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Abstract: Nearly 90% of global trade is transported by ships. However, the in-
creasing demand for high-quality shipping services and lower prices combined with the
endless competition in the shipping market compel shipping companies to allocate the
ship capacity more effectively. First, a benchmark capacity allocation model on a three-
port (A, B and C') shipping line is established. In the model, the shipping company can
observe the demand from the departure port A, but the demand from the intermediate
port B is unobserved. When the shipping company allocates the capacity at the de-
parture port A, the uncertainty from the intermediate port B must be considered. We
find that the optimal capacity allocation strategy is related to a threshold parameter,
which is decided by the shipping price of each shipping leg and the demand function of
shipping leg B — C. When the threshold parameter is larger than the entire capacity of
the ship, the shipping company should accept cargoes of shipping leg A — B as many as
possible; When the threshold parameter is relatively small, the profit function reaches
the peak point when the confirmed cargo delivery amount of shipping leg A — B is
equal to the threshold parameter and the confirmed cargo delivery amount of shipping
leg A — C is equal to the gap between the entire capacity of the ship and the threshold
parameter. The second model considers when strategically throwing away cargoes is
allowed, how the shipping company should allocate the capacity. The optimal results
show that strategically throwing away cargoes will increase the optimal amount of car-
goes that should be accepted to shipping leg A— C' in some special cases. By comparing
the expected revenues of the two models in the long run, the cases when throwing away
cargoes should be allowed are shown. Lastly, a numerical example with exponential
distribution demand is illustrated. The gap between the expected revenues of the two
models shows that allowing the throwing away of cargoes can achieve higher expected

revenues in all five cases.

Keywords: Liner Shipping, Capacity Allocation, Strategically Throwing Away Cargoes
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Chapter 1.

Introduction

1.1. Background and Motivation

It is well-known that nearly 90% of global trade is transported by ocean-going ships.
Liner shipping helps more than million-ton of products travel to Europe and America
[22]. Usually, costs for liner shipping companies to operate their services are stable when
there are no large fluctuations of international oil prices. In recent years, benefiting
from relatively low international oil prices, liner shipping companies could operate their
services with relatively low costs. On the other hand, low international oil prices also
cause the increase in demand for high quality shipping services and lower fees. As a
result, Asian Shippers Association and Global Shippers Alliance were created to protect
the rights of cargo owners [11]. In addition to the pressure from cargo owners, the
competition from the shipping market has also been increasing. Six carriers, including
Mitsui O.S.K. Lines et al., formed a new container carrier alliance in May 2016, named
“THE Alliance”, to compete with three other container carrier alliances: “CKYHE
Alliance”, “2M Alliance” and “Ocean Three” [24]. Figure 1.1 shows the present market
share in different trade lanes. Endless and fierce competition also will prompt alliances

to coordinate more effectively for the higher market share and revenue.

1.2. Research Question

Carrier alliances make it possible for shipping companies to share vessels and rent ship
capacity from each other. Generally, if a shipping company accepts a booking, the

cargoes will be delivered without throwing any away until reaching their destinations.
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Figure 1.1.: Market share by 2M, 03, G6 and CKYHE alliances. [9]

Here, “throwing away” does not mean to abandon those cargoes but instead to find
short-term storage until the next ship’s arrival. The main reason for that is because
a liner shipping company usually conducts shipping activity once every couple of days
or couple of weeks. Throwing away cargoes at any port will lead to an extended
delay, which may bring a higher delay cost or other invisible losses, such as reputation
loss. However, if coordination within a carrier alliance can decrease the delay cost to
an acceptable level, can strategically “throwing away” the cargoes result in a higher

revenue?

This paper attempts to discuss how the behaviour of strategically throwing away car-
goes affects a shipping company’s decision regarding capacity allocation and revenue.

For tractability, this paper simplified a liner shipping line to a simple three-port line.

Usually, about three weeks before departure, a shipping company begins to receive
capacity bookings. At this time, reservations do not indicate the actual acceptance
of bookings. Unlike the booking process in the airline, which confirms an order in a
few seconds, a shipping company usually needs two days to decide whether to accept a
booking and many shipping companies deal with consignors’ reservations a week before
the departure. For a liner ship on a long route, although the shipping company can
observe the demands from the departure port in a line, the demand of the interme-
diate port is unknown. This conveys uncertainty for the shipping company’s capacity
allocation. Therefore, when the shipping company makes decisions regarding capacity

allocation, the shipping company needs to take all demands from the shipping line into
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account, not only those from the departure port. The operating form of the throwing
away is similar to transshipment, but their purposes are different. The shipping compa-
nies throw away cargoes in order to obtain higher revenues. Transshipment is usually
used to describe the transshipping of cargoes between two types of ship in shipping

because of different destinations and different shipping operating costs.

The long-haul shipping price usually reflects a discount effect compared with the sum of
all sub-legs. When demands are large enough, accepting short distance orders can gain
more for the shipping company than long haul. A liner ship’s voyage usually requires a
couple of weeks or more, the time sensitivity for shipping is lower for it than for other
transport modes such as air. In addition, coordination between shipping companies of
the same carrier alliance can shorten the delay. Both of that could make it possible for
the shipping company to strategically throw away long-haul cargoes at the intermediate
port. Of course, a penalty cost including the unloading and loading expenses, storage

costs and delay costs will be applied to those thrown cargoes.

This paper formulates a shipping company capacity allocation decision model with
the uncertainty of the demands of the intermediate port in a liner shipping line. The
optimal capacity allocation strategy for the shipping company is proposed. More im-
portantly, this paper provides the possibility of a fresh new coordination approach for
carrier companies in a carrier alliance. A new capacity allocation model is set up where
“throwing away cargoes” is allowed for the shipping company. The optimal strategy
has a similar structure to the benchmark model. What’s more, while not applying to all
situations, this paper proves that “throwing away” cargoes could change the shipping
company’s capacity allocation and increase the revenue in certain cases. In the long
run, allowing the “throwing away” of cargoes can also increase the expected revenue
under special conditions. Conditions for allowing the throwing away of cargoes are also

obtained.

1.3. Outlines

Related literatures are discussed in the second chapter. In the third chapter, we first
discuss the benchmark model, which considers the uncertainty of the intermediate

port’s demand, how the shipping company should allocate the capacity. The model for
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strategically throwing away cargoes is discussed next. In the fourth chapter, managerial
insights are provided through numerical examples. In the last chapter, we present the

conclusions for this paper and the future works.
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Chapter 2.

Literature Review

Few works of literature discussing the throwing away of shipping cargoes were found.
However, similar literatures about capacity allocation, the newsboy model and over-

booking were uncovered.

2.1. Capacity Allocation

Hetrakul et al. [17] analyzed ticket reservation data from a railway to search for optimal
pricing and seat allocation in order to acquire the maximum revenues. By considering
the taste heterogeneity of passengers, a customer choice model was developed. The
results showed that satisfying short-haul demand achieved a greater revenue than long-
haul demand. Amaruchkul et al. [2] considered how a single air-cargo carrier allocated
the cargo capacity to multiple forwarders. The actual usage of each forwarder was
modelled through a discrete Markov chain. The results were concluded with numerical
examples. Dror et al. [10] modelled a seat allocation problem on flights as a network,
in which passenger categorisation was considered on a multi-leg flight, but it was also
assumed that no passenger would board at the second node. Only allocation principles
were proposed. Wang et al. [28] analyzed how a liner container shipping carrier de-
cided on the shipping route scheduling and cargo allocation scheme at each port when
considering demurrage cost of cargoes that were incurred if cargoes needed to wait at
ports. Zacharias et al. [35] studied the appointment scheduling problem at a medical
facility when considering patients who displayed no-show behaviour. The difference
between the usual studies of revenue management was that the objective included pa-
tients’ waiting time and the doctor’s idle time and overtime, but not the revenue. Xiao

et al. [33] discussed another two-dimensional model, in which there were two demand

17



types consuming different capacities in each dimension and demand arrivals follow a
Poisson process. The optimal solution was discussed with an analytical form. Gallego
et al. [14] studied one airline’s capacity allocation problem. In this particular situation,
two flights served the same market and the airline supplied a flexible service product,
which supplied the flight service with a discount price and both flights were possible to
be used to supply the flight service. The airline supplied the flexible service product
only in the first period and supplied special products in two periods and with a higher
price in the second period. The airline needed to decide the maximum number of each
kind of product that would be accepted in each period to reach the maximum revenue
depending on whether overbooking was allowed or not. Various properties of an op-
timal solution were discussed and an algorithm was designed to compute the optimal
solution along with the expected revenue. The numerical results showed that more
customers would like to purchase and the usage of capacity increases when the price
of the flexible product is lower. Wilson et al. [32] discussed an airline that supplied
two classes of ticket fares in two periods. Low fare customers always arrived before the
high fare customers in each period and if the low fare tickets were sold out, a fraction
of customers would purchase the high fare and the others would wait for the low fare

in the second period. The optimal booking limits in the two periods were studied.

Wang et al. [29] studied how a shipping company should decide the optimal itinerary
provision and the price to maximize its profit when customers, based on their utilities,
could choose an itinerary among all itineraries that all shipping companies could supply
among the ports. The utilities of customers included freight costs, inventory costs and
a random item. Guericke et al. [15] studied a liner shipping cargo allocation problem
in a shipping line network, in which the objective function considered the revenue from
all services, the container depreciation, the container handling costs, transshipment
costs of laden containers and empty equipment, the bunker cost, the fixed costs and a
penalty part. Under the constraints of service levels, the optimal capacity allocation
and the optimal sailing speed of each leg were discussed. Wang et al. [30] described the
slot allocation in a shipping line network as resources allocation problem. The shipping
services were described as a set of products. In their model, when the capacity of
each resource that the freight operator supplied was a discrete random integer that was
less than a maximum possible capacity and the demand was discretely distributed, the
freight operator need to find the optimal resource allocation strategy to maximize its

profit that included the expected sales revenue, the expected shortage costs and the
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expected salvage value. Another similar work of Wang [31] considered when there were
three different products including normal delivering, reefer delivering and premium
delivery, how the slots should be allocated. Fu et al. [13] studied when shipping line
network faced the minimum quantity commitment uncertain demand, how the container

slots should be allocated.

2.2. Newsboy Model Related Literature

Li et al. [20] discussed a two-product newsboy model problem in which two demands are
independently and exponentially distributed and an analytical solution procedure was
presented. Bensoussan et al. [3] extended the classical newsboy model further. In their
model, a target service level was committed first and the newsboy would observe the
demand and update signals after an initial order. Lau [19] discussed the newsboy model
problem with two products, while the objective was the probability of achieving a target.
Khouja et al. [18] studied another two-product newsboy model, in which a customer
could substitute a desired good with a certain amount of another kind of good. The
optimal solutions’ structures and a numerical example were presented. Tibben et al. [26]
examined a long-term supply contract in which the order amount for every period was
limited into a specific range and heuristic results were given. Chen et al. [8] developed a
two-period supply chain model, in which the retailer ordered only at the beginning of the
first period and returned a certain number of products to the manufacturer at the end of
first period with a higher buy back price. The retailer would need to decide the proper
inventory for the second period to maximize the expected profit. The optimal decisions
in the centralized system were discussed. By comparing with the optimal decisions in
the decentralized system, coordination strategies were also discussed. Reimann et al.
[23] introduced a two-period newsboy model problem, in which the manufacturer offered
new products to the market in the first period and offered new and remanufactured
products in the second period. Independent distributed demands were assumed for the
two periods. In addition, the situation of the inventory carryover from the first period
was also considered. Ali et al. [7] studied a two-period inventory model, in which
the newsboy could order before the selling period and also order at the beginning of
the selling period. After ordering the second time, the newsboy could sell certain
quantities of inventory to a client market with a lower price in comparison with the

usual market. Moreover, this model also assumed that the unsatisfied orders could be
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backlogged until the next period and the demands at each period were independently
and randomly distributed. Under some capacity constraints, the optimal solutions and
a numerical example were discussed. The study from Tiwari et al. [27] found some
differences compared with the previously mentioned study. In a supplier and retailer
model, the usual assumption of the supplier was fulfilling all of the orders from the
retailer, but suppliers may only fulfil partial orders in reality. Under this assumption,
this paper discussed how the retailer should decide the optimal order amount when the
newsboy could order one more time after the arrival of some demands. Finally, under
the assumption of normal demand distribution, the structure of the optimal solution
was discussed. Harrison et al. [16] noted that when a firm sells multiple products on
the market, each of the products was manufactured using several resources and the
demand for each product was uncertain. They next determined how the firm should
decide its investment strategies and production plans. The results showed that the
optimal investment strategy was a transformation of the multi-dimensional newsboy
model determined by demand distributions, prices and marginal investment costs. A
special case was analysed in a study by Bernstein et al. [4], in which a firm supplied
two products with different priorities, and each of the products needed both a special

resource and a common resource.

2.3. Overbooking and No-show Related Literature

Alstrup et al. [1] studied a capacity control model of a signal-leg flight with only two
types of passengers, which allowed no-shows. Xu et al. [34] studied the optimal booking
limits for a two-leg airline network model, while overbooking and cancellations were
allowed. In their model, the customers’ arrivals were modelled as a non-homogenous
Markov process, and batch requests were allowed. Subramanian et al. [25] analysed
the booking limits of a single-leg flight with multiple fare classes. Overbooking and
customer cancellations were also allowed in their model. An interesting result showed
that accepting a lower-fare class may obtain more revenues when cancellation refunds
of the lower-fare class and higher-fare class were different. Chatwin [6] studied the
booking limits of a single-leg flight allowing airline overbooking and customer cancel-
lations. The difference for this study was that the customers’ reserving process was
modeled as a continuous-time birth-and-death process. Under the assumption that the

fares and refunds were piecewise-constant functions of the time to flight, the optimal
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booking limits were discussed. A similar study was conducted by Chatwin [5], in which
a discrete-time approach was use to describe customers’ reserving process. Sharbel
et al. [12] analysed a two-leg airline seat inventory control model with multiple fare
classes, in which airline overbooking and customer cancellations were also allowed and
each customer was allowed to reserve only one seat. The results were illustrated by
a numerical example. Luo et al. [21] studied a two-dimensional (weight and volume)
cargo overbooking model, in which an airline company needed to decide the overbook-
ing level to minimize the sum of capacity spoilage and cargo offloading costs. The
numerical result showed that an airline company can reduce about 5% — 6% of the cost

when considering two-dimensional model.
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Chapter 3.

Model

Table 3.1.: Parameters and definitions

Parameters Definitions

K Capacity of the ship

A The departure port in the shipping line

B The intermediate port in the shipping line

C The final port in the shipping line

Xac The realized cargo delivery requirement for shipping leg A — C
XaB The realized cargo delivery requirement for shipping leg A — B
XBe The realized cargo delivery requirement for shipping leg B — C'
TAC Random demand for the cargo delivery on the shipping leg A — C
TAB Random demand for the cargo delivery on the shipping leg A — B
TBC Random demand for the cargo delivery on the shipping leg B — C
Fac(zac) Cumulative distribution function (cdf) of the demand for shipping leg A — C
Fap(zaB) Cdf of the demand for shipping leg A — B

Fpe(zse) Cdf of the demand for shipping leg B — C'

fac(zac) Probability distribution function (pdf) of the demand for shipping leg A — C
faB(zaB) Pdf of the demand for shipping leg A — B

fBc(zBC) Pdf of the demand for shipping leg B — C

Sac The confirmed cargo delivery amount for shipping leg A — C

SaB The confirmed cargo delivery amount for shipping leg A — B

Sec The confirmed cargo delivery amount for shipping leg B — C

Tac The amount of cargoes thrown away at port B

Pac The unit capacity price for shipping leg A — C'

Pap The unit capacity price for shipping leg A — B

Psc The unit capacity price for shipping leg B — C

Cy Unit penalty cost for the cargoes unloaded at port B

Rp The revenue function of port B

Ra(Sac,Sap) The revenue function of the entire shipping line

In this section, a benchmark model, which considers the uncertain demand of the
intermediate port, is set up. The optimal capacity allocation strategy is discussed
and the expected revenues in the long run are shown. Then, a model for strategically
throwing is established. The strategic throwing away model studies if the shipping
company is allowed to throw away cargoes, how the shipping company should allocate
the capacity. From a long-term view, the situations in which the shipping company
should allow the throwing away of cargoes are discussed. The related parameters and

definitions are shown in Table 3.1.
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3.1. Benchmark Model

This section examines the situation where a shipping company operates a cargo ship
with limited capacity K in a shipping line which starts from port A, passes port B
and finally reaches port C. Usually, the unit price of long distance transportation has
a discount effect compared with the sum of each sub-leg in a shipping line. Therefore,
in this paper, 0 < Pac < Pap + Ppc is assumed first. After the arrivals of all cargoes
of shipping leg A — C and shipping leg A — B, the shipping company needs to decide
how many cargoes should be accepted for shipping leg A — C' and shipping leg A — B,
respectively. At this moment the shipping company has no specific information about
the demand for the shipping leg B — C. We assumed that the cumulative distribution
function of the demand for shipping leg B — C' is Fpc(xpc). When the ship sails to
port B, the company will set a deadline for receiving bookings of cargoes of shipping
leg B — C. After the deadline, the company needs to decide how many cargoes should
be accepted for shipping leg B — C. When the company decides the amount of cargoes
that should be accepted for shipping leg B — C', the decision problem is expressed as

follows:

Rp = Ppc - Spe
St.
0 < Spc < XBe,

0<Spc <K —Sy¢.

At port B, the shipping company confirms that Spc units of cargos will be delivered
from port B to port C' with price of Ppc. Here, the confirmed cargo delivery amount of
shipping leg B—C Spc should be no larger than the realized cargo delivery requirement

for shipping leg B — C' and the remaining available capacity K — Sac.

Proposition 3.1.1. The optimal amount of cargoes for shipping leg B — C has the

following structure:

XBc, 0< XBc <K -—>Sac
Spe =
K —Sac, K —Sac < Xpe

Obviously, when the realized cargo delivery requirement for shipping leg B — C is
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less than the remaining available capacity, the optimal amount of cargoes will be the
realized cargo delivery requirement itself. Otherwise, the remaining available capacity

will be the optimal amount.

The optimal revenue function can be easily described:

i Ppc - Xpe, 0< XBc <K -—>Sac
RB ==

Ppc - K — Ppc-Sac, K —Sac < Xpe

At port A, the decision problem is shown as follows:

RA(Sac,SaB) = Pac - Sac + Pap - Sap + E[Rp]

St.

0<Sac < Xac,
0 < Sap < Xas,

0< Sac+Sa < K.

At port A, the shipping company confirms that Sac units of cargos will be delivered
from port A to port C' with price of P4c and Sap units of cargos will be delivered from
port A to port B with price of Pyp. A expected revenue E[R}] will gain form port B.
Here, the confirmed cargo delivery amount of shipping leg A — C' (A — B) should be
no larger than the realized cargo delivery requirement for shipping leg A — C' (A — B).
Besides, the sum of the confirmed cargo delivery amount of shipping leg A — C and

A — B should not exceed the entire capacity of the ship K.

Proposition 3.1.2. The optimal amount of cargoes for shipping leg A—C and shipping
leg A — B have the structure shown in Table 3.2, where A = Fgé(%g_ﬂ‘m).

Pgc—(Pac—PaB)

P is the critical fractile. In this model,
BC

Similar to the newsboy model,
we assume Pao — Pap < Ppc, which seems like the cost for shipping from port B to
port C' is Paoc — Pap. We can easily find that A increases with Ppo and decreases with
the gap between P4 and Psap. Thus, it can be observed that when A > K, which
can be transformed to Fpc(K) < (W), the optimal allocation strategy is
satisfying the demand for shipping leg A — B preferentially. That is to say, when the
probability of the demand for shipping leg B — C' is less than the critical fractile, the

shipping company should accept cargoes of shipping leg A — B as much as possible.
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Table 3.2.: Benchmark model: optimal allocation

A Xac Xap | Xac+ XaB She Sip
[0, K] [0, K] [0, K] Xac Xap
(K, 00) 0, K] K — X B XaB
(K, 00) [0, K] (K, 00) 0 K
[0, K] [0, K] (K,00) K—Xap | Xap
(K,00) | (K,o0) 0 K
[0, K] [0, K] [0, K] Xac XaB
(K,00) [0, A] K—Xap | Xap
(K,00) | (A, K] K—A A
[0, K —A] | (K, o0) Xac K — Xac
(0,K] | (K- A K] | (K,o0) K—A A
[K—A,K] | [0,4] (K, 00) K — Xap Xap
(K-AK]| (LK] | (K, o0) K—A A
[0, K —A] | [A K] (K, 00) Xac K — Xac
(K,00) | (K,o0) K—A A

If 0 < A < K, which means the probability of the demand for shipping leg B — C' is
no less than the critical fractile, the situation becomes more complicated. When the
arrival demands of shipping leg A — C and shipping leg A — B are both relatively low
and their sum is lower than the whole ship capacity, the optimal delivery quantities
of cargoes for shipping leg A — C and shipping leg A — B are the quantities of arrival
cargoes only. When the arrival demands of shipping leg A — C' and shipping leg A — B
are both relatively lower than the whole ship capacity but the sum of them is higher
than the whole ship capacity, the revenue function reaches the peak point at (Sac =
K — A, Sy = A). When the arrival demand of shipping leg A — C' is larger than
the capacity of ship K, the revenue function reaches the peak point at Sqp = A. In
the case that the arrival demand of shipping leg A — B is less than A, the optimal
delivery quantity for shipping leg A — B should be equal to the arrival demand. If the
arrival demand of shipping leg A — B is higher than A, the optimal delivery quantity
for shipping leg A — B is just A. When the arrival demand of shipping leg A — C
is larger than the capacity of ship K, the revenue function reaches the peak point at
Sac = K — A. In the case that the arrival demand of shipping leg A — C is less than
K — A, the optimal delivery quantity for shipping leg A — C should be the arrival
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demand. If the arrival demand of shipping leg A — C' is higher than K — A, the optimal
delivery quantity for shipping leg A — B is K — A. Figure 3.1 shows the shipping

company’s optimal capacity allocation in two cases.

We assume that the cumulative distribution functions of arrival cargoes for shipping
leg A — C and arrival cargoes for shipping leg A — B follow Fac(zac) and Fap(xap)
in the long run. Thus, in the case A > K, when the shipping company completes one

shipping service, they can get the expected revenue in the long run as follows:

K rK—zac 00
E[Rpral = / / (/ Ppco(K
o Jo K-z ac

K-z ac
—xac)dFpc(zpc) + / Ppcxrpo dFpe(zpe) + Paprap +
0

[e%) K
PACﬂSAC) dFsp(zaB)dFac(zac) + / / <PAC(K
x Jo

[ee]

TAB
—xAB) + Paprap + / Ppcxap dFpc(xzpe) + / Ppcxpe
0

TAB

K K
dFBC($BC)> dFap(zaB)dFac(zac) +/ / (PAC(K —xaB) +
0 K-z a0

o0

Pipxap +/ Ppcxap dFpc(xpe)

TAB

T AB o0
+ / Ppcxpc dFBC(iUBC)) dFap(xaB)dFac(zac) + / <KPAB +
0 K

o] K
/ KPpc dFpc(zpc) + / Ppcxpe dFBc(a?Bc)) dFAp(xaB)
K 0

When 0 < A < K, in the long run, the shipping company completing one shipping
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Figure 3.1.: Benchmark model: optimal capacity allocation
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service can get the expected revenue:

oo

K A
E[RprLE| = / / <PAC(K —xaB) + PapTaB + / PpcxapdFpco(rpe) +
K—ANJK—zac T

AB

TAB 0o A
/ Ppczpe dFBC(JUBc)) dFap(xaB)dFac(zac) + / / (PAC(K -
0 & Jo

[e’e} TAB
xAB) + Paprap + / Ppcxap dFpo(zpe) + / Ppcxpe
TAB 0

K—A 0o
dFBC($BC)> dFag(zaB)dFac(xzac) +/ / <PAB(K —2ac) +
0 K-z ¢

[e.9]

K—zac
Piczac +/ Ppco(K — zac)dFpc(zBc) +/ Ppcxpe
0

K—xzac

o0 o0
dFBC(ﬂEBC)) dFsp(zaB)dFac(zac) +/ A/A (APAB
K—

o0

A
+PAC(K—A)+/ (APgc) dFBC(ch)+/ Ppcxpe
0

A

K K—zac
dFBc(l‘Bc)> dFap(zaB)dFac(zac) + / / (PABOEAB + Paczac +
o Jo

/ T Ppo(K

K-z ac

K-zac
—zac)dFpc(zBCe) + / Ppcxpc dFBc(ﬂch)> dFap(xap)dFac(zac)
0

(3.2)

3.2. Strategically Throwing Away Model

Similar to the benchmark model, a shipping company operates a cargo ship with limited
capacity K in a shipping line which starts from port A, passes port B and finally reaches
port C. At port A, after the arrivals of all cargoes of shipping leg A — C and shipping
leg A— B, the shipping company needs to decide how many cargoes should be accepted
for shipping leg A — C' and shipping leg A — B, respectively. At this time point, the
demand for capacity of shipping leg B — (' is still unobserved, so the capacity allocation
of shipping leg A—C' and shipping leg A— B needs to consider the uncertainty regarding
shipping leg B — C. At port B, after the arrival of cargoes from shipping leg B — C,
the shipping company needs to decide whether the cargoes of shipping leg A — C need

to be thrown away or not and if needed, how many cargoes should be thrown away.

At port B, the shipping company can obtain revenue from accepting cargoes of shipping

leg B — C' and needs to pay a penalty cost for the thrown away cargoes of shipping leg
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A — C' if the throwing away behavior exists. The revenue of port B can be expressed

as follows:

Rp = Ppc - Spc — Cp - Tac

St.

0 < Spc < Xge,
0<Spc <K —Sac +Tac,

0 <Tyc < Sac.

At port B, the shipping company decides to throw away T4c units of cargoes with unit
penalty cost C, and confirms that Spc units of cargos will be delivered from port B
to port C with price of Pgc. Here, the amount of thrown away cargoes T4 should
be no larger than the confirmed cargo delivery amount of shipping leg A — C. The
confirmed cargo delivery amount of shipping leg B — C should be no larger than the
realized cargo delivery requirement for shipping leg B — C and the remaining available

capacity K — Sac + Tac.

Obviously, when the shipping price of shipping leg B — C' is less than the unit penalty
cost: Ppc < Cp, the shipping company will never throw away cargoes from shipping

leg A — C. This problem then degenerates to the benchmark model.

Proposition 3.2.1. When the shipping price of shipping leg B — C is no less than the
unit penalty cost: Ppc > C), the optimal amount of cargoes thrown away at port B has

the following structure:

0, 0< Xpc <K —Sac
TZC: Sac+ Xpe— K, K—-—Sjpc<Xpc< K

SAC7 K < XBO

Obviously, from the structure of the optimal amount of cargoes thrown away at port
B, we can see that: (1) If the arrival cargo demand for shipping leg B — C' is less than
the available capacity before throwing away any cargoes of shipping leg A — C, the
shipping company has no need to throw away cargoes. Thus, the optimal amount of
cargoes thrown is 0; (2) If the arrival cargo demand for shipping leg B—C' is larger than

the available capacity before throwing away any cargoes from shipping leg A — C but
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less than the capacity of the ship, the shipping company needs to satisfy the demand
for shipping leg B — C first. The optimal amount of cargoes thrown away should be
the gap between the sum of accepted cargoes from shipping leg A — C' and the arrival
cargoes from shipping leg B — C' and the whole capacity of the ship. (3) If the arrival
cargo demand for shipping leg B — C is larger than the entire capacity of the ship, the
shipping company should throw away all accepted cargoes from shipping leg A — C.
Figure 3.2 shows the optimal amount that should be thrown away at the intermediate

port with the change of arrival demand.

*A
7

AC

AC

d

K—SAC A XBC

Figure 3.2.: The optimal throwing away cargoes

The optimal revenues also can be easily expressed:

Ppc - Xpo, 0< Xpc <K —Sac
Rp =1 Ppc-Xpc —Cp- (Sac + Xpc — K), K —Sic < Xpc<K

Pgc- K —Cp-Sac, K < Xpc

Figure 3.3 displays the revenue that the shipping company can gain under the optimal

capacity allocation strategy for throwing away cargoes.

At port A, the demands for the capacity of shipping leg A—C and shipping leg A— B are
known, but the demand for the capacity of shipping leg B — C' is unknown. Along with
considering the capacity allocation problem between shipping leg A — C' and shipping
leg A— B, the uncertainty of the demands for the capacity of shipping leg B — C' should

be considered too. The entire revenue of this shipping line includes the revenue from
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Figure 3.3.: The optimal revenue

accepting the cargoes of shipping leg A — C' and shipping leg A — B and the revenue

at port B. The revenue of port A can be expressed as follows:

RA(Sac,SaB) = Pac - Sac + Pap - Sap + E[R3]

St.

0<Sac < Xac,
0<Sap < Xas,

0 < Sac+ Sap < K.

At port A, the shipping company confirms that Sac units of cargos will be delivered
from port A to port C' with price of P4c and S4p units of cargos will be delivered from
port A to port B with price of P4p. An expected revenue E[R}| will gain form port
B. Here, the confirmed cargo delivery amount of shipping leg A —C (A — B) should be
no larger than the realized cargo delivery requirement for shipping leg A — C' (A — B).
Besides, the sum of the confirmed cargo delivery amount of shipping leg A — C and
A — B should not exceed the entire capacity of the ship K.

Proposition 3.2.2. (1)When Psc—Pap < Cp, < Ppc, the optimal capacities allocated
to shipping leg A — C' and shipping leg A — B have a similar structure to the benchmark
model shown in Table 3.3, where © = Fgé(%@); (2)When 0 < C), < Pyc —
Pap, the optimal capacity allocated to shipping leg A — C and shipping leg A — B have

the structure shown in Table 3.4.
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Table 3.3.: Strategically throwing away model: Psc — Pap < C, < Ppc, optimal

allocation
S) Xac Xap | Xac+ Xan Sic SaB
[0, K] [0, K] [0, K] Xac Xap
(K,00) [0, K] K — Xap XaB
(K, 00) [0, K] (K, 00) 0 K
0,K] | [0,K] | (K,00) |K—Xag| Xuas
(K,00) | (K,00) 0 K
[0, K] [0, K] [0, K] Xac XAB
(K, 00) [0, 0] K — Xp XaB
(K,00) | (©,K] K-© o
[0,K — 0] | (K,o00) Xac K —Xac
0.K] |(k-0,K] | (K ) k-0 | o
[K —©,K] | [0,0] (K, 00) K — Xap XaB
(K-0,K] | (6,K] | (K, o) K-© o
0,K —0] | [0,K] (K, 00) Xac K —Xac
(K,00) | (K,00) K-© ©

Table 3.4.: Strategically throwing away model: 0 < C), < Pyc—Pap, optimal allocation

Xac Xap | Xac+Xap | Shic Sip
[OvK] [OvK] [O’K] XAC’ XaB
(K,00) | [0,K] K 0

[0, K] | (K, 00) Xao | K—Xac
[OvK] [OaK] (Kv OO) Xac | K —Xac
(K,00) | (K,00) K 0
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We can easily prove A > ©. Based on Table 3.3, if strategically throwing away cargoes

is allowed, the optimal quantities of cargoes that should be accepted for shipping leg

A — C increases and shipping leg A — B decreases in some special cases. Figure 3.4

shows the shipping company’s optimal capacity allocation in two cases.

In the long run, cumulative distribution functions of the amount of arrival cargoes for

shipping leg A — C' and the amount of arrival cargoes for shipping leg A — B follow

Fac(xzac) and Fap(xzap). Thus, in the case of Pac — Pap < Cp < Ppc and © > K,

the shipping company completing one shipping service can obtain the expected revenue

in the long run as follows:

00 K 00
E[Rsral = /K /0 (PABJUAB + Pac(K — x4B) +/ (KPpc — Cp(K — xaB))

K

K
dFpc(rpc) + /

TAB

TAB
(Ppoxpe — Cplepe — wap)) dFpe(zpe) + /
0

K K
Ppcxpc dFBC(Q?BC)) dFap(zaB)dzac + / / <PABJJAB + Pyc(K
0 K-z ¢

00 K
—xaB)+ / (KPpc — Cp(K — xaB)) dFpc(vpc) + / (PpcrpCc —

K TAB

Cp(xpc — xzaB)) dFpc(zpc)

TAB K rK-zac
+/ Ppcrpe dFBC(fUBC)) dFap(zaB)dzac +/ / <PAB£EAB
0 o Jo
[e/e]
+ Paczac + / (KPpc — Cprac) dFpe(zpe)
K

K K—xac
+ / (Ppcxpc — Cp(—K + zac + zpc)) dFpc(rpe) + /
0

K—xzac

Ppcxpc dFBC(IL"BC)> dFag(xaB)dFac(zac) + / / <KPAB +/
0 JK K

K
KPpc dFpc(zpc) + / Ppcxpc dFBC($BC)> dFap(zap)dFac(xzac)
0

(3.3)

In the case of Pac — Pap < () < Pgc and 0 < © < K, in the long run, the shipping
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company completing one shipping service can obtain the expected revenue as follows:

00 S 00
ERsrE] = / / <PAB-'EAB + Pac(K —xzaB) + / (KPpc — Cp(K — xaB))
K Jo K

K
dFpc(zpc) +/

TAB

TAB
(Ppcrpe — Cplxpe — xap)) dFpe(zpe) + /
0

K 0
Ppcrpe dFBC(fBBC)) dFap(xaB)dFac(zac) + / / <PAB:EAB +
K—0© JK—zc
[o¢]
Pic(K — zaB) +/ (KPpc — Cp(K —xaB)) dFpc(zBC)
K

K TAB
+ / (Ppcxpc — Cp(xpc — xaB)) dFpc(zBC) + / Ppcrpe
T 0

AB

K—-© 00
dFBc($BC)) dFap(zaB)dFac(xac) + / / <PAB(K —Tac) +
0 K—zac
Pacxac + / (KPpc — Cprac)dFpc(xzpe)
K

K K—zac
+ / (Pecxpc — Cp(—K + 24c + 2BC)) dFBc(xBC) + /
0

K—za0

Ppcxpc dFBC(ZCBc)> dFap(zap)dFac(zac) +/ / <@PAB
K-oJe

K
+ / (Pcxpe — Cp(rpe — ©)) dFpe(xBe)
o

0o S}
+ / (KPpc — Cp(K —0))dFpc(xpc) + Pac(K — O) + / Ppcxpe
K 0

K K-z Ac
dFBc(JUBC)) dFaB(zaB)dFac(xac) + / / (PABJUAB + Paczac +
o Jo

K

o
/ (KPpc — Cpzac) dFpc(xBe) + / (Pecrpe — Cp(—K +zac +
K K-z ¢

K—zsc
xzpc)) dFpc(zpc) + / Ppcxpc dFBC(«TBC)> dFap(zaB)dFac(xzac)
0

(3.4)

In the case of 0 < C, < Pac — Pap, the shipping company completing one shipping
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service can get the expected revenue in the long run:

K

K rK—zac 00
ERscr] = / / (/ (KPpc — Cprac) dFpce(zBe) + / (PcrpCc —
0 0 K K-z ac

K-z ac
Cp(=K 4+ zac +zc)) dFpc(xpe) + / Ppcxpc dFpe(zpc) + Paprap
0

K o) fee)
+ PAc$Ac> dFag(zaB)dFac(zac) + / / (/ (KPpc — Cpzac)
o Jo K

K
dFpc(zBe) + / (Pecrpe — Cp(—K + zac + zBc)) dFpce(xBe) +

K-z a0

K-z a0
/ Ppcrpe dFpe(zpe) + Pap(K — zac)
0

+ PAC$AC> dFsp(xaB)dFac(zac) +/ / </ (KPpc — CpK)
& Jo K
dFpc(zBc)

K
+ / (Pcrpc — Cprpe) dFe(vBC) + KPAC> dFag(xaB)dFac(zac)
0

(3.5)

Through comparing the expected revenues in different cases, the cases in which the

shipping company should allow throwing away of cargoes can be determined.

Proposition 3.2.3. Only in the following cases, allowing throwing away cargoes can
achieve higher expected revenues in the long run:

When Pac — Pap < Cp < Ppc,

(1) Fpc(K) <1 —(Pac — Pap/Cp) and E[Rsra) > E[Rpral;

(2) 1—(Pac — Pap/Cp) < Fpc(K) < 1—(Pac—Pap/Ppc) and E[Rsrg] > E[RprAl;
(3) Fpc(K) > 1— (Pac — Pap/Ppc) and E[Rspr| > E[RBLE].

When 0 < Cp, < Pac — Pap

(4) Fpc(K) <1—(Pac — Pap/Ppc) and E[Rscr] > E[Rpral;

(5) Fpc(K) > 1 — (Pac — Pap/Ppc) and E[Rscr) > E|RBLE];

When the unit penalty cost is larger than the gap between the price of shipping leg
A — C and the price of shipping leg A — B and less than the price of shipping leg
A—DB, the shipping company chooses the optimal capacity allocation strategy depending
on the relationship of K, A and ©. In the benchmark model, when A > K, which
is Fpo(K) < 1 — (Pac — Pap/Ppc), the shipping company can gain the expected
revenue E[Rpra] in the long run and when 0 < A < K, which is Fpo(K) < 1 —

(Psc — Pap/Ppc), the shipping company can gain the expected revenue E[Rprg|
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in the long run. In the strategically throwing away model, when © > K, which is
Fpc(K) < 1—(Pac — Pap/Cy), the shipping company can gain the expected revenue
E[Rsr.4) in the long run and when 0 < © < K, which is Fpo(K) > 1—(Pac—Pap/Cy),
the shipping company can gain the expected revenue E[Rgrg| in the long run. Because
1 — (Pac — Pap/Cp) < 1—(Pac — Pap/Ppc), the first three cases describe the three
conditions that allowing throwing away cargoes is better in the long run. However,
when the unit penalty cost is no larger than the gap between the price of shipping
leg A — C and the price of shipping leg A — B, in the strategically throwing away
model, the shipping company chooses a different capacity allocation strategy and gain
the expected revenue E[Rgcyr] in the long run. The last two cases illustrate the two

conditions that allowing throwing away cargoes is better in the long run.
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Chapter 4.

Numerical Studies

According to assumptions, the arrival cargoes follow the distributions Fac(xac), Fap(zaB)
and Fpc(zpc). Collection of the arrival data to estimate the distribution of arrival
cargoes is difficult. In this chapter, a common demand distribution, exponential dis-
tribution, was applied in two models to derive the shipping company’s best decisions.
The assumed cumulative distribution functions of the cargo arrivals for each ship-
ping leg Fac(xzac), Fap(zap) and Fpo(zpe) follow exponential distribution, that is,
Faclzac) =1 —e ™80 Fup(zap) =1 —e 48 and Fpco(xpe) = 1 — e ™BC, where

0 <m, 0 <! and 0 < n. Based on the property of exponential distribution, we know
that E[Xac] = =, E[Xap] = 7 and E[Xpc] = +. In addition: Pyc = 0.8, Pap = 0.6,
Ppc =04 and K =5.

In this chapter, the change of the expected revenue with the exponential parameters was
illustrated in each case. In each special case, the expected revenue of the strategically

throwing away model was compared with the benchmark model.

4.1. Benchmark Model

log(FAGZAZ ) 1og(3)

n n .

For the benchmark model, A = — Thus, for A > K, that is
n < —% log (%), the expected revenue that the shipping company can obtain in the long
run for each shipping service is shown in Figure 4.1. From the figure, we can see that
the expected revenue decreases with [, m and n or increases with the expected value of
demand for each shipping leg. When 0 < A < K, that is n > —% log (%), the expected

revenue that the shipping company can obtain in the long run for each shipping service

is shown in Figure 4.2. From the figure, we can see that the expected revenue decreases
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Figure 4.1.: Benchmark model: the expected revenue for A > K

with [, m and n or increases with the expected value of demand for each shipping leg.

4.2. Strategically throwing away model

In this section, we need to discuss the location of penalty cost C},. When Psc — Pap <

C, < Ppc, that is, 0.2 < C, < 0.4 in our settings, the shipping company makes
log(PAC_PAB )
decisions following Table 3.3. We fix C}, = 0.3 in this case. Then © = - % J

n
log(2 log(2 N
—%. Next, when n < — Og§3) , the expected revenue that the shipping company

can obtain in the long run completing one shipping service is shown in Figure 4.3.
When n > —%, the situation is similar to the benchmark model, Figure 4.4 shows
the expected revenue that the shipping company can obtain with [, m and n. When
0 < Cp, < Pyc — Pap, using our settings, the shipping company makes decisions
following Table 3.4. We fix C}, = 0.1. The expected revenue that the shipping company
can gain in the long run for each shipping service is shown in Figure 4.5. From Figure
4.3, Figure 4.4 and Figure 4.5, we can see that the expected revenue decreases with [,

m and n in three cases.
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Figure 4.2.: Benchmark model: the expected revenue for 0 < A < K
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Figure 4.3.: Strategically throwing away model: C}, = 0.3, the expected revenue chang-
ing with I, m and n for ©® > K
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Figure 4.4.: Strategically throwing away model: C}, = 0.3, the expected revenue chang-
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Figure 4.5.: Strategically throwing away model: C}, = 0.1, the expected revenue chang-

ing with [, m and n.
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4.3. Comparison

First, the expected revenue of the strategically throwing away model and the benchmark
model when Pyc — Pap < Cp < Ppc (Cp = 0.3 in our settings) were compared.
Considering that the expected revenue in each model includes different cases when n,
the parameter of the demand function of shipping leg B—C', locates in different ranges,
the expected revenues in each range needs to be compared. Details are displayed in

Table 4.1.

Table 4.1.: The expected revenues

E[R]
" Benchmark Model | Strategically throwing away model
(07 _% log (é)) E[RBLA] E[RSLA]
[—51og (5) . —51og (3) ERppa E[RsLE]
[ log (3) ,0) E[RprE] E[RsrE]

When n is located in the range (0, —% log (%)), Figure 4.6 shows the gap (G) between
E[Rsr 4] and E[Rpra]. From the figures, we can see that the gap is positive. Thus,
when the expected value of the demand for shipping leg B — C' is high, the shipping
company would always choose to allow strategically throwing away cargoes. In addition,
the gap decreases with [ and n but increases with m. When the expected values of the
demands for shipping leg A — B and B — C increase, the gap between two expected
revenues increase. The increasing of the expected value of the demand for shipping leg

A — C weakens the advantage of allowing strategically throwing away cargoes.

When n is located in the range [—%log (%) ,—%log (%)), Figure 4.7 shows the gap
between E[Rsrp] and E[Rpr4]. In this case, the gap is positive. The shipping company
should always choose to allow strategically throwing away cargoes. In addition, the gap
increases with [ and n but decreases with m. Thus, when the expected value of the
demands for shipping leg A — C increases, the gap between two expected revenues
increases. The increasing of the expected values of the demand for shipping leg A — B

and B — C weakens the advantage of allowing strategically throwing away cargoes.

When n is located in the range [—% log (%) ,00), Figure 4.8 shows the gap between
E[Rsrg] and E[Rprg|. From the figures, we can see that the gap is positive. Thus,
the shipping company would always allow strategically throwing away cargoes. In

addition, the gap increases with [ or decreases with the expected value of demands for
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shipping leg A — B. The gap decreases with the increasing of m or decreasing of the
expected value of demands for shipping leg A — C. The gap increases with n first,
and then decreases. The increasing of the expected value of demands for shipping leg
B — C weakens the advantage of allowing strategically throwing away cargoes first, then

strengthens the advantage.
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Figure 4.8.: F[Rsrg| — F|RBLE] : n > —%log (%)

When 0 < C, < Psc — Pap, the shipping company allocates the capacity as shown in
Table 4.1 when “throwing away cargoes” is allowed. When n is located in the range
(0,—1log (%)), Figure 4.9 shows the gap between E[Rscr] and E[Rpra). From the
figures, we can see that the gap is positive. Thus, the shipping company would always
allow strategically throwing away cargoes. From the figure, we can see that the gap
increases with [ and n but decreases with m. It means that the expected revenue
decreases with the expected values of demand for shipping leg A — B and B — C' but

increases with the the expected value of demand for shipping leg A — C.

When n is located in the range [—% log (%) ,00), Figure 4.10 shows the gap between
E[Rscy] and E[Rprp]. From the figures, we can see that the gap is positive. Thus, the
shipping company would always allow strategically throwing away cargoes. In addition,
the gap increases with [ or decreases with the expected value of demands for shipping
leg A — B. The gap decreases with the increasing of m or decreasing of the expected

value of demands for shipping leg A — C. The gap increases with n first, and then
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decreases.
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Figure 4.9.: E[Rscr] — E[Rpra) : 0 <n < —21log (3)

Table 4.2 illustrates the five cases whether the shipping company should allow throwing

away cargoes or not. In the C), part, LA represents Pac — Pap < Cp < Ppc and LE

represents 0 < C), < Pyc — P4p. From the table, we can see that the shipping company

should allow throwing away cargoes in all five cases. In addition, the gap increases with

n in two cases, decreases with n in one case and increases with n first then decreases

in two cases.

Table 4.2.: The cases that strategically throwing away cargoes should be allowed

Cp n G Positiveor Negative IncreaseorDecrease AlloworNot
£ log (%)) E[Rsral — E[Rpral P D A
2).-110e(3) | BlRsLpl - BlRpral P 1 A
LA — 5 log (%) ,00) E[Rspg] — E[RBLE] P A
s Li0g (1)) E[Rsci] — E[Rpral P 1 A
[—%log (%) , 00) E[RscL] — E[RBLE] P A
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Chapter 5.

Conclusion and Suggestions for Future Research

For this paper, a shipping company, which supplies liner shipping services in a three-
port shipping line, is considered. This company needs to decide how many cargoes
should be accepted at the departure port when only the demands of the departure port
are known and the demands of the intermediate port is unknown. We find the optimal
capacity allocation strategy is decided by a threshold parameter, which increases with
the shipping price of shipping leg B—C and decreases with the gap between the shipping
price of shipping leg A — C and the shipping price of shipping leg A — B. When
the threshold parameter is larger than the entire capacity of the ship, the shipping
company should first accept cargoes from shipping leg A — B as many as possible,
and then accept the cargoes from shipping leg A — C. When the threshold parameter
is smaller than the capacity, the situation becomes more complicated. The revenue
function reaches the peak point when the confirmed cargo delivery amount of shipping
leg A — B equals the threshold parameter and the confirmed cargo delivery amount
of shipping leg A — C' equals the gap between the entire capacity of the ship and the
threshold parameter. Thus, if the arrival demand of shipping leg A — C' is larger than
the threshold parameter and the arrival demand of shipping leg A — B is larger than the
gap between the whole capacity of the ship and the threshold parameter, the optimal
strategy for the shipping company would be accepting the cargo of shipping leg A — B
and A — C' with the amount of the threshold value and the gap between the entire
capacity of the ship and the threshold parameter, respectively. If the arrival demands
of shipping leg A — C is less than the threshold parameter and the arrival demands of
shipping leg A — B is less than the gap between the whole capacity of the ship and the
threshold parameter, the optimal strategy for the shipping company would be accepting

all the arrival demands.
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Furthermore, how the shipping company decides the optimal cargoes’ amount when
strategically throwing away cargoes is allowed was also examined. We find the optimal
capacity allocation choices of the shipping company have a similar structure to that of
the benchmark model but with a different threshold parameter, in which the shipping
price of shipping leg B — C in the threshold parameter of benchmark model is now
replaced by the penalty cost of the thrown away cargoes. It has been proven that
through strategically throwing away cargoes, the optimal amount of cargoes of shipping
leg A — C can be increased in some special cases. Finally, allowing the throwing away
of cargoes will always increase the expected revenues. In addition, the increasing of
the expected value of demands for shipping leg B — C will not always strengthens the

advantage of allowing the throwing away of cargoes.

This paper provides the theoretical proof that “throwing away cargoes” can achieve a
higher expected revenue. This paper considers a shipping company supplies shipping
service with only one ship, so no ship deployment problem needs to be considered here.
The choice of the capacity of the ship is related with the distribution of the demand
for the cargo delivery of each shipping leg. However, no any mechanism or details
of cooperation between shipping companies in carrier alliance were suggested. For
example, it is important to know how shipping companies price the rent when capacity
renting is allowed. The penalty has been simplified to a unit fixed cost in this paper.
However, the real structure of the penalty cost is much more complicated, for example,
uploading and unloading costs, delay costs, storage costs and so on. If we incorporate
empty container repositioning in our model, it will increases the penalty cost of the
thrown cargoes. Consequently, the optimal capacity allocation strategy under that
when throwing away cargoes is allowed will less differ from that when throwing away
cargoes is not allowed. The incorporation of empty container repositioning thus weakens
the advantages of allowing throwing away cargoes. Additionally, in reality, shipping
companies supply liner services either on a shipping circle or on a line. This paper
considers the capacity allocation problem for a 3-port shipping line but not for an
N-port line. That is because even only considering a 3-port shipping line, there are
already 4 decision variables. If we consider the capacity allocation problem on an
N-port line, the decision problem will become very complicated because of the huge
number of decision variables. The shipping prices for different kinds of cargoes are also
different due to their different properties, even those at the same port. even those at

the same port. Our model only considers the decision problem in a line and supposes
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cargoes are shipped at the same shipping price. Future studies could be conducted that
also consider the mechanism and details of cooperation, the impact of penalty cost and

distinguishing shipping prices of different kinds of cargoes.
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Appendix A.

Proposition 3.1.2.

Based on the structure of the optimal revenue of port B, the expected revenue of port
B at port A when the cargos’ demand for shipping leg B — C' is unknown is shown as

follow:

K—-Sac
E[Rp| = / Ppc - xpe - feo(xpe)drpo+
0

[o¢]
/ [Pc - K — Ppc - Sacl] - fee(xzpe)dxpe
K—-Sac

The first order derivative of the expected revenue function is:

OE[Rp]
0Sac

= PpcFpc(K — Sac) — Ppc <0

The second order derivative of the expected revenue function is:

O2E[RY)
WA? = —fpc(K —Sac) <0

Then we go back to the revenue function at port A. The first order partial derivative of
the expected revenue with respect to the confirmed cargo delivery amount of shipping

leg A—C Sy is:

ORA(Sac,SaB)
0Sac
OE[R})
0Sac

= Pyc + PpcFpc(K — Sac) — Ppc >0

= Pyc +
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The second order partial derivative of the expected revenue with respect to Sc¢ is:

O?RA(Sac,Sap)
0%2S ¢

= —fBc(K — Sac) <0

The first order partial derivative of the expectation revenue with respect to the con-

ORA(Sac,SaB) _
9548 -

firmed cargo delivery amount of shipping leg A— B Sap is: Pap > 0.

So, if the amount of whole arrival cargos X 40+ X 4 does not exceed the whole capacity
K, the optimal delivery quantities would be the arrival cargos’ amount: S~ = Xac;

S5 = Xap.

If the arrival cargos for both shipping leg A — C' and A — B exceed the whole capacity
of the ship, the optimal delivery quantities for shipping leg A —C' S~ and the optimal
delivery quantities for shipping leg A—B S 5 must be achieved on the line Syc+Sap =
K. That means the optimal solution must satisfy: S = K — 5% ~. So, the maximum
revenue can be described as: R (5%, Sh5(S%c)) = Pac * S+ Pap x (K — S o) +
E[R3]. This problem actually becomes a one decision variable problem. The first order
derivative of this problem becomes:

OR} (S0, Sip(Shc))
0S50

= Pyc — Pap + PpcFpe(K — S)c) — Pee

Then, through discussing the location of demands, we can get the optimal strategy of
the shipping company. A similar location discussion is shown in the Proof of Proposition

3.2.2.
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Appendix B.

Proof of Proposition 3.2.2

Based on the structure of the optimal revenue of port B under the condition of Pgc >
Cp, we can easily get the expected revenue of port B at port A when the cargos’ demand

for shipping leg B — C is unknown as follow:

K—-Sac
E[Rp] = /0 Ppc - xzpe - fee(xe)drpe+

K
/ [Ppc - xpc — Cp - (xpc + Sac — K)) - fee(zpc)drpe
K—-Sac

o0
+/ (Ppc - K —Cy-Sac) - fee(zpc)dzpe
K

Firstly, we show this function is concave and decreasing with Ssc. The first order

derivative of the expected revenue function is:

OE[Rp]
0Sac

K—-Sac
— CpFpe(K) + Cp/ fc(zpc)drpe
0

= —Ppc(K — Sac) - fo(K — Sac)

+ [Ppc(K — Sac) — Cp(K — Sac + Sac — K)|fec(K — Sac)
-Gy /KOO fec(xBc)drpe

= CpFBc(K — SA()) — Cp <0

The second order derivative of the expected revenue function is:

O?E[R%)

=— - <
P25 10 fBo(K — Sac) <0

Then we go back to the revenue function at port A. The first order partial derivative of

the expected revenue with respect to the confirmed cargo delivery amount of shipping
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leg A—C Syc is:

ORA(Sac,SaB)
0Sac
OE[Rp]

= Pyc + CpFpc(K — Sac) — Cp

ORA(Sac,SaB)

Under the condition of Pyc > Ppc, and Ppc > C)p, we can know

The second order partial derivative of the expected revenue with respect to S¢ is:

O?Ra(Sac, Sap)
0%2S4c

= —fBc(K —Sac) <0

The first order partial derivative of the expectation revenue with respect to the con-

ORA(Sac,SaB) _
0SaB -

firmed cargo delivery amount of shipping leg A— B Sp is: Pap > 0.

So, if the amount of whole arrival cargos X 4o+ X 4p does not exceed the whole capacity
K, the optimal delivery quantities would be the arrival cargos’ amount: S%~ = Xac;

S%p = Xag.

If the arrival cargos for both shipping leg A — C and A — B exceed the whole capacity
of the ship, the optimal delivery quantities for shipping leg A —C' S and the optimal
delivery quantities for shipping leg A—B S 5 must be achieved on the line Sqyc+Sap =
K. That means the optimal solution must satisfy: S 5 = K — 57 . So, the maximum
revenue can be described as: R (S%, S4p(Sic)) = Pac * She + Pap x (K — Sho) +
E[R3]. This problem actually becomes a one decision variable problem. The first order
derivative of this problem becomes:

IR (Shcr Sap(Sic))
0S%

= Pyoc — Pap+ C,Fpo(K — Sh) — C)

Case 1: Xy +Xup < K

In this case, the capacity of the ship is over supplied. Thus:
Shc = Xac: Sip = XaB.

Case 2: Xy o> K and X < K

ORA(Sac, 955 (S5c))
057 = 0.

Under this case, we first consider when Py — Pap — C) > 0, =
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Sho =K; S5 =0.
Then we consider when Pac — Pap — C, < 0, The first order derivative of the rev-
enue function at port A is no larger than 0 when K — Fgé(wiz_%) < Sac <K
and larger than 0 when 0 < Sy < K — Fgé(%). It means the revenue
p
function at port A increases in [0, K — F éé(wiz*%)) and decreases in [K —
—1/Pa+Cp—Pac : : : _ —1/Pap+Cp—Pac
FBC(icp ), K]. We need to discuss the location of the point K FBC(icp )
on [0, K] to find the optimal amount of cargoes for shipping leg A — C' S%:
—1,Pap+Cp—P. —1,Pap+Cp—P
(1) When K — Xap < K — Fpl(FB22=22) < K, S50 = K — Fh(FAER=40);
x _ p—1/Pap+Cp—Pac
Sip = Fpol Cy )-

(2) When 0 < K — Fgh(PA250=) < K — X, Si = K — Xap; Ship = Xan.
Case 3: Xy < K and Xy > K

OR; (ShcSap(Sic))

Under this case, we first consider when Psc — Pap — C)p > 0, 5
AC

Sho=Xac; Sip =K — Xy
Then we consider when Pyc — Pap — C)p < 0, there exist three situations:
(1) when K — Fph(PAEEE=RAC) < 0, 84, = 0; S5 = K;

(2) when 0 < K — Fgé(%;‘%) < Xac, 8o = K — Fgé(%;—%:); Shp =
—1,Psp+C,—P
FBé( AB Ci AC);
(3) when Xac < K — Fph(Paetle=Pacy < g g+ — X 00 8%, = K — Xuc
BC Cyp e, » OAB -
Case 4: Xpo < K, X g < K and Xyc + Xup > K
Under this case, we first consider when Pyc — Pap — Cp > 0,

Shc=Xac: Sip=K —Xac.

IR (ShoShp(Sh0)
0% . > 0.

Then we consider when Pac — Pap — C), < 0, there exist three situations:
(1) when K — Fph(BAEEE=ac) « K — X, Sho = K — Xap; Ship = Xap;
(2) when K — Xap < K — Fgh(PA250=9) < X0, i = K — Fh(Paerg=racy,

C » ’
x _ 1—1/Pap+Cp—Pac\,
Sip = Fpol oA );

(3) when X < K — Fpl (PEX=19) < K, §%, = Xao; Shp = K — Xac.
Case 5: Xy o> K and Xy > K

OR, (Shc:Shp(Shc))

Under this case, we first consider when Psc — Pap — C)p > 0,
AC

S = K; Sy =0,

Then we consider when Py — Pap — C)p < 0, there exist two situations:

(1) when K — Fph(PAEEE=Pac) < 0, 94, = 0; S5 = K.
(2) when 0 < K — Fgé(wii—%) <K, S =K - F%(%ﬁ_%)? St =

—1(Pap+Cp—P
Fpl(fantgp=tac),
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Appendix C.

Proposition 3.2.3.

In the benchmark model, the shipping company decides differently based on K and A.
K > A can be transformed to Fpo(K) > 1 — (Pac — Pap/Ppc). When Fpo(K) >
1—(Pac—Pap/Ppc), the shipping company can obtain the expected revenue E[Rpr 4|
in the long run. When Fpo(K) < 1 — (Pac — Pap/Ppc) the shipping company can

obtain the expected revenue E[Rprp].

In the strategically throwing away model, when Pyc — Pap < C, < Ppc, the ship-
ping company decides differently based on K and ©. K > © can be transformed
to Fpc(K) > 1 — (Pac — Pap/Cp). When Fpo(K) > 1 — (Pac — Pap/Chp), the
shipping company can obtain the expected revenue E[Rgr 4] in the long run. When
Fpc(K) <1—(Pac—Pap/Cp) the shipping company can obtain the expected revenue
E[RsrE].

When 0 < Cp, < Pyc — Pag, the shipping company can obtain the expected revenue
E[RscL].

Because C), < Ppc is assumed, A > ©. Thus, through comparing the expected revenue

in each case, we can get the five cases that throwing away cargoes should be allowed.

Xpo, 0<Xpec< K
Spe =
K7 K S XBC
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