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ABSTRACT

The problem of minimization of container handling cost is
considered. This cost comes from both container overstowage
and horizontal <crane movements. This thesis mainly deals
with the overstowage cost, which is more significant. The cost
of horizontal crane movements is considered indirectly by

"blocking" containers from the same origin or to the same
destination.
An algorithm is suggested to allocate containers on

board a ship through the satisfaction of the trim and
metacentric height (GM) requirements. No other hydrostatic or
placement restrictions are taken into account; however, their
consideration 1is not expected to change the basic idea of the
algorithm.

First, containers are assigned to available positions via
the satisfaction of the trim requirement, so that the incurred
overstowage <cost 1is zero. Then, the GM of the vessel is
calculated and compared with the minimum required. In case the
requirement is not satisfied, transverse container
interchanges take place moving the heavier containers to lower
positions. The wuse of water ballast is kept as minimum as
possible.

The main advantage of the suggested algorithm seems to be
that it is faster than other existing allocation procedures.
This happens because the algorithm does not use dynamic or
integer programming methods.

computer program has been developed to carry out the
necessary operations. The required CPU time is of the order of
15 seconds for 700 containers in a VAX 11/782 computer
depending almost linearly on the number of ccntainers to be
loaded.

The method is tested with satisfactory results in the
case of a vessel visiting a series of ports. However, many
opportunities for further research are open.

Supervisor: Prof. H. N. Psaraftis

Thesis title: Optimal container loading



AKNOWLEDGEMENTS

Special thanks are extended to Professor H.N. Psaraftis for
supervising this thesis and to Prof. C. Chrissostomidis for
providing the design of the containership used for the test of
the algorithm.

Also, I would like to thank Ms. Georgia Melenikiotou for her
help in editing and typing this thesis.

May 1984

Anastasios Haralampos Aslidis



TABLE OF CONTENTS

LIST OF FIGURES. ... ettt iieneencocnanannnnns S
LIST OF TABLES.....civvernnnnn. et et ieec et een e
CHAPTER 1: INTRODUCTION . ittt st teeneenonsasaconassnas
1.1 Optimal container loading: motivation......
1.2 Literature SUIVEY...eiececesacccssanoanaaan
1.3 Outline of the thesiS...iieeuieeennnenenenn.
CHAPTER 2: DEFINITION OF THE PROBLEM.......eciiivuennn
2.1 NOotatioM..iiuiieseeeeeoeeoaensoneonaencoennneas
2.2 The general problem.....ce.c.. Ceee e
2.3 The prohlem to be sS0lved ....ovieeeeneenenns
CHAPTER 3: DESCRIPTION OF THE PROPOSED ALGORITHM......
3.1 General descCriptioN...eeeeeeeeeeneenennnnns

3.2 Stage one: Assignment of containers via
the satisfaction of the trim constraint ...
3.3 Stage two: GM correction....... cees e .
.4 Stage three: Final improvement.............
CHAPTER 4: THE COMPUTER PROGRAM........ ¢ civiieinrnennns
4.1 IntroductioN..uieeeesoereecsoesnasoanonnnnss
4.2 Description of the program......coeeeeeseee
CHAPTER 5: RESULTS AND DISCUSSION...... ceeaen ceeesaaan

CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS FOR

FURTHER RESEARCH........... 0t
6.1 Conclusions...... te s es e eseeanee s
6.2 Suggested further research.........c.c0....
REFERENCESQOO‘........C..Q.‘C‘..O.. ....................
APPENDIX Al: USER'S MANUAL OF THE PROGRAM.............
Al.l1 Introduction......... creaensesesecsas e
Al.2 Inputs to the program.....sss. cecerenseaa
Al.3 Sample session........ S sscssassiscasnsses
APPENDIX A2: SAMPLE INPUT FILES AND PROGRAM LISTING...
Az.l File SHIP.DAT... ...... ® 6 & & &6 & 0 0 0 & 0 s o0 ® o o 8 o o
A2.2 File LOAD.DAT........... ceeeas S s assans P
A2.3 Program listing........ e eeestaasacenasas

54

70
70
71

74

76
76
76
80

83
84
90
92



LIST OF FIGURES

Figure

Container overstowage.......

@ ® o 6 8 8 5 00 808 0 0 80 00000 0

1.1
1.2 Algorithm proposed by J. Shields
Selection of the three top loadings
continue to the rest of the route......cccvc..

part of the vessel..........

3.3 Cell assignment procedure: strategies...........

4.1 Program structure...........

Al.1(a) Description of the available cells of a station

(b) Input to the program.....

Al.2 Station with containers on the center line.....
Al1.3 Some of the hydrostatic curves of the vessel used

to test the algorithm......

® 8 6 0 0 0 0 e 0 0 0 00 0800 0 0 0

2.1 System of coordinatesS.....ceeeeeeeenna. ce e e e
2.2 Cell or container position........oeeee.. PP
2.3 Row Of CONtaAinerS.i.ieeieeeeeeneeoneenennnnnoanns
2.4 Station: containers with the same x-coordinate...
2.5 Column or stack of CONtAinNerS...c.eeeeeereeeeennss
2.6 Equivalence of the loading and unloading case....
3.1 Flow chart of the proposed algorithm............
3.2 Assignment of containers to the front or rear

Page

14

17
17

17
18

18
25

32

35
39

49
78
78
78

82



Tables

5.10

5.11

5.12

5.13

LIST OF TABLES

Principal characteristics of the vessel used

to test the algorithm...iccee e eieiiineoanaans
First loading schdule examined......cevervenenenns
Second loading schedule examined..........cc00uunn..
Allocation of containers and overstowage

cost after port 5.

K=1.0, GMmin=50.0 ft, "blocking"™ selected...... o
Allocation of containers and overstowage

cost after port 5.

K=1.0, GMmin=50.0 ft, "blocking" not selected....
Detailed view of container allccation at

stations around amidships.

K=1.0, GMmin=50.0 ft, "blocking" selected........
Detailed view of container allocation at

stations around amidships.

K=1.0, GMmin=50.0 ft, "blocking" not selected....
Allocation of containers and overstowage

cost after port 5.

K=0.2, GMmin=50.0 ft, "blocking" selected........
Allocation of containers and overstowage

cost after port 5.

K=0.2, GMmin=50.0 ft, "blocking™ not selected....
Allocation of containers and overstowage

cost after port 5.

K=1.0, GMmin=9.85 ft, "blocking" selected........
Allocation of containers and overstowage

cost after port 5.

K=1.0, Gmmin=9.85 ft, "blocking" not selected....
Allocation of containers and overstowage

cost after port 7.

K=1.0, GMmin=50.0 ft, "blocking" selected........
Allocation of containers and overstocwage

cost after port 7.

K=1.0, GMmin=50.0 ft, "blocking"™ not selected....

Page

55
56
56

57

58

60

61

63

64

66

67

68

69



CHAPTER 1: INTRODUCTION
1.1 Optimal container loading: motivation

The introduction of containerization in the shipping
industry took place about 25 years ago, and since then it has
continuously evolved. The size of containerships increased
from 350 TEU fully cellular containerships to vessels with
capacity of the order of 4000 TEU's. At the same time the size
of the container itself increased from 10 and 20 foot
containers to 35 and 40 foot ones.

Moreover, evolution has occurred not only in the size of
vessels and containers, but also in the transportation system
as a whole. The concept of intermodal transportation has
proved to be economically and practically very efficient.
Under this system the transportation network includes both
ocean and land routes. Usually the container is 1loaded and
sealed by the shipper and driven by a truck or a train to the
port, where a ship takes over moving the container to its
ultimate shoreside destination. From there the container is
carried by truck or rail for final delivery.

Both competition and increasing shipping costs require
every stage of the whole procedure to be <carried out
efficiently. With vessels carrying a 1large number of
containers today, the time and, consequently, the cost, of
loading and unloading them contributes a continuously

e ——— - —————————_—— _————————————_—— ———— . - ———————_ — . ————————

TEU: Twenty-foot equvalent unit (container)



increasing share of the overall cost.

For any given port facilities, the time required for
loading and unloading is a function of the arrangement of the
cargo on board the vessel (vessel stowage). Both ship
operators and port managers are interested in determining the
optimal vessel stowage, that is, the one which minimizes port
time.

The main reeson for time delays is container overstowage;
this happens when containers shipped to a port (say, A) are
placed below containers shipped to a subsequent port (say, B -
see figure 1.1). This may be necessary to satisfy the minimum
metacentric height (GM) requirement in the case the
containers shipped to port A are heavier than the ones shipped
to port B. The result is that some of the containers going to
port B must be unloaded and loaded again in order to be able
to unload the containers shipped to port A. That is what is
known as "overstowage cost".

Another factor which affects the (un)loading time is the
distribution of the containers along the vessel. If containers
with the same destination are spread along the vessel,
additional crane movements are necessary, resulting in longer
port time. Such delays <can be avoided if containers with
common destination are "blocked" together.

In the following we are concerned with the problem of

minimizing the container handling costs.

1.2 Literature survey
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(a) Container allocation with overstowage.

(b) Container allocation with no overstowage.
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Since containerization is a fairly new phenomenon, few
attempts have been made to solving the problem of optimal
vessel stowage. Consequently, the related 1literature is
limited. In addition, even though some attempts have been made
by some companies, these have not been published in the open
literature because they are <considered as proprietary
information.

The first attempts to solving the problem can be traced
back to 1969, when Van Dyke and Webster tried to introduce the
use of computers in cargo handling. Although the Maritime
Administration supported their research, nothing commercially
exploitable surfaced, because, as Scott and Chen claimed in a
later paper (1978), the heuristic method which was developed
neglected the constraints concerning the decking, racking and
lashing strength and the regulations on hazardous cargo
transportation.

In fact, the simultaneous consideration of all possible
constraints makes the problem extremely difficult. Scott and
Chen (1978) adopted three heuristic rules which tried to
satisfy implicitly these constraints, as follows:

Containers were aggregated into homogeneous groups based
on some container characteristics (such as type, length,
height, weight, racking strength and destination) and also on
placement restrictions. Ten classes of containers were
created. The first nine classes included containers with
specific requirements while the tenth class contained

containers suitable to be placed anywhere on the vessel. The
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containers of the tenth class were stratified into several
weight brackets. Dynamic programming methods were wused to
determine the ranges of the brackets.

The allocation procedure had four stages:

stage 1: The containers of the first nine classes were
assigned to individual positions by following three
heuristic rules.
stage 2: The containers of the tenth class were distributed to
stations by using an integer programming model. The
objective in this stage was to maximize the number of
containers to be loaded.
stage 3: The allocation of individual containers within each
station was determined. Integer programming was used
to minimize the transverse moment.
stage 4: The trim, transverse moment and GM were checked. If
the corresponding constraints were violated,container
interchanges took place until all the constraints are
satisfied. If this was not possible, the number of
containers on board was reduced by one and the
process was repeated.

Among the advantages of the above heuristic was the
consideration of as many placement restrictions as possible.
But it did not deal directly with overstowage, bending moment
or decking or lashing strength. Actually, except for those
checked in stage 4, none of the other constraints were
satisfied directly. 1In addition, the method used dynamic and

integer programming models, which undoubtedly resulted in
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relatively 1long computer times. A typical integer problem
size, as it is referred in the paper, had 29 ccnstraints and
84 integer 0-1 variables. Although the required computer time
was not discussed, it is expected to be relatively long. This
seems to be the most pronounced disadvantage of the method.

A later work, Shields (1983), sponsored by American

President Lines, was presented at a SNAME section meeting in

California. The ©basic idea in this approach was the random
generation and evaluation of many different possible loadings.
In order to avoid a large number of loadings many of which are
Presumably not optimal, the loading generation process was
biased in a manner to produce good results.

The «criterion through which a specific loading was
generated was selected randomly among a set of criteria. More
specifically, each criterion was assigned a weight and a ranom
number generator selected the hierarchy under which the
criterion would be applied for the loading of the next group
of containers.

The evaluation of the loading was done by imposing
penalties each time an increase in the container handling cost
occurred or each time a constraint was violated. In the latter
case the related penalty was very large, to preclude the
selection of that loading as optimal.

Finally the three top (less costly) solutions were
approved. The algorithm commenced the loading of containers of
the next port using the three selected loadings as starting

points. Again the three best 1loadings were chosen. The

12



procedure was repeated at each subsequent port. At the final
port the less costly solution as well as the intermidiate
loadings which result were found and adopted. A diagramatic
representation of the algorithm is shown in figure 1.2. The
shaded ships represent the selected loadings. The doted line
indicates the final loading chosen.

This algorithm took into account many parameters and
restrictions and satisfied them fairly well. But it did not
guarantee optimality even in a relative sense, since there was
nothing to secure that the best combinations after, say, port
#1 would result in an overall optimum at the final port.
Moreover,‘ the three selected solutions at each port were not
necessarily the best. All the above are true in a
probabilistic sense. Of course if the number of combinations
checked as well as the number of loadings approved to continue
to the next ports are increased, the probability to find a
better solution increases. But this also results in longer

computer times.
1.3 Outline of the thesis

In this thesis we present a simpler approach to the
container overstowage problem. The algorithm proposed,
although in its first stages of development, seems to be very
promising, at least with respect to computer time and memory
required.

Although a simplified version of the problem is solved

13
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here, the introduction of the complete set of constraints is
not expected to change the nature of the algorithm, or
significantly complicate the computer program.

The main advantage of the proposed algorithm is that it
does not use integer or dynamic programming methods, which by
their nature are time consuming, but follows a simple
heuristic allocation method.

After some notation is adopted, the complete problem is
described in chapter 2. In the same chapter we discuss some
simplified assumptions and we conclude with the version of the
problem we shall solve.

The next chapter is devoted to the analytical description
of the proposed algorithm. Chapter 4 discusses the computer
program developed. A discussicn of the results along with the
presentation of sample outputs of the program are made in
chapter 5. Suggested fields of further research is the subject
of chapter 6.

Finally, in appendix Al a user's manual for the program
is given. Th2 listing of the computer program can be found in

appendix A2,
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CHAPTER 2: DEFINITION OF THE PROBLEM

2.1 Notation

Before we describe of the different ways to formulate and
solve the problem, it is useful to establish the specific
notation to be followed in the rest of this thesis.

First we define the coordinate system in which the vessel
is described. This system has its origin at the center plane
at the point where the aft perpendicular intersects the base
plane (see figure 2.1). The x-coordinate increases forward and
the z-coordinate upward.

The following terms are defined with respect to the above
system:

1) A cell or position is an individual container location
in the vessel, defined by its (x,y,z) coordinates (figure
2.2).

2) A row is the set of positions (cells) which are on
the same horizontal plane, defined by its z-coordinate (figure
2.3).

3) A station is the set of container positions on the
same transverse plane, defined by its x-coordinate (figure
2.4).

4) A column or stack is the set of container ©positions
on the same logitudinal and transverse planes, defined by its x

and y coordinates (figure 2.5).
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2.2 The general problem

The optimal container loading problem in the general case
can be stated as follows:

Suppose that a ship is scheduled to visit a number of
ports, say N. Consider, now, a port -j- of the route. At that
port a number Uj of containers are unloaded, while Lj new
containers are loaded. In addition there may be a number Cj of
containers which, although they have subsequent destinations,
must be temporarily unloaded in order to discharge the Uj
containers which have to be delivered at the current port.

The question posed is what is the loading arrangement of
containers, so as to minimize the cost of handling them in the
next ports. In other words it is desired that the total number
of container rearrangements be as small as possible.

In general, the (un)loading procedure will be less costly
if the crane horizontal movements are kept to a minimum.
However, the main contribution to the container handling cost
comes from container rearrangements due to overstowage.

In parallel with the cost minimization effort, a number
of constraints must be satisfied. Generally, these constraints
stem from both hydrostatic requirements of the vessel and
placement restrictions with respect to the size, kind, content
and strength of the containers. Some of these constraints are
summarized below:

1) Longitudinal moment ( trim )

The trim of the vessel must be between some prespecified

19



limits determined by requirements of good performance and
safety. Generally, it is desired that the trim should be as
close to zero as possible. 1In case trim is unavoidable, stern
trim is prefered to bow trim.

In addition, the rules of <classification societies
relative to the minimum required bow and stern drafts must be
satisfied.

2) Transverse moment

The transverse moment with respect to the center 1line
must be zero or, at least, between very narrow limits around
zero. The wuse of water ballast could be very helpful in
satisfying this requirement.

3) Available metacentric height

The metacentric height (GM) of the vessel must be
greater than the minimum required (GMmin). Satisfying this
constraint implies placing the heavier containers at the lower
rows.

This may conflict the objective of minimizing the
container overstowage cost, if the heaviest containers are
those which go te the nearest destinations.

The minimization of overstowage cost requires the
containers which will be unloaded first to be placed at the
upper rows. In <case these containers happen to be the
heaviest, the satisfaction of the GM constraint may require
placing them at lower rows, increasing the container handling

cost.

20



4) Bending moment (structural stresses)

The structural stresses allowed on the keel and on the
deck are constrained to be no more than the maximum ones
approved for the ship by the classification society. The
allocation of the containers along the vessel affects the
value of the structural stresses to the extent it influences
the weight distribution along the ship.

Since the buoyancy distribution has its peak around
amidships, a rule of thumb to reduce the value of the bending
moment is to fill first the positions around the midsection.

5) Deck strength

It is possible that a stack of containers on deck weighs
more than the deck structure can bear. In this case the weight
(number) of containers per stack should be restricted.

6) Racking strength

Since above the " deck there are no «cell guides, the
containers of the lower rows hold the containers stowed above
them. 1If the weight of the stack exceeds the strength of the
lower container, this may bend diagonally. This limit should
be considered when containers are placed on deck.

7) Lashing strength

To avoid container movement, containers on deck are
lashed to it. This implies that the stresses developed by
containers of a stack should not exceed the stresses allowed
by the lashing. This limits the number (weight) of containers

per stack.
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8)'Refrigerated containers (reefers)

There are some categories of <containers which have
additional requirements, such as refrigerated containers or
containers with <cargo requiring ventilation etc. These
containers can be placed only in positions having the related
facilities (for example: reefers are usually placed at the
lowest rows on deck (first or second) where power outlets are
available).

9) Container support

Since a container is supported on its four lower corners,
it must be placed in positions where either the ship or
another container provides suitable support. This requirement
does not allow containers with different lengths to be stowed
in the same stack.

10) Hazardous cargo regulations

Containers which contain cargo considered hazardous (by
the U.S. Coast Guard) must be seperated by a minimum distance
from other containers also containing hazardous cargo ( Code
of Federal Regulations, Title 49, Transportation, Parts 100-
199 ).

The above <constraints are not of the same importance.
Some of them are redundant or overlapping, as it happens with
constraints 5, 6 and 7. Some others may be conflicting (1, 2
or 3 versus 8, 9, 10) and not all of them are present in all
cases.

Moreover, there may be constraints stemming from draft

22



restrictions or different port facilities which can restrict
the possibility to use the full capacity of the vessel.

Generally, the most important constraints are those
related to the trim, stability and strength of the vessel (1,3
and 4), which are involved and must be satisfied in every ship
departure.

It is clear that it is very difficult to solve the
complete problem at once. This is the reason we chose to start
from a relatively simplified version of it, including
initially only the most important constraints. This will help
us acquire a deeper understanding of the specific problems
involved and also test our method. After this is done it would
be easier to introduce the rest of the constraints.

The version of the problem which will be solveu is
described 1in the following section; for convenience we will

call this version of the problem "Problem P".

2.2 The problem to be solved in this thesis

"Problem P" (

It is necessary to simplify the general problem, as
defined previously, at least in the first stages of the
developement of the algorithm. Later, once we are convinced
that we are in the correct direction we will return to the
complete real case.

The simplifications made are presented and discussed in

the following:
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1) The first simplification we will make refers to the
operations of the vessel at each port. We assume that along a
route the vessel is only being loaded (Uj=0) or only being
unloaded (Lj=0).

The former case means that the vessel starts empty at
port (S) and picks up containers at subsequent ports. All
those containers are unloaded at one common final destination
(D). The latter case means exactly the reverse. The vessel
departs loaded from a common origin (D) and delivers
containers at all subsequent ports, without taking new cargo.

The two cases are equivalent because we can always treat
the unloading case as the loading one and vice-versa. This can
be seen more clearly in figure 2.6. We assume that a vessel
visits N ports in a round trip. During its first visit it is
being 1loaded with containers. 1In the return trip the vessel
follows exactly the reverse route. This time, we assume that
each container is unloaded at the port from which it had
prev: isly been loaded. The equivalence of the two cases is
obvious.

2) The next simplification is related to the assumed
objectives. Initially, we will optimize the 1loading with
respect to overstowage cost. The cost of horizontal crane
movements is relatively smaller than the overstowage cost and
can be ignored. However, the algorithm offers the option to
choose between "blocking" or "nonblocking" the containers from

the same origin.
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3) As far as the containers are concerned, we assume
that:
i) they are of the same size (although not necessarily
of the same weight),
ii) they do not contain hazardous or refrigerated cargo,

iii) their center of gravity coincides with the center of

volume,
iv) the (un)loading schedule is known before the
beginning of the trip.

4) The constraints related to decking, racking and
lashing strength are ignored for the moment. We suppose that
the number of rows on deck is such that these constraints are
satisfied.

5) Moreover, the loading is considered symmetric with
respect to the <center line. This assumption enables wus to
disregard the constraint related to the transverse moment.

6) The calculation of the structural stresses on the deck
and on the keel is not very simple. In order to calculate the
bendihg moment we need not only the weight distribution along
the vessel, but also the buyoancy distribution for two wave
patterns (trough or peak at midsection with wave 1éngth equal
to ship 1length) and several different drafts. The time
constraint under which this thesis was carried out does not
permit such a detailed analysis.

The algorithm we propose allocates the heaviest

containers around amidships in an effort to offset the
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buoyancy distribution which has greater values in that area.

Finally, we do not have to worry about the maximization
of the number of containers on board, because under the
assumptions 3,4 and 6 made above the only factor which can
restrict them is their own weight. If the containers are
relatively heavier than those the vessel is designed for, the
loading procedure will end up with some empty cells. Thus, in
case the containers waiting to be loaded violate the draft
(displacement) constraint, a method must be developed to
decide which containers will be shipped. In the following we
will skip this problem, by supposing that the draft constraint
is satisfied or that the loading procedure terminates the
first time the above constraint is violated.

Concluding this chapter, we restate the version of the

problem we plan to solve.
3.2.1 "Problem P"

Suppose that a vessel is to visit N ports. The vessel
starts empty at port S and is loaded with Lj containers at
port j (j=1,...,N). We assume that the loading schedule is
known from the begining. All these containers will be unloaded
at a common destination.

We need to find the allocation of the containers at each
port so as to minimize the container overstowage cost and
satisfy the following constraints:

1) The 1longitudinal moment must be between specified

27



limits determined by requirements of good performance and
safety,
2) The available metacentric height must be greater than

the minimum required.
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CHAPTER 3. DESCRIPTION OF THE PROPOSED ALGORITHM

3.1 'General description

As it has been discussed in the previous chapter, the
final version of the problem requires the direct satisfaction
of two constraints - trim and metacentric height (GM) - and
the indirect satisfaction of another one - structural stresses
(bending moment).

Our objective is to minimize the container handling cost.
This cost may have several components, the most important
being: a) the cost incurred by overstcwage, and b) the cost
incurred by crane movements along the length of the vessel.
The overstowage cost is more significant and, thus, the
proposed algorithm gives more emphasis to it.

We can mathematically formulate the problem if we define
variables Xij as:

1 if container j is assigned to cell i
Xij =

0 otherwise

The main difficulty of any mathematical formulation using
the above variables is the large number of variables used; if
MC is the number of available positions on board and NC is

the number of containers we want to ship, MC#*NC variables

should be defined. It is clear that with vessels carrying more

than 1000 containers, the number of the required variables is
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greater than 1,000,000. This makes almost impossible the use
of any formulation based on the above variables. Fewer
variables are required in order to produce a solvable model.

The algorithm proposed by this thesis wuses very few
variables. These variables represent the available cells
(positions) on the vessel. If such a cell 1is empty, the
corresponding variable is equal to zero; if the <cell 1is
occupied the variable takes on an integer value corresponding
to the origin or destination of the container.

Because the loading and unloading cases aie equivalent
(figure 2.6), we develop the algorithm only for the loading
case.

At each port the containers are assigned to cells one by
one. The whole procedure is carried in three stages:

a) First, the satisfaction of the ¢trim constraint
determines the 1longitudinal position of each container.
Preferably, water ballast is used the least possible. Because
the new containers are placed above the already loaded ones,
overstowage is not recorded in this stage.

b) After all the containers to be loaded at a specific
port are placed aboard, the algorithm calculates the
metacentric height (GM) and compares it with the minimum
required. If the metacentric height is below the minimum,
container interchanges take place in the columns where heavier
containers have been placed above lighter ones. Containers are

replaced in decreasing order of weight. However, these
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rearrangements result in overstowage.

If after all possible interchanges have been made and
the GM-constraint is still unsatisfied, the algorithm examines
the possibility of perferming transverse interchanges among
containers of each station. If the GM-constraint is still
unsatisfied, the algorithm cannot determine a feasible

solution.

c) Finally, the method applies transverse interchanges in
order to maximize GM without increasinrg the container handling

cost and/or to minimize the above cost withcut decreasing GM.

The 1logical diagram of the algorithm is presented in
figure 3.1. Because logitudinal container i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>