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ABSTRACT

Decision-making on routing, ship size, and sailing frequency are important issues
for container carriers when planning shipping services. The results of those decisions
directly influence the operating effectiveness of container carriers and the quality of
service provided to shippers. Since container carriers operate in an increasingly
competitive environment, they not only aim at lowering their shipping costs, but also at
enhancing their services in order to increase their competitiveness. Inventory costs
related to the container shipping process are crucial factors affecting the quality of
service provided to shippers. Therefore, this study formulates a two-objective model
to determine the optimal routing, ship size, and sailing frequency for container carriers
by minimizing shipping costs and inventory costs.

First, shipping and inventory cost functions are formulated using an analytical
method. Then, based on a trade-off between:shipping costs and inventory costs, Pareto
optimal solutions of the two-objectivesmodel are determined in objective value space.
Not only can the optimal ship size and-sailing.frequency be determined for any route,
but also the routing decision on whether to routing-containers through a hub or directly
to its destination can be made. . Moreover, a-relationship between the optimal ship size
and cargo flow is derived to show ‘that the-optimal ship tends to be large as cargo flow
increases. The effects of inventory:costs, eeconomies of ship size, and service speed on
routing, ship size, and sailing frequency decisions are also illustrated. Finally, case
studies are made to confirm the theoretical findings and to demonstrate the usefulness of
the proposed model.

The results show the optimal routing, ship size, and sailing frequency with respect
to each level of inventory costs and shipping costs, and the effects of key factors on
those decisions. The optimal ship tends to be large as route flow increases, and the
minimum route flow that realizes scale economies for ultra large ships can be estimated.
Furthermore, the economies and possibility of using ultra large ships tend to increase, as
port efficiency improves, shipping distance increases, the number of ports of calls
decreases, or the relative costs of large ships decrease. Besides, the results of case
studies are reasonable and in accordance with the real world routing decision of current
carriers.  Sensivitity analysis shows that the optimal routing decision tends to be
shipping the cargo directly as the flow increases, and shipping it through a hub as the
hub charge is decreased or its efficiency is improved. In sum, the two-objective model
can provide flexibility in the decision-making for container carriers to produce better
planning alternatives. It can also guide carriers to find the optimal timing of using
ultra large ships.

Key words: Container shipping; Routing decision; Ship size decision; Sailing
frequency; Multi-objective analysis; Hub-and-spoke networks
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W4 2004 & 238218 FHBFHEHng
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EARR D AR 0 F T AT PRSI FE 0 BT 2006 E A 2
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-18 -



1 2R fRedacicR g€

dpdgRpic | 2005 & R (FEP) 2006 & (F7:¢) 2007 & (F73¢)

(TEV) sl | 2(TEU)| 4 | & £ (TEU)| i | & £ (TEU)

0-499 393 125,525 0 0 0 0

500-999 643 465,408 84 69,328 38 31,552

1000-1999 972 1,372,615 75 108,966 81 121,508

2000-2999 579 | 1,441,230 72 190,384 60 160,264

3000-3999 288 989,243 19 63,094 42 144,015

4000-4999 285 | 1,245,485 40 170,245 55 247,215

5000-5999 217 | 1,188,329 23 124,771 27 148,071

6000 2 * 170 | 1,195,055 78 630,203 74 577,673

et 3,547 8,022,890 | 391 . 1,356,991 | 377 | 1,430,298

7 kiR - Containersation International[47] -
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22 WRHH 20 LEHES AR LR

2005 # [2004 & o s EARE ST
| gt (TEV)

1 1  |AP Moller-Maersk Group 399 1,005,554
2 2 |# ¢ 4 £uE(MSC) 264 713,808
3 4  |P & O Nedlloyd 165 490,435
4 3 |& % & ®(Evergreen Group) 150 450,927
5 5 |CMACGM 192 426,994
6 6 |¥ R iihin (APL) 106 322,520
7 10 |CSCL 108 304,788
8 9 |¢¥ Wik ;‘i@éi%l(Cosco) 116 299,961
9 7 |3x &5 3@ (Hanjin Group) 77 296,938
10 8 |p Ai(NYK) 107 287,137
11 11 |L = /% *H(OOCL) 68 236,018
12 16 |CSAV Group 88 231,419
13 12 |~ <7 45 (MOL) 72 226,105
14 15 |a# 55 45 (K Line) 74 219,560
15 17 |Hapag-Lloyd 57 215,694
16 13 |Zim 90 210,407
17 20 |Hamburg Sud 86 191,333
18 18 | P ;5 & (Yang Ming) 68 189,939
19 14 |CP Ships 76 179,209
20 19 | & 7 4 (Hyundai Merchant 37 142,257

Marine)

F# kiR - Containersation International[48] -
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PEBE pz hp fFaugs 3o L A& IR 40 348 «

A 012 1997 # 1 2006 & 2w K & A f Al 5B K F (dok 30

) ¥ 02 R 1,000TEU r2 T e f 5 4y ez v 01997 # £ 34.9%%% 3

2006 # £ 29.2% > 1,000~2,000TEU { #% 45 #c2 vt 61 j£_1997 # 5 34.4%

" 3 2006 & 1 27.4% » @ 4,000TEU 2+ § 1% 4, fcervt ) d 1997 & &

5.9% 3 2006 & 1 18.9% > F* F& Ag o EERE b Ay g A g e S AL o

# 3 1997~2006 & & # & A b hép2 B E 3t

ggdg 4] | 1997 & 2000 1127 Y| 2003 & (5 7 ) | 2006 & (1 7 )

ol |1 2k (o)) Mol | (%) | i |0 5 (%) | e | (%)

0-499 | 344 | 18.8% [-376 | 14.9% .| 422 | 13.8% | 393 | 11.1%

500-999 | 295 | 16.1% | 462 | 18.4% | 559 | 18.3% | 643 | 18.1%

1000-1999| 629 | 34.4% | 801 | 31.8% | 899 | 29.4% | 972 | 27.4%

2000-2999| 304 | 16.6% | 399 | 159% | 471 | 154% | 579 | 16.3%

3000-3999| 148 | 8.1% | 230 | 9.1% | 275 | 9.0% | 288 | 8.1%

4000-4999| 92 5.0% | 157 | 6.2% | 209 | 6.8% | 285 | 8.0%

5000-5999| 17 0.9% 60 24% | 135 | 44% | 217 | 6.1%

6000 2+ 0 0.0% 32 1.3% 93 3.0% | 170 | 4.8%

B35 11,829 100.0% | 2,517 | 100.0% | 3,063 | 100.0% | 3,547 | 100.0%

7L kR - Containersation International[49] -
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1. Ranaand Vickson[18]
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2. Cho and Perakis[19]
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Powell and Perakis[20]
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g A TS - B rﬁxiw AR T A o H AR TIA AW A
2 BHE ] 001 2 F%E A GHARSE e AREBEP DTHLAZ
BER e LI T AV A FRAGRE FAEY ot v P R ERE
BAtr idwmt AR EEE LA BT S5 T A A FEL A
Beid A AR R PL IR R TS D IR R A
AR EA o RPF TS A R E S AT Ry S
i Eg ]
Jansson #? Shneerson[29]# * & ¥ T Liner Shipping Economics | - % >
PR T R AL JIEGE S A B X ] PR e (TE AL 37 PR HSLE &
BAEAEE o - b p Y A(cargocost) s B R R FE AT >~ S EPER
L SR SN S ar'fw:,wxiﬁx Bea bR A AR ARSI
ﬁ‘!i}éiﬁi?ﬁ FRIEL BT oo ? (8 8 M-t da i ) ehic £ (C apacity)zv\ AR
% (holding capacity) ~ #Z#r s & (handling capacity) £ & i¥ 5t £ (hauling

34

capamty)w\ Bl 4 r A A VO B S B H A e Y ;‘fﬁﬁ?%\“:& ’
MR pE A A8 F P e e o BE SRR A DA B SN 7 o A

AL B R o Pl E A fﬁ R o &g b p hid 3% 2 (hauling
COSt) "% 1< » S AT & ﬂ\(handlmg cost)ig dvo Ao A g B4 > T ORE
FE ehE p AR S A o] 2 B dpda o] o TE T Apda s A

2

HL 111\3:5?;4}7}%,, CEEAIT G R FE N B A A AR B ndsdg L) B

% E P W ST S A dndg < ) 20 B TR T3 3 8P A PRAR e s 1t
AL e AMET L R R T o e B E T LE ] S A ko]

7 fE54p 0 F 5 £+ hp 3 (dense trade sector) v d A K cHE 4 S

FoAT B g AaR B LRI o h R R B ] i 3
(thin-trade sector)’ &M A A B SUE G S AR D E A -
i o § A oAy & £ — BB HE (port-to-port) & R ¥ R e 2 Hp 45 PRAAPE 0 A 4
TOF % 2] (thin-trade) s R AL o At BE G T BRdFE - B AR g THREAE S 0 R
TP~ - & A ehd % (cargo catchment area) >t — R 457 12 % T A #c

2=
3V AT
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N = Q(A;’ Az ) (4)

RPN AR AL Ay TR R QR HR S et ] (B

S ApAah T AL ) ¢

- RELEAE AR G - BV B F ARSI Y D - R -
PF o B ILE AR o Bt ET sﬁﬂf;g;l;;#fy;— B AR 0 2R
CHER R REAa L IR G Uk 2 0 TR RISL G et 7
B PRARR G RATIR G B A AT B AR E e PR R TR g E e
* (shipload consolidation in time and space)” B e i (trade-off) i* 42 > 2% &
FORGYLE F o @ S A A R d A e RE e 50 fRdpdg & ) cniuE
FAEAMES G AT R R A o VD A R R AR AR
Eﬁ?o”’f¥%E%%g%$i@@ﬁ$iﬁﬁogwﬁ&%ﬁ%ﬁ
PRokm 3 S BRI LR EE R E R o ST S A A S A
- BATRFF 0 F A IR A AP A o
¢$iE%§T’ﬁ%%%$$ RN N
Mo el JlER S o 4 H = RS *imﬁv ° rea‘% 3 FHPGE BB 1R Gh
FEOR AL o B S 0 (TF AT a‘pmm)" FR i —A AL - BEHAY
i & RSN 0 WOV IR PR el TV A %}1 T FpiE T BELEAES o

FORGRAAER S T b R R S SRR R R R R E S A
2R o | &P T’Fiﬁ d 2 ¥ 4, F B (liner conference) sipa gk & 5 3
PR 0 ﬁ*n\pfu’ TG AL FEUE D4 L g oot vh E ARG RN A

Zo- FRG o d WEFPRFFO/ S KT o

17 % Cullinane and Khanna[32]%# 3Rt 2 Hp @ b b R4, ey 3] g F 3
heo R BABREF T AT GAGCE i A 4] o B £ R Wy

A~ ¥ (Fairplay computer database, 1995.1~1996.4) % fz & % 38 = 4 i3l
MeoPy2Fdinaorry S5k #3F §H4-] * 1L500TEU p* > ¥
B NG ORBCH GRG0 F B4y <30 L500TEU B > B = AEE
AEH GRG0 LR ATFELREREE > FE RGBT 5L£@{gg
ERBHA RS L OPP B PR SR R E AR
PIEHA A A DR FF A RPITUY] & SR DB Ay ] B lp
2 - 43 4c o Cullinane and Khanna[33]# i - # & 41— B 7 F 5= 4k
B BRI > 27 BRB T b g dndg s o) o
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B S BEAS T  EHE DR e R~ P B PR, A S BCRAR 3 o
o E M /EJ({[—J-+<J—J;r dg & A1 R IR o blde @ McLellan[34] % 4
ﬁk'ﬂgﬁw%%%ﬁaﬁ\a%mﬁﬁﬁﬁﬁowﬁﬂﬁﬁﬁ%%ﬁ€
EH A AT A EA A A AR e SRY o § AN S o R ETE
BokiF s IR E ~ SRS IIENE2 WA > 2T F R 0 AR KA AT
we A g~ % % o Lim[35]i 4 e W iE* chd R OREF B Ay~ A
HEuED Sz ol > B R INEFR AL LG 2R REEHRDEF
Moo R A AdrdgaE i N2 R ArE A B Jﬂﬂmfﬂmﬁ’ PREF o F LR

Jzia—ﬁzw”r fok ehdpda i » F I > B B fj"‘%‘ P AT R %

FHirg2 k@A aflg FIGEFRIFTRE A ARCERT
A BB FFRT AT E RS A FANE EAAE A EER
oy eeE o AP F ERICEHIT LGRS AP £ (T {Mmﬂw
i# ° Robinson[36] ~ 2 &> [37] ~ 3% % F[38]% < g pld P ch | g
i#’w?kﬂl%ﬁwiikaﬁﬁar@pﬁﬁ %m‘ﬂﬁgm%
oomBRIE T BP RS AR HEM Y R Y 6

.L

-

'Tllft(
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Jansson and Shneerson

S AL SUE A A B A dg L ] B PR 4 o

R A A T AR R R R
hik I B A0 DAL ¢

b

;‘_/P‘l

b4
v

FELE FA T Y i 4 AR
EABH o

A & Ssas A 2B

Cullinane and Khanna

d Bt 44l }';“%%ﬁ;;ﬁ TEU § 1% < 2%
[32] B A REH CARIR R A B 0 & B ehBo i 4 )
R < 2 AR -
Cullinane and Khanna [#& 21 7.8 & < AT EAR 4 oAl » 24557
[33] W8T hBi 4 dg 5 ) o
Carascostas[52] AT 0 R AR e A D~ Bud IR

ERER: < SEE7 s

McLellan[34]

Al b AR 40 £ B K 0 S 3k iR R it o

Lim[35]

i i

/{“'\L" Il:'ma_ “j\ﬂ)‘

F T 2 R o

B g R OREE B4R S

Robinson[36] ~ 3 5 *

[37] ~ 31 % %[38] %

d B owoenf ffdad
SPE PRAR T o

F AR FERACS A A AR

AT R A

é;}%j&“gg °
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25 phigRBZ ppMAY
B g s B R BB G B P R R

& 24 Y

RREZGIDSR T BAE EF 2IREROF BB I FE D
g

\

,g“; P HGED P AR E S KEFREAEROITD P 0 FE N ERE D
Pl it TR SUERR Y EHEBEE L EEY o S F R4
FREEY cHEEY CHF DI D A R — R P T REE Y
SEE THRERFREE)ZET c ASRIRIEMEF LS AR > ARG ARS TF
B S AR S T FESER S SR S TR AR E o B R &
RIS PN A BB o B P AR S AT R ok B SR

Phif B 7 3t - AL 0 O'Kelly [53]4p 1 phfg it & B2 B
(location of node) ~ i 4% (linkage) ~ "Z# & JR7%+ % 32 (hmterlands and service

regions) ~ & s (hierarchy) % w = & 7 H jpiF it o A& 8% 2 5 > dhig 1 it
chih gL B ¢ F] kM5 3F i hw(delivery system) st x5l * % xi(user

i
attracting system)m 7 £ R e @ F WY L - § BF F R A SE PIDd F

g%%igaﬂ wgwg«aéaﬁ

:
iy

W B3R o R G b o A b iF kA
=2
4

="

f
¥ ¥ (sorting center) iz % 5 ¥ IR LT B+
FAR G RGIR Y ks B G b (hub) i B B iE i R AR e R d 8
0 ie %ﬁ"ﬁ X PFEEREMAFE G LREE TS MR EEHRE T
-2

ARG 0 - BRSPS ALY ¢ EFRE(lInK) ik A 3

dv oo e by e L oS i%""«g*#@%m Kl AT 3 A RS AREE b

drfdhigfuy PR P G0 AR X A 0 B H F X A AT o gl -

Friig (8 @ v e T (the shortest path)id 2 & 8 F EL A2 2 % Adb
EELA G o i R AT BRI AT AR HIRAS R

G0 L AR P BGKIRARY BT AR R 0 P L HOF RIS
7 L

%A LA e AdhiE h ALY PRAEAF - T BT e B K PRI
PRV IEL ARG o fhif AT A LA K D RS G
SRS gl )
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W LA AR BT bl B AT A D SRS I RUR #B BE 5
?/*Jc%?é.¢ ’ xziF-'" ARV A A T m - Kf;f%‘%lﬁi"% HodE o LA
Poip B dhfhe ¥ BIE RS Y F S u,,-i'\ﬁzﬂs i*
- g LhdE el iRV B R R RIE I 0 FE A 1T ihig kSR A
ﬁ\vﬁhmﬁﬁ‘&%%¢ﬁ@o

R G Y o LR DAY AL e R A (hub
location problem)> 4g % % == )’§L Gt - RPRES TR R RS R
33 2 o gheo F =K 4E(hub location problem)* - % p-hub median problem &t
p-hub location problem » ¥ g &.— & n & & g(node) skt @ » ¢ arix = &2k
Feam B 2 R Hirama i AR FS b 28 KT 420 p B
s (hub)siz B > 3 #9715 2Edh.< (nonhub)id 4% 3 e (hub) b oo 2t — R 38 e
FH A% 4 O'Kelly[42] t 1987 # 3% 21 8 — 45 eh- = (quadratic) 5 e
BIH05C 0 @ f8 Campbell[54] & 1994 # 3% 17 o PP ASZHE - 457 § £ 450%
SRFBCRBIEC 0 B R g B i o i B 2 B AR ey
f2ix > F 7B ~ L2 wtabu search x> § w2 &2 lower bound 2 # F o
M fe & J) T i f2(exact solution)z = F 5 FoR T HH ] (n < 25 )Rt 3E o
BT hes T R BT BT P R R I 4o AT o
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27 e R ERESELFEISE

% (P )

B AT i

0’Kelly(1987)[43]

BA G R R AHE - B SRR S
;0o A3 0 o fE 0 5 B2 (enumeration) & 2k # kT
IR E o

Klincewicz(1991)[55]

- ﬁ T 3N 3% T % # 2 (exchange heuristics)

22 /> ¥ 2 (clustering heuristics) °

Klincewicz(1992)[56]

F& 1 12 tabu search 22 greedy randomized adoptive
search procedure(GRASP) & A # sh= fETH 5\ f#

e

Skorin-Kapov &
Skorin-Kapov(1994)[57]

& d1— % 12 tabu search i FR A g VR > 2
7 e 35 duminKlincewicz 13 -

Campbell(1994)[54]

HxE B )2
ﬁ‘_iﬂ R Z_ N /‘7‘-" °

ZMEFHE o T LI - pid

O’Kelly et al. (1995)[58]

doghs F = B4R 0 lower bound -

Campbell(1996)[59]

i BPA QNERSE - SE RN S dan) = o dal S

O’Kelly et al. (1996)[60]

It 8 i f%(exact solution) -

Skorin-Kapov et al.
(1996)[61]

F& d1— i 2 tight linear programming relaxations 7 #
# node -

Sohn and Park (1998)

PR R RS Sk = IR RS TRl 4

[62] P T N B CERER RRp Eeh s F it
O’Kelly and Bryan H o AT G N Y e~ — B %75 (piece-wise) AR
(1998)[63] B RN A KRR fé CIE AN .

AP ER
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fhe F P RET T4 0 - 3702 B 42 0 4o uncapacitated hub location
problem(UHP) - UHP Ff 38 % g #h< (hub)F B 2 srdd = & > ¥ s g 2
TEAL T AT - i#%ﬁé@& BE N5 d O'Kelly #1992 =
#& 3 UHP-S (S @ H - 457%) B 4L = = 5% (quadratic) sHff B4 1058 » @ 12
Campbell[54] . 1994 & 3% ) UHP F® 32 cnf e 3 58 #5558 > UHP B fEende
f#:% 3 Klincewicz[64] - Abdinnour-Helm[65] * 7= 3 a‘% Ao gtk oy g
Aykin[66, 66, 68] #-— i g K ez o~ H0 P\ ’Tﬁffma{; seenfioss S Jaillet et
al. [69]4-22 7 F i 3¢ & & 47 hhdg 4 BHGUF A dpiin £ chig
AT ghe g o

LA G SR Y PR L M TR e e
O’Kelly[53]d 7 A BLEEF 31 i b St i e > dn IV H — do i fiost g » 0l
B I“i%u R ﬁip«“ﬁ—}kﬁii’” Sk 4 F kA ﬁﬁ‘% e
FBHF S g 2 P4 fhig iy RRE L3 9] SUUOE BT E Y i
3o IR BRI 2 ok sz 2T B e HRV[6] A A A kR
R AT E Y ek 2 EiE R (T E 2 AT S Oum et al.[70]4p & B gihig
Be® 4430 7 3E ¢ o (hub)2r3d T 48 B (spoke) g AT At e 3 A
Bod &5-0bp T sl 2 EP BN R SE B L Pelsetal. [71]
R R B R S RS 0 P e S T A

AAiES @ o BN AR S éjgkff“;:“q‘— S e R P Aa BEAR ~ An FR IR S gy
APITRFAL > LA Pl RR 2 TR S EF R AL i R P
70 Zbry < ),?%%’ %3140 B FRAE o 4 Robinson[36] ™ hub/feeder networks F- i
%ﬁ PR Hd B2 SR FERBIE AR BT B AU REER B

WARBEBAY Fphfg f A2 FFEI XN EHEFTI LT P A BTET §
Pre>edF B Reag ko (fhek)hs AExnd e {3 0k siid
Br(F REER)EEFD HFED L p F45 115 - Bendall and Stent[39] &
T B f AL 2 A0 PO PR B iR R R gk S 3T U
JRA% & B s 47 5 Mourdo et al.[40] 454 dhdg 4 g 2 4o dadp v ficst o i3t @ 1
L] E 1 R g e B Pl E 4F M B (7 295 3 5[41]1 O’Kelly[42, 43]
sfhig Sy REEC 5 ﬁk@ :lﬁ-% W2 dr 3 dr2 B 38 A A2 X E K
= 474 F (discountrate) » FE B ERCE ~ B pib ~ AIFR - FMZFE
FeR RS S REECR *\ﬁx P ARZ H0EY A 4T Phif A A R R PR

KZ2 P BERPI WY T FLFET T A4 HEEERET TR
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MEH N AL SR o B A R BB e B B 3RAp il el o

peek o B (72, 73] 2 g [TAlF h R E L HAE Y B R AT
PARP[T2E 2 AP ERBE? 2 PR AR FRES 4 BE
W2 AR B AT Y S A A e A s I iR B A 2ok
NN el L 5‘1% T S E 2 WS 3 [TA] 8 A R g
LEREE Y w2 F RPN 0 1 PR [72]2 2 2 T34 & & 4 (ACS)
AT R PR R JE»‘“F“ ’%“@F"’%i%ﬁ%% BRI EBER
B REE RBEEE A s FOR[73]TEY T A & 4 (ACS) R
AATE T EE R AREE R ER o i E R AP Y PR L B
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Robison[36]

rl !r:t%r‘filf’} T —\1 % _@-i ‘B“iﬂg%} B Q fél'./?‘]#\ % ’l“—"-lf* i3
‘g‘: %iﬁ] I‘q’ ,J vu7 2F f%i&g%’t o

Bendall and Stent[39]

B Rk RS L BUTE PRGN B f Ry
H B fhig ok AL AT SGEPRIE 5 bR AT o

Mouréo et al.[40]

HaE Bhip e 2o drdadn oS o BON P IR 2 A
32 fhig i B mﬁ;i; FM o

S TR 30[41] | O’Kelly[41, 42] sniihig S e 1‘3_'\ P RHE T RA
SRR S R T T
%‘G /ﬁ\l‘g% F\: %\ °
B T S PRI Y SR E T NeniS AL Ay /‘\”’-—ﬁ e =
¥4 [44] R RS i B T B ot o
B [72] i SRR s 2 A A ST R R 2
E\'é /ﬁ‘@; 82 = j‘ﬁ*"ﬁ °

3 g i=[74]

W AR [72]iF = 2 T oA A & (ACS) BN o 44t
J@%llrgéﬁlﬁ‘p%l*%g ﬂ‘“—’»,’ﬁ‘f\l?i}' ‘fé\%’-’ro

Fong[73] EF Lo A G g (ACS) B A 478 = Tk R Rl
B2 EHE
ENCERE TETRY Y I
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F X BB SR 0 B dpda B AT AR ttsﬁ‘ié%%ﬁ B0 % E ¥

FELEPoa i EE RSS2 R E RS G it R B
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foo dE R FRE SRR 2okiE T PIRETE & 2003 &
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DI R i daa £ & 2005 #3802
TEU S 5 ¢ B0 & R £ 9 0 kin ff HAE R0 5 450G B
o p A AR S A1 o A b A 2 g (P AR

BE 2T b A EPEE R SR F‘i (1 EOQ Hi30 » E R F F e - A M
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T ¥ = o pdpdgicd S om

# BEOQ #oatenis S AR LR R T EHE RIS DS A TR e
Daganzo[2] ~ Blumenfeld et al.[3] - HaII[4] NGEAN-E WS F k= aak R h )
RM[6]%E - aiaF » L 75 HmEFE A AL é;ﬁ% » 4e Jansson and

Shneerson[7]¢? Pope and Talley[8] % - f# H 7% & ca7s | & & thdg i 2 ~ PR
r‘g‘\.xi"'r‘g"‘-rﬁ rJ’J’"‘T};%;}’ﬂ,:}%ﬂ\-ﬂ\,li/‘—“’}%%;}wmﬂﬂ??&%\ﬂ\]‘aé’—“’}%
Pl p g ey dl o m A Ardpflanty i A& thae i Daganzo[2]i& f
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g3 BT G e /,§J< AR o s I SR gL Rde e A T S R L = B TR
Hp % $ 5AE GdF 71 © 4 Rana and Vickson[18] ~ Cho and Perakis[19] ~ Powell and
Perakis[20] ~ Sambracos et al.[21] ~ p &% [22] - p =X &2 th 7 §5[23] - m % £
B e 35 [24] ~ 8% 122 R 55V [25] ~ Ronen[26, 27] ~ Christiansen et al.[28]
oA FERT R Jf#ffﬁié‘i‘ RPN BRI R R 2 > AW
P H - PR I A RRR R 7 R R R DA
PR IR AR R e A RS E - B
MEGE R A A M) P2 PR AT R g A E R ST
CACIN T RERC RS R i (1 S R A LI R I B O L X e S
A R T

o

AR e F e 2 R /ﬁ"%i B A prdpda o) BEUE 2 A2 BT IR daih
RS AN o BT F IR A A SRR G B < T H0anE 2 A B R ARR
B3 REEARDIR G o A LR RN AR L 5 R SR % o
d o] ib A o 2 feT B by dg T A j\&z»&mﬁxiw A o 4p B é},%%‘—k 5 >
4 Jansson and Shneerson[29] ~+& = 7[30, 31] ~ Cullinane and Khanna[32, 33]
*o*ﬁ?idWM¢% BT P BB LR A P AT R EE
BRLF R BT A Ay f?%r}’}w#g\ FEE S dpdag S o) Ap R A
¥ i);uﬂm%w A i—a‘;q“gi,‘,ﬂh“zi%‘ PE 8 Rh e B RS 0 Bom 4p Ak
EY “ii%\ #g\;\gﬁgév MoV R L A %fﬁg;i;,&fgu ' AL J@A@ﬁ M kR F X
A B AR £ *;ﬁd B £ T MU S k2 AR o

T

PRI QEL{CJ»?-]—W -~ AL g i i;,: 2t o )4 @ McLellan[34] 4+
AT A A B R B B B DR GUE 5 Lim[35) s i ak L §
A hd B OREE f R % A aaE S B2 iih‘*? » Robinson[36] ~ % &

F[37]~ 3% % R [38]% ¢ jrRld P oW e iR GGEE RARS > TR 3 R AR
kK BT PRIF RO G PRFEA B s X E s B b P
e b aE e gk AR A < ) R F T A R BAR P &R
AOAFE Y RRE €0 A S A R enbaE A B A
R gk A AR buE R il T AR S A R~ FiE 2
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Wk phih A E R 2R G REEF R AL DT BB Y R
AP Bl 35BE o Ao Roblson[36] MR e N ikiE 2 BUEE B ¢ B A K AR
i T ihig e 3 &k iz i 174840 5 Bendall and Stent[39] R SR b 4p 2
SAFT P (scheduling) o5 P » 12 % & [ 40 3% B hhdg & S2 3T X SuB PRI 5
] #4455 Mourdo et al.[40] 454 fhdg 4 2 2 45 40 dp 7% (ship assignment) #i-5¢
BN ¢ 02 v 1% 2 (constraints) AU fnip e B cndg E 4E M BEY (TR i
[41]72 O’Kelly[42, 43]3 B thphigins itz 2 A# > 4 Rid @8
2RO AT iR A E R SR TR E fheo BE R R R B (70 5L
213 B E 443 - R ok 0 PR UL SR o R T e
BRBEERC BT B Bpid el o

AT RN BEE S A LS A R BRI P R 7
PR TFEAAMEZARZAIELTEFFZ o MFE REALG R T gL
B phih kSR Aok HE R p A EEIE B T 0 T b TP A PUE S
AB RO R A2 p e VB § A0 Ap R LT S A i
EE**&&’%?”ﬁﬁE%§§€%ﬁ%%§i%$’iiﬁﬁ%ﬁﬁ
B R B RBEAOTE 2R RS e o
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AR g etk st g > 2 0 TEU

@Fpe=x2%lk (b)3% > Fip & AR P

GRS TR S

B EERF P E a;L’llQU( j=12,..n)%k7d B iiikjh
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TC2* =T +———+*—  for TCI' 2TCL 44
t TC].S —Ftll's f t ( )
NCORERENCOREEEER RS TR SRR = S R v
I s T2 e %405 (33)-(36) #777 o i~ # o #-3%(42)-(43) 1 » 58 (44)7 >
19 3 R g P 2. = AR BT A (TTCL)E 305 | = A (TTC2) R Tade™
rlZ,s '1—~22,x -
TTC2=TC2" +TH 4 ————L for TTC1>TCL. +TCL (45)

TTC1-TCL. —T**
(A0 RT B AT 2 2 ST A A (TTCL) R 0 | = 4 (TTC2)
R RS S G B AP EET R R E s N (44) Y M
W7t T A3 TC2L ~ ¥ LY T A3 TCL. -

b - R A7 A kA ()T T B Ay B BUE 8 A (TCL)
GG MNTC2 )R i | [ ap Rl aeit f2 0 AR AT g
AR HUT A KR T HBap A B o I R 35N (45)F RiT R EE R
U2 AR EUE & A (TTCL) S S5 A(TTC2) P i | a2 B &
o AT B p A A RO AR Bl S AT B A Al eaE s o A A
Food U5 E IR 5 (A4 B B A P BE T S
HERE2 L BB EERE LR PR PR R G f2Y hbuE S A E 4
2 RBTCL > A A B4 b RETC2

-
I

e

512 FH e HEFEFF D= LAY BN
1 %T#v"%%é;e‘_%iﬁﬁfﬁﬁ ) 2 BLAR BLE & A (TTCL) 5 4 s #if & A
(TCl” C B AUARSUE A (TCL) 2 E B S UE S A (T )2 e o

TTC1=TCl" +TCY' +TC1’ (46)

= ERARGE B R A(TTC2) 5 2 Sadiys f & j\(ﬁ)\ Bhaas A
(TC2' )¢ B w5 | = 2 (TC27) 2o v >

TTC2 =TC2". +TC2* +TC2" (47)
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(TCr) 22 35 = A(TC2°) ~ B M d enda® & & (TCL) & 5 b = A (TC27)
B A G Eg  RRTEM e § B R s R Y TR AR
A2 FEE S A (TCL) 8 5 b= 2(TC2° )M Thde™

r12 s 22,s

TC2' =T}" + W for TCY' >TC1;, (48)

BRSSO T A A P enbuE & A (TCLC )& 5 b= & (TC27¢)
B RdeT™ o
2d 22d

TCZd = F;l'd +W fOl" TCld > TClg (49)
4

#-5¢(48)-(49) © » 54 (47)¥ » £ M TTC1-TCY. —-TCL 5§ R TC1' » @ R4 &
i P B HUEE S A (TTCL)E 5 | A (TTC2)2- B Tde™ -

- ]:2,5 . 22,5 l—\l'Z,d 'F?Z,d
TTC2=TC2!. +T LYY . - Li I+
er -1~ TTC1-TCY. —TCL - T, (50)

Jor TCL, <TCY' <TTC1-TGUIETEL; and TTCL>TCL. +TCL, +TCL;
bRy B AR Y A E AR Y A - T 70
RAGE A A (TTCL) B4 e B lp 3855 }? SR(TTC2) i o 40 § — & 2higin
S MNTITCL)E ™M 5 > Mgt b sl = A(TCL) B3 4v > B p #diz b =

A~ (TC2 5 T+

—TClY = Y Hitem B OiF suA 3 oS & (TC2¢
12,d 22,d
21,d th 'th
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YR R ¥ A (TTC2) B b it

FUE o MTCL)E 2 3 4em L (83 > 4B 24 #7o1 o
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TC2;, |-~

TCT
E— = SN
TTC1-T1CY. ~T1CY TTC1- TCl. -T,"

Bl24 %402 R8P A4 22 PLAURUE X X (TTCL) B PF = #L8Ls F
£ A (TTC2)EAEH Huh suE & & (TCL) B # 8 7 3 H

P RRAuE S A B RE L A A F LS L B 24 ¢ OTTC2E )
BRI RTITCLE 2.3 3 732 7 £ TTC2 @ TCL vh— Ff i 7
A R o d At - AR TITCLE 2 TTC2 30 & § "ETTCLE 2% >

n@hgﬁﬂﬂﬁutr+nmwé HTZ@pﬂﬁf%mT+ﬂﬂd’%ﬂmba

B o4v @ 0 TTC2 (Ebrip o § TTCLE 4B 370 & '~ pF > )L TTC2 (8 48 1T *
TC2L+T +T7M + A8 H o] 25 157

Bl25 ¢ e R4 7 5 HFERFEE AR D HRRT 345 ~ 2 FHAR
B g AT R AUE N A B p S AR A i R &
fRo S R A SRR A p BB R T T
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a. Direct transport b. Transshipment

Bl 267 & R @& 2 L AR

IR Y BB AT R S endufe o B S o sfgFALsl* A Caney and
Reynolds[76] -

BRKEF T A G T A AR Ti((=1-5)% 7 d | T + gl s &
A B4y chdpdg 3 B (U) ~ IRFRSGE (V) ~ SrdaPE 2 A (S) ~ Srdaitis & &
(FrBi)drd 21 #777 » 2 A4 i v i 8 8 % B 2300 (a, ) #5303 (8,)
BH L z'\(G,-)."z LAy BB B R AR ik

B EREBRY I AL (BRp TP E BRIAFPERE LA

w% g2 by 55 10% 0 @ &k B adsig E#?";nlg,_fz& 2001 &+ 7 &

@J =3 13&“?' B (R i 3NE @J,F_ﬂ 7 #7[80]) 11 & B ik ¥ 22 /Ff 74 m% P
F (RN EJBIDER o ¥ ¢h iV Y LB v enT3aL FaeseF(R) ~ L5
FEREW)H&S 2k 2001 & cdpdad i TR ERBITET G L ¥
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%21 EAlMp2 S dadp M SEE

4 3 T1 T2 T3 T4 T5
440 % & U, (TEU) 1,810 | 2,728 | 3,428 | 4,211 | 5,652
JRA%EaE V, (GR/P) 504.0 | 492.0 | 496.8 | 600.0 | 600.0
& opAsdaPER s A S(E ) 21,940 | 22,865 | 23,571 | 24,360 | 25,813
H o pEar st & A F(£ ~/w)| 1551 | 20.81 | 24.32 | 2357 | 29.89
W N A By (F ~/%) 77.62 | 104.05 | 121.59 | 117.84 | 149.44
Ll M T AR R EBFL DR 240 0 A ¢ R A GRS
HAZ2HER R -
2. L ApAlenE poApAgpE R S A (S) B Apdatih & A (F, > By) kYR 3 Mg o

[74] % & 1,687TEU ~ 5200TEU § 14y e p i & Ar & p objd =

AE o AR ME R G o FafREk

BB AL B 5 H R

/é]g\'j‘m_}_ ]’F‘, °

5.2.1 BBt

B AR~ 4 lE x oo gkfa
TEHERPEALE,FET R E

m%‘ ﬁ 4—% /i\rg zﬁg;\ ) | ﬁmﬁl—,ti

BEIBAPLEFHRITIDEFEERPAES LA ET A2 b At

: 21
DL B —E'?

WA sk BuF A A B L 2.6907872%107 £ ~ 0 ApdtR 2

A G 7.3117449%107 £ & 0 B dndlenp 2 B S R ECE Ve

1CYl° =

2.0277*10° +
1.9730*10° +
1.9892*10° +

2.0277*10° +

2.0014*10"

TC2' —452,685
1.8233*10"%

TC2’ —528,446
2.0490*10"

TC2* —539,995
2.0014*10"

TC2' —452,685

for 452,685 < TC2* <1.1647*10°

for1.1647*10° < TC2° < 4.5037*10°
(51)
for 5.1704*10° < TC2* < 6.5314*10°

for 7.0489*10° < TC2°* <9.7012*10°

gL AT A A BB S A A A B et 2 B A

19 1

2 pde Wb i

%. S 8 I I

A R foat 7.36%107 £

fRiel 27 67 o 0 HE LA W 2R B

TI T2 8 T4 = 4y 3 & = S 2 & &(77C2)
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ZEARA T A B R RIE T 8.02%107 £ ApE 0 B s cndoig 457 5
T2 457 > F = SUARETG f 3 A B R 7.83%107 £ A B a2
Boipdn Al 5 Tl4g3) o

TTCL(107UE§)
2LE r
2.1
Tl
2.0
Tz
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—_
_
z.49
, TTC2(107U3$3
7.3 T.6 T.8 G.0 G.2

W27 (EiE2 WA R

FARLEBEENEG BN RESO) R REE S T
i SR ko] HUE S A B 5 2.500537%107 £ A o Apst ez 3 bR ARG

6.933135%107 % < » § [ 4maR 22 B F St £ B B 4 fRECE 1 4 U 4e 3 (52)
2158 (53) 77

* 11
833,950 + 7'45174 10 for 186,173<TC2° <515127
7C2° -186173
* 11
811,440+ 6.78855*10 for 515127 < TC2* < 4.74098*10°
7.62918*10% . S i
818,083+ for 5.54105*10° <TC?2° <7.04004*10
7C2° —222,080
* 11
833,950 + 7'45174 10 for 7.94584*10° < TC2° <1.07105*10’
TC2° -186173
* 13
1.1938*10° + 1{1.1601 10 s Jor 2.6364*10° < TC2¢ <1.0234*10’
7C1 = TC2° —2.6364*10 (53)
6 1.3155*10" 7 d 7
1.2234%10° +—— ~ for1.1422*107 < TC2? <1.2834*10
TC2° —2.6364*10
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F28 EREE2 iR Wi e
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Kaohsiung

5,727 Oakland

Hong Kong &

Los Angeles
1,71%’1

Ho Chi Minh City
I Main line
——— Direct line
Bangkok Feeder line

BRKAAR 7 2 PR ARG A S R R E X AE TR Y iy
Ao w2 Ti (= 1~6) 4.7 o ) I A ey 3 0 & A B iR hdpda g £(U)
PRAFSGE (V) ~ dpda PR 8 A(S) » 454788 & A (F, ~ By)dr& 23 #7n o % 4
P T BT T B IR (@) RN (G E AL S A (G)
dode 24 1m0 d L B BRAAM S L R PERAARES O
EEAEEERE N U S %‘r% Y RAEMER 0 BRK L BB RN S U
Bo kg BFaf P EE 4ok 25 407
Bk PR P8R A fba}n P B2 bt K5 15% @ &k T B adeig i
foin &2 2000 E 2 R B RE pfﬁﬁg Bl A (i 3RiE @‘]pw #[80]) 11 & B 2
BB EER ~AXe %@Fgm%{*ﬁ/m‘a(iif R8I o F 4k 0 HE
FP AR T T el aran S (R) ~ TR ERF(W)HRF 2k 2001 # adp
J:E,a%vm:gﬁ'm& BEEFTREFE -~ 5 1680TEU/p (TOTEU/pF)2: 0.125
PG M) fFEEREER ST M FRBEXS* TEU {1k 30 £~/
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% 23 EA\4p2 dydatp M @

4 3 T1 T2 T3 T4 T5 T6
ir4a% £ U, (TEU) 1,164 | 1,810 | 2,728 | 3,428 | 4,211 | 5,652
PRARSaE V, (L) P ) 448.8 | 504.0 | 492.0 | 496.8 | 600.0 | 600.0
FopapdgpER S A S(% <) | 21,289 | 21,940 | 22,865 | 23,571 | 24,360 |25,813
H - pEdE e & A F(% ~hn)Y 1365 | 1551 | 20.81 | 24.32 | 23.57 | 29.89
R A A By(% ~/x)? 68.23 | 77.62 | 104.05 | 121.59 | 117.84 |149.44
ol RIHIEC[TA FTRERE

2. B L EARR Y L H FEEIYES A AT B o
%24 &4 BEIPH Sl
4 3 TL [ 72 | T3 | T4 | 75 | T6
BT BRI a, (£ 2/R) 2,832 |'3,377 | 3,497 | 3,859 | 3,987 | 4,241
BT REW B, (FRp)] 1:374 | 2,151 | 2,151 | 2,868 | 2,868 | 4,302
H = AR & & G, (% ~ITEU) 53 | 53 | 53 | 53 | 53 | 53

;1: 1214'7;1 —A?/ﬁ/ﬁi§-$j}
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225 tprREpFPEL

¥ :TEU %

igi % B | AU S BRF |FEPD| & B

B i 6,807 | 18,693 0 3,527 1,785 | 7,413
BB | 4565 0 6,227 481 440 | 1,832
%1.# | 12,535 0 17,098 | 1,319 1,210 | 5,031

3 % 2,267 | 9,570 | 26,280 0 0 0
5 R3 | 3,829 | 2,533 6,955 0 0 0
#AEMH | 1,080 | 1,101 3,024 0 0 0

i % 12,488 | 8,559 | 23,503 0 0 0

5.3.1 Bif 43 2rap = Kz

- sl A AR R R AR ] 2 P R A RV 5
AR Y Rende F e L A FEanlma KT T L TR
A A E AR o At B E 30k Mathematica 4.0 3£ B A25% 0 000 A SAR S
Bl g 9T F R PSR BRER P iR eip Bl i fF
BE N AT

7 5.598*10" 7 A 7
2.215%107 + — —— for 5.090*10" < TC2" <7.675*107,

* 14
2.270*10" + TC26}'.34; 0;8*107 for 8.098*10" < TC2" <8.560*10’.
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HEEF 1463 168IL b MG AL T T A AU G A AFE
Flpb oo S G H R R R B RBIUE S AS G A An s E
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8.008*107 % ~pF » P2 * & AL TS A4 it -
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%26 1HAMLATT fORER R R 7L SuE IR
BRHE AN EB FhaAE
0.5 AE T - - -
0.75 3 ¥ - - -
1 * ¥ T - - -
1.5 T6 4.154*10’ 8.459*10’ -1.7882
2 T5 4.430*10’ 7.617*10’ -1.1410
3 TS 5.538*10’ 6.775*10’ -0.5070
4 TS 6.646*10’ 6.354*10’ -0.2851
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6 TS 8.861*10’ 5.932*10’ -0.1267
7 T5 9.968*10’ 5.812*10’ -0.0931
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E-FRRpFATEREBEE AR {EE T UEY 2D
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3 210) M FEFALRTIREGE S A EL B ERA - AT

EPE
ERELT EECELE =R
(10" % =) (1072 %) s || o 19 5 s || 5 s
A 3 3

6305~ o | 8.739~09.325 i‘;‘j T6| 1.02 |T5/143~ o |T5/1.92~ =
5.665~6.305 | 9.325~9528 |#iF |T6| 146 | - . |T5|247~457
5.030 ~ 5.665 | 9.528 ~ 9.940 T5(0.70 ~ 1.06| T5(0.94 ~ 1.42
4740 ~5.030 | 9.940 ~ 10.306 T5(0.54 ~ 0.71|T2(0.75 ~ 0.99
4.664 ~ 4740 |10.306 ~ 10.525 i‘;f Té| 1.02 |T5(0.47~0.52|T6(0.60 ~ 0.65
4.628 ~ 4.664 |10.525 ~ 10.741 T6(0.42 ~ 0.44| T5(0.62 ~ 0.65
4552 ~ 4.628 |10.741 ~ 11.762 T6(0.36 ~ 0.40| T6|0.49 ~ 0.54
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227(0) EEFHEHFFALAES AL F S A B2 B R S

EIRER N
JERAR B iF SR B

(10" £ =) (10" =) |B&: ;‘Eﬁﬁtﬁ ;p] 5 s ;p] 5 i
5895~ o | 8.506 ~8.635 i‘;‘j T6| 1.33 |T5/133~ o |T5(333~ «
4.659 ~5.895 | 8.635~8.707 T5(2.74 ~ 4.26
4407 ~4.659 | 8.707~9.131 |Hi¥ |T6| 146 | - - T2|0.57 ~3.08
4.405 ~ 4.407 | 9.131~9.156 T3{0.46 ~ 0.49
4.270 ~4.405 | 9.156 ~ 9.506 T5|0.17 ~ 0.26|T2|0.45 ~ 0.69
4.260 ~4.270 | 9.506 ~ 9.550 T5(0.16 ~0.17|T1|0.43 ~ 0.45
4.252 ~4.260 | 9.550 ~ 9.589 T5(0.16 ~ 0.16/T2|0.41 ~ 0.43
4.244 ~4.252 | 9.589 ~ 9.661 T5|0.15~0.16/T3|0.37 ~ 0.39
4.240 ~ 4.244 | 9.661 ~ 9.681 f;;%j T6|' 4.33 |T5|0.15~0.15/T5/0.37 ~0.37
4.238 ~4.240 | 9.681~9.810 T6|0.13~0.13|T10.36 ~ 0.37
4.225~4.238 | 9.810 ~9.897 T6(0.12~0.13|T2|0.34 ~ 0.36
4.217~4.225 | 9.897 ~9.998 T6|0.11~0.12|T3/0.30 ~ 0.32
4.212 ~4.217 | 9.998 ~10.789 T6|0.11~0.11{T5|0.29 ~ 0.30
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