFI AT WA FOR Yo F 127 A4
S Tt 109 Aoz dets Aorh ol2A d= AF FHIE
AA EHvedoer s star vAl syvtestel d= 5o FdobA o}
A FTE Ad F Fol=gsE Ava AFdHE AAA v FHL
2 & sto] 79 #FE7F ARl =(end-to-end service)ZDoll W
Aol A Hlojup vl 1749 d2s dsts A 22 Jidoer nyg=s A

4 (pendulum)A vl 22} sto] A5 st= tiAl w5
T7E AAFAYE S53= F=2F F(trade route mix) AU =5 A A]sa

= = thool= B AdsA = AAzEe] AAC o
2 k=9 Hshoh dHoUY &a&A we #©
Mul & ALE 7hsstAl

[28 2-6] AlAIFEMu|ASZ

[Thamesport

5 Hamburg SRcEsyver

o
: I_EZeehrugge

Part Said

Tacoma

Suez Canal

Colombe  “pury of Tanjung Pelepas

A7 o2y & o] A (http://www.shipmentlink.com)

e

21) F+7kA¥] 2= (end-to-end service): 27] HHFA S & THo @ oA F FEAY
o HgAY SFAHN2E AFsE Au=E Ter)
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[E 2-1] MA #HEOlHML) M= SZFEA

w9 JATEU, %

EEE 0%
i
FAug | FRE | NzAEw | AT | #3273
1997d 3,721 15.4 521 34 487
1998 4,181 12.4 522 62 460
1999 4,409 55 264 35 228
2000 4,829 9.5 435 15 420
20014 5,109 5.8 345 65 280
2002 5,614 7.9 505 100 405

[28 2-7] MIA HE

@9 ATEU

NV 9N R B M B 'L 'Y WG P 00 01 ‘e

F12002d FA= FAA Q.

25 Clarkson ¥ k= 3f o g4k 70 2 (KMI)
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[ 2-2] #2Z MA #HolH 23 ¥ 3718
@9 - ATEU, %
T' Rk Edas
1997 172,000 10.1
19981 184,700 74
1999 201,700 9.2
2000 225,100 116
2001 231,400 2.8
2002 248,100 7.2

02002 AT FAAY.

25 Clarkson ¥ k= 3f oF =4k 70 2 1 (KMI)

x
&
[28 2-8] M ZHEOl4E

300

250

200

150

100

50

'90 '91 '92 '93 '94 '95 '96

‘97

'98

@9 ATEU

'99

'00 '01 '02

A5 Clarkson ¥ gk=3f oF 4470 2 (KMI)
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A3F YAIAA BT o|ZA A

A1d JEHIRY
1.1 MEYaRg ] Ao

@AM o7l H = B 992 UEHSARYS ol &

= 3*
T o AT A2we T4 AR HH AV, sE%E A6

v oEeAsg g G BEns TASE 15F 9 FAF 58
gotel WENZ omAE oalT & U otk o]F WEAT §3
of BAGe] MEAINE AR AASE AR H, B4, A9 FFT

)% o] MAESs dEAE WA(EE, B2, FAMA S)e2 A
Ao o A JRA tels AAMAE o] St AT AdE (A,
g

>
b
=
ofo
o
it
£

S
it
oL
=
ol

%% EY dyud Zad)s o =
ol5o Hdsre AANA HEY Z(network)E EH sl F&En

9t} 22)

i

YEYIE o= a8 Lol &(graph theory)d] HoE £o]E5S o] o
S3ttd, 2 Z(graph)® vl (node)E 3 o€ AZs = 7MA(arc)EE 9]
Fold a"E v, 2z ZF 7hA 9ol s ol e FX7F Fo
A afzs dEAAGE FEv wEq NEYNAS G @ G= vy
o J& N3 7FA 9 »1F AR FAHJeER G=(N, A)Y Tz 38T

H
T d T NI As /FEhe 94 Za e JEEelth

N2 JEY= A9 RE Fo(port)S e
A A BV BE 3 (route) S U EFH T
P
e

e Z g2 o @ASE 3] (operational

o] =&l mr e g
7HA el A Av vE
T o] kA 7€
cost)E& YEFITH

22) o] Fuj - 0] 2 (2000), "Exceld} FAdk= 4G I, T 97 G, p.278.
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[28 3-1] Y EYIA=E(Network Model)

12 EQaRFY 7] g o]

1) &5 (flow):

F o) vhE @ FAR AAse) 90m, AAE Fokel 5Eo

.
T 9

w

[oh
]

g

NG
Cii

00

Abs: o] Full/o] 7% (2000), "Excel®t @A A ve},, T4 G

2) W 7FA] (directed arc)9b 187} A] (undirected arc):

HEA]ZS] 35 w

5% AAE drk

s
=

}

3
bl

1o 2% 7}

ofr

7

H} 3k o]

b8

gol A A7 W= s,

g3l A

H} &

= A s P

FRETA g

22

, P.273.



[28 3-3] wekvix|et Futskyx|
undirected arc

directed arc
(O—O© O <P

A j= 2t =8 559 Yatol Fall M UK %S
A5z o] /0121 (2000), TExceldh $ASE 4 A3, ol A YA, p273
3) =5 B &= A (flow conservation rule):
YEYIRP AL = 71249

Ago oFoln

A e v el A4

= 19
m N
f A
W >
> rlo

oX,

o
o
O,

- F3A vty (supply node)
3 =

shelel A b 8 g = T b oelhE Sole

« 97 1ty (demand node)
slole Zol e kel T o mLelA Uk ol F = £23

o}

el A wbe kel g

« A A vy (transshipment node)
B =

Mz Selet g g

olg Aow yuld v 2o
T =0

shelel A urbe el - st R Solot %o
(vhe] b A vhe )

b > 0
b < 0 (b 7k Fax v du)
b = 0 (] 7k AHA v da)
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npr] o] A Urb= oke] @3 mirl® So]l o= ofe] o] 2 wlrle &5
Enet flow)oleb@h, 34 vhrlel N EEagel F&(+)olw, 24 v}

geo £552 &50), 444 vt £55L 00 €& < F Ak

o

cost network flow problem)o°] t}.

B
B>
s
ofo
n
4o
H
{oln
alll
M
2,
=
.
3

<

3

Havg JEYa sSEAS 23 87 deixde @ 7HA 73 ES

c;t7HA (i,7)8 4T 9 Lade 9T FEY

A4 BEFL 1013 44, SENENA o nas 2ol Y

5 9
b = 1 @ " e FFA
by = -1 @ wd i F8x
b = 0 ¢ v e AHA
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min
1=15=1
m m
subject to Zm,;j - ij,;
j=1 j=1
:Z:Z] > Oy 'l;] = 1’ Ty

25

of



ofolt}.

A=)

fLs

i

0]
o

2] 4l 8 ¥ (mathematical programming) 2]

A28 AFA
2.1 AZAG A

moEE oW oM > oo oW
ME o) WM TR o) 1 WE
oM z.fo = ﬂﬁrﬂ T ,H_ol
a T R & o oo = W
Gl i ,Ml 3 e \H,Al oo ‘i o
- _m; DO = W R
! ) W o %
CNT mb X oy w
i i Wd ® m & mw mW I
N S
N oW ‘WE ‘m_yl m xr 2 T MrT JI
To o o s m ‘u[ ;OD
o o 0 — ol o :i
[ o = ¥ A X X
T W oF g 2 IN o W
7 X u .
ll ZT E_l m o, q_ouL m o m q
a h ~ ) E o
;o) o = A m o wﬂ_M m @y
il - XA Bo @ e 3 i m g i
22| W G mo - m m :
B ﬂﬁm NF - ® Mm JEN E ¢
A f AT _L ﬂ ‘HOI = M o G ,.Mﬁ ﬂE
FL ﬂ.Ol "y E#.A 2 Q SR () O_v
|nY =y le] »n m 5 w T .IVI
T o ‘_.‘H,..o_lL . O# o T = Ot d g _rru
lare e i
X H _vﬁ ‘UI ~n o m ase] rs m h )
U._ﬁ 0 o ° F B ﬁi B .w ‘q_0| \UF
Gl =P g _ o T ol
DS B N ) > 3 d
XNy — % o — T o gp X .
w2 T X _a N ay ” i
T ﬂ bl [ <
S B T T2 ME o
= W o T o ® S T
<D o "ER 4 < -
‘Mﬂ N .Aﬁ = Ny E#E ﬁ_l - ‘.: J N o
il Eo ]%._ o p— it h ] m ol s
N 4 I- 0 o
OC T HT N . = o ,H_OI ﬂW = E
T o= poooH A e = 5 o
T o X A= 5w o T % o =
W o 'MW B O = o oo = nﬁ

L, n)

771, 2, s

1

., m,

n
max/min =z = E ¢

J

n

subject to E a;;;

i=1
(1996), "

.

(=1, 2, e,

2l

o]

T

23)




oA7IA = JAMAAR WFE nA7E AL e 52T A T (coefficient)
otk a; = Az AFeIL b= Aok o] ¥ (RHS: right-hand

side)o]th. A FzA2]L m7F k2D

_OL1'4
ofo
I
rir
jn)
9
il
(e}
=
(£
i
kA
P
£
o
g
=
o]
=
&=
-
Q)
=.
Q)
o
&
&
_{
fn
i
ﬁ
Ff'

235 0-1 AFAIRY &= ozl A+ A E(binary
integer programming)®dolgt R 2t} olo Hia] UubHol Az w 1A

F AdE A$E 9t A 2 (general integer programming)® ol R E

13 Al & (integer linear programming)® 3 3 A FH| A8 A &
)5

Fol YA E =AY == A I

R

%zﬂi(w%) T d e, JAHEFRAL pp.63~64.
25 AEAdRG A= 5

(integer nonlinear programming)X
26) A 7141(2000), "ol A &g A F 3}, SFAAN, p.l3l.
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l ' " —~
oo © o A B w M
L o y B oo R~ L
M o T X 2l 40° MoN =
- WP g ) N e ¢ ow T
ul B ol e LT TN w ™ S T XN
a7 = L ~
N o= T o P oz i ) o 2 X 2
J.T ol s G = o ~ M o} _m_m = ﬁm 5
%o 5 - ujp o aom o v o T T |
ﬂ.v_u ) alh) A o _Me gl N o, B o o [ oy < o
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~o 4 . X X bt J oi - o#a W ﬂe N
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K = Z jeJ, ke K (3)

T ..
{z:|<7:,.;eA y J

k . ,
3 r.. = |Kz; jeJ ke K (3)

ohehel Ak (e 2z} 0-1 AFEFolL, Ty MRS @2 7}

Aop g xAsHAL gl

zje{O,l}, a:ijgo, {i,j}e A, ke K (4)
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oz s F . a2y dddor on AUAdSs T A A

|Je= e 24 e 2~3/4 Are Hef

26 =X AFAIEY HAA Ay R FIH AAA

AR ] & Az TAITS 183 AHrAe HA4g=2 2AHS 9T
P07 NY/AFAYREY LATEYoE £l HAAHE T+ =71 AU},

wlie oA jabele] Sheel EgudlEe dsuelAn (2 4]
o Aok @7} MENZ SEAGA Bz F Aok Aol TUMotally

*
unimodular matrices)28) o] B2 xl.g.% S 0 32 19 ASFHS 2 HeE 5
()

ol 3

o =y AHANA 5 W 2wl e of e AuA. e

of AAA gEL et e Gug 24 P

*
@) 2F =19 A= dAzsd sEse ko A fEws Hiro o3
e o

Ngow £45% 5 A FRs WA 74 HEsE

28) George L. Nemhauser and Laurence A. Wolsey(1988), Integer and Combinatorial

Optimization, Wiley Europe, pp.540~546.
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A5 A AT

o] HolAE= M oA AA R o 4000TEUF ZAEHlolY Aurs 7}

AlaL = TP A1 AR A SAE A st @

g 55 W@ FIA, F44, FAY, F

[23 5-1] 32X, £2X, AFX HUEHI

9 [ 5-1] 9 74 FFA stlA £84 v B 5Fo] ¥
WY W, FAYS ARstel 4 FAANA FaAAA AAFRE AA
s wAE A7a nA
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Ot (node)
B} 3=X| ot dFX| ot +=QX| oif]
S&(k)
k=1 8 1,2,3,4,5,6,7 11
k=2 11 1,2,3,4,5,6,7 8
k=23 9 1,2,3,4,5,6,7 10
k=4 10 1,2,3,4,5,6,7 9
[F 5-2] HZtslESEY
chel : TEU
kel slEsE2 S 2HE/B) M ek W/B)
k=1 75,380 40,605
k=2 44,044 64,061
k=23 22,195 33,018
k=4 12,586 23,124
g s AN E Y TKMI Al A4, 2 Containerization International 2} 3.
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Z} g 3Harc)d = e

]

b
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o

11
135
11

: (2$/year)
 (2H$/year)

10

67.5 | 56.3
10

180

o
F

t

=2
220

110

264
22

45
67.5
22.5

44

88

22.5
66
66

45
88
39

110

203
45

132
A 8TFHA 71E Y.

270
45
286
44

=2 &H|(W/B)

180
90
330
22

!

52 E. o) }\]
T d
Shipping Consultant, Post-Panamax: The Next (Generation, August, 2001
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2t 3
308
440
44

113
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