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ABSTRACT

Instinctively, it seems better to support decision making by
simulation studies carried out with domain specific simula-
tion building blocks, than by simulation studies that start
without the knowledge captured in these building blocks.
However, only a limited number of project examples using
simulation building blocks exist, which showed improved
results as a result of the use of building blocks. We identi-
fied a number of requirements to overcome the problems in
complex simulation studies. We believe that these require-
ments can be met by using building blocks and by carrying
out the simulation studies in a predefined way. First of all a
good building block architecture should be developed that
supports the complexities in simulation studies. In this paper
we will describe a design approach that in our point of view
results in a usable set of building blocks. A proof of concept
of the design approach and the architecture are given using a
case for passenger modeling at airports.

1 INTRODUCTION

In contrast to what has been expected for a long time (Peg-
den et al. 2001), discrete event simulation is not used on a
day-to-day basis by decision makers, not even for data-
intensive decisions that require quantitative analysis. The
term ‘“decision maker” represents for us one or more ex-
perts in the problem domain who need the output from a
simulation study to help them answering their questions.
Many decision makers do not rely on simulation to provide
them with the needed support, because simulation studies
often demonstrated to be unable to adequately support
them in making their decisions. Most often, this is because
the level of support the decision maker needs in a certain
stage of the decision making process cannot be provided
by the simulation experts (regarding the duration of the
project or the quality of the results).
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In this paper we look at decision making processes
that use simulation studies, and that have the following
characteristics:

e multi-actor environment, in which different actors
have different perspectives and interests

e simulation studies that normally take a couple of
months to a year, due to the complexity of the en-
vironment, the number of processes and the re-
quired detail

e simulation studies that have a repetitive character
and are used several times in decision making
processes, not one-shot-models

e models containing repetitive parts such as re-
sources and infrastructure for which several options
need to be researched in the simulation study.

The simulation models that are used in studies like this
are often large, touch the boundaries of simulation tools
and include a lot of hard to understand coding, in best
cases separated over different simulation submodels. When
the model is partitioned, the important connections be-
tween different submodels often are not clear.

In decision making projects that use large simulation
models, two kinds of problems can be recognized: organ-
izational problems and technical problems. The organiza-
tional problems are for instance changes in the organiza-
tion before the simulation study is finished and “language”
differences between the simulation experts and the domain
experts. An example of a technical problem is a lack of
knowledge how to map a certain process within the prob-
lem domain onto a simulation language. Another compli-
cating situation is when the first answers from the simula-
tion models lead to new questions, which are usually hard
or even impossible to answer using the developed models,
because the simulation expert did not expect the questions.
Many decision making processes have a low effectiveness
due to these problems with simulation studies. The follow-
ing performance indicators are used to determine whether
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we succeeded in improving the effectiveness of decision
making using simulation studies.

e Ability to answer new questions from problem
owners, i.e. the number of questions that can be
answered adequately within a certain time.

e Time needed to perform the study, i.e. total time
for conceptualization, development of the model,
verification and validation of the model and
analysis of the outcomes.

e  Effort required to translate conceptual models into
a simulation model.

e  Ability of simulation novices to perform the simu-
lation study. We define a simulation novice as
someone who has knowledge of a domain, but
only limited knowledge of simulation. If it proves
possible to train a domain expert to develop mod-
els of their problem situations, no knowledge is
lost in the communication process between do-
main expert and model developer.

In section 2 of this paper, we will work out a number
of requirements for complex simulation studies, which fit
the characteristics mentioned above. In the third section we
will briefly explain the proposed architecture for building
blocks. The use of these building blocks will improve the
effectiveness of the simulation studies, but requires a prob-
lem driven design approach, which is presented in section
4. In section 5 it is described how this design approach is
applied for passengers at airports. Finally section 6 will
look forward to new research in this domain.

2 REQUIREMENTS FOR COMPLEX
SIMULATION STUDIES

Those who study the literature on simulation will notice
that there are a lot of methods for carrying out a simulation
study, see e.g. Banks (1998), Kelton et al. (1998), and Law
and Kelton (1999). These prescriptive methods form the
basics of any simulation study: start with a problem defini-
tion, make a conceptual model of the system, implement a
simulation model in a simulation environment, gather the
data, perform experiments including validation and verifi-
cation, and analyze the outcomes. In the available litera-
ture, each of these steps is explained in detail, aiming at
providing instructions for engineers who are new in the
field of simulation. Kelton et al. (1998) use for example a
post office single-server simulation study to explain each
of the steps. Unfortunately, fewer methods and examples
exist that provide guidelines for performing complex stud-
ies with the characteristics described in section 1. Each
simulation expert should find his or her own way to handle
these kinds of studies and to translate the introductory ex-
planations into guidelines for complex situations. In this
section we show some of the general requirements for

complex studies based on real-life cases. Detailed require-
ments and solutions will be given in sections 2.2 and 2.3.

2.1 Case Example Passenger Modeling

We take a close look at a simulation project for passengers
(LOT = Logistic Operation Terminals) at Amsterdam Air-
port Schiphol (Gatersleben and Weij 1999), to explain which
challenges we face in complex simulation studies. In this
simulation study several actors play a role, each with its own
goals. Examples are the management of Schiphol that is
aiming at a better service level for the passengers but that
also has to pay for these extra services, airline companies
with the desire that passengers can easily transfer between
flights, and the KMAR (Dutch border control) that is re-
sponsible for the safety and border crossings at the airport.

This simulation study was started to evaluate the ca-
pacity of the airport terminal for the year 2020. Possible
design solutions to match the required performance indica-
tors were expansion of the number of available gates, new
lounges, and different ways of check-in methods and pass-
port checks for the passengers.

The initial simulation models have been developed in
the simulation language Arena and figure 1 shows a
screen-dump of the model logic of one of these models.
The screen-dump shows that the model logic is hard to in-
terpret and hard to judge, due to size and complexity.
Model runs also tend to be slow, and it is hard to find
where improvements can be made, because there is no easy
way to replace parts of the model by reduced submodels.
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Figure 1: Logic Screen-dump of LOT Simulation Model

Two requirements can be abstracted from this view:

e  Requirement 1: Provide an architecture that is
able to handle the complexity we want to model,
including support for different levels of reduction.

e Requirement 2: Even though the model should
support a high level of complexity, a recognizable
and flexible model structure should be provided
for maintainability.
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Each complex model can be made more understandable for
the domain expert by adding visualization. In the case of
the passengers at the airport, however, the chosen imple-
mentation prohibited a flexible animation, other then dots
moving in a straight line behind each other. As a result, the
domain expert had a hard time understanding the model
and he did not have much faith in the way the model was
implemented.

e Requirement 3: Use concepts that represent func-
tionalities as found in reality and that can also be
used for visualization purposes.

e Requirement 4: Visualize a system in such a way
that complexity is reduced but that the essential
processes are still shown.

After some demonstrations and discussions, the mod-
els were accepted by the domain expert and results of the
study could be analyzed. The analysis was the basis for ex-
periments to be performed. Some of the experiments had to
do with the availability of resources (extra gates, extra
seats, extra walking spaces in passageways), some with the
routing of passengers, and some with the way resources are
allocated (mainly check-in counters and gates). At a rather
late stage, it turned out that one possible experiment should
be to add a new corridor for passengers. Unfortunately, this
small change in infrastructure was extremely hard to im-
plement in this simulation model. As a result this experi-
ment was not taken into account.

The experiments regarding the alternatives for the ex-
pansion of the infrastructure had comparable modeling
problems. However, these experiments were too important
for the domain experts to be ignored. Several model devel-
opers have been trying to change the model in such a way
that the experiments would be valid, but this took more
time than the initial model development effort.

The last experiments regarding the resource allocation
influenced several parts of the model (the use of the re-
sources, the definition of the resources and the allocation
mechanism itself.) The allocation mechanism communi-
cated with all these model parts and retrieved and wrote
information to these parts whenever necessary. As a result,
the interaction between the model parts was very complex,
and the model crashed as soon as we tried to replace a part
of the allocation mechanism.

Based on these experiences the following requirements
can be identified:

e Requirement 5: Model should be open for changes
for future experiments.

e  Requirement 6: Interactions between model parts
should be explainable afterwards and should rep-
resent interactions in the real system.
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e Requirement 7:The effort to support an analysis of
radical design changes should be such that the
design process is not delayed.

2.2 Analysis of the Airport Example

The identified requirements were illustrated using the case
of a modeling project for Schiphol Airport, but most of the
mentioned problems are taking place in every complex
simulation study. With every large simulation model of
some complexity there usually is a problem in adjusting
the model for a variety of experiments.

The standard literature regarding simulation studies
(e.g. Banks 1998, Kelton et al. 1998) provides some tips
and “do’s and don’ts” but most of the tips are for simple
examples such as single-server models, post offices or a
factory with a limited number of machines. Standard litera-
ture does not provide an explanation how to model com-
plex systems resulting in structured models.

One reason for the lack of structure in models and tips
how to reach a structured model, is the lack of possibilities
in COTS (common off-the-shelf) simulation tools to create
structured models. The implementation of hierarchical mod-
els in some simulation languages can improved the model
structure, but in practice, hierarchical models are “content-
hidden” models, in which the unstructured coding is hidden
at a layer which is one level beneath the model overview.

Another solution offered by commercial simulation
tools, is based on reuse like often used in software engi-
neering and component based thinking. Several simulation
environments offer the ability to use predefined elements
that can be used in several simulation studies or several
times in the same model. This improves the structure of the
model thanks to hiding the repeating code within such a
simulation element. Some simulation tool vendors are
convinced of the generic applicability of their sets of ele-
ments for a special domain, and sell them to their custom-
ers. Some examples of these sets of elements are transport-
ers and conveyor belts within the simulation packages
Arena (Rockwell Software, 2002) and eM-Plant (Tecno-
matix, 2002) , PowerAndFree or Automatic Guided Vehi-
cles in the simulation package Automod (Brooks Automa-
tion, 2002) and MedModel of the simulation package
Promodel (Promodel, 2002). These sets of elements hide
the low level of coding within a simulation environment,
with the result that model construction is much easier and
faster, and that simulation novices (yet experts in the do-
main) can perform the simulation studies. These sets also
ensure the use the domain specific terminology and have
domain specific user interfaces.

These sets of domain specific elements solve a couple
of problems, but not all as the Schiphol example shows.
The ability to easily create models for new experiments is
available, and the execution of the experiments is much
easier, as long as the experiments are nothing more than
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adjusting the values of some parameters of the elements or
replacing one element by another element from the library.
As soon as an experiment needs to be performed that can
not use the pre-defined set of elements, it is the end of the
story. An important reason of the limited support of
changes, is that the elements are usually stemming from
one or more successful simulation studies in that domain
with a set of specific questions. In these studies the models
have been developed in a hierarchical and modular way
and the different layers have been migrated to an element
by providing a domain specific user interface. As a result
the sets of elements for many domain specific simulation
libraries contain simulation elements that have been devel-
oped for a small number of questions, and the design of
these elements does not contain the rich set of solutions
needed by successive simulation studies.

2.3 Solution: Simulation Building Blocks

In our view, domain specific simulation elements should
be more than reusing the proven code of previous projects.
Elements should be defined from a problem solving per-
spective, so they can contribute to improve the effective-
ness of simulation studies. In addition, elements should
also include more of the component based software devel-
opments (Szyperski 2001). However, the components de-
scribed in literature are focussing at software development,
they do not contain a reduction or an abstraction of reality
and as a result they are different from the elements needed
in simulation studies. Therefore, we will use the term
“building blocks” in this paper instead of “components”.
These sets of building blocks should support a more effec-
tive way for simulation to contribute to the decision mak-
ing processes in organizations.

As these building blocks are different from compo-
nents, a new architecture is needed as well. The architec-
ture describes how we take care of the technical require-
ments posed earlier in this paper. A summary of the
proposed architecture is described in section 3.

The process oriented requirements are answered by
paying attention to the adaptation of building blocks for
different simulation studies. The design process for sets of
building blocks starts from a problem oriented view. In
section 4 the design process for building blocks is de-
scribed in more detail.

3 SIMULATION BUILDING
BLOCKS AS SOLUTION

3.1 What are Building Blocks

We see building blocks as the basics structure for future
simulation models. We aim at models that are constructed
only out of building blocks, if necessary in close interac-
tion with the concepts available within a simulation envi-
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ronment. Building blocks have in our point of view the fol-
lowing characteristics that describe what a building block
should be:

e self-contained (nearly-independent),

interoperable (independent of underlying tech-

nology),

reusable,

replaceable,

encapsulating its internal structure,

providing useful services or functionality to its

environment through precisely defined interfaces,

e customizable in order to match any specific re-
quirements of the environment in which it is used
(plugged).

This list is based on results from the research program
BETADE (Verbraeck et al. 2002), which pays attention to
development of software and models based on building
blocks. In the following subsection we will describe in
more detail how we incorporate these characteristics of
building blocks into commercial available simulation tools.

3.2 Architecture for Building Blocks

In previous publications we explained the architecture we
have in mind for building blocks (Verbraeck and Valentin
2001, Valentin and Verbraeck 2002). The most important
characteristics of this architecture are domain specificity
and composition.

The domain specificity is reached by structuring the
domain under study using the view of the decision maker.
This leads to a list of objects the decision maker directly
notices when he/she is describing his problem domain. E.g.
a decision maker looking at passenger flows at airports
would mention “check-in counter”, “gate” and “passenger”
as possible building blocks. We call the simulation repre-
sentation of these objects model building blocks (MBB).
The domain specificity is not only shown by the identifica-
tion of model building blocks, but also by using the termi-
nology of the domain and a visual representation the way
the decision maker expects it. This domain specificity is
thus integrated into the structure of the model (model
building blocks), the parameter input (terminology), and
output (results and visualization).

Over-sizing of model building blocks and thus imple-
mentation of overhead, which introduces functionality not
needed in certain experiments, is avoided by dividing
model building blocks according to the functionality they
need to represent. Each functionality that is likely to be
changed during an experiment is provided as a building
block element (BBE). Figure 2 shows an example of two
different model building blocks (XYZ and XYZ’), using
different building block elements (A-1; B-1; C-1 or C-2).
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set of building blocks
Model building Model building
block block
XYz XYz
BBE BBE BBE BBE BBE BBE
A-1 B-1 c-1 A-1 B-1 c-2

Figure 2: Example of a Set MBBs using BBEs

4 DESIGN APPROACH FOR
DESIGNING BUILDING BLOCKS

As explained before, most of the elements that are used for
model development by the simulation vendors are coming
from successful simulation projects. This leads to a limited
number of problem situations that can be solved using the
set of elements within a domain. In this section a four
phase design approach will be sketched that avoids this
problem. Phase one will take care of identifying the prob-
lem domain and the problems worth modeling; phase 2
will be used to perform an object oriented analysis, and the
outcome will be turned into the model building blocks and
building block elements in phase 3. Finally in phase 4 the
MBBs and BBEs will be implemented in a simulation en-
vironment. Added to the design approach a few practical
points are added in sub-section 4.5.

4.1 Phase 1: Conceptualization of Problem Domain

The first step to be performed in defining a new set of
building blocks to support simulation studies in a problem
domain, is to limit and describe that domain. This domain
can be best described by comparing the conceptual models
of different simulation studies. Banks (1998) describes
how a simulation study should be performed, starting with
a problem definition to get to a conceptual model. The re-
sult of this step will be a list of problem descriptions that
fits the domain. The selection whether a problem fits in a
domain and whether it is worth taking into account while
developing the set of building blocks is an economical se-
lection and it should be well-documented.

The list that will be created initially will probably be
too large to develop building blocks that will support all
identified problems. The 80/20 rule is relevant here. The
goal is to develop that 20% of the building blocks that can
support 80 percent of the problem situations. In addition it
should be extendible later to cover more exotic problems
that happen less often.

It is suggested to use more then one case to check
whether the problem definitions are representative for the
kind of studies that need to be performed in the future use
of the building blocks. Ideally, these cases should cover all
the different activities that occur within the problem do-

567

main. However, here again the 80/20 rules should be taken
into account and besides, it is impossible to find a case in
reality that covers all different activities within the domain
but is still small and easy to interpret. A workable alterna-
tive is to define a number of example cases that contain a
number of complicated issues of the problem domain in a
realistic way. This selection of cases is important, as in
every stage of the development process, these cases will be
used to judge the quality of the building block library.

Based on the description of the problem domain and
one or more example cases, a list of desired experiments
needs to be defined. These experiments are expected to be
performed during the execution of the simulation studies,
using the building blocks. These experiments will form the
starting point to define the required output of simulation
result and to enable evaluation of the different solution al-
ternatives of the problem under study.

Before this phase will be finished, the building block
developer should check whether the example case studies
can be carried out, e.g. by checking whether a rich set of
input parameters is available to develop models for the ex-
ample cases. It is also good to challenge the first design in
a small team and search for the boundaries of the concepts
and see if and how they can be widened. A similar process
should be performed for the identified output categories,
and one or more real decision makers might be involved to
identify shortcomings.

4.2 Phase 2: Analysis of Domain
as seen by Domain Expert

In this phase it will be analyzed what parts of the problem
domain need to be modeled. A reduction of complexity
will be performed based on an object oriented analysis
(Meyer 1997) and on process flow descriptions. It is
important that for this phase the viewpoint of the domain
expert will be used, to ensure that the domain expert will
be able to recognize the models.

An object oriented analysis can be carried out in sev-
eral ways. We suggest to use standard approaches like de-
scribed by Rumbaugh, Booch and Jacobson (1999) in their
UML modeling approach. This object oriented analysis
will result in a list of objects that are important within the
problem area, seen from the domain expert, so it will not
focus on the topics interesting for simulation models, but
deliver a detailed static representation of the domain.

The process analysis is a second way to reach the same
goal. A part of the flow is already described in the UML-
diagrams but to develop simulation building blocks, more
detailed insight is necessary in the relation between proc-
esses. Preferable this is not done based on the objects, but
from a different viewpoint. These process schemes should
not just describe the physical flow, but also the information
flow that is required for allocation mechanisms that are
part of the system.
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The example cases should be used to check whether
the defined processes and objects provide a good overview
of the problem domain. Experience showed that building
blocks like generators and control mechanisms are often
not included. The reason is that the objects have been de-
fined from the viewpoint of the domain expert and the ex-
pert will for example describe a door, which will be re-
placed in the simulation by a generator of passengers. Also
additional objects that need to provide statistics and other
output values are often forgotten, but a structured walk-
through based on the identified cases and output needed
should solve this problem.

4.3 Phase 3: Building Blocks

Probably the hardest phase is the translation of the ob-
jects and processes into building blocks. In this phase
choices are often made that limit the extendibility of the
building blocks and/or lead to building blocks that cannot
support alternative solutions. To avoid this problem as
good as possible, the design of the building blocks should
be done very carefully, and usually in an iterative process.
The MBBs (model building blocks) should be a direct
translation of the defined objects in phase 2 because MBBs
aim to represent the world-view of the domain expert and
the objects are defined from that viewpoint. The example
cases should be evaluated with the identified MBBs imme-
diately. If the identification of the MBBs has been per-
formed correctly, models for the example cases can be eas-
ily developed on paper from the identified MBBs. It should
of course be kept in mind that this a conceptual evaluation
without the real simulation environment available, but it is
a first good evaluation of the “strength” of the MBBs.

The BBEs (Building block elements) are seen in our
point of view as the needed internal and external function-
alities of the MBBs. We would get too many different
BBE:s if each functionality would be seen as a separate
BBE, so we use the following rule in our definitions: “is it
likely that the model developer wants to change or replace
this functionality in some kind of experiment?” If yes, this
shows that different variants of a functionality might be
available, resulting in different BBEs that are easily re-
placeable or changeable.

With the definition of the MBBs and the BBEs we
also look at the interaction and information exchange be-
tween the MBBs, and between the BBEs within the MBBs.
It is important to define the information exchange, because
it is the information exchange on which new BBEs or
MBBs should standardize.

4.4 Phase 4: Implementation
The implementation of the building blocks is a phase that

has been carried out too early in many studies. Often the
implementation was started as soon as a first idea about the

568

need and the kind of building blocks was available, just to
see whether it works or not. This results in an implementa-
tion phase that takes much longer than expected, because
every time new building blocks need to be added that do
not fit the structure. We found out in our projects that post-
poning of the implementation till the moment the building
block definition is finished, results in a faster implementa-
tion of the building blocks.

This fast implementation can be accomplished, due to a
careful mapping of the building blocks to the available con-
cepts in the simulation tool. This step is less difficult in an
object oriented modeling environment such as eM-Plant, but
is more important for flow oriented tools like Arena. The
concepts of Arena are very different from the object oriented
descriptions developed in phase 2 and 3, but close to the
process description that also has been created.

As soon as it is known which concepts should be im-
plemented to represent the building blocks in the simula-
tion language, an implementation plan can be made. In this
plan it will be defined in which order each functionality
need to be modeled and how it can be tested in demo mod-
els. A black-box approach is recommended. This means
that each important building block is modeled, but that
only the functionalities needed to get a working building
block are implemented in detail to start with. This will lead
to building blocks that can be used early in this phase to do
some first modeling activities, like developing test models
and getting insight in the benefits or weaknesses of the
building blocks regarding visualization, representation,
ease-of-use, output, and use in model development process.
If necessary new experiences can lead to changes in the
building block design.

4.5 Guidelines by Adapting the Design Approach

In addition to the four phases described, we have gained
some experiences that are important to take into account
during the process of designing building blocks.

4.5.1 Iterative Process

The phases are described in a sequential order here, in
which one works from milestone to milestone, but in real-
ity the process is iterative and one should allow in the pro-
ject to make changes to decisions in earlier phases when
additional insight is gained in later phases of the project.

4.5.2 Building Block Designer should
have a lot of Experience in Modeling

The design process of building blocks requires a choice for
a clear architecture. In simulation models, the selected ar-
chitecture does not matter that much, but in building
blocks, this choice is far more important. Most often there
are many different ways of modeling a situation, all with
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their own advantages and disadvantages. One alternative
might be very fast, but unfriendly to the user and/or hinder-
ing modularity. The building block designer should be ca-
pable of making a well based selection for selecting model-
ing concepts from the simulation language used, and only
developers who know the simulation tool very well will be
capable of making these selections.

4.5.3 Cooperation with Domain Expert

One of the goals of the approach is that by using the build-
ing blocks, the domain expert will recognize his problem
situation in the models. This requires that the domain ex-
pert knows about the design choices, especially because
the building block designer most often is not an expert in
the domain. The building block designer is an expert in the
field of simulation and needs some background in the do-
main to be able to communicate with the domain expert,
but does not need years of experience in the field.

4.5.4 Check, Check, Check, Check

In each phase the example cases should be reused to check
each design decision for correctness. These checks are
primarily paper-based checks and do not have anything to
do with implementation in the simulation study. As soon as
example cases cannot be modeled anymore using the build-
ing blocks, a wrong design choice has been made and
should be reversed. E.g. the decision to group several func-
tionalities in one building block element, while example
case studies show that several experiments with an indi-
vidual functionality need to be performed.

4.5.5 Use of the Set of Building
Blocks in Simulation Studies

The preparations of the use of the set of building blocks in
a real simulation study could be seen as a fifth phase. In
this phase a user-manual should be developed, as well as
example models and training material that show the abili-
ties of the building blocks. To transfer the building block
library to the domain, a close cooperation between the
building block developer and the model builder during the
first project carried out with the new library might help.
Other transfer mechanisms can be used as well. The trans-
fer-process is important and the set of building blocks
should not be “thrown over the wall” with the model
builder at the other side of the wall having to find out the
guidelines for use himself.

5 EVALUATION CASE
Section 2 of this paper described the types of problems that

occur in complex simulation studies. In this section we
want to show how we have been developing building
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blocks for the airport problem domain and how well these
building blocks helped in solving the problems. More de-
tail about the building blocks for airport passengers can be
found in the paper of Verbraeck and Valentin (2002) which
describes the use of the building blocks for airports termi-
nal and passengers with example studies at Amsterdam
Airport Schiphol and JFK Airport.

5.1 Phase 1: Conceptualization of Problem Domain

The domain description and boundary setting have been
based on several projects carried out for airports, e.g. the
ones described in Babeliowsky (1997), who also described
the first implementations for the LOT studies. Based on the
experiences described by Gatersleben and Van der Weij
(1999) three different kinds of model change requests are
defined:

e Change of the available capacity (space for pas-
sengers to stay) for the long-term

e Process changes for the passengers at airports

e Changes of allocation mechanisms of resources
(E.g. check-in counters that are dedicated for an
airline)

The example cases that are used for the development
of building blocks are based on the LOT-study Schiphol
(Gatersleben and Weij 1999), but separated into several
smaller modeling problems to reduce complexity.

5.2 Phase 2: Analysis of Domain
as seen by Domain Expert

The object model of the airport contained at first over 50
different objects. With a generalization we reduced this
amount to three main objects: Area (a location where pas-
sengers can stay), Group (one or more passengers that
move from area to area with a certain goal), and Script
(process description of activities for different kinds of pas-
sengers). These three objects are the very generic “con-
cepts” on which a model of an airport terminal can be
based. Of course, each of these generic objects needs to be
worked out into more detailed building blocks later.

Besides these three objects, we needed generators that
generate groups of passengers based on flight schedules,
and control objects that control the capacity-use of gates,
check-in counters, and luggage-reclaim locations.

5.3 Phase 3: Building Blocks

The model building blocks that have been defined are
based on the object analysis. In our case, many different
versions of MBBs have been defined, each based on the
generic concepts of area, group, script, control mechanism,
and generator.
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Each MBB consists of different BBEs, especially the
area contains a large set of BBEs. Some example BBEs of
the Area are: capacity claiming of the area, occupation
time of a group, statistical calculations and overall control
(link with different control allocation mechanisms).

5.4 Phase 4: Implementation

The implementation of the building blocks has been per-
formed in the simulation environment eM-Plant. Thanks to
the object oriented character of the simulation tool only a
few conceptual translations were necessary, but the area,
group, script, generators, and control blocks could be used
and can still be recognized in the toolbox.

5.5 Evaluation

By now, several simulation studies have been performed
using the set of building blocks. So far the set of building
blocks have been mainly used for future design processes,
in which the building blocks enabled changes of the mod-
els. Studies carried out were modeling of the overall pas-
senger handling processes at Amsterdam Airport Schiphol
for a capacity study on a busy day, a detailed study for new
passport control, and a project for allocation mechanisms
for flights at the check-in counters of KLM. The building
blocks have been used for JFK Airport to determine the
number of needed check-in counters and to evaluate and
improve the control mechanisms of allocating airlines to
counters. Each of these cases fitted the description of com-
plex systems as defined in section 1. As a result, we could
see how these studies behaved with respect to the different
requirements as described in section 2 of this paper.

Requirement one and two have to do with the model
structure. Technically this has been solved by separating
the infrastructure (the area) from the processes (the groups
and the control mechanisms). In the areas BBEs are in-
cluded, which represent different control mechanisms. This
design selection resulted in a well-maintainable and well
structured architecture.

Requirement three and four focus on the visualization
for the decision maker, including the output. First of all,
early in the design process the required output was defined,
which was easy to identify in the processes of the area, in
the activities of the group, and in the relations between
groups and areas. We also decided to show a moving ani-
mation of groups and passengers. In the first implementa-
tion of the animation BBE for the areas, groups walk over
the area and wait at the end of the area to enter the next
one. Using a different animation BBE, a more advanced
visualization could be shown, where the areas were repro-
duced on top of a bitmap that has the form of the airport
terminal (based on a CAD-drawing) to show exactly where
passengers are at a certain moment in time, without ab-
straction or reduction. Using this animation, the decision
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maker can recognize the queues of passengers he/she no-
tices in his airport terminal in reality. Making a change like
this only required replacing one BBE.

The last three requirements (5, 6, and 7) regard the abil-
ity to change models in order of experiments. Already in the
first step of the design process it was taken into account
which future experiments we expect. In each of the follow-
ing design steps it was checked, whether our decisions did
not prohibit the experiments from being carried out. Mainly
because of the separation of area and passenger (processes)
changes are easy to make. Further changes regarding the be-
havior of areas are even easier to make by just selecting a
different building block element for the area.

6 CONCLUSIONS

In the introduction of this paper we indicated how hard it is
to carry out a complex simulation study and satisfying a
decision maker at the same time. Building blocks have
shown their benefits in enabling this and facing other re-
lated requirements such as reusability and maintainability
of simulation models. The used architecture provides us
with an ability to develop models and maintain those mod-
els within the specified problem domain. In this paper we
have also shown the importance of the design process for
building blocks with relation to the ability to modify mod-
els for extra experiments.

The development of building blocks is a complex ac-
tivity, and it differs from carrying out a “normal” simula-
tion study. The phases we have shown in this paper pro-
vide a first set of guidelines for developing libraries of
(re)usable simulation building blocks, that proved to work
in real projects. The projects for which we researched the
building block approach came from a domain where we
already had experiences with a traditional way of simulat-
ing without building blocks. This gave us an ideal insight
into the added value of the use of building blocks, both for
the modeler and for the decision maker.
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