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DIRECT VERSUS TERMINAL ROUTING ON A
MARITIME HUB-AND-SPOKE CONTAINER
NETWORK

Chaug-Ing Hsu* and Yu-Ping Hsieh**

Key words: routing decision, hub-and-spoke networks, multi-objective
analysis.

ABSTRACT

This study formulates a two-objective model by individually
minimizing shipping costs and inventory costs to decide whether to
route a shipment through a hub or directly to its destination. First,
shipping and inventory cost functions are formulated for a multi-port
calling route. Shipping costs include capital and operating cost, fuel
cost and port charge, while inventory costs include waiting time cost
and shipping time cost. Then, based on a trade-off between shipping
costs and inventory costs for two types of shipping routes, Pareto
optimal solutions of the two-objective model are determined, and a
routing decision can be illustrated and made in objective val ue space.
The optimal routing, ship size and sailings frequency with respect to
each level of inventory cost is shown. The results show that the
optimal decision tends to be direct shipping as container flow between
origin and destination ports increases.

INTRODUCTION

Container carriers operate in an increasingly com-
petitive and market-driven environment. Most of them
continuously provide their services using hub-and-spoke
networks. Under a hub-and-spoke network, economies
of flow can be realized by consolidating freight through
a hub and using large ships. However, routing all
freight through a hub is not necessarily appropriate in
any situations. Although the average shipping cost per
TEU decreases on line-haul legs of hub-and-spoke
networks, freight originated in feeder ports must be
transshipped through a hub, and incur extra shipping
distance, shipping time, port charges and stevedoring
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charges. Therefore, container carriers must decide
whether to route a shipment through a hub or directly to
its destination. This study constructs an analytical
model on exploring this issue.

Previous studies on maritime shipping service plan-
ning such as ship routing, fleet deployment, and ship
scheduling were focused largely on general networks
(e.g., Rana and Vickson [15]; Cho and Perakis [3];
Powell and Perakis [14]; Sambracos et al. [19]; Ronen
[17, 18] etc.), while studies about hub-and-spoke net-
works were few. However, as hub-and-spoke networks
have been used by more container carriers recently,
more and more studies discuss about these special net-
works (e.g., Robison [16]; Bendall and Stent [1]; Mouréo
et al. [13]; Hsieh and Chang [9] etc.). Some of them
proposed employing constraints to deal with the charac-
teristics of transshipment in hub-and-spoke networks,
and some of them introduced cost discount on main-line
shipping to deal with flow economies. However, differ-
ing from previous studies, this study formulates flow-
dependent cost functions and constructs a two-objective
model by individually minimizing shipping costs and
inventory costs to analyze routing decision on provid-
ing shipping services in a hub-and-spoke network.

Container carriers concern both shipping costs and
inventory costs when they make routing decisions, be-
cause they not only aims at lowering their shipping costs
but also enhancing their servicesto attract more shippers.
Inventory costs are considered to be crucial factors
affecting the shippers’ demand. So both inventory cost
and shipping cost are regarded as decision factors.
Inventory cost is commonly regarded as a major factor
affecting shipping service decision in logistics literature.
These studies usually determined the optimal shipping
frequency by minimizing total shipping and inventory
costs (e.g., Daganzo [5]; Hall [7] etc.). In maritime
study, Jansson and Shneerson [11] also proposed an
economic model to analyze shipping service decision
by minimizing total shipping and inventory costs.
However, in reality, although container carriers con-
sider inventory cost as a decision factor, the weight



210 Journal of Marine Science and Technology, Vol. 13, No. 3 (2005)

placed on inventory cost is usually not equal to that on
shipping cost. Therefore, the model proposed herein
regards shipping costs and inventory costs as two sepa-
rate objectives. The optimal routing with respect to
each level of inventory cost and shipping cost can be
determined using the proposed model. In addition, the
proposed two-objective model not only provides flex-
ibility for container carriersin routing decision-making,
but also provides atool to analyze the trade-off between
shipping cost and inventory cost. Furthermore, single-
objective decision-making by minimizing total ship-
ping and inventory costs or merely minimizing shipping
cost could be regarded as a special case of the two-
objective decision.

In this study, a hub-and-spoke maritime network is
considered to provide freight shipping services between
two continents or regions separated by a major ocean.
In each region, one or several ports are selected as hub
ports based on location and freight shipping demands.
Then, large mother ships are used to provide services
among hub ports in different regions, and small feeder
ships are used to provide services between hub port and
its spoke (or feeder) ports in the same region. A
fundamental hub-and-spoke maritime network consid-
ered in this study is shown in Figure 1. This study
explores route decision-making on whether freight be-
tween feeder ports on one feeder line at origin region (e.
g., ports p1 and p2) and hub ports at destination region
(e.q., ports p5 and p6) should be shipped directly (i.e.,
shipped by the direct line, d: p1, p2, p5, p6, p5, pl) or
shipped through the local hub port at origin region (i.e.,
shipped via hub port, p3, by routing the feeder line, s:
pl, p2, p3, pl, and then the main line, h: p3, p4, p5, p6,
p5, p4, p3).

The remainder of this study isorganized as follows.
In Section 2, shipping and inventory cost functions are
formulated by analyzing shipping process for a con-
tainership serving a multi-port calling route. Section 3
determines Pareto optimal solutions of the two-objec-
tive model based on a trade-off between shipping costs
and inventory costs. Section 4 presents an example that

@® Hubport
O Spoke port
—> Mainline
------ » Direct line
Destination region — Feeder line

Origin region

Fig. 1. Thefundamental hub-and-spoke maritime network.

demonstrates the usefulness of the proposed model.
Concluding remarks are finally made in Section 5.

COST FUNCTIONS

Consider a multi-port calling route, m, calls at n™
ports, where n™ € N. The route starts from port 1, and
follows by port 2, port 3... and port n™, and then returns
back to port 1. The ports of call on the route may be
different or some of them are routed again on the
returning route as shown by Figures 2(a) and 2(b),
respectively. On the route, ocean carrier operates f
sailings frequency per season using ship typet. Shipsin
this study are containerships with dry cargo containers,
and the unit of containers is TEU, i.e. twenty-foot
equivalent unit. The cost function herein follows the
formulation of Hsu and Hsieh [8]. This section sum-
marizes the cost function proposed by Hsu and Hsieh
[8].

Suppose flow from one port to another port on the
routeisgiven. Let Qirj" denote flow from port i to port
j on route m per season, wherei,j=1,2..n"and QiT
=0fori =j. Then theloading and unloading volumes

inany port i per round voyage are fl 2Qj and %ZQ i
respectively. J J

Shipping costs can be divided into three main
categories: Capital and operating cost, fuel cost and port
charge. Capital and operating cost represents the total
expenses paid for using the ship each day, including the
cost of owning the ship, crew wages and meals, ship
repair and maintenance, insurances, materiel and
supplies, diesel oil consumption, and so on. Capital and
operating cost increases with ship size, operating time
and sailings frequency.

The total shipping time per round voyage for a
ship includes line-haul time at sea and dwelling time
in port. The port dwelling time include the cargo
loading and unloading time and the arrival and depar-
ture process time that a ship spends at ports. The cargo
loading and unloading time can be estimated by con-
tainer loading/unloading volume and the handling
rate. Let R; denote the average gross handling rate, TEU
per day, in port i, then the cargo loading and unloading

timein any porti is %;(Q.T +Q'). Thearrival and
1

3 1
2 /’G\ 2m /'Q\*
1 e "l
5T A

Fig. 2. Shippingroutes: (a) all portsof call aredifferent; (b) some of
portsarerepeated.
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departure process time includes not only time a ship
moving into or out from the port but also time a ship
waiting for entering or leaving a port. The length of
time can be estimated by the average ship waiting
time and the average ship sailing timein aport. Let W,
denote port arrival and departure process time in
any port i, and the unit of time is day. Then, time a

%JZ(QE“QH’).

Moreover, the total time that a ship spends on all ports
per round voyage is the sum of the dwelling time of n™

+
ports, i.e. EW R ZZ(Q” RQJ' )
Let D{" denote shipping distance between any
consecutive port i and port i + 1 on route m, and V;
denote average service speed for ship type t. Then,

ship spending in any port i is W +

shipping time at sea per round voyage |s ZD. , and
the total shipping time per round voyage |s the sum of
D"

time spent in all ports and at sea, i.e. Z W, + v
t

+1 ZZ(Q ! R +Qj ) Furthermore, let S, denote aver-

age daily capital and operating cost for ship type t.
Then, the total capital and operating cost for a season

with f sailings frequency is
QuRl QJI ) (1)

Fuel cost is the expense of fuel consumption by a
ship sailing at sea and dwelling in port. Fuel cost
increases with ship size either at seaor in port. Moreover,
fuel cost at seais proportional to the shipping distance,
since a ship normally cruises at constant speed at sea.
Fuel cost in port is different from fuel cost at sea, for a
ship must decelerate or accelerate when entering or
leaving a port, while it also depends on distance a ship
moving in port. If a port area is larger, the relative
moving distance may be longer and the fuel cost in port
is higher. Therefore, fuel costs for the same ship in
various ports are different. Sometimes fuel cost in port
can beignored duetoitisrelatively small. Let F; denote
fuel cost at sea per nautical mile by ship typet, and B;;
denote fuel cost in port i by ship typet. Then, the fuel
cost per round voyage on route m by ship typet is
2(F, D" +B, ), and the total fuel cost for a season with
I

S 2W +—')+St 22

f sailings frequency is
fiz(Ft D"+By). (2)

Port charge is paid for a ship dwelling in port and

can be divided into charge on ship and stevedoring
charge. The former is paid for servicing the ship,
including pilotage, towage, line handling fee, and berth
occupancy charge, etc. The latter is paid for cargo
handling, including container loading and unloading
charges, equipment charge, and rent of container yard,
etc.

The level and structure of port charge in various
ports are different. In usual, port charge of a ship
depends on gross tonnage or capacity of a ship and also
depends on berth occupancy time, so port charge of a
ship increases with ship size and berth occupancy time.
However, pilotage, towage, and line handling fee are
independent of berth occupancy time, while berth occu-
pancy charge is proportional to berth occupancy time.
Let aj; denote portion of port charge of a ship that is
independent of berth occupancy time, and f3;; denote
portion of port charge of a ship that is proportional to
berth occupancy time, where subscript i and t indicate
port i and ship type t, respectively. Then, the total
port charge on ship serving a route for a season with f

sailings frequency is fXa; +ZZ% Qi +Qj). Let
i TR

G; denote average handling charge per TEU in port
i. Then, the total stevedoring charge for a season is
22G Qi +Qj). Thetotal port charge is the sum of
i

the total port charge on ship and the total stevedoring
charge. Thatis

fizait + IZJZ 3)

(@Fwei )-(Q{}“+Q}P) .

From Egs. (1)-(3), total shipping cost for a season
with f sailings frequency on route m by ship type t,
TC1™ is the sum of the capital and operating cost, the
fuel cost, and the port charge. That is

TC1m=f
|

ajp + S{W +Bit+Dim(\S/:+Ft)

Gl RIR

Inventory cost represents opportunity cost or loss
of value that cargo cannot be used or sold in the shipping
process, and is positively correlated with cargo volume,
value of cargo, and length of storage time. In this study,
only inventory cost related to container shipping pro-
cess are taken into account, involving the waiting time
cost in the loading port and the shipping time cost that
containers are shipped on a ship. However, inventory

+§|:;

)(Q Pt 4
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cost that occurred in the destination unloading port is
not taken into account because it is not directly related
to decisions on the containership shipping routing.

Waiting time cost is the cost related to sailings
frequency which result in schedule delay for containers
either waiting in the loading port or at the place of
production or origin. The higher the sailings frequency
is, the lower the waiting cost is. Assuming that the
arrival process of containers at each loading port fol-
lows a uniform distribution, then the average waiting
time per TEU in aloading port is one half of a shipping
time cycle. Let H denote the daily value of time per
TEU, and suppose one season approximates to 13 weeks
or 91 days. The total waiting time cost per season for
containers shipped on route mis

91H m
o 23R ®)

Shipping time cost is related to time while contain-
ers are shipped on a ship, and increases with the ship-
pingtime. LetT ,T denote the shipping time of contain-
ersfrom port i to port j on route m. It includes time that
a ship spends on routing through all links and ports on
the path from port i to port j. Since time that containers
spend in unloading portsis not easy to estimate and not
related to routing decisions, the time that containers
spend in loading and unloading ports is approximately
estimated as time spent in loading portsonly. Therefore,
T can be represented as

"’%%Z i+ Q).

(6)

2(’Suk( ?/7:( Wk Q

Where 6”k is defined as

1, if pathfromporti toj containesalink
ik = betweenportk andk + 1; @)
0, otherwises

The total shipping time cost per season for con-
tainers shipped on route mis equal to HZZ(Q
and can be expressed further as:

HEZZQT .,k( +D—k

(8)

From Egs. (5) and (8), the total inventory cost for
a season for containers shipped on route m by ship type
t, TC2™, isthe sum of the total waiting time cost and the

I% Z;%Z it QuQ)-

total shipping time cost. That is:

m _ m D
TC2 —MTH;]ZQU "'HiZjZ;QiJ 'lk( k VI:

+|;| 2222 ” ”k Qu +Qi). 9

[

ROUTING DECISION

There is a trade-off between shipping cost and
inventory cost shown as Egs. (4) and (9), above. That is,
in a higher sailings frequency route, the inventory cost
is low and the shipping cost is high, while in a lower
sailings frequency route, the shipping cost is low and
the inventory cost is high. However, a complete optimal
solution does not exist when one objective aimed at
minimizing shipping cost while the other objective aimed
at minimizing inventory cost due to they conflict with
each other. Instead of a complete optimal solution, the
Pareto optimality concept is introduced herein. The
Pareto optimality is the solution where no objective can
be reached without simultaneously worsening at |ease
one of the remaining objectives. (Cohon [4])

The feasible solutions that minimize two objec-
tives for each type of ship are determined using trade-
off relationship and the constraint of ship capacity. And
the Pareto optimal solution can be further determined by
comparing the feasible solutions of all types of ships.
Moreover, the optimal ship size and sailings frequency
yielding the minimum shipping cost with respect to
each level of inventory cost can be determined at the
same time. In the meantime, the Pareto optimal solu-
tions for decisions on either routing a shipment through
a hub or directly to its destination can be determined
further in a similar way.

Suppose routing decisions are made by two
objectives, i.e. individually minimizing total shipping
costs and minimizing total inventory costs of a hub-and-
spoke network system. When comparing Pareto opti-
mal solutions for routing a shipment through a hub with
routing directly to its destination, since the Pareto opti-
mal solutions for containers shipped from spoke ports
on one feeder linein origin region to a hub in destination
region won't be affected by all other feeder lines, it is
not necessary to calculate shipping and inventory costs
of all routes in the system. As shown in Figure 1, only
costson threelines, i.e. lines s, h, and d, are considered
when routing a shipment directly to its destination,
while costs on two lines s and h are considered when
routing a shipment through a hub.

Since a hub has the advantage of cargo-
consolidation, it is assumed cargo flow inamain lineis
very large. Then, the main line can be serviced with the
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minimum shipping cost, no matter how large the inven-

tory cost is. Let Tc1h, denote the minimum shipping
t

cost in main line, and TCZP* denote the respective

inventory cost. Then, the minimum shipping cost re-
sults from the optimal sailings frequency which equals

to the maximum link flow, Max 225.”((?” , divided by
Max Zzéqu ij

U *
Substituting it for f in Egs. (4) and (9), respectwely

the capacity of ships, Un. Thatis f =

TClr* and Tczh* can be further expressed as:

— MaX Zzéqu!}
TClt* :U—t*lz ait* +St*Wi +Biti
S, *
+DP(\/E*+Ft*)
S,

+IZJZ (G +ﬁ|ti +Rt|) (Q:'J1 +Q::) , (10)

TC].?* :LZZQU
2Max22c5”kQ,J

+H222Q.,a.,k( 5*)

HU .
Max zzdlen ijglz

Qnéi?k
Ry

(11)

Furthermore, TC1M(Q™) and TC2™(Q™) represent,
respectively, the shipping cost and inventory cost on
route m, which depend on the total flow Q™. As shown
in Figure 3, g” denote the total flow between the spoke
port at origin region and hub at destination region,
and g" denote the total flow on the main line between
hub at origin and hub at destination region and g° denote
the total flow on the feeder line between spoke port at
origin region and hub at origin region. Then, when
thereis total flow g° shipped directly to its destination,
total flows on direct line, main line and feeder line will
be g% q" - g% and ¢° - g, respectively, as shown in
Figure 3(a).

Let TTC1' and TTC2' denote the total shipping
costs and the total inventory costs of feeder line and
main line for shipping flow q° through a hub,
respectively. If the main line is serviced with the

(QE| +Q|hk)-

minimum shipping costs, then TTC1' and TTC2' can be
expressed as

TTC1' =TC1M(@") + TC15@S), (12)

TTC2' =TC2N (") + TC25@QS). (13)

Where TC1%(qg®) and TC2%q°) in Egs. (12) and (13) are
the shipping and inventory costs for the feeder line.
Moreover, the Pareto optimal solutions for the feeder
line can be determined by shipping and inventory cost
functions formulated and trade-off relationship between
them. The Pareto optimal shipping cost for shipping
through a hub is the Pareto optimal shipping cost of the

feeder line added by a constant value, TCIF*(q hy, and

the Pareto optimal inventory cost for shipping through
a hub is the Pareto optimal inventory cost of the feeder

line added by a constant value, tcoh Q")
t*

Let TTC1% and TTC2" denote, respectively, the
total shipping costs and the total inventory costs of
direct line, main line, and feeder line for shipping flow
qd directly. Then, if the main lineis serviced with the
minimum shipping cost, then TTC1¢ and TTC2" can be
expressed as

TTC1? =TC1.(@" —q¢)+ TC1°@°~q

(14)

TTC2! =TC2M(@" —q9) + TC2%q®—q¥) + TC2°@@Y).
(15)

Where TC15(q® - g“) and TC2%(q® - q°) are the shipping
and inventory costs of the feeder line, respectively;
TC1%q®) and TC2%q") are the shipping and inventory
costs of the direct line, respectively. Since there are
trade-offs between shipping cost and inventory cost,
the Pareto optimal solutions for these two lines can also
be determined by the cost functions formulated.
Consequently, the Pareto optimal solutions for
direct shipping can be determined. They are the Pareto
optimal shipping costs of both the feeder line and

Main line, Main line,
q-qf q Hub
Feederlme Feederlme
g D|rect||ne

Spoke
(b)

Fig. 3. Thetotal flow on each line: (a) part with direct shipment; (b) all
with transshipment.

d)+TC1@Y),
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the direct line added by aconstant value, TC1/.(q" —q),

and the Pareto optimal inventory costs of both the
feeder line and direct line added by a constant value,

h
TC2"(q" —q9).
EXAMPLE

A Transpacific containership service from Far East
to U.S. west coast is considered herein to demonstrate
the application of the proposed model. The shipping
service is operated by an ocean carrier who provides
services using hub-and-spoke networks. The shipping
route of main line starts at Kaohsiung, passes Busan,
Los Angeles, Busan, Hong Kong, and backs to
Kaohsiung, as shown on solid lines of Figure 4. The
objective of the example attempts to apply the proposed
model to make analyses about routing decisions on
whether shipping containers from Manila, a major port
in Philippines, to U.S. west coast through hub port,
Kaohsiung, or directly to U.S. west coast, as shown in

Figure 4(a) and 4(b), respectively.

Suppose there are five types of ships used by the
ocean carrier, and let T; (i = 1 ... 5) denote the types
of ships from i = 1, the smallest, to i = 5, the largest.
Table 1 shows the capacity, service speed, capital
and operating costs, and fuel cost for each type of ship.
In addition, port charge on ship (a;;, Biy) and loading/
unloading charges in port, G;, are estimated using
port charge of Kaohsiung Harbor (Kaohsiung Harbor
Bureau. MOTC, ROC [12]). Two-way flows between
Kaohsiung and Manila are estimated from data
published by Department of Statistics, MOTC, ROC
[6], while the others are estimated from the data
provided by Institute of Transportation, MOTC , ROC
[10]. Besides, the average gross handling rate, R;, and
the port arrival and departure time, W, are estimated
from the vessel arrival/departure time data of Kaohsiung
Harbor.

When containers between Manila and U.S. west
coast are transshipped through the hub, Kaohsiung, the
minimum shipping cost of the main line is 2.6907872 x

Table 1. Capacity, service speed, daily capital and operating cost, and fuel cost for each type of ship

Type of ships’ T1 T2 T3 T4 T5

Capacity, U; (TEU) 1,810 2,728 3,428 4,211 5,652
Service speed, V; (nautical miles per day) ? 504.0 492.0 496.8 600.0 600.0
Daily capital and operating cost, S (U.S. dollars) 21,940 22,865 23,571 24,360 25,813
Fuel cost per nautical mile, F; (U.S. dollars) 1551 20.81 24.32 2357 29.89
Fuel cost in port, Bj; (U.S. dollars) 77.62 104.05 121.59 117.84 149.44

& Source: Five types of ships are currently used by Evergreen Marine Corporation, http://www.evergreen-marine.com.

P Source: Wang [20].

Busan LosAngles Busan LosAngles
5230 5230
—30 & -0
1140
1140 908
Kaohsiung
342 el
. 543 )
Hong Kong Manila Hong Kong @ Manila

@

Source of shipping distance: Caney and Reynolds[2].

(b)

Fig. 4. Themarine networks: (a) direct shipment; (b) transshipment. (number represent link distancein nautical miles)
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107 U.S. dollars and the corresponding inventory cost of
the main line is 7.3117449 x 107 U.S. dollars. In

addition, the Pareto optimal solutions of the feeder line
are determined using Egs. (4) and (9), and shown as:

12
202778 x 108 +-2:00142x 10 ¢ 455 685 < TC 25 < 1.16478 x 10°,

TC2°-452,685

12
197306 x 10° + _1:8233x 10™° ¢ 1 16478 10° < TC2® < 450374 x 10°,

S
TC1S = TC2” -528,446

12
19892 x 106 +-2:04908x 10 ¢, 517042 x 10° < TC2® < 653149 x 10°.

TC 2% —539,995

(16)

12
202778 x 10° + 200142 10 ¢, 7 01893 10° < TC 25 < 9.70128 x 10°.

TC2°-452,685

The Pareto optimal solutions for routing a ship-
ment through hub port, Kaohsiung, are determined and
shown in the objective value space in Figure 5. The
optimal ship size for feeder line associated with each
Pareto optimal solution is also obtained. There exist
three types of shipsin the Pareto optimal solutions. The
optimal ship size of feeder lineis T4, T2 and T1, for
three cases that the value of TTC2"'is without constraint
or constrained to be lower than 7.36 x 10’ U.S. dollars;

lower than 8.02 x 107 U.S. dollars; and lower than
7.83 x 107 U.S. dollars, respectively.

On the other hand, when containers between
Manila and U.S. west coast are shipped directly, the
minimum shipping cost of the main line is 2.500537 x
107 U.S. dollars, and the associated inventory cost of the
main lineis6.933135 x 10° U.S. dollars. In addition, the
Pareto optimal solutions of the feeder line and the direct
line are determined using Egs. (4) and (9), as follows:

11
833950+ (49174 x 10 ¢, 186173 < TC2S < 515,127,

TC2°-186,713

11
811,440 + 6:78855x 10 ¢ 515 157 < TC2° < 4.74098 x 10°,

S
TC1S = TC2”-217,330

11
818,083+ /:62918x 10 ¢ 554105« 10° < TC2® < 7.04004 x 10°,

TC2°-222,080

(17)

11
833,050 + (:45174x 10" ¢ 7 94584 4 106 < TC2® < 1.07105x 107,

TC2°-186,173

1.16014 x 10*3
TC2" —2.63641 x 10°
1.31551 x 10*
TC2% —2.63641 x 10°

1.19383x 10° +
TC19 =
1.22347 x 10° +

The Pareto optimal solutions for routing a ship-
ment directly to U.S. west coast are determined and
shown in Figure 6. The optimal ship size for both feeder
line and direct line are also obtained and further shown
in Table 2.

Figure 7 shows both Pareto optimal solutions for
transshipment and direct shipping in one objective
value space. For the range of inventory costs between
7.385 x 10" and 8.015 x 107 U.S. dollars, transshipment

for 2.63641 x 10° < TC2% < 1.02345x 107,

(18)

for 1.14227 x 10" < TC2% < 1.28346 x 10"

ispreferred, while for others, direct shipping is preferred.

Furthermore, the influences of flow on the optimal
solution are analyzed. Suppose that two-way flows
between Manila and Los Angeles and between Manila
and Busan are raised five times, while the others remain
the same. Then, the Pareto optimal solutions for both
routing a shipment through Kaohsiung and directly to
Los Angeles are determined and shown in one objective
value space (Figure 8). Figure 8 shows that no matter
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Table 2. Theoptimal ship sizefor direct shipping

Unit: U.S. dollars

Theinventory costs for direct shipping

Optimal ship size

TTC2 Direct line Feeder line

TTC2%< 7.36 x 107 T4 T4

7.36 x 10' < TTC29< 8.43 x 10’ T4 T1

843 x 10" < TTC2'< 8.66 x 10’ T4 T2

8.66 x 10’ < TTC2 < 8.69 x 10’ T5 T1

8.69x 10’ < TTC29< 8.92 x 107 T5 T2

8.92 x 10" < TTC2%< 10.92 x 10’ T5 T4

TTC1'($) TTCL(9)
32x107 - 4510
4.25x10"
3.15x10°} 3
4x107F
3.1x107F 3
3.75x10°F
3.05x107} T1 :
35x107F
3x107} i
2.95x107} 2 T4 N
' _ 3107
2.9x107} 2752107 F Transshipment
— — — — ——— TTC2($) TTC2(9)
74x10°  7.6x107  7.8x10 8x10'  8.2x10 7.5x107 8x10 8.5x107 ox10

Fig. 5. The Pareto optimal solutionsfor transshipment.

TTC1Y($)
45x107,
4.25x107}
4x10°F
3.75x10°}
3.5x107
3.25x107
3x107} (T4, T2) 15, T2) (T5, T4)
2.75x10° (T5,T1)

(T4, T1)

7.5x107 8x10’ 8.5x107 9x107

Fig. 6. The Pareto optimal solutionsfor direct shipping.

what the inventory costs are, the direct shipping is
always the optimal routing decision. The result shows
that the routing decision tends to ship shipment directly
to its destination as container flow between origin and
destination ports increases.

CONCLUSION

This study developed a two-objective model by

Fig. 7. Comparing Pareto optimal solution between transshipment
and direct shipping.

TTCL1($)
9x10’

8x10’
7x107

6x10

Transshipment

5x107
Direct
4x107 shipping

8.5x107 9x10’ 9.5x10" 1x10° 1.05x10°

Fig. 8. Paretooptimal solutionsfor transshipment and direct shipping
asflow increases.

individually minimizing shipping costs and inventory
costs to decide whether to route a shipment through a
hub or directly to its destination. The cost functions
formulated herein are flow-dependent. Moreover, the
shipping costs include capital and operating cost, fuel
cost and port charge, while the inventory costs include
waiting time cost and shipping time cost.

Based on a trade-off between shipping cost and
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inventory costs for two types of shipping routes, the
Pareto optimal solutions of the two-objective model are
determined, and a routing decision can be illustrated
and made in objective value space. Finally, the optimal
routing, ship size and sailing frequency with respect to
each level of inventory cost is shown. The result shows
that the optimal routing decision tends to be direct
shipping as container flow between origin and destina-
tion ports increases.

In summary, this study has demonstrated that the
two-objective model could be used to solve the routing
decision problem. The two-objective model thus pro-
posed not only provides flexibility for carriers on route
decision-making, but also provides atool to analyze the
trade-off between shipping cost and inventory cost.
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