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SLOT EXCHANGE AND PURCHASE PLANNING
OF SHORT SEA SERVICES FOR LINER
CARRIERS
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ABSTRACT

In a slot exchange co-operation, participating carriers seek
to benefit in which their surplus of controlled capacities can be
shared to exchange slots belong to partnersfor their shortages.
To each participant, whether the exchanged conditions can
bring more benefits is based on its slot alocation planning.
This paper introduces a practical slot exchange contract for
multiple short sea loops between two co-operative carriers.
Two integer programming models for maximizing the con-
cerned profits are proposed to satisfy the expected demand
level and shipping properties. One of the models merely
considers dlot exchange asthe practical planning, and the other
one includes dot purchase additionally. Decision results can
assist the studied company to pursue an optimal allocation
with consideration of exchanged dots for the involved lines.
Moreover, sensitivity analysesincluding fixed exchanged con-
dition, swap alowance influence, and purchase price assess-
ment are carried out for measuring the impact of relevant
variables to the profits.

. INTRODUCTION

In contemporary liner shipping industry, aliance co-
operation has been a popular approach adopted by carriers for
extending service scopes and/or reducing investment risks.
Concrete means of collaboration like joint fleet, slot charter,
slot purchase, and slot exchange are normally employed in
practice. This research focuses on a real-world case of slot
exchange among short sea services. Slot exchange allows
participating carriers to use the recognized capacities of the
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involved lines not operated by own sdlf, according to the
contents of the agreement. In such co-operation, participating
carriers expect to benefit in which their surplus of controlled
slots can be shared to exchange capacities for their shortages.
Accordingly, the exchanged condition must have a fair and
reciprocal calculation among the involved lines between par-
ticipants. If the number of exchanged slots cannot satisfy a
carrier’s estimated demand, extra available dots could be pur-
chased from its partner aslong as the deal is accepted by all of
them. For fulfilling the benefit from the alliance contract as
expectation, the carrier has to make an ideal dot allocation
plan to understand the proposal of exchanged conditions. This
research explores how to construct a beneficial proposa for
the participating carrier.

The co-operative structures among liner companies began
from conferences and consortiato the recent strategic alliances.
Severa studies have been devoted on the strategic aliances
from different perspectives such as the exploration of co-
operative purpose [7], motivations and successful reasons[14],
and the main driving factors to yield the high degree of insta-
bilities in the beginning of strategic aliances [12]. It was
found that the obvious changes in the operations of liner ship-
ping companies because of strategic alliances were the service
networks and fleet composition and deployment [13, 16].

Slot allocation management is closely linked to container
delivery that includes container movement control and empty
container repositioning either sea services [2, 4, 8, 9, 15] or
inland transports [3, 6, 10]. However, the availability of
seaborne container movement depends on the planning of
enough dot capacities. A few studies have treated the distri-
bution of dlot resources with the concept of revenue man-
agement or yield management for single port pair [5, 11], but
this method fits for applying to the short-term planning before
ship visiting during each voyage. Recently, Ang et al. [1]
presented ayield maximization problem in considering cargos
with various consigned periods from one port of origin to
multiple ports of destinations. They formulated this problem
as a multi-dimensional multiple knapsack model limited by
the available empty containers, volume capacities and weight
capacities. Thisresearch can only apply to the outbound slots
distribution for aloading port.

To the best of our current knowledge, thereisno description
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and formulation for practical ot exchange planning and al-
liance slot alocation. Ting and Tzeng [18] described the slot
alocation problem of a liner service and proposed an integer
programming model to obtain ideal allocated resultsfor single
directional traffic flows. Thismodel can be only conducted on
the case with the characteristics of the traffic pattern like an
ocean-going service. Song and Panayides [17] suggested
observing the operations of liner shipping strategic alliances
from a co-operative game theory. They presented the smple
examples for ng the better coalition services in the cases
of two players and more than two. Nevertheless, this con-
ceptua introduction cannot provide the carrier a concrete
planning procedure or structure applied to the practice yet.

In terms of the introduction of a practical case of slot ex-
change contract between two co-operative carriers, this study
proposes two optimized allocation models stood at the view-
point of one of participating carriers. The first model merely
considers the slot exchange as the terms in the contract, while
another one includes the allowance of dlot purchase to satisfy
the studied carrier’s expectation. These two models can assess
the level of concerned income under given part of information
of itspartners. Therest of this paper will introduce the treated
problem in the next section, and then the contents and expla-
nation of formulated models are followed. The assessment
and parameter analysis of the considered case, which involves
in total eight short sea services within Asia, will be reported
from the viewpoint of the studied carrier. The final section
concludes the findings and provides some suggestions for the
future research.

[I. PROBLEM DESCRIPTION

Slot exchange programs can be simple as conducting on a
single loop of each carrier or complicated to involve multiple
lines for each other. A simple case may just exchange slots
one by one, but a complicated one may contain many routes
with different service conditions. Ocean-going services are
arranged for delivering transoceanic consignment. The ser-
vice conditions on the market, like container transit time be-
tween port to port, deployed vessel types and main visiting
ports, are normally similar among shipping lines. The slot
exchange conditions may be simple to merely swap fixed
number of slots for each other. On the other hand, short sea
services seem more flexible in round trip voyage, cycle time,
deployed vessel types and port rotation because their service
scopes tend to cover more countries than transoceanic routes.
These differences lead slot exchange conditions among short
sea services more complicated than the ocean-going services.
In any case, the most important thing for participants is to
assess Whether slot allocation of vessels can satisfy the ex-
pected carrying quantities within the scope of involved lines.

The studied company has been operating global container
liner services for many years. This company sustained co-
operative relationships with its strategic alliance partners
through joint fleet and slot exchange. In order to intensify

Table 1. Service scopes and conditions for involved routes
in the contract.

Cycletime
(days)
Al Japan/Taiwan/Hong Kong/T hailand: 28
JPTY 0> JPY OK->JPNGO->JPOSA > JPUKB->
JPOIT>TWKEL>TWKHH->HKHKG->THLCB->
THBKK->>HKHKG> TWKHH->TWTXG->
TWKEL->JPTYO

A2 Japan/South K orea/Taiwan/Hong K ong/Singapor e/ 28
Indonesia:
JPMOJ>IPHKT>KRPUS>KRKWY >TWKEL >
TWTXG>TWKHH>HKHKG>SGSIN->IDIKT->
IDSUB->HKHKG> TWKHH>TWTXG->JPMOJ

A3 Taiwan/Philippines: 7
TWKHH->TWKEL>PHMNS>PHMNN->TWKHH

B4 Japan/Taiwan/Hong Kong/Thailand: 28
JPTY O~>JPY OK->JPNGO->JPOSA>JPUKB~>
TWKEL>TWTXG>TWKHH->HKHKG>
THLCB->THBKK->THLCB->HKHKG~>
TWKHH>TWKEL->JPTYO

B5 China/Hong Kong/Philippines/Indonesia: 28
CNTAO->CHSHA->HKHKG>PHMNN->
PHMNS->IDJKT->IDSUB->CNTAO

B6 Japan/South K orea/Taiwan/Hong K ong: 14
JPOSA->JPUKB~>JPTY 0> IPMOJ>KRPUS>
KRKWY > TWKEL>TWKHH->HKHKG->JPOSA

Line Route and port rotation

B7 China/lHong Kong/Philippines/Thailand: 21
CNNGB->CNSHA>HKHKG>PHMNS~>
THLCB->THBKK->CNNGB

B8 Japan/Taiwan/Hong Kong/Vietnam: 21

JPNGO->JPTYO->JPY OK>TWKEL>TWKHH->
HKHKG->VNSGN->VNIHV>HKHKG->JPNGO
Source: the studied company

intra Asia services, the studied company also had some other
co-operation with regiona liner companies. This study fo-
cuses on a slot exchange contract between the studied com-
pany and one of its long-term partners, alocal carrier provid-
ing someliner serviceswithin Asia. Their contract maintained
aterm of six months period. The exchanged conditions were
reassessed for renewal before expiration. The data in this
contract is collected for this research.

The contract between the studied company, denoted as Com-
pany A, and its partner, denoted as Company B, includes eight
weekly service loops. Company A operates three of them and
Company B operates the rest. These routes cover 24 portsin
nine main countries within Asia (shown in Table 1). Although
parts of the involved routes have same port rotation, A1 and
B4, two companies enforced their service frequency in the
indicated service scope through their alliance contract.
Without considering the transhipment of containers, this study
focuses on direct trade markets (or port pairs) in each loop.
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Table 2. Deployed shipsand shared dots of involved routes
in the contract.

Number | Contract | Contributed ships |Shared slots (TEUS)
Main Line of slots.ofa Company | Company |Company | Company
operator deployed ship
sips | (TEUy | A B A B
Al 4 1100 4 0 1100 0
COTany A2l 4 1100 4 0o | 100 0
A3 1 1100 1 0 1100 0
B4 4 1100 1 3 275 825
B5 4 1100 1 3 275 825
Company
B B6 2 1100 0 2 0 1100
B7 3 850 0 3 0 850
B8 3 750 2 1 500 250

Source: the studied company

There are 208 direct trades in total carried by Company A.
These direct trade markets excludes consignments between
domestic ports in some countries due to a cabotage limitation
for foreign carriers to ship domestic cargoes.

According to the cycle time of each line, various humbers
of ships are deployed on these lines for fulfilling their op-
erational requirement of fixed weekly calls. It is noted that
both companies have adopted joint fleet mode on three lines
of Company B aready, under another contract. As shown in
Table 2, the dlot share of each company corresponding to each
lineis calculated by multiplying contract slots of aship by the
ratio of respective number of contributed shipsto total number
of deployed ships. Both companies can use controllable ca-
pacities as a counter in the planning of slot exchanges.

All of involved routes have a variety of service contents
with cycle times, scopes, and ship types and quantities. These
dissimilaritiesimply that deploying capital and operating costs
of each line could be different. Hence, it could hardly show
the exact worth of dots on each line if the total number of ex-
changed slots was employed in the contract as an exchanged
term. For this concern, both companies agreed to exploit a
particular unit, namely TEU-day (TEU is twenty-foot equiva-
lent unit of a standard container size), as the exchanged con-
ditions, rather than using the total number of exchanged slots
directly. The exchanged TEU-days for an aliance route are
calculated by the product of the number of slots exchanged to
partner and the cycle time in days of this service route. Itis
noted that the sum of exchanged TEU-days for al involved
lines should be, therefore, equal for each company. Although
the cycle time of a route cannot sufficiently represent the
whole value of input resources, it isasimple way and also one
of the important factors affecting the deploying costs of a ser-
viceroute.

According to the term of current slot exchange contract, both
companies exchanged 19,250 TEU-days each other. In total,
Company A swapped slots of 755 TEUs from its operating
three lines for 875 TEUs of Company B’sfive operating lines.
The total number of TEU-days is even for both companies as

Table 3. Slot exchangesin the current contract.

Sot hanged Current controlled
Man | . |cycletime| =00 &chand dot (TEUS)
Line D to partner TEU-days
operator (Days) (TEUS) Company | Company
A B
Al 28 425 11,900 675 425
Company| A2 28 240 6,720 860 240
A A3 7 90 630 1010 90
Total TEUs &
TEU-days 755 19,250
B4 28 275 7,700 550 450
B5 28 125 3,500 400 700
Company| B6 14 275 3,850 275 825
B B7 21 100 2,100 100 750
B8 21 100 2,100 600 150
Total TEUs &
TEU-days 875 19,250

Source: the studied company

shownin Table 3. Thefinal two columnsin this Table present
controlled slots of both companies after exchange. Besidesthe
origina shared capacities from the join fleet contract, Com-
pany A obtained more slotsto be used on routes B4, B5 and B8
by the exchange contract.

1. MODEL FORMULATION

A proper slot exchange plan for a carrier aims to meet es-
timated demand levelsand liner operational propertiesthrough
effectivedot allocation. From anindividual company’s stand-
point, this paper proposes models for slot exchange planning
and combining it with slot purchase. Without considering
transhipment, this study focuses on direct trade markets (i.e.
port pairs that can be finished seaborne carriage on a service
route) in each loop as the concerns of the studied carrier. It
is assumed that the range of demand quantities in each direct
trade market is known and represented by lower and upper
bounds. Moreover, we assume that the upper bounds of part-
ner’s available exchanges and possible shortages on each route
are known in modelling. These parameters can be further
explored their influences against the optimal decision with
sensitivity analysis. Before introducing the formulated mod-
s, thefirst subsection describes avital concept relative to the
representation of the relationships between direct trade mar-
kets and sailing legs of each route.

1. Route-Market-L eg Relationships

At the planning period, the carrier is hardly to estimate the
cargo mix for their consignment. To simplify cargo types by
containers sizes, like 20-foot and 40-foot boxes, and/or special
kinds of containers, such as reefer and out-of-gauge ones,
becomes a popular way to estimate relative parameters. This
alternative means each size of containers on the same market
has homogeneous volume, weight and price in a long-term
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Fig. 1. Containersshipped on board for theillustrated example.

planning level. A liner can carry containers for all of trade
markets among calling ports in a service route. However, its
port rotation is unlikely able to provide non-stop deliveriesfor
all port pair trades. Containers should be kept on board when
the ship calls at other non-destination ports. This practice
implies that some slots of the vessel may have been occupied
by those transit freights loaded at previous port calls. Idealy,
the vessel should be fully loaded at every sailing leg to achieve
maximal utilization of slot capacities, but shipping company
is unlikely to control shipments to meet such expectation in
practice. According to the port rotation of aloop, the carried
passages of consignments for every direct trade market can be
acquired a priori from the load planning. These paths are
normally arranged as the shortest one with minimal transit
time due to market competition.

At the case with only one route, a market-leg relation pa-
rameter, an, With value of 1 or 0 defined as whether the de-
livery passage of consignments of direct trade market m
passing the sailing leg s or not, 1 stands for yes and O other-
wise. A round trip voyage with a port rotation 1-2-3-4-2-1 is
illustrated here to depict the slot occupied relationships be-
tween trade markets and sailing legs as shown in Fig. 1. This
example has 5 sailing legs for 5 calls and serves 12 port pairs
because of visiting 4 different ports. It isclear that the carried
containers of trade from port 2 to port 4, for example, have to
occupy the slots of legs 2-3 and 3-4. The value of correspond-
ing market-leg relation parameters, a2.4),23 and o 4 3.4, Will
be 1, and othersare 0. The relationshipsfor other markets and
legs can be easily found.

Extending market-leg relationships to multiple routes, the
route-market-leg relation parameter could be redefined as o,
by adding an index of router. It represents whether the con-
signments of direct trade market m can be shipped by route r
and pass leg s or not, 1 for yes and O otherwise. Besides the
first route, another loop with rotation 1-2-4-2-1 is appended to

Table4. Route-market-leg relation matrix (e, ) for the
illustrated example.

Trade Route 1 (r =1) Route 2 (r = 2)
markets Sailing legs (s) Sailing legs ()
(m 12 23 34 42 21|12 24 42 21
1,2 1 0 0 0 0 1 0 0 0
1,3) 1 1 0 0 0 0 0 0 0
t4 1 1 1 o0 0|1 1 0 o0
2,1 0 0 0 0 1 0 0 0 1
(2, 3) 0 1 0 0 0 0 0 0 0
2,4 0 1 1 0 0 0 1 0 0
31 0 0 1 1 1 0 0 0 0
3,2 0 0 1 1 0 0 0 0 0
3,4 0 0 1 0 0 0 0 0 0
@41y o o o 1 1|0 0 1 1
4,2 0 0 0 1 0 0 0 1 0
(4, 3) 1 1 0 1 1 0 0 0 0

consider. The value of all parameters relative to the port 3in
the second route will be 0 becauseit is not visited in this loop.
The market of port 2 to port 4 is a non-stop delivery, so the

value of corresponding parameter, af2,4)y(2y4), is 1 and O for

others. The whole route-market-leg relationships for the ex-
ample can be found in Table 4.

2. Slot Exchange M odel

As noted, the carrier of using models is designated as
Company A, while its partner is Company B. For ease of
description, the following explanation will employ their roles.
Besides, container types are categorized as container sizes and
the number of types can follow the classification of Company
A. Theunit of dotsis counted in terms of TEU in the models.
Other symbols for variables and parameters used in the for-
mulated models are introduced and interpreted as follows.

Variables:
rk —

X = number of distributing slots in TEUs for type k con-
tainer in market mrequired on router.

g = dotsin TEUs to be exchanged to Company B on
router.

n" = dotsin TEUs to be exchanged from Company B on
router.

7' = aswitch variableto represent exchanged slotsfrom or

to Company B on route r, 1 denotes from the partner
and 0 otherwise.

Q = expected TEU-daysto be exchanged in the contract.

y" = purchased slots in TEUs for the whole voyage on
router.

Parameters:

S = thesetof sailing legs for router.

o, = the route-market-leg relation parameter to represent

whether the consignments of direct trade market m
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can be shipped by route r and pass leg s or not, 1 for
yes and 0 otherwise.

p¢ = possible revenue received per type k container to be
delivered in market m.

ck = required costs per type k container to be delivered in
market m.

wX = required slots in TEUs for loading type k container,
such as a 20 feet container occupies 1 TEU and a 40
feet container occupies 2 TEUs etc.

U" = dotscontrolled by Company A onrouter in TEUS.

b" = maxima sots that Company B can be released on
router in TEUs.

Z = Company B’s possibly maximal shortage of slots on
router in TEUs.

t’ = the cycletime of router in days.

uf = estimated upper bound of carrying quantities for type
k container in market m.

I* = estimated lower bound of carrying quantities for type
k container in market m.

€ = purchased price per TEU for whole voyageonrouter.

Asthe discussion above for slot distribution, it is noted that
the carrier has to allocate suitable slots to various types of
containers for each trade market along with possibly carried
paths. Intuitively the capacities of a ship should be reserved
with higher priorities for those containers with higher contri-
butions to profit generation. However, too many overlaps of
the carried paths within various markets increase the com-
plexity of optimal alocation of slots, especially to take the slot
exchange plan of multiple lines into account.

In this section, a mathematical model is constructed to de-
cide the optimal amount of slot exchange with Company B to
maximize Company A’s profits. The formulated model [M1]
is presented as follows.

[M1]

Max. YT (6l -cx ®

vr,s=1..,]S| (@

n"<b'z" Vr (3)

g <zZ@-7") Vvr 4

Z t'n’ =Q (5

Z t'q =Q (6)

X su*ISI al,  vr,mk 7

s=1

=
IN
c

3 x

vm,k ©)

> X

r

2

=~
\V]
CES

vm,k 9

7 e{0%; x*,q,n",Q>0andinterger (10)

The objective function in (1) maximizes the sum of esti-
mated possible profits of Company A from shipping various
types of containers among various trade markets. Since the
contract of slot exchange or slot purchase is always dis-
cussed after route planning or service launch, the operational
costs relative to ship sailing has to be absorbed by the carrier
as the deployed vessels type no matter the result of coopera-
tion. Slot alocation in considering slot exchange and slot
purchase only concerns consignment revenues and container
handling costs. Therefore, this paper takes into account the
revenues that include average freight and any income from
shippers and the costs that mainly contain all container han-
dling charges occurring on loading and discharging ports. Port
index for handling costs occurring is same as indexing by
market. Equation (2) enforces that the sum of distributed slots
on each sailing leg cannot exceed the available capacities,
including the originally controllable slots plus the exchanged
results. Equations (3) and (4) restrict each loop on exchanged
slotseither from or to Company B, and exchanged sl ots cannot
exceed the maximal numbers that Company B could release or
its possible shortage on each route. Equations (5) and (6) limit
the numbers of exchanged TEU-days for both sides are con-
sistent. The function of (7) isto ensure that the trade markets
without on a specific route should not be allocated any slots
on this service. Equations (8) and (9) constrain the allocated
slots for a specific category and trade market falling into the
range between its lower and upper bounds. If the planner can
ensure a precisely number for the demand of a trade market,
he/she can set the same value for its upper bound and lower
bound. Equation (10) represents nonnegative and integral
constraint of variables.

This model is an integer programming (IP) problem with
several distributed variables concerned with the types of con-
tainers, involved routes and trade markets. As only direct
trade markets on each line are considered, Eq. (7) will enforce
many distributed variablesto be O directly if involved lines do
not appear too many duplicated trade markets. The number of
other integer variables is only around three times of that of
involved routes.

3. Modd Allowed Slot Purchase

Slot purchase is another alternative adopted in an alliance
agreement, particularly in the situation where Company B has
had excess supply of capacitieswhile the Company A isfacing
excess demand. In practice, the decision of dot purchase
normally follows the result of slot exchange contract. How-
ever, the carrier can plan it simultaneously with the assessment
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of dot exchange when it holds enough information from the
partner. The requirement for slot capacities is driven by the
demand quantities. The carrier can adopt the slot allocation
with higher profits in consideration both methods if partner’s
situationisavailable. Model [M2] aimsto provide the optimal
solution when partner’s conditions and slot purchase price are
given. Furthermore, slot purchase price is just able to repre-
sent the slot value in the whole context of the exchanged
contract under the current demand levels for the company. In
this section, the possibility of slot purchase is considered and
another model [M2] is constructed as follows.

[M2]
Max. 3% (ph-cixe—-> €y (11)
r k m r
s.t.
DD Al WX <SU =g +n" +y Vrs=1..,]S | (12)
k m
y +n <b" vr (13)
(3) ~ (10
y" > 0and integer (14)

The objective function of (11) maximizes the sum of prof-
its from the possible carried containers after deducting the
costs of dot purchase. Equation (12) replaces (2) to append
the available slotsfrom purchases. To the partner the available
sold slots must be the left ones from the exchange contract.
Equation (13) make the sum of partner’s exchanged and sold
slots on each line less than or equal to the maximal that it can
release. Equation (14) is nonnegative and integral constraint
for dlot purchase variables. The structure of [M2] issimilar as
[M1] but increases the number of involved lines of variables
and congtraints. These two models can be solved by em-
ploying many commercial software packages for mathemati-
cal programming available today.

IV.COMPUTATIONAL RESULTSAND
ANALYSIS

This study used the commercial package of modelling lan-
guage for mathematical programming, ILOG OPL Studio 3.5,
to generate above formulations and to solve all instances by its
embedded branch-and-bound algorithm. The relative data of
this aliance were prepared for implementing solution on the
personnel computer with the CPU of Intel Pentium 4, 2.4 GHz,
and operation system of Microsoft Windows XP.

1. Solving Results

Because Company A only took into account 20-foot and
40-foot laden containers in dot planning, this study excluded
empty and special kinds of containers. Both upper bounds of

Table 5. Comparisonsof solving results between two models.

Slot exchange  Slot exchange with  Slot exchange and

Comparison items only 19,250 TEU-days  dlot purchase
(Model [M1]) (Model [M1]) (Model [M2])
Number of variables 3,353 3,352 3,361
Number of constraints 4,858 4,858 4,866
Objectives ($) 4,079,670 4,066,760 4,234,460
Solving time (Sec.) 2.55 464 1.60
Slot exchanged (TEU-day) 18,641 19,250 5,761
Slots purchased (TEU) 0 0 919

available released slots from Company B (b") and its possibly
maximal shortage of slots (Z) are set as the current exchanged
slots plus 10% more on each involved line. This condition,
hereafter, is called the default swap allowance for distinguish-
ing from the term of the current exchanged slots. This treat-
ment could keep the original pattern in the contract and give
more market flexibilities for obtaining possible optimal deci-
sion. Moreover, the most and |east consigned numbers of con-
tainers of the studied company for every trade market are
collected to be the upper and lower bounds of carrying quan-

tities (uX and 1¥). The concerned costs of each container on

each trade market include handling charges at ports. The
revenues include the freight and terminal handling charge
(THC) collected from the shippers. The purchase price of a
dlot is set as USD 300 for al of the routes according to
Company A's suggestion.

This instance was solved with model [M 1] considering slot
exchange and further tested the instance at fixed exchanged
TEU-days as the contract, i.e. 19,250 TEU-days. Model [M2]
was also exploited to solve this instance incorporating slot
purchase. As shown in Table 5, these cases can be obtained
their optimal solutions within 5 CPU seconds. Furthermore,
the results reved that the studied company may reach the
highest profit when its partner iswilling to sell out slots of 919
TEUs and to exchange 5,761 TEU-days. If Company B is
reluctant to sell them, then reducing the exchanged condition
to 18,641 TEU-days rather than 19,250 TEU-days will gen-
erate a better profit. These results imply the default slot pur-
chase price of USD 300 is lower than the profit that a unit slot
might earn. Accordingly, Company A can purchase slots from
Company B as many as possible to obtain the maximal profit
under the optimal decision. In addition, the current exchanged
dlots in the contract indeed could not generate the maximal
profit for Company A because of releasing too many sots for
exchange with Company B. Company A, in fact, has the po-
tentia to strive for more consignments as long as Company B
is ready to release capacities as Company A's willingness.

From the exchanged status of each line shownin Table 6, in
merely consideration of slot exchange, Company A is able to
release afew more dotstoitspartner onlinesAland A3 but to
reserve more to be used for itsown on line A2. Moreover, the
company can seek more exchanges than the current contract
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Table 6. Comparisonsof current slot control and results of model solution.
Unit: TEUs
Main e Original control Current contract Model [M1] EOSSG(I) [rMEﬂ\év;;hs Model [M2]
operator Company | Company | B swap A swap B swap A swap B swap A swap B swap A swap
A B toA toB toA toB toA toB oA toB
Company Al 1100 0 425 436 467 181
A A2 1100 0 240 130 196 0
A3 1100 0 0 99 98 99
B4 275 825 275 0 302 0 302 0 0 0
Company B5 275 825 125 0 131 0 137 0 0 0
B B6 0 1100 275 302 302 302
B7 0 850 100 109 110 73
B8 500 250 100 0 0 100 20 0 0 0
Table 7. Allocated ratios of slot allocation for satisfying [—=— Objective —e— TEU-days exchanged |
car ryi ng demands. 4,100,000 22,000
4,095,000 + 151,000
. . Model [|V| 1] 4,090,000 + | ’
Con_tal ner|Number and_ ratio for| Model with 19.250 Model 4,085,000 1 20,000
size alocation [M1] ‘ [M2] o 4080,000 1 119,000 €
TEU-days g s} Jisooo 2
Meet with the lower 33 51 28 4,065,000 1 {17000 T
bound (15.8%) | (24.5%) | (13.4%) 1’322’888 1 1 16,000
20-foot Meet with the upper 171 154 176 4:050:000 . . . . . 15,000
bound (822%) (741%) (846%) -20% -10% 0% +10% +20%
Fall between lower 4 3 4 Added percent for swap allowances from Compant B
and upper bounds (2.0%) (1.4%) (2.0%) Fig. 2. Influences of swap allowances on objective and TEU-day.
Meet with the lower 35 80 25
bound (16.8%) | (38.4%) | (12.0%)
40-foot | Meetwiththeupper| 169 115 177 the more the objective value, the higher the ratios of meeting
bound (81.2%) | (55.4%) | (85.1%) with the upper bounds in slot alocation. 1t makes sense at the
Fall between lower 4 13 6 input-output verification for the validity of our proposed
and upper bounds (2.0%) (6.2%) (2.9%) models.

on lines B4, B5, B6 and B7 if possible. Obviously, Company
A had less carrying requirement on line B8, and should release
some controlled capacities rather than to acquire more. From
this analysis, we conclude that lines A2 and B4 to B7 are of
lacking slots but lines A1, A3 and B8 were of having extra
ones to the studied company. Combining with the possibility
of dot purchase, Company A can obtain dots as many as pos-
sible in terms of this way at the current price. Slot exchange
can only take linesA1, A3, B6 and B7 into account.

Among the 208 O-D pairs, solving results show that
Company A can provide almost port pairs the most slot ratios
reaching their demand upper bounds for 20-foot and 40-foot
containers. Using [M 1] and [M2] models can exceed 80%, but
these ratios decrease to 74.1% and 55.4% respectively at fix-
ing TUE-days with 19,250 for solving Model [M1]. Only less
than 7.0% of port pair demands are satisfied falling between
lower and upper bounds in all solving cases. Other parts are
those which can satisfy the lower bounds at least. Thisanalysis
isdisplayed in Table 7. In the comparison of Tables 7 and 5,

2. Analysisfor Swap Allowance

In this section we further examine the influences of the
swap alowances from Company B (i.e. b" and Z) to the ob-
jective and exchanged TEU-days. The extension rangeisfrom
20% downward to 20% upward of the default swap allowance.
Solving with the model [M1], the maximal profit and the
exchanged TEU-days are positively associated with adjust-
ments of the swap allowances as shown in Fig. 2. When the
swap allowances increase, the maximal profit and the optimal
exchanged TEU-days will increase as well. However, the
increased margin islarger at the swap allowance islower 10%
than the default value, i.e. the current exchanged dlots in the
contract, and is smaller at exceeding it.

Note that it isinfeasible when reducing the swap allowance
to 30% less than the default value because the least dot de-
mands on some trade markets of the company can not be sat-
isfied at such low alowance level. Company A indeed needs
slot exchanges to support its strong market demand for chas-
ing more benefits by courtesy of more swap allowances from
Company B.
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—&— Objective for keeping default swap allowance minus 10%
—— Objective for keeping default swap allowance

—&— Objective for keeping default swap allowance plus 10% more

4,090,000
4,085,000
4,080,000
4,075,000
4,070,000
4,065,000
4,060,000
4,055,000
4,050,000
4,045,000
4,040,000

USD

17,850 19,250 20,650 22,050
TEU-days exchanged

12,250 13,650 15,050 16,450

Fig. 3. Fixed exchanged TEU-days analysisfor various swap allowances.

3. Fixed TEU-DaysAnalysis

In practice, the bargain results for ot exchange with the
partner are normally different from the company’sinitial plan
because the partner’s intention could not be predicted pre-
cisely in advance. This section aims to explore the optimal
profit levels for Company A with various fixed TEU-days.
The number of exchanged TEU-daysis upward and downward
from 19,270 by a scale of 700 TEU-days at atime. It isnoted
that the number of TEU-days must be the multiples of 7 be-
cause of weekly service on each line. Three levels of swap
allowance are considered, i.e. the default number and 10% less
and 10% more of that.

At the case of default swap allowance, the results show that
the profitsin model [M1] are ailmost the same between 14,350
and 18,550 TEU-days (see Fig. 3). However, the profit gen-
erated by the current contracted exchanged TEU-days of
19,250 is lower than that. Other two cases show that the
greater is the swap allowance the higher is the profit. In ad-
dition, the change pattern of profits with various TEU-daysin
these two cases is same as the first one. Obvioudly, the range
of TEU-days with maximal profits becomes lager as the swap
allowance increases. When TEU-days fall below this range,
the profit will gradually increase as it increases. On the other
side, the profits sharply decrease when TEU-daysincrease and
no feasible solution exists at TEU-days larger than a certain
number. The critical numbersin three cases are 19,250, 20,650
and 22,750 TEU-days, respectively.

The curves in Fig. 3 are of meaningfulness for the studied
company because involved lines are all restricted within the
short sea services in Asia. The differences of unit profits for
the same category of laden containersin various trade markets
aredight. Thisanalysissuggeststhat Company A could easily
adjust the slot allocation to obtain the better profits for afixed
number of exchanged TEU-days. Certainly, the incremental
margin would be moderated when the enforced exchanged
TEU-days arelower than the critical one. Contrarily, the profit
will rapidly loose due to the slot resources are wasted to ex-
change with Company B rather than to load the boxes with
actual incomes. |If the wastes are spreading more, ship’s slots
cannot afford to satisfy the least carrying demand finally. This

[ 0Objective —€— TEU-days exchanged

4,250,000 20,000
4,200,000 H |iso00
9) 4,150,000 H |- '$
> =)
= 4,100,000 |- 2
4,050,000 { H H H H H H H 5,000
4,000,000 U | 0
S OO OO oo oo oo
IS = = = =R = =]
AT BB O R~ D
Unit price of slot purchase (USD/TEU)

Fig. 4. Sensitivity analysisof slot purchase price.

analysisis valuable for the Company A to realize the suitable
levels of exchanged TEU-days and critical edge of dot re-
SOurces.

4. PriceAnalysisfor Slot Purchase

Model [M2] considers slot purchase in the slot exchange
agreement to reflect the value of unit slot resource for Com-
pany A. It shows, in section of solving results, that the sug-
gested slot purchase price of USD 300 is lower than the op-
erating value of Company A’s own and can contribute to an
increase in profit for it at a decrease in exchanged TEU-days.
This result implies that the studied company should purchase
slots as many as possible from Company B rather than exe-
cuting slot exchange. Rationally, if Company B realized the
market value of unit slot to Company A, it might not sell any
dot at this price for the reason of competition unless this deal
also benefits Company B.

Accordingly, we carried out a price sensitivity analysis to
find out the acceptable level of slot purchase price for Com-
pany A. Additional USD 50 isadded to the unit purchase price
at atimefor analysis. AsshowninFig. 4, the profitsreduce as
the unit price increases because of extra expenses of pur-
chasing, and the decrement is diminishing. On the other hand,
the number of exchanged TEU-days increases associated with
an increase in unit purchase price, but there is an abrupt lift of
exchanged TEU-days at the prices between USD 550 and 600
following a smooth change path. When the purchase price
reaches USD 850, the solution does not appear any purchased
dlot. The critical price locates at USD 841 through further
tests. Itisfound that Company A does not adopt slot purchase
policy any more when the unit purchased priceisover it. This
price could be areference in pricing slots sold to its partner or
other carriers. If Company A could sell the slot with the price
higher than this one, it rather did than operated by self. Note
that the critical price of Company B is not the same as this
price because its demands on these lines are different.

We further explored the critical purchase prices for Com-
pany A in terms of five swap allowances from Company B.
As shown in Table 8, the critical purchase price rises as the
swap allowance increased, but the range is nearly small at the
allowance enlarged more than the default case. The profits
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Table 8. Critical purchase prices of the unit slot under
various swap allowances.

Swap Critical purchase Objective TEU-days
alowance price (USD) exchanged
(USD/TEUV) (TEU-day)
-20% 781 4,056,080 13,384
-10% 800 4,069,910 17,150
Default 841 4,079,670 18,641
+10% 845 4,088,380 18,088
+20% 846 4,096,610 17,688

increase but with a diminishing tendency. However, the ex-
changed TEU-days do not show an increasing path when the
swap alowanceis larger than the default case.

The critical purchase price would be regarded as the value
of unit dot for the studied company only executing slot ex-
change. Optimal slot allocation tends to shift slot resources to
the most usage for obtaining the maximal profit. Since the
profits are growing astheflexibility of exchangeincreases, the
slot value till grows. Exchanged TEU-days reflect the ad-
justments of dot allocation according to the slot availabilities
of each line. When the swap allowance is enlarged to 10%
more than the default case, slot alocation has more effective
results so that the numbers of TEU-days exchanged can be
reduced.

V. CONCLUSIONS AND SUGGESTIONS

Under alliance co-operation, carrier’s decision-making in
how to execute slot exchange with its partnersis an important
part of its slot allocation plan, which links to company’s prof-
itability. Based on an operating slot exchange contract be-
tween two carriers, this study has contributed two models
aiming to assist carrier distributing slots in optimal slot ex-
change and with consideration of dot purchase for theinvolved
lines. These models could also generate results revealing
which lines should release capacities or swap slots according
to the estimated demands of direct trade markets. Hence, they
can be extendedly applied to a survey regarding which lines
should be involved in the alliance contract.

Important findings of this study in respective of slot allo-
cation in the slot exchange alliance are concluded as follows.

1. In the short sea services, the optimal profits from various
slot exchanges appeared to be the same within a range of
exchanged TEU-days. Theincrement margin of profitswas
moderated as exchanged TUE-days increases and less than
the range. However, the profits rapidly decreased as the
exchanged TEU-days went beyond the critical range until
no way to satisfy the least carrying demand because of slot
resources wasting on exchange conditions.

2. Swap allowance level s released from the partner dominated
the context of slot exchange. Given a strong carrying de-

mand, the profits and exchanged TEU-days positively as-
sociated with the change of swap allowances.

3. Given that dot purchase was alowed and when the pur-
chase price was lower than the profit gained from slot ex-
change without purchase, the studied company would have
a better profit by adopting a slot exchange and purchase
strategy.

4. Thecritical dot purchase price reflected the maximal profit
that the unit dlot could be earned from the studied carrier’s
viewpoint. It could be a valuable reference given to the
studied company when considering selling in dots to its
partner or others.

This paper dealt with a practical case. The test cases only
focused on the scale of the introduction in Section 1. No
matter the report in Table 5 or other casesin sensitivity analy-
sis, the commercial optimization package could solve themin
efficiency. In theory, future studies can consider developing
effective algorithm that can handle the larger cases in rational
time.

Slot allocation planning is a vital issue of slot management
in liner's practical operations. It becomes more complicated
especially after permeating alliance operations as the different
characteristics of each kind. The slot exchange contract pre-
sented in this research is only a specific case between the
studied carrier and its partner. Different alliance agreement
and more involved parties will lead to more valuable study
topics for researchers. Moreover, models presented in this
research are based on the standpoint of one participant. Some
data regarding the partner must be ready in hand. If liner
carrier would apply to it, these parameters could be collected
in the process of bargaining and modified gradually. In the
future research, the win-win models can be developed on the
basis of mutual agreement.
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