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Abstract

This paper introduces an approach for generating scenarios of sea port container termi-
nals. A scenario consists of arrivals of deep sea vessels, feeder ships, trains, and trucks
together with lists of containers to be loaded and unloaded. Moreover, container attributes
such as size, empty, reefer, weight, and destination are included. The generator is based on
a large number of parameters that allow the user to produce realistic scenarios of any size.
The purpose of this paper is to outline the parameters that are important to produce realistic
scenarios of high practical relevance and to propose an algorithm that computes scenarios on
the basis of these parameters. The scenarios can be used as input data for simufation models.
Furthermore, they can be employed as test data for algorithms to solve optimization problems
in container terminal logistics such as berth planning and crane scheduling. The generator
discussed here has been developed within the simulation project at the HHLA Container-
Terminal Altenwerder in Hamburg, Germany. Nevertheless, its structure is general enough to
be applied to various other terminals as well.

Keywords: Container logistics, container terminal, scenario generator, simulation.

1 Introduction

Since the 1960s, the container has gained an enormous importance in worldwide trade and trans-
portation of goods. This is due to both the increasing containerization (which means that the
number of goods transported in containers has steadily grown) and increasing world trade. As a
consequence, new container terminals are being built and existing ones are extended in order to
cope with the growing number of containers. In addition, the container terminals face the challenge
of turning around not only more but also larger ships in the shortest possible time. To meet these
objectives, container terminals employ innovative (and often automated) equipment and optimize
their logistic processes. Given the increasing importance of efficient container terminal logistics,
it is no surprise that practioners as well as researchers continuously develop new optimization
approaches as well as simulation models.

Optimization problems inlude the allocation of berths to arriving vessels (see Imai et al. [11,
12], Lim [18]) as well as scheduling the loading and unloading operations of quai cranes (see
Daganzo [5], Peterkofsky and Daganzo [20]). Internal transportation of containers, particularly
between the quai and the stack, has been studied for straddle carriers (see Bose et al. [4], Kim and
Kim [15], Steenken et al. [22]) and for automated guided vehicles (see Bae and Kim [2], Evers
and Koppers [7]). Moreover, the problem of allocating and scheduling stacking cranes has been
addressed (see Zhang et al. [26]). Finally, strategies for locating containers in the yard have been
discussed for two different cases, namely import containers (see de Castilho and Daganzo [6], Kim
and Kim [13]) and export containers (see Kim et al. [14], Taleb-Ibrahimi et al. [23]). An approach
covering both cases has been proposed as well (see Zhang et al. [25]). A more comprehensive
overview of literature on optimization issues is given by Meersmans and Dekker [19]. While these
papers consider sea port container terminals, an optimization approach for an inland container
terminal (i.e., without vessels or ships) has been presented by Alicke [1].

Simulation models are developed to evaluate the dynamic processes on container terminals.
This allows to generate and analyze statistics such as average productivity and average waiting
time (e.g., of a quai crane waiting for a straddle carrier). This way, potential bottlenecks can
be identified. Usually, detailed simulation models cover both the physical resources (particularly



the equipment such as cranes and vehicles) and the components for control and strategies (hence,
simulation models provide a testing environment for optimization algorithms). Simulation projects
can be carried out when building a new terminal (see Schiitt and Hartmann [21]) or when analyzing
or modifying an existing one (see Legato and Mazza [17], Yun and Choi [24]). In either case,
plans can be tested by means of simulation before they are actually implemented. Moreover,
simulation models can be employed as a decision support system for the terminal management
(see Gambardella et al. [8, 9]). For example, one could simulate the next shift on the basis of
decisions to be made (e.g., on the assignment of resources) such that the effects of the decisions
can be eveluated in advance.

This paper introduces an approach to generate scenarios for container terminals. On the basis
of parameter settings, the generator computes arrivals for deep-sea vessels, feeder ships, trains,
and trucks including lists of containers to be unloaded and loaded. By specifyling the parameters
appropriately, one can generate realistic scenarios for terminals of different sizes. It is possible
to adjust the distributions among the modes of transport, the ship sizes, the arrival distributions
over time, and the distributions of various container properties. The generator has been developed
within the simulation project of the new HHILLA Container-Terminal Altenwerder in Hamburg,
Germany (for details on that terminal see Baker [3]). Nevertheless, it is general enough to cover
other seaport container terminals as well. In fact, the parameters keep the generator as general
and flexible as possible such that it is able to generate scenarios for almost all sea port container
terminals. Since it was developed for a real-world container terminal, special emphasis was laid on
an easy-to-use generator to produce realistic scenarios. The parameters allow to employ real-world
data such as planning information and statistics from the past to allow for a realistic scenario. This
paper outlines the parameters that have been identified as being important to produce realistic
scenarios for container terminal logistics, and it defines a procedure to construct scenarios on the
basis of these parameters.

Generating experimental data is an important field in operations research (see, e.g., Hall and
Posner [10], Kolisch et al. [16]). The main purpose of the generator presented in this paper is to
produce scenarios that can be used as input data for simulation models. Such scenarios are needed
if no real world data from the past are available that could be employed. This is the case for new
terminals to be built as well as for terminals to be expanded. Moreover, the generator allows to
produce scenarios for future developments such as more ship arrivals or larger vessels. In addition
to simulation, the scenarios can also be used as test data for various optimization problems arising
in container terminal logistics such as berth planning, quai crane scheduling, and container storage.

2 General Concept

In this paper, a scenario for a container terminal is defined as the data concerning all ship, train,
and truck arrivals within a specified horizon including the information related to the containers
being delivered or picked up. That is, for each day within the horizon, the scenario includes the
arrival time of any ship, train, and truck together with the number of containers delivered and
picked up. For each of these containers, detailed information on size (20’ oder 40°), type (reefer,
oversized etc.), and destination are given.

2.1 Modes of Transportation

The generator distinguishes four different types of transport modes which are depicted in Figure
1. On the seaside we have large vessels for world-wide service as well as (typically smaller)
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Figure 1: Modes of transport

feeder ships for regional service. The landside is made up by trains and trucks. With these four
predefined transport modes, it is possible to adjust realistic parameters of the individual transport
modes (usually, a vessel carries substantially more containers than a train). Equally important, the
distribution of containers among the four transport modes can be specified (for example, one can
determine how many of the containers delivered by truck will be picked up by vessel and by feeder
ship). Hence, the generator allows for container flows between any of the four modes. Considering
the port of Hamburg (and hence also the Container-Terminal Altenwerder), the container flow
between large vessels and feeder ships is of particular importance. Therefore, we distinguish these
two categories instead of having just a single seaside mode “ship.” Nevertheless, it is possible to
adjust the parameters in a way that only one type of ship is considered.

Note that our definition of transport modes is more general than approaches in the literature
(see, e.g., Zhang et al. [26]) which often consider only one seaside and one landside mode and
container flows either from landside to seaside (often referred to as “export”) or from seaside to

landside (“import”).

2.2 Interdependencies

The interdependencies within a real world container terminal scenario are considerably complex.
This includes the distribution of containers among the transport modes on delivery and pick-up
as mentioned above. At the same time, the distribution of arrival times and sizes of the means of
transport must be considered, as must be the dwell time distribution of containers. In other words,
all containers must be assigned to a transport mode for delivery and to a transport mode for pick-up
such that the distributions on transport modes, transport mode sizes, transport mode arrival times,
and container dwell times are matched simultaneously. With regard to these interdependencies,
the goal of the generator concept is twofold: First, it should provide parameters that allow to
control the distributions mentioned above. Second, it should provide an algorithm that-observes
these distributions simultaneously in order to reflect the interdependencies.

2.3 Initial State

When dealing with container terminal logistics on the operational level, one usually has to consider
the current state of the terminal. For example, in berth planning, one not only has to consider the
next ship arrivals but also those ships that are currently berthed at the quai. If one wants to run a
simulation model, one has to consider the current state as well, that is, the means of transport that
are currently at the terminal and the containers that are currently stacked in the yard.

At first glance, this seems to imply that generating a scenario would have to include not only
the subsequent arrivals but also the initial state of the terminal. However, such an approach bears



two important drawbacks. First, generating an initial state would require additional parameters.
Probably, a large number of parameters would have to be specified, and it would be difficult
to define parameters that capture a terminal’s state in a realistic way. In particular, if we want
to obtain a general generator for all seaport terminals, the parameters would have to capture all
possible terminal layouts (yard and block configurations) which appears to be rather difficult.
Second, the initial state depends on the strategies used in terminal logistics. This becomes clear
for simulations of strategies for storing containers in the yard. If the initial state is produced by
the generator and not by the strategies tested, it must be seen as a bias in the evaluation of the
strategies.

With these points in mind, we chose not to consider an explicit initial state in the generator.
Hence, the generator produces only arrivals of means of transport and containers. This is to say
that we implicitly assume an empty terminal as initial state. At time zero of a scenario, there are
no ships at the quai, no trains or trucks waiting, and no containers in the yard. The generator
produces arrivals of means of transport which bring and pick up containers. As we start with an
empty terminal, the means of transport on the first few days will only bring containers but they
cannot pick up containers. This way, the stack successively fills with containers. At the same
time, containers become available for pick-up. After a few days, realistic numbers of containers
are picked up by ships, trains, and trucks. Then the stack level oscillates around a constant number
of containers because delivery and pick-up numbers are roughly equal (see also the computational
example in Section 5.2).

As discussed above, the approach of an empty initial state reduces the number of parameters
and avoids any bias when evaluating strategies. When applying a simulation model to such a sce-
nario, one should not use the simulated first days when collecting statistics for evaluation because
these days are not yet realistic. In a simulation study on strategies for stacking containers, we used
the following rule of thumb: We started collecting statistics after the maximum container dwell
time because at this time, the yard state was considered to be realistic. Nevertheless, we had to
simulate the first days as well because we needed to fill the stacks with containers (in particular,
it was important the stacks fill according to the tested strategies). If for some application a filled
yard is not relevant, one might as well omit the first days of the scenario.

2.4 File Concept

The generator works with several files. In oder to make the parameter adjustment as easy as
possible for the user, all parameters are simply entered into a text file in a predetermined order.
This file is read by the generator. After the computation has finished, the generator writes two types
of files: First, the scenario is written into text files which can then serve a input for simulation
models or optimization algorithms. For each day in the horizon and each of the four transport
modes, a separate file is produced in order to avoid huge output files. Second, a file with statistics
is generated which contains an overview of the scenario including several statistics. The format of
this file is HTML so it can easily be viewed with a browser. The general file concept is visualized
in Figure 2.

While the parameter file is described in Section 3, Section 4 summarizes the procedure which
is used to compute a scenario. The output files containing the scenario itself and the overview are

briefly outlined in Section 5.
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Figure 2: File concept of the scenario generator

T  horizon (number of days)
Ty firstday, 7) € {Monday,...,Sunday}

C; number of containers delivered by mode i within the horizon T
cij fraction of containers picked up by mode j among all containers arriving by mode i,
i, j € {vessel,feeder, train, truck}

T maximum dwell time (days)

8  fraction of containers with a dwell time of ¢ days, ¢ € {0,...,T}

Table 1: General parameters

3 Scenario Parameters

The parameters allow the user to specify the scenario to be generated. They were selected in
such a way that planning data and/or statistics can be employed in order to adjust the parameters.
This should allow to produce scenarios that are as realistic as possible. A scenario is generated
randomly while it is attempted to observe the parameter settings as closely as possible.

The following subsections describe the parameters which are classified into four groups. These
are general parameters like the horizon and the number of containers arriving within that horizon, '
parameters concerning the sizes of the modes of transport, parameters dealing with arrival fre-
quencies, and parameters reflecting container properties like size and weight distribution.

3.1 General Parameters

A summary of the general parameters is given in Table 1. In what follows, they are discussed in
more detail. The first of the general parameters are related to the horizon of the scenario to be
generated. The length T of the horizon (in days) has to be specified along with the first day 7y of
the horizon which can be a Monday, Tuesday and so on.

Next, we consider the number of containers which arrive at the terminal within the horizon.
We define parameters for the numbers Cyessel, Creeder» Crain, 80 Ciryck Of containers that arrive at
the terminal by deep sea vessel, feeder ship, train, and truck, respectively, during the horizon of T
days. Clearly, this parameter set allows to produce scenarios for container terminals of arbitrary

size.
The following parameters take care of the distribution of the containers among the four modes



of transport when picked up at the terminal. Let us consider two modes of transport i, €
{vessel, feeder, train, truck} (for the sake of readability, we refer to the transport modes by sym-
bolic constants). We denote as c;; the fraction of those containers that are picked up by mode j
among those that arrive by mode i. In other words, of the C; containers arriving by mode i, C; - ¢;;
containers are picked up by mode j. Note that this definition leads to the condition ¥ ¢;; = 1 which
must be fulfilled for each mode i. The number of containers picked up by train, for example, can

be computed as
Cressel - € vessel,train T Cteeder * Cteeder,train + Cirain * Ctrain train + Crruck - Ctryck, train -

If none of the containers arriving by train will be picked up by train, one simply has to set
Curain,rain = 0. By specifying all C; and c;;, the user has completely defined the number of con-
tainers and their distribution among the four modes of transport on arrival and pick-up.

The last set of the general parameters determines the dwell time, that is, the number of days
a container spends on the terminal before it is picked up. The average dwell time is important
because it has a significant impact on the level to which the terminal stack capacity is filled.
Moreover, the dwell time of a container (if known in advance) can play a role in strategies to find
an appropriate yard location for an arriving container. First, the maximum dwell time T (in days)
has to be specified. Then for each possible dwell time ¢ = 0,...,T the fraction &, of containers
with that dwell time has to be given. For example, dyp = 0.05 means that 5 % of the containers are
picked up on the day of arrival, d; = 0.15 implies that 15 % of the containers are picked up after

one day in the yard and so on.

3.2 Parameters for Means of Transport

The second group of parameters determines the modes of transport. An overview is given in Table
2. Let us consider the deep sea vessels first. The user can define several classes of vessels, that is,
different vessel sizes. After specifying the number nﬁ?j‘ssd of classes, each class k € {1,... ,ngg’ssssel
is described by the following parameters. Each class is associated with a range of the containers
that a vessel of this class will unload but not for those to be loaded. Note that a range is given
only for containers to be unloaded. It will become clear below that the number of containers to
be loaded is determined by the generator without a parameter range. Next, ranges for the length .
and the number of bays of the vessel class have to be given. Finally, the fraction (i.e., relative
occurance) of vessels of each class has to be specified.

So far, we have described the parameters for deep sea vessels. The parameters for feeder ships
are analogous. For trains, the same parameters apply with the exception that length and, of course,
number of bays are not considered. Finally, for trucks, different classes are not considered. For
the sake of simplicity, we assume that one truck either delivers a single container or picks up a
single container (in the real world application this generator was originally designed for, no data
on the distribution of trucks carrying different numbers of containers were available).

The last parameter F limits the relation of the number of containers unloaded and loaded by
the same vessel, feeder, or train. If the number of containers to be unloaded and loaded are denoted
as U und L, respectively, this parameter implies that the condition % < F must be fulfilled. The
idea behind this is that the classes defined above only determine the number of containers to be
unloaded. In order to keep the number of containers to be loaded realistic, it can be limited by this
parameter. Note that the parameter F is the same for vessels, feeder ships, and trains. Since trucks

carry only a single container by definition, it does not apply to trucks.



nf3ss  number of classes of mode of transport i € {vessel, feeder, train}

Sik fraction of class k for mode i € {vessel, feeder, train}

S minimum number of delivered containers in class k of mode i € {vessel, feeder, train}

Sit maximum number of delivered containers in class k of mode i € {vessel, feeder, train}

Ly minimum ship length in class k of mode i € {vessel, feeder}

Ly maximum ship length in class & of mode i € {vessel, feeder}

By minimum number of bays in class & of mode i € {vessel, feeder}

By maximum number of bays in class k of mode i € {vessel, feeder}

F factor for the maximal relation of containers unloaded and loaded by a vessel, feeder, or train

Table 2: Parameters for means of transport

Diy fraction of mode i € {vessel, feeder, train, truck} arriving on
day d € {Monday, ..., Sunday}

niimesiot  qumber of time slots of arrivals of mode i € {vessel, feeder, train, truck}

hi fraction of arrivals in timeslot & for mode i € {vessel, feeder, train, truck}
Hy first hour of time slot k for mode i € {vessel, feeder, train, truck}
Hy last hour of time slot k for mode i € {vessel, feeder, train, truck}

Table 3: Parameters for arrival frequencies

3.3 Parameters for Arrival Frequencies

The third group of parameters determines the distribution of arrivals over time (for a summary
see Table 3). For each of the four transport modes, the arrival frequencies can be influenced
separately. This is necessary because statistics indicate that the four modes clearly show different .
arrival distributions over time.

First, for each day d € {Monday,...,Sunday} and each transport mode i, the fraction D;y
arriving on that day has to be given. Over the seven days of the week, these fractions must sum up
to 1, that is, we require Zji“%{lday Dig = 1 for each mode i. Next, one day can be partitioned into
time slots which allow to capture the arrival rates within a day. Note that the arrival characteristics
of a transport mode within a day are assumed to be the same on each day. A time slot is given
by the start and end hour (ranging between 0 and 24) and by the fraction arriving within that time
slot. Hence, a time slot can reflect a single hour or blocks of several hours.

Considering the notation of Table 3, we show how to reflect the arrival behavior of trucks as
an example. Due to German law, trucks are not allowed to travel on Sundays which leads to a
fraction of Dinck, sunday = 0 for container terminals in Germany. Within a day, trucks arrive rather
in the daytime than during the night, and their arrivals peak at early afternoon. In a rather rough
approach, we could define ni™1% = 4 time slots of 6 hours each (e.g., the second time slot would

truck
cover the hours between Hy, o » = 6 and Hinyek 2 = 12). The fractions of the four time slots could

be Aguck,1 = 0.1, Auck,2 = 0.3, Airuck;3 = 0.4, and hyyer 4 = 0.2.



pzo’ fraction of 20’ containers (1 — pzo' is the fraction of 40’ containers)

pomey fraction of empty containers

preefer fraction of reefer containers

p™O fraction of IMO containers, i.e., containers with dangerous goods

n™MO number of different IMO container types

p,ICMO fraction of containers of IMO type k among all IMO containers

pooc fraction of OOG containers, i.e., oversized containers

n00G number of different OOG container types

pos fraction of containers of OOG type k among all OOG containers

ndest number of container destinations

piest fraction of containers with destination k¥ among all containers picked up

by mode i € {vessel, feeder, train, truck }

n“eight2?  number of weight groups for 20° containers

,“:eigm’zol fraction of 20° containers with weight group k
ﬂ%‘y minimum weight of weight group & for 20° containers
W%O' maximum weight of weight group k for 20’ containers
wggpty weight of empty 20’ container

n*eight4?  number of weight groups for 40’ containers

p,‘:eigh"w fraction of 40’ containers with weight group &

wy minimum weight of weight group k for 40’ containers
Wzo’ maximum weight of weight group & for 40’ containers
weight of empty 40’ container

Table 4: Parameters for container properties

3.4 Parameters for Container Properties

The properties of a container (such as size, weight, and destination port) are important for vessel
stowage as well as for determining a location for the container in the yard (cf. Kim et al. [14]).
In what follows, we summarize the parameters that allow to specify the distribution of various
container attributes. An survey is given in Table 4.

The first parameter defines the container size. We distinguish 20’ and 40’ containers. The
user has to enter the fraction p?* of 20’ containers. Of course, the 1 — p?* is the fraction of 40’
containers. Next, the fraction p*™Y of empty containers has to be given.

The following parameters are related to special container types for which specific constraints
for yard locations must be observed. Reefer containers require a connection (usually to electricity)
to keep their content cool or frozen. These connections are available only in designated areas
of the yard. Other containers may contain dangerous goods such as specific chemicals. These
containers are often called IMO containers after the International Maritime Association (IMO).
Here, complex restrictions have to be considered. For example, a minimum distance between the
yard locations of two containers with certain different chemicals must be observed in order to
avoid the danger of a chemical reaction. Finally, OOG (out of gauge) containers are oversized
containers which require more space than normal 20’ or 40’ containers. For each of these three
categories, the fraction has to be given (for example, p©°C denotes the fraction of OOG containers

9



among all containers).
The IMO and OOG containers may be further classified into different groups. In both cases,

the number of groups has to be specified, along with the fraction of each group. For illustration,
consider the following example of n%%C = 2 different OOG container groups. Let us assume that
30 % of the OOG containers are open top containers for which the load exceeds the container
height such that no other container may be put on top of them. Moreover, 70 % of the OOG
containers are open on one side such that the width of the container is exceeded by the load. These
two OOG groups can then be captured by defining the fractions p$0% = 0.3 and p9°% = 0.7. If,
however, separate groups of OOG containers are not needed, one would simply define a single
group by setting n°°0 = I and p(l)OG = 1. Considering the IMO containers, the parameters allow
to apply the standard categorization defined by the International Maritime Association.

The next set of parameters specifies the container weight. Starting with 20’ containers, the
number of weight groups has to be specified. Then for each weight group the fraction of that group
together with a lower and an upper weight limit are entered (the latter two can be interpreted as,
e.g., metric tons). Subsequently, weight groups for 40’ containers have to be defined. Finally, the
weights of empty 20’ and empty 40’ containers are required.

The last set of parameters for container attributes is concerned with the destination of a con-
tainer. First, the user specifies the number n9°* of destinations. Considering container terminals in
Hamburg as an example, the destinations would subsume destination ports for large vessels such
as Hong Kong and Singapore, destination ports for feeder ships such as Gothenborg, and destina-
tions for trains such as Munich. As the destination of a container may be unknown (especially if
a container will be picked up by a truck), it is useful to define an additional destination represent-
ing an unknown destination. Obviously, the destination is related to the means of transport that
picks up the container. Therefore, for each of the four means of transport, a separate distribution
among the destinations can be given. For mode of transport i € {vessel, feeder, train, truck} and
destination k € {1,...,n%}, pdst represents the fraction of containers with destination k among
all containers picked up by transport mode i. Clearly, this implies ZZ:S; ?,fs‘ =1 for each mode
i € {vessel, feeder, train,truck}. For example, let us assume that destination k = 3 refers to an
Asian port like Hong Kong. If 10 % of the container picked up by large vessels go to Hong Kong
but none of the containers picked up by feeder ships, one will set P3§§§e1,3 =0.1 and P?ee;éer,3 =0.

Finally, let us remark that for several applications, specifying parameters for container prop- .
erties is not necessary. If only berth planning or container transportation is under consideration,
details on containers are usually not needed. However, if scenarios for problems like location of
containers in the yard or for overall simulation models are generated, container properties will typ-
ically be relevant. Even if the destination property is relevant, it might not be necessary to model
“real” destinations and ports exactly. Often, a number of abstract destinations will be sufficient.

4 Procedure for Generating a Scenario

In this section, we summarize the algorithm that constructs a scenario. The goal of the algorithm
is to compute a scenario in a way that the parameter settings are observed as closely as possible.
The following three subsections describe the three stages of the algorithm.

4.1 Generating Means of Transport and Containers to be Unloaded

In the first stage of the generator, individual means of transport (i.e., individual vessels, feeder

ships, trains, trucks) are computed. In what follows, we describe the computation of deep sea

10



vessels in more detail. The procedure for the remaining three modes of transport is analogous.

Basically, we proceed as follows. We begin with a distribution of the number of containers
arriving by vessel onto the days within the horizon. Then we distribute the containers assigned to
a day onto different vessels arriving on that day. The last step is to compute the arrival times of
the vessels.

Recall that Dyegsel 4 denotes the fraction of containers arriving on day d € {Monday,...,Sunday}.
For each day t = 1,...,T of the horizon, we set D(,esse,,, := Dyessel 4 if the 7-th day of the horizon
corresponds to day d € {Monday,...,Sunday} with respect to the first day 7;. Now we are ready
to split the containers arriving by vessel during the entire horizon onto the days of the horizon.
The number of containers arriving by vessel onday ¢t =1,...,T is defined as

7
vessel,t

Cvessel,t = Cyessel * .
vessel,q

Having determined the number of containers Cyessel s delivered by vessel on each day ¢, we now
split this number into loads of individual vessels. This is done for each day by repeatedly applying
the following steps: First, we randomly select a vessel class k according to the fractions defined as
parameters. Then we draw the number of containers to be unloaded from the interval {Sy, ..., Si}.
The number of containers assigned to that vessel is then subtracted from the remaining containers
on that day. This is repeated until one of the following two cases applies:

o If less containers are left than the number that would be required for the smallest vessel
type, then the remaining containers are randomly added to the vessels that have already

been defined for that day.

o If less containers are left than the number that would be required for the largest vessel type,
then another vessel is constructed which is assigned to all remaining containers. To do so,
an appropriate vessel type with respect to minimum and maximum number of containers is

selected (ties are broken arbitrarily).

Whenever a new vessel is defined, the length and the number of bays are selected randomly within
the respective parameter intervals of the vessels’ class.

We now have to determine the exact time at which each of the vessels arrives on the day -
under consideration. For each vessel, we first draw a time slot k for arrival according to the
fractions hyegsel, ¢ Which are interpreted as probabilities. Then we draw the hour of arrival from
{Hyesselis - - - » Hvesser,g — 1} Finally, we draw the minutes past the hour from the interval {1,...,59}.

For each day, the process described above leads to a number of vessel arrivals and to the
number of containers to be unloaded from each vessel. This is successively done for all days
of the horizon. Then this procedure is applied to generate individual means of transport for the
remaing three modes as well.

In the process described above, each generated vessel, feeder ship, train, and truck is assigned
a unique number (ID). Accordingly, each generated container is assigned a unique ID. These IDs
connect the means of transport with the individual containers they bring to the terminal. In the
next stage of the generator, the IDs will be used when defining the connection that has not yet been
considered, that is, the connection between the means of transport and the individual containers

they pick up.
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4.2 Generating Container Pick-up

So far, we have generated lists of arriving means of transport together with arrival date and time
as well as the lists of containers delivered. While we already know which container is delivered
by which vessel, feeder ship, train, or truck, we now determine for each container which vessel,
feeder ship, train, or truck will pick it up. For all containers, the following three steps are executed.
Let us consider a container for which we want to compute the pick-up information.

In the first step, we determine the transport mode that will pick up the container. The distribu-
tion of containers among the transport modes is prescribed by parameter ¢;; (see Table 1). If the
container is delivered by transport mode i, then we use c;; as the probability that it will be picked
up by mode j (i, ] € {vessel, feeder, train, truck}). Let j* € {vessel,feeder, train, truck } denote the
transport mode selected to pick up the container.

The second step is to determine the day on which the container will leave the terminal. With
t; we denote the day on which the container arrives at the terminal. Now we determine the dwell
time of the container. Using the dwell time distribution, dwell time A € {0,...,7} is drawn with
probability 8a. Let A* be the selected dwell time. The day on which the container is picked up is
then determined as t; = t; + A*.

Finally, the third step is to find a mean of transport mode j* that arrives on day ;. Among the
means of transport that fulfill these requirements, some might not be eligible for pick-up because
they have already reached their maximal load. Given a mean of transport with U containers to
be unloaded that has already been assigned L to load, it can only receive more containers to pick
up if we have L < F - U (for the definition of parameter F see again Table 2). Let M be the set
of the eligible means of transport of mode j* arriving on day 7. When we select one of them to
pick up the container under consideration, we want the probability of larger means of transport
(e.g., larger vessels) to have a higher probability to be selected. To do so, we reflect the size of the
means of transport m € M by the number U, of containers to be unloaded (recall that the number
of containers to be unloaded has already been fixed). More precisely, the probability to chose

K€ M is defined as
Uy

ply) = SO

Three special cases that may occur in the third step should briefly be mentioned:

¢ If no eligible means of transport exist on that day (either because none of mode j* arrive or
because those that arrive have already reached their maximal load), then we start again with

the first step.

e If day ¢, is not in the horizon (i.e., & > T), then a mean of transport is not determined.

e If the transport mode j* is by truck, we define a new truck to pick up the container given
that truck arrival on that day is possible (recall that we assumed trucks to deliver or pick up
a single container, thus the selection mechanism of existing means of transport as described

above cannot be applied).

Observe that at the end of this stage we know for each vessel, feeder ship, train, and truck
which containers it unloads and which containers it loads. Of course, we also know for each
container which vessel, feeder ship, train, or truck delivers it and which one picks it up. Hence, we
have completed the connection between means of transport and individual containers. Thereby, we
have taken into account the parameters concerning the classes (or sizes) of the means of transport,
the arrival time distributions over the days and within a day, and the dwell time distribution.

12



4.3 Generating Container Properties

At this point, we have individual containers, each of which is associated with individual means
of transport for arrival and pick-up. The last stage of the generator consists of the assignment of
properties to the containers. The procedure is based on the parameters of Section 3.4 and is rather

straightforward.
Using the fractions p2?, pempty, preefer 5IMO ang p00G 45 probabilities, the related properties

are fixed for each container. Next, for the containers that have been assigned the IMO attribute,
a specific IMO type is selected. This is done using the fractions of the different IMO types as
probabilities. Analogously, OOG containers are assigned an OOG type.

The destination of a container is determined in a similar way. However, the choice of the
destination depends on the transport mode that picks up the container. That is, if a container
is picked up by mode i € {vessel, feeder, train, truck}, then the probability to select destination

k€ {1,...,n%"} is given by pdsst.

Finally, a container is assigned a weight. Here, the weight parameters related to the container
size (20 or 407) are applied. If the container has been defined as empty, the related parameter for
the weight of empty containers is used. Otherwise, a weight group k is drawn according to the
related fractions which are employed as probabilities. The actual weight w is randomly chosen
from the interval determined by the minimal and maximal weight of selected weight group £, that

is, we select w € {w3”,..., w7} orw € {wi¥,...,wi¥}, respectively.

5 Output of the Generator

So far, we have described the parameter input and the algorithm to compute a scenario. In this
section, we turn to the output of the generator. As already pointed out in Section 2.4, two kinds of
output files are produced, namely the detailed scenario data itself and a statistics file.

5.1 Scenario Data

The scenario data contains all information that is needed to perform a detailed simulation. The
structure of the output files can be summarized as follows. The means of transport are listed in the
order of arrival. Each vessel, feeder ship, train, and truck is described by a line that contains the

e transport mode,

¢ unique ID,

o arrival day and time,

e number of containers to be unloaded,
o number of containers to be loaded.

For vessels and feeder ships, also the length and the number of bays are given. Then a line for
each container to be loaded and unloaded follows which contains all container attributes. These
attributes include information about the pick-up of the container and its properties, that is,

¢ unique container ID,

¢ mode and ID of the vessel, feeder ship, train, or truck that picks up the container,
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e arrival day of the vessel, feeder ship, train, or truck that picks up the container,
e size (20’ or 40%),

e empty (true or false),

o reefer (true or false),

o IMO (true or false and, if true, IMO type),

e OOQG (true or false and, if true, QOG type),

o destination,

e weight.

Various computational tests on the basis of realistic parameter settings have been performed.
For example, the generator produces about 6.5 MB of output for a scenario of 21 days and a total
of 57,500 containers arriving within the horizon. This corresponds to a medium sized terminal
with one million containers per year. On a Pentium III computer with 1 GHz, this computation
took approximately 7.1 seconds (we used the lcc compiler under Windows XP). In order to keep
the individual files small, a separate file is generated for each transport mode and each day (in this
example, this leads to 84 files).

It should be noted that the generator produces scenarios that are complete in the sense that all
information is available. In reality, however, one always has to deal with missing or incorrect data.
For example, truck arrivals are usually not known in advance (only estimates are can be made),
and the pick-up information of a container is often unknown at the time of arrival (particularly
if a container will not be loaded by a deep sea vessel). For a realistic simulation, the model
should include explicit assumptions on which information may be exploited at what time during
the simulation.

As already mentioned, the output files are written in the ASCII format. This is advantageous
because it allows the user to view and edit the generated scenario data with any editor. Editing can
be useful to adjust the scenario. E.g., one might want to modify the arrival times of the vessels.
Nevertheless, due to the inderdependencies within a scenario, any editing should be done carefully.
Otherwise, one might produce inconsistent data such as containers that should be picked up before
they have actually arrived (or even containers that are never picked up at all). Inconsistent data
can lead to errors when used in optimization or simulation models.

5.2 Statistics Output

The purpose of the statistics file is twofold: First, it illustrates the generated scenario by providing
some overview information. Second, it provides a possibility to check the scenario with respect to
plausibility.

The statistics file contains various illustrations of the scenario. Perhaps most important, the
generated schedules for deep sea vessels, feeder ships, and trains are summarized in tables. These
schedules contain arrival date and time together with the numbers of containers that are delivered
and picked up. For trucks, no schedules are given because usually there are far too many of them
(recall that a truck carries only a single container). Moreover, the average dwell time of containers
in the yard is displayed. Finally, some kind of rough simulation concerning the stack is provided.
For each day within the horizon, the numbers of containers arriving and being picked up on that
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day morning arrival departure  evening
1 Thursday 0 339 0 3395
2 Friday 3395 4024 825 6594
3 Saturday 6594 1862 1390 7066
4  Sunday 7066 1058 1224 6900
5 Monday 6900 2932 1756 8076
6 Tuesday 8076 3770 2226 9620
7 Wednesday 9620 23533 2781 9192
8 Thursday 9192 3828 2894 10126
9 Friday 10126 3777 3325 10578
10 Saturday 10578 1973 2509 10042
11 Sunday 10042 848 1274 9616
12 Monday 9616 2671 2651 9636
13 Tuesday 9636 2931 2935 9632
14 Wednesday 9632 4200 3002 10830
1S Thursday 10830 3225 3478 10577
16 Friday 10577 3491 3638 10430
17 Saturday 10430 2014 2141 10303
18 Sunday 10303 920 1383 9840
19 Monday 9840 3174 2821 10193
20 Tuesday 10193 3022 3285 9930
21 Wednesday 9930 2032 2457 9505

Table 5: Development of the number of containers in the stack (part of example statistics file)

day are given, together with the resulting number of containers in the stack at the end of the day.
The computation is based on the simplifying assumption that all containers are put in the stack on
the day the related mode of transport arrives at the terminal (a more accurate computation could
only be achieved by a “real” simulation model). An example for the stack illustration over three
weeks is displayed in Table 5. Observe that the scenario starts with an empty stack which is filled
successively until the number of containers in the stack oscillates around a constant level (see also
Section 2.3).

The plausibility check of a scenario is provided by listing most of the parameters together with
related statistical information from the generated data. For example, the selected parameter for the
fraction of 20’ containers is given along with the actual fraction. For the more complex parameters
which describe distributions over time, also the correlation between the selected distribution and
the actual one is provided. In our computational tests, we observed that most correlations were

very closeto 1.

6 Conclusions

In this paper, we presented an approach to generate scenarios for container terminals. A scenario
contains data on arrivals of vessels, feeder ships, trains, and trucks together with lists of the con-
tainers to be delivered and picked up and the container attributes (size, weight etc.). The generation
of a scenario is controlled by means of various parameters. The goal was to develop an easy-to-
use generator that produces realistic scenarios. Therefore, we selected parameters that allowed
to use statistics and planning information that are typically available in practice. By employing
real-world information for the parameters, the artificially generated scenarios become realistic.
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The generator is currently applied at the HHLA Container-Terminal Altenwerder within a
simulation study of strategies for yard block and stack selection for arriving containers. As that
terminal was still in the planning phase, no appropriate real-world scenarios were available. There-
fore, the generator was needed to produce scenarios. The parameters were adjusted such that they
capture the specific planning assumptions of the Container-Terminal Altenwerder (e.g., the ex-
pected number of containers turned over per year). Further parameter settings (e.g., on the arrival
distributions of the transport modes over time) were done on the basis of statistics from the HHLA
Container-Terminal Burchardkai, another container terminal in the port of Hamburg. The simula-
tion study has already helped to improve the concept on stack selection strategies. The improved
strategies make use of the block capacities more efficiently. It was extremely important to con-
duct this study in the planning phase of the terminal. Otherwise, the shortcomings of the original
concept would probably have caused problems during operation. It should be emphasized that
the generator is not restricted to the characteristics of the Container-Terminal Altenwerder. The
parameters are general enough to be adjusted to other sea port container terminals as well.

The parameters cover the entire scenario as would be needed for an overall simulation model.
However, we have pointed out that the generator can also be used to produce test data for opti-
mization problems that occur in container terminal logistics such as berth planning and quai crane
scheduling. Of course, some of the parameters are not important when dealing with a specific
subproblem. For example, the properties of the individual containers (such as size, weight, and
destination) are not relevant if one wants to generate a scenario for berth planning. In such a case,
the related parameters simply need not be filled in. Thus, the proposed generator is a flexible tool
that can be applied for various simulation and optimization purposes.

Although the generator is already considerably general, extensions of the generator might be
promising tasks in future research. A possible extension of the generator could be to compute the
positions of the individual containers on the vessels and feeder ships. These positions are relevant
when stowage plans are part of the problem considered. This is of particular importance if the
process of loading vessels is examined in detail. Often, each position on the vessel is associated
with a specific container. This imposes a partial order on the containers to be loaded. Alternatively,
clusters of cells may be associated with container attributes rather than individual containers. In the
latter case, there are more degrees of freedom concerning the loading order, and specific strategics
are needed to exploit this setting. Hence, the design of an extended generator (and particularly
that of the additional parameters) would depend on the application of the stowage plans.
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