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CONTAINER VESSEL STOWAGE PLANNING

BACKGROUND

[0001] In modern container transport, a container vessel
typically serves/calls a sequence of ports, typically a cyclic
sequence of ports. Such a cyclic sequence of ports that a
vessel calls will also be referred to as a string, and each
voyage of the vessel is referred to as a round-trip (or rotation)
through the ports.

[0002] A container vessel typically accepts containers at
each port of call which are destined for respective ones of the
other ports of call that the ship is due to visit. At each port of
call, the vessel discharges all of the containers destined for
that port and it loads all the containers which are destined for
other ports of call which the ship is due to visit.

[0003] There are a large number of different types of con-
tainers that are transported by container vessels. Typically,
standard containers are either 20' or 40' long, 8' wide, and 8'6"
high. The capacity of a container vessel is normally measured
in twenty feet equivalent units (TEU) or forty feet equivalent
units (FEU). Non-standard containers include 45' containers
that are 45' long, high-cube containers that are 9'6" high, and
several types of pallet-wide containers that are a few centi-
metres wider to accommodate standard pallets inside. More-
over, reefer containers need power supply, out-of-gauge con-
tainers (OOG) may have cargo sticking out of one of the gates,
and open-top containers may have cargo out of the top. Con-
tainers with dangerous goods are handled according to IMO
rules that define legal ways to store these containers.

[0004] A container vessel typically includes a number of
bays where single rows 0f40' or 45' containers or double rows
of 20' containers can be stacked in respective stacks. Typi-
cally, a number of hatch covers divide the bays into under and
over deck positions. The levels of containers in a vertical
direction within a stack are generally referred to as tiers.
[0005] A stowage plan is an allocation plan that allocates/
assigns containers to be loaded at a port to positions on the
vessel. For the purpose of the present description, the term
position is intended to refer to a position on a vessel suitable
for receiving a cargo item, such as a container. In general, a
valid stowage plan should satisfy certain constraints includ-
ing the packing rules of the vessel. Examples of such packing
rules include physical constraints for the packing of contain-
ers, safety constraints, and support constraints, e.g. with
respect to reefer containers which typically require a position
with power supply.

[0006] It is generally desirable to provide a valid stowage
plan that minimizes or at least reduces the time at berth and/or
other contributions to a cost function. For example, this can be
achieved by:

[0007] Minimizing the makespan of the quay cranes by
ensuring that each quay crane approximately has the
same work load,

[0008] Minimizing the total number ofloads and unloads
of containers. In particular this can be achieved by
reducing the number of overstows. A container p over-
stows a container q in a stack if p is above q and q is
destined to an earlier discharge port than p,

[0009] Minimizing the total number of hatch-lifts and
crane moves between bays.
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[0010] Minimize the number of times cranes must boom
to pass the pilot house.

PRIOR ART

[0011] The generation of optimized stowage plans is acom-
plex problem which previously has been performed manually
by stowage coordinators. Recently, attempts have been made
to provide automated methods for generating stowage plans.
[0012] It has been shown that minimizing overstows in
general is NP-hard (see e.g. Avriel, Penn, & Shpirer, Con-
tainer Ship Stowage Problem: Complexity and Connection to
the Coloring of Circle Graphs, Discrete Applied Mathemat-
ics, 103, 271-279, 2000). Thus, the time required by known
algorithms for solving the problem has been expected to grow
exponentially or worse with the problem size. Moreover if we
ignore that some stowage plans may be invalid, it is clear that
the number of stowage plans is extremely large even for small
vessels. For example, there are 70!>10°° different ways of
stowing 70 containers into a vessel with 70 positions. Due to
this, most researchers and practitioners believe that container
vessel stowage planning is a very hard combinatorial problem
and that the hardness of the problem grows fast with the size
of the vessel.

[0013] Most prior art considers non-hierarchical methods.
A non-hierarchical method uses a single fine-grained repre-
sentation of the problem corresponding to its physical con-
crete representation. Early work based mainly on operation
research techniques belong to this group (e.g. Botter &
Brinita, Stowage Container Planning: a Model for Getting an
Optimal Solution, Computer Application in the Automation
of Shipyard Operation and Ship Design, VII-C, 217-229,
1992), but also recent approaches based on genetic algo-
rithms (e.g., Dubrovsky, Levitin, & Penn, 4 Genetic Algo-
rithm with Compact Solution Encoding for the Container
Ship Stowage Problem, Journal of Heuristics, 8, 585-599,
2002 and International patent application WO 97/35266) and
case-based reasoning (e.g., published German patent appli-
cation DE102004031977A1) fall into this category. Non-
hierarchical methods are only fast enough to be used in prac-
tice by coordinators for small feeder vessels of a few hundred
TEU. The reason seems to be that it is difficult for them to
handle essential high-level constraints such as makespan
minimization because they only represent and manipulate a
low-level representation of the problem.

[0014] The few hierarchical methods that exist (e.g. Wilson
& Roach, Principles of Combinatorial Optimization Applied
to Container-Ship Stowage Planning, Journal of Heuristics,
5, 403-418, 1999; Kang & Kim, Stowage Planning in Mari-
time Container Transportation, Journal of the Operation
Research Society, 53, 415-426, 2002; and Ambrosino, Sci-
omachen, & Tanfani, 4 Decomposition Heuristic for the Con-
tainer Ship Stowage Problem, Journal of Heuristics, 12, 211-
233, 2006) use an abstraction where a high-level coarse-
grained solver first assigns containers to storage areas on the
vessel and a low-level fine-grained solver then independently
for each storage area assign containers to concrete positions
within the storage area. This abstraction; however, may be
overly restrictive and result in suboptimal solutions.

[0015] In international patent application WO 97/35266 it
was recognized that the objective function of the problem is
highly non-linear. This follows from the discrete nature of the
problem and the non-linear objectives such as overstowage
and makespan minimization. Thus, it was previously believed
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that classical optimization models based on linear program-
ming can not be used to construct stowage plans efficiently.

SUMMARY

[0016] Embodiments of the present invention are based on
the realisation that container vessel stowage planning is
indeed tractable by a computer-implemented method and—
despite the beliefs expressed in the prior art—does not nec-
essarily become harder with the vessel size. There are several
reasons for this: Firstly, it is the density of constraints rather
than the size of the combinatorial space that determines how
hard a combinatorial problem is. Secondly, the NP-hardness
result of Avrial et al. 2000 (ibid.) does not cover situations
where there are as many stacks available as destination ports
for stowing containers. Thus, the inventors believe the fact
that the number of stacks in modern container vessels con-
tinue to grow may lower the computational complexity rather
than increasing it. Finally, human coordinators are able to find
stowage plans with reasonably high quality within a couple of
hours. This defines a natural upper bound on the complexity
of the problem.

[0017] Accordingly, embodiments of the present invention
provide an efficient computer-implemented automated
method for determining an allocation plan for a cargo stow-
age problem.

[0018] According to one aspect, a computer-implemented
method is disclosed for determining an allocation plan for a
cargo stowage problem of allocating a set of cargo items to a
set of cargo item positions of a vessel, each cargo item posi-
tion being suitable for receiving a cargo item. The method
comprises:

[0019] providing/constructing an expression indicative
of'one or more constraints to be satisfied by said alloca-
tion plan,

[0020] providing/constructing a cost function indicative
of a cost of an updated allocation plan relative to a
current allocation plan of said cargo stowage problem,

[0021] iteratively updating a current allocation plan from
an initial allocation plan to an updated allocation plan so
as to decrease said cost function under said one or more
constraints, wherein iteratively updating the current
allocation plan includes iteratively updating the cost
function.

[0022] Theiterativeupdate/refinement ofthe cost functions
thus allows the use of standard optimization techniques to be
applied to cargo stowage problems with complicated con-
straints, thereby providing an efficient method for generating
an allocation plan which results in allocation plans of high
quality even for large vessels, different types of containers,
and a large number of constraints.

[0023] The expression and cost function may be repre-
sented by any suitable data structure. In some embodiments,
an at least approximate optimization of a non-linear cost
function is achieved by iterating over a linear cost function,
e.g. alinear function including coefficients that depend on the
current allocation plan and are re-calculated during each
iteration. Hence, even very complex, non-linear contributions
to the cost function can be treated with high accuracy and
relatively few computational resources. In particular, in some
embodiments, a linear cost function is constructed in each
iteration such that the cost function defines the relative cost of
changing a current assignment to a new one. The current
assignment is updated with respect to this cost function and a
new cost function relative to the new current assignment is
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computed. This is repeated until the quality of the current
assignment is sufficiently high.
[0024] It is an advantage of the method described herein
that it facilitates the solution of non-linear cost functions of
stowage plans by means of fast classical optimization models
based on linear programming. Hence, it can provide an
assignment that minimizes the cost function fast, and it allows
the use of known linear programming solvers, as well as
techniques for model representation and optimization tech-
niques for linear programming.
[0025] According to another aspect, a computer-imple-
mented method is disclosed herein for determining an allo-
cation plan for a cargo stowage problem of allocating a set of
cargo items to a set of cargo item positions of a vessel, each
cargo item position being suitable for receiving a cargo item.
The method comprises:
[0026] determining/computing a preliminary distribu-

tion plan indicative of how many cargo items of each of

a set of predetermined cargo classes are to be loaded to

each of a set of storage areas of a vessel, each storage

area including a set of cargo item positions;

[0027] providing said preliminary distribution plan as an
input to a subsequent process for determining a refined
allocation plan.

[0028] Hence, embodiments of the method described
herein utilise a hierarchical decomposition of the allocation
problem where containers or other cargo items are first dis-
tributed according to their respective cargo class to storage
areas on the vessel in a coarse-grained phase. In a subsequent
fine-grained phase, the cargo items are assigned to actual
positions on the vessel.

[0029] In particular, embodiments of the method described
herein avoid the over-constrained approach of distributing
specific containers to storage areas. Instead, only the number
of containers of each class of a set of container classes to be
loaded in respective storage areas is determined in the first
phase. In this way, the present invention merely deduces
additional constraints to which storage areas containers can
be assigned rather than assigning specific containers to each
storage area. Hence, in embodiments of the method described
herein, the subsequent assignment of specific containers to
storage areas remains interrelated. In this way, low-level con-
straints considered in a subsequent phase are easier to solve
due to the higher degrees of freedom at the subsequent phase.
For example, it is possible in a subsequent phase to satisfy a
low-level constraint like a reefer requirement or a stress limit
by reassigning a container to another storage area.

[0030] Nevertheless, when the number of storage areas is
smaller than the number of cargo item positions and/or the
number of cargo classes is smaller than the number of cargo
items, the computational complexity of the method is
reduced.

[0031] The cargo classes may be determined based on one
or more attributes associated with the cargo items, e.g. their
physical dimensions, weight, etc, their type, supply require-
ments, and/or the like. The storage areas typically include a
plurality of positions. For example, each storage are may
include one or more bays or one or more parts/sections of one
or more bays of a vessel.

[0032] Insomeembodiments, the determination of the pre-
liminary distribution plan is performed by solving an alloca-
tion problem using the technique of'iteratively updating a cost
function, e.g. a linear approximation of a non-linear cost
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function, as described herein. Hence, a current assignment of
container classes to storage areas is iteratively improved.
[0033] In one embodiment, the method further comprises
determining a refined allocation plan as an at least approxi-
mate solution of an allocation problem, said refined allocation
plan being indicative of an allocation of individual cargo
items to respective cargo item positions, said allocation prob-
lem including a first set of constraints, said first set of con-
straints including the preliminary distribution plan. Neverthe-
less, when during the coarse distribution stage only the
number of cargo items of respective cargo classes are deter-
mined rather than assigning individual containers or sets of
containers to storage areas, the storage areas are still interre-
lated during the generation of the refined allocation plan,
because individual cargo items may still be allocated to one of
a set of storage areas as long the constraints including the
constraints on the distribution of numbers of cargo items of
each class are fulfilled.

[0034] The refined allocation may be performed using a
variety of methods. In some embodiments determining the
refined allocation plan includes:

[0035] allocating respective subsets of cargo items to
corresponding respective subsets of cargo item posi-
tions;

[0036] allocating respective cargo items of each subset
of cargo items to respective cargo item positions of the
corresponding subset of cargo item positions.

[0037] It will be appreciated that the above steps may be
performed as separate stages, or interleaved with each other,
e.g. by sequentially processing the respective subsets.
[0038] Insomeembodiments, the subsets of cargo items are
sorted according to a predetermined priority assigned to each
subset. Furthermore, heuristics for allocating said subsets can
be efficiently implemented.

[0039] Alternatively, determining the refined allocation
plan includes:
[0040] allocating respective cargo items to correspond-

ing respective storage areas;
[0041] allocating each allocated cargo item to a cargo
item position of said storage area.

[0042] Some embodiments of the method described herein
include accurate and efficient models of constraints and
objectives of the stowage planning problem. In particular, it
has been realised that high-quality allocation plans may be
achieved when the constraints and/or objectives include
makespan minimization, constraints on containers that
require certain supply connections, e.g. reefer constraints,
and future port optimization:
[0043] Makespan minimization seeks to minimize the time
at berth for the vessel to which all important costs such as
crane utilization, total number of loads and unloads, average
speed of vessel between ports etc. are tied.
[0044] Since reefer positions often are at the bottom of the
stacks, they tend to be occupied by non-reefer containers.
Reefer constraints seek to avoid occupation of reefer posi-
tions by non-reefer containers. Reefer containers, i.e. con-
tainers that provide a temperature-controlled (e.g. refriger-
ated) storage space, are an example of containers that require
external connections when loaded on a vessel, e.g. electricity,
fluids, such as gas, liquids, e.g. cooling fluids, and/or the like.
[0045] When expected loads at future ports on the string are
taken into account, higher quality stowage plans are gener-
ated since it avoids the need to create space for problematic
containers such as reefer containers or heavy containers at
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later ports. In some embodiments, cargo items scheduled to
be loaded at future ports are considered at the initial coarse
grain stage, while the subsequent generation of a refined
allocation plan is limited to allocating cargo items to be
loaded at a current port, thereby providing an efficient decom-
position of the stowage problem.

[0046] According to yet another aspect, it is a problem of
the above prior art methods that they only include methods for
generating stowage plans from scratch.

[0047] According to this aspect, a computer-implemented
method for generating a refined allocation plan from an input
allocation plan for a vessel is disclosed. The method com-
prises:

[0048] providing/constructing a data structure for repre-
senting a current allocation plan, the current allocation
plan being indicative of an allocation of a plurality of
cargo items to respective cargo item positions of said
vessel, and initializing the data structure to said input
allocation plan;

[0049] computing a refined allocation plan by iteratively
swapping the allocated positions of respective pairs of
cargo items in said data structure to produce respective
alternative allocation plans, and by selecting a refined
allocation plan as one of the alternative allocation plans
with a decreased value of a predetermined cost function
relative to the current allocation plan.

[0050] Consequently, according to this aspect, embodi-
ments of the method described herein provide an optimiza-
tion of an existing stowage plan without breaking the con-
straints that the stowage plan satisfies. In embodiments of this
method this is achieved by iteratively swapping the position
of containers that are equivalent with respect to these con-
straints so as to improve a refined cost function and obtaining
arefined allocation plan with a cost less or equal to the cost of
the input allocation plan.

[0051] In some embodiments, computing a refined alloca-
tion plan includes computing respective refined sub-alloca-
tion plans by swapping cargo items within each correspond-
ing sub-allocation plan, wherein each sub-allocation plan is
indicative of the allocation of a corresponding sub-set of
cargo items. In one embodiment, the input allocation plan is
partitioned into sub-allocation plans such that two cargo
items belonging to two distinct sub-plans violates the packing
rules of said vessel if their positions are swapped, and each
said sub-allocation plan is improved independently by swap-
ping pairs of cargo items, thereby introducing a divide-and-
conquer approach in order to reduce the computational com-
plexity of the method.

[0052] Itis noted that the features of the methods described
above and in the following may be implemented in software
and carried out in a data processing system or other process-
ing means caused by the execution of computer-executable
instructions. Alternatively, the described features may be
implemented by hardwired circuitry instead of software or in
combination with software. The term “processing means”
comprises any suitable general- or special-purpose program-
mable microprocessor, Digital Signal Processor (DSP),
Application Specific Integrated Circuit (ASIC), Program-
mable Logic Array (PLA), Field Programmable Gate Array
(FPGA), special purpose electronic circuits, etc., or a combi-
nation thereof.

[0053] Embodiments of the present invention can be imple-
mented in different ways, including the methods described
above and in the following, a suitably configured data pro-
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cessing system, and further product means, each yielding one
or more of the benefits and advantages described in connec-
tion with the first-mentioned methods, and each having one or
more embodiments corresponding to the embodiments
described in connection with the first-mentioned methods
and/or disclosed in the dependent claims.

[0054] In particular, the invention further relates to a data
processing system configured to perform the steps of one or
more of the methods described above and in the following.
The data processing system may comprise a suitably pro-
grammed computer, e.g. a personal computer. In some
embodiments the data processing system may comprise a
plurality of computers, e.g. one or more server computers and
one or more client computers suitably connected via a com-
puter network. In one embodiment, the data processing sys-
tem comprises a central server system and a number of client
systems. The client systems and the server system are con-
figured to communicate with each other via a suitable com-
munications link, e.g. a via a computer network, such as a
local area network, a wide area network, an internet, or any
other suitable communications network, or combination
thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0055] Embodiments will be described with reference to
the drawing in which:

[0056] FIG. 1 schematically illustrates an example of stor-
age areas and cargo item positions on a vessel.

[0057] FIG. 2 schematically illustrates an example of a
route of a cargo vessel.

[0058] FIG. 3 shows an overall flow diagram of an example
of a method of determining an allocation plan for a cargo
stowage problem.

[0059] FIG.4 shows aflow diagram of an example ofthe .1
stage of a method of determining an allocation plan for a
cargo stowage problem.

[0060] FIG. 5 schematically illustrates an example of a
matrix suitable for defining constraints of a stowage problem.
[0061] FIG. 6 shows aflow diagram of an example ofthe .2
stage of a method of determining an allocation plan for a
cargo stowage problem.

[0062] FIG.7 shows aflow diagram of an example ofthe .2
stage of a method of determining an allocation plan for a
cargo stowage problem.

[0063] FIG.8shows aflow diagram of an example ofthe [.3
stage of a method of determining an allocation plan for a
cargo stowage problem.

[0064] FIG. 9 schematically illustrates a data processing
system for determining an allocation plan for a cargo stowage
problem.

DETAILED DESCRIPTION

[0065] FIG. 1 schematically illustrates an example of stor-
age areas and cargo item positions on a vessel. A container
vessel 1 typically includes of a number of bays 2 where single
rows of 40' or 45' containers or double rows of 20' containers
can be stacked (these may be referred to as 20' and 40' bays,
respectively). For example, position 4 can hold a single 40' or
45' container or two 20' containers as illustrated by reference
numerals 4a and 4b. FIG. 1a shows atypical numbering of the
container stacks in the bays where even numbers are used for
40' bays while odd numbers are used for 20' bays. A number
otf'hatch covers 3a-c divide the bays into under and over deck
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positions. FIG. 15 shows a schematic view of an example of
the positions of a bay 2. This example assumes that there are
three hatch covers 3a-c: one in the centre 35 and one in each
side. It will be understood, however, that the number and
arrangement of hatch covers may vary from vessel to vessel.
Each level of containers is called a tier.

[0066] A possible way of representing the physical layout
of'the vessel is to use matrices. For example the bay positions
shown in FIG. 15 can be arranged in a matrix B such that
element b,; at row i and column j in B corresponds to the
position at tier i and stack j. In this way, a matrix with Boolean
values can be used to define whether a position exists in a bay
or whether the position can hold containers of a particular
type (e.g., reefer, 20", 40", or 45"). In a similar fashion, a matrix
with integer values in the range {0, 1, 2} can denote the TEU
capacities of the positions, e.g. as illustrated in FIG. 1c. If
stacks under and over deck are misaligned with respect to
each other, e.g. as illustrated in the example of FIG. 15, it may
be necessary to define separate matrices for positions under
and over deck. As an example of a matrix representation, FIG.
1c shows a 4x7 matrix representing the TEU capacities of the
positions under deck in FIG. 1.

[0067] As mentioned above a valid stowage plan typically
has to satisty the packing rules of the vessel. The packing
rules may include some or all of the following examples of
constraints:

[0068] Physical constraints
[0069] Containers must form physical stacks,
[0070] OOG containers must be placed such that the

extra cargo space is taken into account,

[0071] Pallet-wide containers must be placed accord-
ing to the requirements of their type,

[0072] Open-top containers are placed ontop of stacks
under deck,

[0073] 20'containers can not be placed on top of40' or
45' containers,

[0074] Each stack must satisfy max height constraints,

[0075] Each stack must satisfy max weight con-
straints,

[0076] Quay cranes may need 40, 60, or 80 feet of

separation in between cranes,
[0077] Safety constraints

[0078] In stacks over deck, a container on top of
another container can at most be 5 tons heavier than
the lower container,

[0079] 20' containers must be stowed such that twist
locks are accessible,

[0080] Wind stack forces on stacks over deck must be
within limits,

[0081] All IMO rules must be satisfied,

[0082] Stability constraints must be met: metacentric
height, trim, heeling, stress moments, and lashing
forces must be within limits,

[0083] Support constraints

[0084] Reefer containers must be placed at positions
with power supply,

[0085] A container can only be placed at positions that
allow its class.

[0086] However, it will be appreciated that alternative or
additional constraints be formulated.

[0087] FIG. 2 schematically illustrates an example of a
route of a cargo vessel. As mentioned above, the typical
operation of a container vessel includes a voyage along a
cyclic route connecting a sequence of ports also referred to as
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astring. FIG. 2 illustrates an example of a string 10 consisting
of four ports A, B, C, and D. The vessel cyclicly serves these
ports in the order A, B, C, D. From port D, the vessel sails to
port A and proceeds with the next rotation. Thus, if the vessel
is in port A, it will accept containers for port B, C, and D.
Similarly, if the vessel is at port C, it will accept containers for
port D, A, and B. In the above example, the vessel calls four
ports. However, it will be appreciated that a container vessel
may call any number of ports during one round-trip. In addi-
tion, it may call the same port several times on a rotation.
[0088] FIG. 3 shows an overall flow diagram of an example
of a method of determining an allocation plan for a cargo
stowage problem. The method comprises three linked opti-
mizer stages [.1, [.2, and L3 that each solves the allocation
problem at an increasingly finer level of granularity. The input
to the method (101) is

[0089] a) the physical layout of the vessel and the ports it

calls on the rotation,
[0090] b)alist of containers on board the vessel at arrival
of' the current port,

[0091] c) a list of containers to be loaded at the current
port, and
[0092] d)a list of containers expected to be loaded at the

future ports on the rotation.
[0093] Inthe first step 102, L1 partitions the containers into
a range of container classes and defines a set of main storage
areas of the vessel. L1 then determines the number of con-
tainers of each container class to load in each storage area. To
foresee future needs, the allocation is done not only for the
current port but also for the future ports on the rotation.
[0094] In the second step 103, [.2 uses the number of con-
tainers of each class to store in each storage area in the current
port computed by L1 to assign containers to be loaded in the
current port to specific positions on the vessel. The result is a
stowage plan for the current port.
[0095] In the third step 104, .3 performs a post-optimiza-
tion of the stowage plan generated by [.2. .3 improves the
stowage plan by iteratively swapping the position of a pair of
containers belonging to the same container class. The output
from the method 105 is a stowage plan for the current port
assigning the containers to be loaded at the current port to
specific positions on the vessel. It will be appreciated that, in
some embodiments, the allocation process may include the
L1 stage alone, or the L1 stage combined with the [.2 stage, or
the 1 stage followed by the [.2 stage and a different form of
post-processing, or a different combination of the stages
described herein, optionally with one or more pre- and/or
post-processing stages.
[0096] FIG.4 shows aflow diagram of an example ofthe .1
stage of a method of determining an allocation plan for a
cargo stowage problem. The input to L1, 201 is the same as
the input to the overall process shown in FIG. 3:

[0097] a) The physical layout of the vessel and the ports
it calls on the rotation. The vessel layout includes the
arrangement of bays and the container positions of each
bay under and over deck. It moreover defines the
attributes of each position (e.g., what lengths of contain-
ers the position can hold and whether it can hold reefer
containers). An example of a representation of the vessel
layout has been described with reference to FIG. 1
above. The physical layout of ports includes the number
of quay cranes available in each port,

[0098] b) A list of containers on board the vessel at
arrival of the current port. The list contains the position
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of each container and their attributes including their load
port, discharge port, length, height, weight, width, and
whether the container is a reefer,

[0099] c¢) A list of containers to be loaded at the current
port,
[0100] d)Alist of containers expected to be loaded at the

future ports on the rotation.

[0101] Thelists in ¢) and d) may include the discharge port,
length, height, and width of each container, and whether it is
a reefer. L1 solves a generalised version of the allocation
problem. L1 both generalises the set of containers to load on
the vessel and the set of positions that containers are assigned
to.

[0102] A number of container classes are defined. Each
container class represents containers that have at least one
attribute out of a predetermined set of attributes in common.
Examples of such attributes include length attributes (e.g.,
201, 40", and 45") and a reefer attribute. It will be appreciated
that additional or alternative attributes may be used to define
further container classes, for instance height attributes (e.g.,
high-cube), weight attributes (e.g., heavy and light), pallet-
wide attributes (e.g., PW-class-x), out-of-gauge attribute
(e.g., top-0O0G, side-O0G, and front-OOG), and IMO
attributes (e.g., IMO-class-x).

[0103] The set of positions of bays over and under deck are
partitioned into a number of storage areas. An example of
storage areas of a single bay is shown in FIG. 15. In particular,
FIG. 15 shows the positions of each container stack of a bay.
Notice that each position either can hold a long 40' or 45'
container or two 20' containers. The stacks form six storage
areas Sa-f, three over deck and three under deck, designated
5a-c and 5d-f, respectively. The three pairs of storage areas
(designated 5a,d; 5b,e; 5c¢,f, respectively) over and under
deck are separated by respective hatch covers; 3a-c.

[0104] It will be appreciated that other divisions of posi-
tions into storage areas are possible. For example, some of the
above storage areas may be merged. For instance, to avoid
loading more containers in the port or starboard side of the
ship, the two pairs of wing storage areas 5a,d and 5¢ f, respec-
tively over and under deck may be merged resulting in a total
of four instead of six storage areas of the bay. However, other
merging strategies may be used, e.g. for large vessels.

[0105] L1 determines how many containers of each class
that each storage area holds. To foresee space needs in future
ports, L1 not only computes this allocation for the containers
to load in the current port (given by input ¢), but also for the
expected containers to load in future ports (given by input d).
Any concrete stowage plan must satisty the constraints gen-
erated by L1 about how many containers to allocate of each
class in each storage area. So long as these rules are satisfied,
however, a specific container can be placed in any desired
storage area. In this way, L1 generates a flexible generalised
solution that can accommodate a wide range of concrete
solutions.

[0106] Inthe first step 202, L1 defines a variable vector x to
represent the solution space. For each storage area s and each
container class ¢ there is a variable in x for each possible load
port i and discharge port j such that the value x_; of the
variable defines how many containers of class ¢ are loaded to
the storage area s in port i and unloaded from s in port j. In
order to use linear programming solvers to solve the optimi-
zation problem, x is a real valued vector even though only
integer solutions are valid.
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[0107] Inthe second step 203, .1 computes a matrix A and
a vector b such that the constraints of the optimization prob-
lem are given by the set of linear inequalities Ax=b. The
inequalities include the following constraints

[0108] a)x=0 for all xex,

[0109] b) All containers at the current and future ports
are loaded on the ship,

[0110] c¢) All containers discharged at the current and
future ports are unloaded from the ship,

[0111] d) The 2040'/45" and reefer capacity limits for
each storage area are satisfied,

[0112] e) The total capacity limits for each storage area
are satisfied,

[0113] f) The number of reefer containers loaded in each
storage area is not larger than the total number of con-
tainers loaded in the storage area. The purpose of this
constraint is to relate the variables in x of the reefer and
length classes to each other.

[0114] Further constraints generally known in the container
shipping industry or described in the literature (e.g., [Botter &
Brinita, Stowage Container Planning: a Model for Getting an
Optimal Solution, Computer Application in the Automation
of Shipyard Operation and Ship Design, VII-C, 217-229,
1992], [Wilson & Roach, Principles of Combinatorial Opti-
mization Applied to Container-Ship Stowage Planning, Jour-
nal of Heuristics, 5, 403-418, 1999], [Kang & Kim, Stowage
Planning in Maritime Container Transportation, Journal of
the Operation Research Society, 53, 415-426, 2002], and
[Ambrosino, Sciomachen, & Tanfani, 4 Decomposition Heu-
ristic for the Container Ship Stowage Problem, Journal of
Heuristics, 12, 211-233, 2006]) can be added (e.g., to take
into account IMO, line-of-sight or user defined rules, weight
and volume limits of storage areas, or restrictions on high-
cube, out-of-gauge, or pallet-wide containers). These con-
straints can be translated into inequalities using modelling
techniques similar to the ones described below.

[0115] The constraints listed above are translated into lin-
ear inequalities using standard mathematical programming
modelling techniques (an introduction to these techniques is
given in [Williams, Model Building in Mathematical Pro-
gramming, 47, edit., Wiley, 2005]). As an example, assume
that we have four container classes C={20, 40,45, R} defined
by the length attributes 20', 40", and 45' and a reefer attribute
(R). Notice that the classes of the three length attributes
C,.,=120,40, 45} form a partitioning of the containers. Thus,
the union of the containers in these classes is equal to the total
set of containers. Assume that x_.,; is the number of containers
of class ceC to load in port i and discharge in port j for storage
area s. Since containers are hardly loaded and discharged in
the same port, we can assume that x,.,, =0 for i=j.

[0116] Consider a vessel on the string A, B, C, D as shown
in FIG. 2. For the purpose of this example, we will assume
that the ports are numbered lexicographically such that port A
is the first port, port B is the second portetc. The x ., variables
of a particular container class ¢ and storage area s can be
regarded as forming a load-discharge matrix X, where row
i and column j contains variable x,,;. Thus, the value of
variable (i,j) in X_, is equal to the number of containers of
class c loaded in porti and discharged in port j for storage area
s. We can use this matrix to define patterns of variables that
have meaningful sums and are useful for defining linear
inequalities of the constraints. For instance, the sum of the
row and column variables of a port p defines how many
containers to load and discharge at the port, respectively.

Jun. 10, 2010

Another example is the onboard (O,) pattern for port p. The
sum of the variables in O,, is the number of onboard containers
when the vessel departures from port p. A pattern can be
defined by a characteristic matrix E where an element e,
equals 1 if and only if the variable index pair (i,j) belongs to
the pattern. FIG. 5 shows an example of the characteristic
matrix of the onboard pattern for port B (i.e., O,). Notice that
containers loaded in port i and discharged in port j<i roll over
to the next rotation. Thus, the single “1” (designated by ref-
erence numeral 8) in row 4 of column 3 of O, refers to
containers loaded in the previous rotation.

Assume

[0117] S is the set of storage areas of the vessel,

[0118] P is the set of ports on the rotation string,

[0119] lo,, is the number of containers of class ¢ to load
in port p,

[0120] di,, is the set of containers of class ¢ to discharge
in port p,

[0121] max_, is the maximum number of containers of

class c to store in storage area s,
[0122]
[0123] We may use the constants and patterns defined
above to formally define linear expressions of the constraints
as

cap, is the total capacity of storage area s in TEU.

a) Xeijz0forceC,seS, ieP,and jeP,

b) ZZXCSpi =loy, forceCand peP,

seS§ ieP

c) Zme-p =dig forceCand peP,

se$ ieP

d) Z Xesij Smax, force C,seSand peP,
ijeOP

e) Z X20sij + 2X40sij + 2X45s;; < capg for s € S and p € P,

ijeOP
1D Z XRsij < Z Z Xcsij for s €S and p € P.
ije0p ije0p ceCyyy,

[0124] The linear expressions above can be transformed to
linear inequalities on the form Ax=b using standard tech-
niques from mathematical programming.

[0125] In the third step 204, .1 computes an initial current
value x* of x based on the containers on board the vessel at
arrival at the current port (given by input b).

[0126] In the fourth step 205, L1 computes a linear cost
function on x. The cost function is given by a vector ¢ such
that the cost of asolution is given by the scalar product cx. The
cost function depends on the current value of x. Let c(x*)
denote the vector function that defines c¢ for the current value
x* of x. The product c(x*)x then defines a linear cost function
on x relative to x*. The cost function is an approximation to
the real cost of changing x*. The real cost function is non-
continuous due to discrete cost elements (e.g., overstows and
crane-sets) and therefore nonlinear. The cost function is
defined by a weighted sum of the following cost elements

[0127]

[0128] b) Costs for having adjacent bays with signifi-
cantly more moves than the average number of moves

a) Costs of crane moves of containers,
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per bay. This cost element tries to ensure that even crane
splits can be made such that the makespan of cranes is
close to minimal,

[0129] c¢) Costs for introducing crane-sets. A crane-set
occurs when a crane is moved to a bay. Thus a crane-set
is introduced when loads or unloads are assigned to an
otherwise inactive bay in a port,

[0130] d) Costs for introducing intra storage area over-
stows. Intra storage area overstows happens when con-
tainers with discharge ports between the load and dis-
charge ports of existing containers are placed in a
storage area.

[0131] Further costs or modifications of the defined costs
generally known in the container shipping industry or
described in the literature can be added (e.g., to include costs
for not using reefer or 45' positions in a storage area, intro-
ducing hatch-lifts, introducing overstows between storage
areas above each other or between new containers to load in
the ports and containers already onboard the vessel in port 1,
introducing crane booming, not having the same discharge
port of a stack above and under deck, introducing Suez fees,
or causing extra ballast water to be used). Many of these costs
may be approximated in a linear form using modelling tech-
niques similar to the ones described below.

[0132] As for constraints, the translation of the cost ele-
ments above to linear costs on x can be based on classical
mathematical programming techniques. In particular, bullet
b) describes a cost for breaking a constraint. Such a soft
constraint can be modelled by adding an auxiliary variable to
x. Consider a linear constraint ax=b. To add a cost u for each
unit this constraint is broken, we extend x with an auxiliary
variable x'

ax-x"<b

and set the cost element for x' in ¢ equal to u.
[0133] In order to define the linear cost function formally,
we first define a set of auxiliary variables x_,, of X associated
with the soft constraint described under buflet b). Assume
[0134] Qc2%is the set of storage areas in any two adja-
cent bays,
[0135] cr, is the number of cranes in port p,
[0136] wu, is the average number of moves per crane in
port p.
[0137] A linear expression of the soft constraint can then be
formally defined as

Z ZZ (Xespi + Xesip) —Xgp < fip forge Q and p € P,

¢EClyy, 52 i€P

where

Z Z Z (Xespi + Xesip)

ceCyy, s€§ ieP

Up = .
P
crp

[0138] The linear expressions of the soft constraint can be
transformed to linear inequalities using standard techniques
from mathematical programming such that both soft and hard
constraints can be expressed in the form Ax=b.

[0139] The cost function is a linear expression on x that
depends on the current value x* of x. It is a weighted sum of
each ofthe cost elements described under bullet a) to d) above

WaCaBHWCH X)W CF)E)+W €5 (X)-

[0140] Notice that only cost element ¢ and d depend on x*.
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[0141] The linear expression of cost element a and b can
formally be defined by

Ca= 30 D DD i

ceCly, se$§ icP jeP

cp(x) = Z qup.

g€Q peP

[0142] The linear expression of costs element ¢ can be
defined by distributing the cost of moving a quay crane to a
bay on the containers moved to and from the bay. Thus, the
crane-set cost for a container loaded to a bay in port i and
discharged in port j in a new solution is the inverse of the
number of moves for the bay in the load port plus the inverse
of'the number of moves for the bay in the discharge port of the
current solution x*. This is a fairly accurate approximation to
the true crane-set cost so long as the new value of x is close to
x*. Assume that B denotes the set of bays of the vessel and
that S, is the set of storage areas of bay b. The linear expres-
sion of cost element ¢ can then formally be defined by

XESOEDNIIDY (% + mibj]xj

ceCl,, beB seSy i, jeP

where

My = max{l, Z Z szxp‘- +xzxip}.

¢€Cygy, 5ESp, i€P

[0143] Notice thatm, , is forced to be larger or equal to 1 to
ensure that the inverse is defined.

[0144] The linear expression of cost element d can be
defined by introducing a cost for any containers assigned to a
storage area that may overstow containers stored in the stor-
age area by x*. Let H(I,d) denote the characteristic matrix of
the pattern of variables that potentially overstow containers
loaded in port I and discharged in port d. We have h(I,d), =1
if and only if, i is a port after I but before d, and j is a port after
d. Further, let Z_ denote the index set of active load and
discharge ports in x* for storage area s

Z= {(z‘, b

3 > 0}.

ceClpy

[0145] We can then define the pattern of variables with
potential overstow in storage area s with respect to containers
stored in s by x* as

Hy= v H(, ).
ijezs

[0146] The linear expression of cost element d can then
formally be defined by

e IW= D DD T

ceClyy, 5§ ijeHs
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[0147] As for the linear expressions of hard and soft con-
straints, standard mathematical programming techniques can
be used to translate the cost function to the form c(x*)x. The
weights w,, w,, w_, and w, depend on the actual costs of the
problem.

[0148] It is an interesting property of L1 that an optimal
solution to the approximated cost function can be computed
fast using an off-the-shelf linear programming solver (LP-
solver) like COIN or CPLEX.

[0149] Inthe fifth step 206, L1 computes a new value of x*
that is the optimal solutions to the problem: minimize c(x*)x
subject to Ax=Db. The problem is solved using an LP-solver.

[0150] The fourth and fifth step of L1 is repeated until x*
does not change or until a bound on the number of iterations
is reached.

[0151] Since containers are indivisible, x can only take
integer values. This is ignored in the above formulation to
avoid transforming the LP problem to an Integer Program-
ming problem (IP). The computational complexity of an IP
problem is often much higher than its corresponding LP prob-
lem. It is well-known from mathematical programming, how-
ever, that when x denotes large integer quantities, the optimal
solution of the IP problem is often close to the optimal solu-
tion to the corresponding LP problem rounded off to integer
values. Since X in our case denote fairly large integer values,
we achieve good integer solutions by rounding off the optimal
but possibly fractional x* returned by the LP-solver.

[0152] Inthesixthstep 207, L1 extracts and returns the part
of x* that involves the current port. Information about the
distribution of containers in future ports is not passed to [.2
and L3, 207. These optimization modules generate and refine
the stowage plan for the current port.

[0153] Asmentioned above, [.2 generates a complete stow-
age plan for the current port that respects the distribution of
container classes on storage areas as computed by L1. In the
following, two embodiments of the 1.2 stage will be described
with reference to FIGS. 6 and 7 that can be used to solve this
sub-optimization problem. The first embodiment will be
referred to L2A. [.2A is a hybrid optimization method com-
bining a concrete heuristic and a linear assignment problem
for placing containers to be loaded at the current port to
specific positions on the vessel. It places groups of containers
on the vessel such that the number of containers of each class
assigned to each storage area respects the limits computed by
L1. The second embodiment will be referred to L2B. L2B is
an optimization method combining two assignment prob-
lems. The first assigns containers to storage areas such that the
number of containers of each class respects the limits com-
puted by L1. The second is used to allocate containers
assigned to each storage area to specific positions within the
storage area. It will be appreciated that other optimization
methods may be used at the [.2 stage. In some embodiments,
the results of the [.1 stage may even be forwarded directly to
a human stowage coordinator who then performs the subse-
quent stowage planning manually or, in a semi-automated
fashion.

[0154] FIG. 6 shows aflow diagram of an example ofthe .2
stage of a method of determining an allocation plan for a
cargo stowage problem. For the purpose of the present
description this embodiment will be referred to as L2A. The
inputto L.2A, 301, is the same as for L1 except that L2A does
not consider containers expected to be loaded in future ports.
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Instead L.2A takes as input the number of containers of each
class for each storage area at the current port generated by L1,
ie. X, fora given i.
[0155] Inthe first step, 302, L2 A generates a prioritized list
W of the containers to be loaded in the current port. The
priority of a container increases linearly with the distance the
container is shipped. Since containers are filled bottom-up in
the vessel (due to the objective function), this ordering
ensures that no loaded containers overstow each other. Con-
tainers to the same discharge port are sub-prioritized accord-
ing to how hard they are to place in the vessel. This prioriti-
zation defines a placement heuristic. Since [.2A does not
reassign positions, the ordering ensures that hard containers
have more freedom in how they can be placed than easy
containers.
[0156] For example this sub-prioritization can reflect that
a) reefer containers are placed before non-reefers since there
are a restricted number of reefer positions, b) heavy contain-
ers are place before light containers since they affect the
stability and stress factors more and use a higher proportion of
the weight capacity of stacks and bays, and ¢) 20' containers
are place before 40" and 45' containers to avoid illegal place-
ments of 20' containers on top of 40' or 45' containers.
[0157] In the second step, 303, L2A defines an initially
empty stowage plan T for the current port. The stowage plan
is completed during the iterations of the main loop of L2A.
[0158] Inthe third step, 304, .2 A enters the main loop and
removes a chunk K' of containers from the top of W with the
same priority. Thus, the containers in K' are shipped to the
same discharge port and have the same reefer and length
attributes.
[0159] In the fourth step, 305, L2A generates a set of pos-
sible positions O on the vessel for the containers in K'. O,
may span several storage areas but must respect the number of
containers of each class assigned to storage areas by L1.
Moreover, O can not contain any occupied positions in the
current stowage plan T.
[0160] In the fifth step, 306, L2A computes a IK'Ix|Og
cost matrix A=[a, ], where a, is the cost of assigning container
k, in K' to position O, in O.. The cost function is a weighted
sum of the following objectives
[0161] a) Maximize the match between the attributes of

the container and the position. Thus, place reefer con-

tainers at reefer positions, 45' containers at positions that

accommodate long containers etc.,

[0162] D) Place heavy containers at the bottom of stacks,
[0163] c) Fill each stack from bottom to top.
[0164] Further costs or modifications of the defined costs

generally known in the container shipping industry or
described in the literature can be added (e.g., to avoid height
and weight limits of stacks to be broken, to consider further
stress and stability objectives, and to place out-of-gauge,
open-top, IMO, and other special containers at desirable posi-
tions). Many of these costs may be modelled using techniques
similar to the ones described below.

[0165] As for L1, standard mathematical programming
techniques can be used to translate the objectives into the cost
matrix A. We have

A= A wdw A,

where w,, w,, and w_ are weights that reflect the importance
of'each costelement. These weights may be calibrated experi-
mentally or estimated from real costs associated with the
objectives.

Assume

[0166] attr(k,) is the set of attributes of container k; (e.g.,
attr(k,) = {20, 40, 45, R}),
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[0167] attr(o,)) is the set of attributes that can be accom-
modated by position o, (e.g., attr(0,) = {20, 40, 45, R}),
[0168] weight(k,) is weight of container k,,
[0169] level(o0)) is the level of o, measured from the bot-
tom of the stack o, belongs to (e.g., level €{0,1,2,... }).
[0170] The cost elements of A can then formally be defined
as A =[aa,], A,=[ab,], A =[ac,], where

aa;=4~lattr(k;)Nattr(o;)1,
ab;=weight(k;)*level(o;),

ac;=level(o)).

[0171] In the sixth step, 307, L2A solves the linear assign-
ment problem defined by A. The assignments are further
constrained such that the number of containers assigned to
each storage area does not exceed the maximum number of
containers to the discharge port computed by L1. Off-the-
shelf solvers like COIN and CPLEX are sufficiently strong to
get low computation times in practice.
[0172] Theassignment of positions to the containersin K'is
added to the stowage plan T. If W contains no further con-
tainers, L.2A returns the completed stowage plan T for the
current port, 308. Otherwise, [.2A loops back to the third step,
304, and removes the next chunk of containers from W.
[0173] FIG.7 shows aflow diagram of an example ofthe .2
stage of a method of determining an allocation plan for a
cargo stowage problem. For the purpose of the present
description this embodiment will be referred to as [.2B. The
input to [.2B, 401, is the same as for L.2A.
[0174] LetK andS denote the set of containers to load in the
current port and the set of storage areas of the vessel, respec-
tively. In the first step, 402, L.2B defines a variable vector x to
represent assignments of containers to storage areas. For each
container k in K and each storage area s in S there is a variable
in X, in x. The value of x, is between 0 and 1. It is 1 if
container k is assigned to storage area s.
[0175] In the second step 403, L2B computes a INIxIS|
matrix A and vector b such that the constraints of the assign-
ment problem are given by the set of linear inequalities AX=Db.
The inequalities include the following constraints

[0176] a) 0=x=1 for all xex,

[0177] b) A container can at most be assigned to one

storage area.

[0178] The constraint described under bullet a) is already
on linear form. The constraint described under bullet b) can be
expressed in linear form by

Zx,d:l fork e K.

seS

[0179] Standard techniques from mathematical program-
ming can be used to transform these linear expressions into
the format Ax=b.
[0180] In the third step 404, [.2B computes a linear cost
function on x. The cost function is given by a vector ¢ such
that the cost of assignments is given by cx. The cost function
includes the following objectives that are weighted according
to their importance

[0181] a) Load all containers,

[0182] b) For each storage area, load the number of con-

tainers for each discharge port as computed by L1,
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[0183] c) For each storage area, load the number of con-
tainers of each container class as computed by L1,

[0184] d) Do not place more high-cube containers in
storage areas under deck than the unused space of the
storage area allows.

[0185] Further objectives or modifications of the defined
objectives generally known in the container shipping industry
or described in the literature can be added (e.g., to optimize
the weight distribution of containers under and over deck, to
respect weight limits of storage areas, and to avoid allocating
containers to storage areas unused by [.1). Many of these
costs may be modelled using techniques similar to the ones
described below.

[0186] Each of the objectives can be represented by soft
constraints. Recall from L1 that a hard constraint ax=b can be
translated to a soft constraint by adding an auxiliary variable
X' to x associated with a cost per unit in ¢ for breaking the
constraint and changing the constraint to ax—x'=b. This tech-
nique can be used to formulate the objectives described under
bullet a) to ¢). In order to achieve integer values of the deci-
sion variables for high-cube containers in x, however, it may
be an advantage to translate the objective described under
bullet d) to the format ax-Mx'=b, where M is a constant such
that M>ax for any value of x (big-M format). In this way, a
one-time cost for breaking the constraint can be modelled if X'
is integer.

Assume

[0187] L, is the number of containers with discharge
port p assigned to storage area s by L1,

[0188] L_, is the number of containers of class c assigned
to storage area s by L,

[0189] H,isthe maximum number ofhigh-cube contain-
ers that can be stored in storage area s,

[0190] S,.=S is the subset of storage areas under deck,
[0191] K,=K s the subset of containers with discharge
port p,
[0192] K_c=Kis the subset of containers of class c,
[0193] K=K is the subset of containers that are high-
cube.
[0194] We can then define linear expressions of the cost

elements as follows

a) ZZxk5+xa2|K|,

kekK se§

b) Z Xgs —Xbps < Lpg for pe Pand s €S,
kel(p

c) Zxkx—xcmslm force Cand s €S,
keKe

) Z x4 — 1000xd, < Hy for s € Sy.
keKH

[0195] As for L1, standard mathematical programming
techniques can be used to formulate the linear inequalities
Ax=Db of the linear expressions of the soft constraints above.
In this equation, the variable vector x has been extended with
the auxiliary variables xa, xb,,, xc,,, and xd,. The cost vector

¢ has all zero elements except for the auxiliary variables for
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which the associated cost elements ca, cb,,, cc,,,, cd, are equal

to the weights of the objectives w,,, w,, w_, and w,. Thus,

ca=w,,

cb,,;=w,, for peP and seS,
cc =w, for ceC and seS,

cd,=w for seS;.

[0196] The weights can be calibrated experimentally or
estimated from real costs of breaking the soft constraints.
[0197] Inthe second partofthe third step, .2B computes an
optimal solution x* to the linear optimization problem: mini-
mize cx subject to Ax=b. This problem can be solved effi-
ciently using of-the-shelf LP/IP solvers such as COIN and
CPLEX. Some values of decision variables in x* may not be
integral. In practice, however, good integral solutions can be
found by rounding off x*.

[0198] Inthe fourth step 405, 1.2B enters its iterative phase
where the containers assigned to each storage area are given
specific positions in the storage area. L.2B initializes this
phase by instantiating the stowage plan T to empty and setting
the set S of storage areas to process to equal the total set of
storage areas on the vessel.

[0199] In the fifth step 405, L2B removes a storage area s
from S.
[0200] In the sixth to eighth step (407,408, and 409), [.2B

formulates and solves the assignment problem
[0201] minimize c.x; subject to A X =b_

for storage area s. The optimal solution x,* to the optimiza-
tion problem can be computed using an of-the-shelf LP/IP
solver such as COIN or CPLEX. Again, it may be necessary
to round off x,* to get integral values.

[0202] Let K and O denote the containers assigned to s by
x* and the positions in storage area s, respectively. For each
container k in K and each position o in O, the value of the
decision variable x,, of x, is 1 if container k is assigned to
position 0. The parameters ¢, A, and b, define the constraints
and objectives of the problem. They are constructed in the
same way as the corresponding parameters in the first assign-
ment problem solved by L.2B. The A, and b, parameters
include the following hard constraints

[0203] a) 0=x=1 for all xex,,

[0204] b) A container can at most be assigned to a single
position,

[0205] c) Assign all containers,

[0206] d) Do not assign more containers to a position

than it can hold,
[0207] e) Only assign containers to positions that can fit
its class.
[0208] Further hard constraints or modifications of the
defined hard constraints generally known in the container
shipping industry or described in the literature can be added
(e.g., to obey stack weight and height limits, and to respect
IMO rules and placement rules for other special containers
such as out-of-gauge and open-top containers). Many ofthese
costs may be modelled using techniques similar to the ones
described below.
[0209] The constraint described under bullet a) is already
on linear form and the description of step 404 above includes
examples ot how to make linear expressions of the constraints
described under bullet b) and ¢). For the constraints described
under bullet d) and e) assume
[0210] vol, is the size of container k measured in TEU,
[0211] cap, is the TEU capacity of position o,
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[0212] K_=K is the subset of containers belonging to
class c,
[0213] ©O—,=O is the subset of positions that do not

support containers of class c.
[0214] Linear expressions of the constraints can then be
formalized as

d) Z voly Xy =< cap, for o € O,
keK

e)Z X =0 force Cand k € K.

00_¢

[0215] Again, standard mathematical programming tech-
niques can be used to translate these linear expressions into
the form A x,=b,.

[0216] The cost function ¢, includes the following
weighted objectives

[0217] a) Load stacks bottom to top,
[0218] b)Loadheavy containers at the bottom of stacks,
[0219] c) Load containers to latest discharge port at bot-

tom of stacks

[0220] d) Avoid overstowing a previously loaded con-
tainer in a stack,

[0221] e) Avoid loading more high-cube containers in a
stack under deck than the unused space of the stack
allows.

[0222] Further objectives or modifications of the defined
objectives generally known in the container shipping industry
or described in the literature can be added (e.g., to load bays
from center and out to achieve better balance, to load every
second bay port side first to achieve better balance, to avoid
40" and 45' in same stack over deck, to avoid 20" and 40/45' in
same stack over deck to minimize the risk of placing 20'
containers above 40/45' containers, to minimize IMO rule
conflicts, and to satisfy placement constraints of special con-
tainers such as open-top and out-of-gauge containers). Many
of'these objectives may be modelled using techniques similar
to the ones described below.

[0223] Each ofthe objectives described under bullet a) to d)
has a weighted contribution to the cost vector ¢ . Again, these
weights may be calibrated experimentally or estimated based
on real costs associated with the objectives. The objective
described under bullet e) is implemented as a soft constraint
and therefore does not have cost contribution on the a,,, vari-
ables in A =[a, | but only on the auxiliary variables of the soft
constraint. Let

Cro =W o Cas o+ Wi Chy AW CCr AW 05,

define the element in C, associated with variablea, in A . The

objectives described under bullet a) and b) can be modelled in

the same way as the objectives described under bullet b) and

¢) in step 306 of L.2A. To define cc,,, and cd,, assume
[0224] dis(k) is the discharge port of container k,
[0225] latest(o) is the latest discharge port on board the

vessel in the stack associated with position o.
[0226] We then have

cey=dis(k)*level(o),
cdy=dis(k)>latest(o).

[0227] The objective described under bullet ¢) can be mod-
elled as a soft constraint using big-M format and integer
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auxiliary variables as shown for the similar objective
described under bullet d) in step 404 of L.2B.

[0228] In the ninth step 410, 1.2B adds the assignment of
containers to positions in storage area s given by x* to the
stowage plan T. If s is the last storage area, .2B returns T
which then is a complete stowage plan for the current port
(411). Otherwise, 1.2B considers the next storage area by
looping back to the fifth step.

[0229] FIG. 8 shows aflow diagram of an example ofthe [.3
stage of a method of determining an allocation plan for a
cargo stowage problem. The main input to .3 is a complete
stowage plan T (e.g., generated by [.2), 501. L3 is fine-
grained iterative improvement optimizer thatin each iteration
swaps the position of a single pair of containers with same
discharge port and attributes such that the altered stowage
plan still satisfies the main constraints and optimization cri-
teria of L1 and L.2. The purpose of L3 is to make a post-
optimization of the stowage plan where refined stability,
stress, and makespan requirements are optimized.

[0230] In the first step, 502, 13 partitions the containers in
the stowage plan T into a set Q of sets of containers with same
discharge port and reefer and length attributes. Thus, swap-
ping containers within each of these partitions will not break
any constraints on these attributes.

[0231] Inthe second step, 503, 1.3 removes a set D from Q.
[0232] Inthethird step, 504, L3 computes a |DIxIDI matrix
A=[a,], where a,;is the cost a stowage plan where the position
of container d; and d; in D is swapped minus the cost of the
current stowage plan. Virtual or “air” containers may also be
added to D such that it is possible to swap containers to empty
positions. The cost function includes a weighted sum of the
following objectives

[0233] a) Move the center of gravity to a desired location,
[0234] b) Improve stack weight,

[0235] c¢) Reduce torsion.

[0236] Further objectives or modifications of the defined

objectives generally known in the container shipping industry
ordescribed in the literature can be added (e.g., improve stack
height, reduce wind stack forces, to avoid undesired place-
ment of special containers such as IMO and out-of-gauge
containers). Many of these objectives may be modelled using
techniques similar to the ones described below.

Assume
[0237] G(T)is the point of gravity for the stowage plan T,
[0238] G*(T) is the desired point of gravity for the stow-
ageplan T,
[0239] W(T) is the sum of unused stack weights in T,

where the unused stack weight for a stack is the differ-
ence between the maximum weight of the stack and its
weight in T,

[0240] tor(T)is the torsion of the stacks in T. The torsion
of a vessel stowage can be computed using standard
techniques described in the literature or approximations
to these,

[0241] T(,j) denotes stowage plan T where the contain-
ers corresponding to d; and d; in D have been swapped.

[0242] A=[a,] can then formally be defined as

A=W aa+weab+w acy,

where

aay=1G(1(/)-G*(TE) - IG(D-G*(D)],
aby=W(IG.7))- WD),

acy=tor(T(i,j))tor(T).
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[0243] Theweightsw,, w,, and w_canbe calibrated experi-
mentally or estimated from the real costs associated with the
objectives.

[0244] Inthe fourth step, 505, L3 swaps the position of the
containers in D and T with the most negative entry in A and
loops back to the third step to recompute A for the new
configuration of containers.

[0245] In the fifth step, 506, L3 breaks out of the iterative
improvement of the positions of the containers in D because
no negative entry is found in A. This indicates that a local
minimum of the cost function has been found for the place-
ment of this set of containers. If no further sets exist in the
partitioning, .3 returns the resulting stowage plan for the
current port, 507. Otherwise, L3 loops back to the second step
and considers the next set in the partitioning.

[0246] FIG. 9 schematically illustrates a data processing
system 900 for determining an allocation plan for a cargo
stowage problem. The data processing system 900 includes a
central server system 901 and client systems 902 at each port
of'a string. Even though FIG. 9 shows an example with three
ports A, B, C, it will be appreciated that the system may be
implemented with any suitable number of ports. The server
systems 901 is connected to each of the client systems 902 via
a communications network 903. The server system 901 and
each of'the client systems 902 may be any suitable computer
or other data processing system, e.g. a PC, a workstation, a
server computer, etc. It will be appreciated that some or all of
the client systems may be portable computers, such as laptop
computers, PDAs, and/or the like. It will further be appreci-
ated that the server system 901 may be integrated with one of
the client systems 902.

[0247] The communications network 903 may include any
network or combination of networks suitable for data com-
munications, e.g. a computer network, such as a wide area
network, an internet, a virtual private network, or the like.
Further examples of communications networks include tele-
communications networks, such as wireless telecommunica-
tions networks.

[0248] Inone embodiment, the system 900 is configured to
perform the stowage planning in a centralised manner: In this
embodiment, the server system 901 receives information
about the containers that are scheduled to be loaded at the
respective ports. For example, the server system may receive
this information from the client systems 902 or from another
data processing system, e.g. a logistics scheduling system.
The server system then performs the L1 stage of the allocation
planning as described herein and generates a preliminary
distribution plan. The server system may also perform one or
more of the subsequent refinement stages, e.g. the stages [.2
and L3 described herein, so as to generate final allocation
plans for one or more of the ports A, B, and C. The server
system then communicates the stowage plan(s) via commu-
nications network 903 to the respective client systems 902,
where they are used for the actual stowing of the containers
onto the vessel. For example, the stowage plan may be dis-
played on the client system for a stowage coordinator to
review or manually modify. The plan may also be loaded into
an automated stowage system for the automatic scheduling of
cranes and other machines in the port.

[0249] Alternatively, the server system may communicate
the preliminary distribution plan generated by the L1 stage of
the process described herein to the client systems. In such an
embodiment, each client system may, be configured to per-
form one or more of the refinement stages 1.2 and [.3.
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[0250] Inyetan alternative embodiment, each client system
may perform the entire allocation planning process, thus
avoiding the need for a central server system.

[0251] Although some embodiments have been described
and shown in detail, the invention is not restricted to them, but
may also be embodied in other ways within the scope of the
subject matter defined in the following claims.

[0252] For example, the methods described herein have
mainly been described with reference to a cyclic voyage of a
vessel. However, it will be appreciated that the method
described herein may also be applicable in connection with
other operations of a vessel, e.g. a non-cyclic operation, or an
operation where not all ports are called during each rotation.
[0253] Embodiments of'the method described hereincanbe
implemented by means of hardware comprising several dis-
tinct elements, and by means of a suitably programmed
microprocessor. In the device claims enumerating several
means, several of these means can be embodied by one and
the same item of hardware, e.g. a suitably programmed
microprocessor, one or more digital signal processor, or the
like. The mere fact that certain measures are recited in mutu-
ally different dependent claims or described in different
embodiments does not indicate that a combination of these
measures cannot be used to advantage.

[0254] It should be emphasized that the term “comprises/
comprising” when used in this specification is taken to
specify the presence of stated features, integers, steps or
components but does not preclude the presence or addition of
one or more other features, integers, steps, components or
groups thereof.

1. A computer-implemented method for determining an
allocation plan for a cargo stowage problem ofallocating a set
of cargo items to a set of cargo item positions of a vessel, each
cargo item position being suitable for receiving a cargo item,
the method comprising:
providing an expression indicative of one or more con-
straints to be satisfied by said allocation plan,

providing a cost function indicative of a cost of an updated
allocation plan relative to a current allocation plan of
said cargo stowage problem,

iteratively updating a current allocation plan from an initial

allocation plan to an updated allocation plan so as to
decrease said cost function under said one or more con-
straints;

wherein iteratively updating the current allocation plan

includes iteratively updating the cost function.

2. The method according to claim 1, comprising represent-
ing said one or more constraints as a set of linear inequalities.

3. The method according to claim 1, wherein said cost
function is a linear function of a variable indicative of an
allocation plan.

4. The method according to claim 3, wherein said cost
function is a linear approximation of a non-linear cost func-
tion.

5. The method according to claim 3, wherein an iteration of
said iteratively updating a current allocation plan includes:

computing a current linear cost function as a relative cost

for changing a current allocation according to the cur-
rent allocation plan to a new allocation according to a
new allocation plan;

updating the current allocation plan by a new allocation

plan having a lower value of the current linear cost
function.
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6. The method according to claim 1, wherein iteratively
updating the current allocation plan includes using a linear
programming solver.

7. The method according to claim 1, wherein said alloca-
tion planis indicative of how many cargo items of each of'a set
of'predetermined cargo classes are allocated to each ofa set of
storage areas of a vessel scheduled to call a set of ports,
wherein each of said storage areas comprises a subset of said
set of cargo item positions

8. The method according to claim 1, wherein at least one of
said cost function and said one or more constraints includes a
component/contribution indicative of a makespan for stowing
said cargo items by a set of cranes.

9. The method according to claim 1, wherein the allocation
plan is indicative of an allocation of cargo items at at least a
first port included in a route of said vessel; and wherein the set
of cargo items includes a subset of cargo items scheduled to
be allocated at a subsequent port included in the route of said
vessel.

10. The method according to claim 1, wherein said at least
one of said cost function and said one or more constraints
includes a component/contribution indicative of allocating
cargo items adapted to connect to respective supply interfaces
of respective cargo item positions of said vessel.

11. The method according to claim 8, wherein said alloca-
tion plan is indicative of an allocation of cargo items at least
a first port included in a route of said vessel; and wherein at
least one of said cost function and said one or more con-
straints includes at least a set of components/contributions
indicative of:

an allocation of a subset of cargo items scheduled to be
allocated at a subsequent port included in the route of
said vessel,

a makespan for stowing said cargo items by a set of cranes,
and

an allocation of cargo items adapted to connect to respec-
tive supply interfaces of respective cargo item positions
of said vessel.

12. The method according to claim 1, comprising:

a) representing instances of said allocation plan by a vari-
able and generating an initial instance of a current plan,

b) constructing an expression on said variable such that the
expression is satisfied ifand only if a plan represented by
said variable satisfies the constraints of said allocation
problem,

¢) constructing a cost function on said variable such that the
cost function is the cost of changing said current plan to
a plan represented by said variable for said allocation
problem,

d) updating said current plan to a plan represented by said
variable minimizing the cost function subject to the
expression,

e) repeating items c¢) and d) until a predetermined termina-
tion criterion is satisfied,

f) providing the current plan as an output.

13. A computer-implemented method for determining an
allocation plan for a cargo stowage problem ofallocating a set
of cargo items to a set of cargo item positions of a vessel, each
cargo item position being suitable for receiving a cargo item,
the method comprising:

determining a preliminary distribution plan indicative of
how many cargo items of each of a set of predetermined
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cargo classes are to be loaded to each of a set of storage
areas of a vessel, each storage area including a set of
cargo item positions;

providing said preliminary distribution plan as an input to

a subsequent process for determining a refined alloca-
tion plan.

14. The method according to claim 13, further comprising
determining a refined allocation plan as an at least approxi-
mate solution of an allocation problem, said refined allocation
plan being indicative of an allocation of individual cargo
items to respective cargo item positions, said allocation prob-
lem including a first set of constraints, said first set of con-
straints including the preliminary distribution plan.

15. The method according to claim 13, wherein determin-
ing the preliminary distribution plan comprises:

providing an expression indicative of a second set of con-

straints to be satisfied by said preliminary distribution
plan,

providing a cost function indicative of a cost of an updated

preliminary distribution plan relative to a current pre-
liminary distribution plan;

iteratively updating a current preliminary distribution plan

from an initial preliminary distribution plan to an
updated preliminary distribution plan so as to decrease
said cost function under the second set of constraints.
16. The method according to claim 15, wherein iteratively
updating the current preliminary distribution plan includes
iteratively updating the cost function.
17. The method according to claim 15, wherein said cost
function is a linear function of a variable indicative of a
distribution plan.
18. The method according to claim 17, wherein said cost
function is a linear approximation of a non-linear cost func-
tion.
19. The method according to claim 15, wherein an iteration
of'said iteratively updating a current preliminary distribution
plan includes:
computing a current linear cost function as a relative cost
for changing a current distribution according to the cur-
rent preliminary distribution plan to a new distribution
according to a new preliminary distribution plan;

updating the current preliminary distribution plan by a new
preliminary distribution plan having a lower value of the
current linear cost function.

20. The method according to claim 15, wherein iteratively
updating the current preliminary distribution plan includes
using a linear programming solver.

21. The method according to claim 13, wherein the pre-
liminary distribution plan is indicative of an allocation of
cargo items at a first port included in a route of said vessel; and
wherein the set of cargo items includes one or more subsets of
cargo items scheduled to be allocated at corresponding one or
more subsequent ports included in the route of said vessel;
and wherein the refined allocation plan is indicative of an
allocation of a subset of cargo items scheduled to be allocated
at a number of ports of said route, the number being smaller
than the number of ports included in the preliminary distri-
bution plan.

22. The method according to claim 21, wherein the refined
allocation plan is indicative of an allocation of a subset of
cargo items scheduled to be allocated at the first port only.

23. The method according to claim 14, wherein determin-
ing the refined allocation plan includes:
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allocating respective subsets of cargo items to correspond-
ing respective subsets of cargo item positions;

allocating respective cargo items of each subset of cargo
items to respective cargo item positions of the corre-
sponding subset of cargo item positions.

24. The method according to claim 23, wherein the step of
allocating respective subsets of cargo items to corresponding
respective subsets of cargo item positions includes computing
and allocating said subsets of cargo items according to a
predetermined rule; and wherein the step of allocating respec-
tive cargo items of each subset of cargo items to respective
cargo item positions of the corresponding subset of cargo
item positions includes computing an at least approximate
solution of a linear assignment problem.

25. The method according to claim 23, further comprising:

a) constructing a list W including the cargo items to be
loaded in said vessel,

b) constructing a data structure for representing a current
allocation plan T and initializing T to an empty alloca-
tion plan,

¢) removing a sub-list of cargo items K' from said list W of
cargo items,

d) constructing a list O, of possible cargo item positions
for said list of cargo items K' on said vessel such that O,
does not include any positions in said current allocation
plan T, occupied by cargo items already onboard said
vessel, or violating a set of predetermined placement
constraints on said list of cargo items K',

e) computing an allocation of said list of cargo items K' to
said list of cargo item positions Oy, that minimizes at
least approximately a total sum of a cost for assigning
each cargo item in K' to exactly one position in O such
that no positionin O is assigned to more than one cargo
item in K',

) adding the said allocation computed in step vi to said
current allocation plan T,

g) repeating steps c¢) through f) until said list W of cargo is
empty, whereby T includes the final allocation plan.

26. The method according to claim 25, wherein said allo-
cation of'said list of cargo items K' to said list of positions O
that minimizes said total sum of costs is computed by solving
at least approximately a linear assignment problem.

27. The method according to claim 25, wherein the sub-
lists of said list of cargo items W are sorted according to a
predetermined priority assigned to each sub-list.

28. The method according to claim 25, wherein said place-
ment constraints on said sub-list of cargo items K' includes an
upper bound on the number of cargo items of each cargo class
in said set of cargo classes for each storage area in a set of
storage areas of said vessel where each storage area com-
prises a set of cargo item positions.

29. The method according to claim 14, wherein determin-
ing the refined allocation plan includes:

allocating respective cargo items to corresponding respec-
tive storage areas;

allocating each allocated cargo item to a cargo item posi-
tion of said storage area.

30. The method according to claim 29, wherein each of the
steps of allocating respective cargo items to corresponding
respective storage areas and of allocating each allocated
cargo item to a cargo item position of said storage area
includes computing an at least approximate solution of a
corresponding linear assignment problem.
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31. The method according to claim 30, wherein allocating
respective cargo items to corresponding respective storage
areas includes computing an at least approximate solution of
a corresponding linear assignment problem under the first set
of constraints including the preliminary distribution plan.

32. The method according to claim 29, wherein allocating
each allocated cargo item to a cargo item position of said
storage area, includes computing respective at least approxi-
mate solutions of a number of mutually independent linear
assignment problems, each of the mutually independent lin-
ear assignment problems corresponding to arespective one of
the storage areas.

33. The method according to claim 29, wherein allocating
respective cargo items to corresponding respective storage
areas comprises:

providing a first data structure indicative of an allocation of
each of a set of cargo items to respective storage areas;

providing a first expression indicative of a first set of con-
straints to be satisfied by said allocation of cargo items to
storage areas;

providing a first cost function as a function of at least said
first data structure and indicative of a cost of said allo-
cation of cargo items to storage areas;

determining an at least approximate solution of an optimi-
zation problem of optimizing said first cost function
under said first set of constraints.

34. The method according to claim 33, wherein the first
cost function includes a penalty contribution indicative of at
least one of the following:

a failure to load all cargo items scheduled to be loaded at a

current port,

a failure to load a number of cargo items of each of a set of
cargo classes determined by said preliminary distribu-
tion plan to be loaded in each storage area,

an allocation of more high-cube cargo items in a storage
area under deck than corresponding to an amount of
space in that storage area.

35. The method according to claim 33, wherein allocating
each allocated cargo item to a cargo item position of said
storage area comprises for each storage area:

providing a second data structure indicative of an alloca-
tion to cargo item positions of each of a subset of cargo
items allocated to said storage area;

providing a second expression indicative of a second set of
constraints to be satisfied by said allocation of cargo
items to cargo item positions;

providing a second cost function as a function of at least
said second data structure and indicative of a cost of said
allocation of cargo items to cargo item positions;

determining an at least approximate solution of an optimi-
zation problem of optimizing said second cost function
under said second set of constraints.

36. The method according to claim 35, wherein the second
cost function includes a cost contribution indicative of at least
one of the following objectives:

allocating cargo items to stacks of cargo item positions so
as to occupy cargo item positions in each stack in a
bottom-to-top order;

allocating heavier cargo items more proximate to a bottom
of a stack of cargo item positions than lighter cargo
items;

allocating cargo items having an earlier discharge port
more proximate to a bottom of a stack of cargo item
positions than cargo items having later discharge port;
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penalising overstow of a previously loaded container in a
stack;

penalising an allocation of more high-cube cargo items in
a storage area under deck than corresponding to an
amount of space in that storage area.

37. The method according to claim 14, further comprising
computing a further refined allocation plan from said refined
allocation plan by iteratively swapping pairs of cargo items
within a data structure representative of the refined allocation
plan so as to produce respective alternative allocation plans,
and by selecting a further refined allocation as one of the
alternative allocation plans with a decreased value of a pre-
determined cost function relative to the refined allocation
plan.

38. The method according to claim 14, comprising repre-
senting said first set of constraints as a set of linear inequali-
ties.

39. The method according to claim 15, wherein at least one
of said cost function and said second set of constraints
includes a component/contribution indicative of a makespan
for stowing said cargo items by a set of cranes.

40. The method according to claim 14, wherein the pre-
liminary distribution plan is indicative of an allocation of
cargo items at least a first port included in a route of said
vessel; and wherein the set of cargo items includes a subset of
cargo items scheduled to be allocated at a subsequent port
included in the route of said vessel.

41. The method according to claim 15, wherein said at least
one of said cost function and said second set of constraints
includes a component/contribution indicative of allocating
cargo items adapted to connect to respective supply interfaces
of respective cargo item positions of said vessel.

42. The method according to claim 41, wherein said pre-
liminary distribution plan is indicative of an allocation of
cargo items at least a first port included in a route of said
vessel; and wherein at least one of said cost function and said
second set of constraints includes at least a set of components/
contributions indicative of:

an allocation of a subset of cargo items scheduled to be
allocated at a subsequent port included in the route of
said vessel,

a makespan for stowing said cargo items by a set of cranes,
and

an allocation of cargo items adapted to connect to respec-
tive supply interfaces of respective cargo item positions
of said vessel.

43. A computer-implemented method for generating a
refined allocation plan from an input allocation plan for a
vessel, the method comprising:

providing a data structure for representing a current allo-
cation plan, the current allocation plan being indicative
ofanallocation of a plurality of cargo items to respective
cargo item positions of said vessel, and initializing the
data structure to said input allocation plan;

computing a refined allocation plan by iteratively swap-
ping the allocated positions of respective pairs of cargo
items in said data structure to produce respective alter-
native allocation plans, and by selecting a refined allo-
cation plan as one of the alternative allocation plans with
a decreased value of a predetermined cost function rela-
tive to the current allocation plan.
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44. The method according to claim 43, wherein the step of
computing a refined allocation plan includes:

a) constructing a set of alternative allocation plans by
swapping the position of respective single pairs of cargo
items for each distinct pair of cargo items in said current
allocation plan,

b) selecting an updated allocation plan with a minimum
cost from said set of alternative allocation plans,

¢) updating said current allocation plan to said updated
allocation plan if the cost of the selected updated allo-
cation planis lower than the cost of the current allocation
plan; and

e) repeating the steps a), b), and ¢) until a predetermined
termination criterion is fulfilled.

45. The method according to claim 44, wherein repeating
the steps a), b), and ¢) includes repeating the steps a), b), and
¢) as long as said selected updated allocation plan has a lower
cost than said current allocation plan.

46. The method according to claim 43, wherein computing
a refined allocation plan includes computing respective
refined sub-allocation plans by swapping cargo items within
each corresponding sub-allocation plan; wherein each sub-
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allocation plan is indicative of the allocation of a correspond-
ing sub-set of cargo items.

47. The method according to claim 43, wherein said pre-
determined cost function includes at least one component/
contribution indicative of at least one of a stability require-
ment for the vessel, physical stress imposed on the vessel, and
a makespan requirement.

48. A method of stowing cargo items at each of a set of
cargo item positions of'a vessel scheduled to call a set of ports,
the method including determining an allocation plan by per-
forming the steps of the method according to claim 1;

arranging the set of cargo items onto the vessel in accor-

dance with the determined allocation plan, resulting in a
vessel having stowed thereon the set of cargo items.

49. A computer program product comprising program code
means adapted to cause a data processing system to perform
the steps of the method according to claim 1, when said
program code means are executed on the data processing
system.

50. A data processing system configured to perform the
steps of the method according to claim 1.
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