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ABSTRACT

Teaching and learning Discrete Event Simulation (DES) at universities within the context of
undergraduate studies in industrial and engineering management is not thoroughly covered in
the literature. In fact, most strategies tend to solely address commercial tools, resulting on too
much focus on syntax, semantics and getting used to the interface of a particular tool, rather
than on simulation fundamental concepts. In the light of this, this paper proposes a tool, which
allows students and professors to use Activity Cycle Diagrams (ACDs) to model systems with
a comprehensive approach, focusing on the fundamental elements of simulation, allowing
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thereafter the corresponding simulation code to be extracted and experiments to be con-
ducted. The tool is described and its applicability is demonstrated in some example cases. The
effort needed to develop ACDs requires a complete understanding of the real system and
simultaneously favours a full comprehension of the simulation fundamental elements, hence
portraying an adequate teaching and learning strategy to be pondered.

1. Introduction

With the wide use of Discrete Event Simulation (DES)
commercial tools, in both academia and industry
(Lang et al., 2021), teaching and learning strategies
many times consist of overtaking barrier such as syn-
tax and semantics of the particular tool being used, or
even getting the student used to the particular inter-
face (Schriber & Brunner, 2007). Hence, fundamental
simulation concepts, such as queues, resources, enti-
ties, activities, states, including others queueing theory
concepts may not be efficiently assimilated, or the
teaching strategy may not be the most efficient
(Frantzén & Ng, 2015; T Jové et al, 2014; Kang &
Choi, 2011).

There is a considerable benefit when students
need to work in professional contexts with
a given tool (since they are already used to it);
However, there is also the risk of associating simu-
lation teaching to the use of commercial simulation
tools that, in fact, do not pay adequate attention to
the fundamental elements of simulation. This could
be one of the reasons to justify why simulation has
not vet reached levels of professional utilisation
that its potential suggests. Similar issues occur, for
instance, when students learn a particular tool in
their classes, but in their professional context have
to use a different tool, requiring them to get famil-
far with a new syntax and interface. Hence, the
study of simulation centres on different syntaxes

and getting used to different interfaces, rather
than assimilating simulation concepts (Frantzén &
Ng, 2015).

A well-known method to conceptually model
dynamic and discrete event systems is using
Activity Cycle Diagrams (ACDs; Kang & Choi,
2011). In fact, the effort needed to develop ACDs
requires a complete comprehension of the detailed
real system behaviour, and simultaneously favours
a good structure of that knowledge. Therefore, it
has been postulated that ACD is an adequate para-
digm for teaching and learning simulation, due to
its inherent syntax simplicity and semantic richness
(Kang & Choi, 2011; Pidd, 2004).

Even in the context of using ACDs, models are
usually represented twice. First, the model is con-
ceptually drawn, using formalisms such as ACDs,
in order to have a thorough overview on what will
be modelled. Then, another model is developed in
the simulation tool, following this tool’s specific
syntax. Figure 1 (top) illustrates a simple example
with the basic elements that comprise an ACD. In
this case, a single server system consisting of
a teller that helps customer in a banking service.
As customers arrive to the bank, they are either
helped by the teller (if the teller is idle), or must
wait. When service finishes, customers leave the
system and the teller is now idle, meaning is
available to help other customers on the queue.
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Figure 1. Example of a simple system modelled with an ACD (top) and using SIMIO (bottom).

The same example can thereafter be modelled
using a commercial tool, which is illustrated in
Figure 1 (bottom), in this case using SIMIO.

Notwithstanding the benefits of using ACDs to
have a better understanding of the fundamental
simulation elements, and a thorough vision (from
a simulation perspective) of a system, the fact is
that ACDs have two main limitations. First, as the
size and complexity of systems increase, modelling
them with ACDs also becomes complicated (Kang &
Choi, 2011). Second, while they can be used to per-
form manual simulations (Hutchinson, 1975), they
do not provide results that can be analysed. Thus,
there is a need for an approach that, at the same time,
allows the conceptual specifications of the model to
be drawn (using ACDs), while also allowing such
a model to be transcribed for a simulation tool that
can conduct experiments and obtain results. Only
this way shall a comprehensive simulation approach
be achieved, enabling a better understanding of the
system and supporting a thorough teaching/learning
strategy.

In this context, the aim of this paper is as
follows. It proposes a tool oriented towards allow-
ing users, i.e., students and professors, to respec-
tively learn and teach simulation fundamental
concepts, by focusing on simulation elementary
concepts, rather than in specific simulation tools’
particular aspects, e.g., interface, syntax or certain
workarounds. To do so, the tool allows users to
model the system - using ACDs - and automati-
cally creates the corresponding simulation program.
The paper also describes the tool being used in
some examples, allowing simulation models to be
created from ACDs and results to be analysed.

This simulation tool would enable the main simu-
lation teaching focus to shift away from programming
issues or syntax and semantic aspects of the computer
tool. Thus, this simulation tool would contribute to
much better practices as far as simulation teaching/
learning process is concerned and, therefore, would
also be an important tool so as to new progress to the
process of creating new simulation professional tools.

In addition, it is expected that this work contributes
to: (i) overcoming traditional difficulties in the act of
teaching and learning fundamental simulation con-
cepts; (ii) emphasising and thoroughly understanding
simulation fundamental concepts during the act of
teaching and learning, rather than putting the effort
on overcoming particular tools’ issues; (iii) creating
new opportunities for organisations to use simulation,
through both motivating university students and
attracting organisation’s staff to simulation.

This paper is structured as follows. Next section
covers the literature review conducted; the third sec-
tion presents the simulation tool proposed; the fourth
concerns a practical example, found on literature,
which will be used in the presented tool. Fifth section
provides a discussion of our experience using the
proposed tool; and the last section presents the main
conclusions of the conducted work, as well as some
tuture work items that would be worth considering.

2. Literature review

It is interesting to note the rare appearance in the
overall scientific community of studies mentioning
ACDs, as searching for this term in Scopus results in
only 73 results, without applying any other filters.
Engineering education should engage students of



engineering courses (Fernandes et al., 2014) and help
them to develop the required skills to confidently and
successfully handle problems and design effective
solutions (Aquere et al., 2012; Fernandes et al., 2012;
Soares et al., 2013). However, regarding simulation,
there is a lack of teaching/learning tools that would
help students to achieve the intended success.

Schriber and Brunner (2007) convincingly support
that a “black box™ approach is often taken in teaching
and learning simulation software, wherein teaching
and learning usually tend to neglect the full compre-
hension of simulation fundamental concepts. Schriber
and Brunner (2007) also state that the foundation on
which the software is based is ignored or is touched on
only briefly, resulting in the modeller possibly not
being able to efficiently approach complex modelling
situations. From the cited authors, it can be argued
that simulation teaching strategies should use tools
that allow modellers to have a full comprehension of
systems to be modelled.

Simulation tools rankings as in Dias et al. (2016),
concerning commercial simulation tools, could be
found in the literature. However, it is not the case for
teaching/learning simulation tools. In fact, the main
purpose of teaching/learning simulation is quite dif-
ferent from the main issues covered by commercial
simulation tools, traditionally used while teaching
simulation to university students (Freimer et al.,
2004). Commercial tools, dedicated to solve heteroge-
neous problems that organisations are facing, are full
of complex mechanisms that do not favour the learn-
ing process and do not focus on the basics of the
simulation technique (Herper & Stahl, 1999). Thus,
one of the main reasons concerning the lack of popu-
larity of simulation among university students is
related to the high emphasis that is put on program-
ming knowledge in simulation disciplines, sometimes
programming skills are even pre-requisites to work
with simulation (Frantzén & Ng, 2015; Stahl et al.,
2003). Moreover, many times the emphasis is put on
the simulation tool, rather than on understanding the
problem itself (I Jové et al,, 2014). Therefore, in order
to give the simulation technique new perspectives and
challenges, it is crucial to attract potential simulation
users. However, engineering and management stu-
dents usually do not have the required programming
competences, therefore contributing to the lack of
engineers working on this field. This further culmi-
nates in a lack of capability to comprehend the
strengths and limitations of the simulation technique
(Stahl, 2000).

The process of teaching simulation usually follows
two different approaches: one emphasises theoretical
aspects and the other focuses on practical simulation
issues. In the literature one would not be able to find
a magic formula to better balance these two approaches.
However, Altiok et al. (2001), Nance (2000), and Stahl
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et al. (2003) do present and discuss advantages and
disadvantages for both approaches. It is evident from
these authors that, besides the recognition that the prac-
tical aspects of simulation are very important, the simu-
lation fundamental elements are crucial, so that students
become capable of modelling complex problems and also
for them to be able to develop future simulation tools.

As found in the literature, few simulation tools would
have this capability for teaching purposes. General
Purpose Simulation System (Stahl et al., 2011) is based
on the process paradigm. In this process-oriented tool
users can, in fact interact with some of the fundamental
elements of any simulation (e.g., simulation clock).
However, it often requires the already mentioned, and
frequent, use of programming code to produce
simulations.

In Dias et al. (2008), an interesting event
approach was presented, revisiting the traditional
Basic Simulation Facility (BSF) simulation tool,
which is a tool that employs the event paradigm.
This tool uses the creation of flowcharts (focused on
the event paradigm) with simple options to edit
some of the main parameters of each block of the
flowchart. Thereafter, the corresponding simulation
program can be compiled. This is, in fact, an inter-
esting tool for teaching/learning purposes; however,
it does not allow the possibility of modelling sys-
tems based on ACDs, which is a commonly used
approach in the simulation field (Kang & Choi,
2011). Another interesting approach using event
graphs to conceptually model systems is SIGMA,
proposed by Schruben (1983).

Despite the different paradigms that exist within the
available simulation Pidd (1992, 2004), Dias et al. (2006)
and Kang and Choi (2011), clearly state that the activity-
based paradigm is the most adequate paradigm for
teaching simulation purposes due to the inherent sim-
plicity and syntax and semantic richness. It is a concept
historically poorly explored by simulation tools manu-
facturers (Nance, 1995). In the light of this and the fact
that the herein proposed tool allows the creation of
ACDs, and the respective conversion into simulation
programming code, establishes the benefits said tool in
advancing the State of the Art, regarding adequate stra-
tegies for teaching and learning simulation.

3. Developed simulation tool

The tool is named VBS (Visual Basic for Simulation).
Following the idea discussed in Pereira et al. (2009b)
and Pereira et al. (2009a), the relevancy of creating
a simulation software tool capable of generating
a simulation program is based on the following gen-
eral principles/premises:

Activity world view definitely contributes to
a better understanding of the fundamental concepts
of simulation;
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Figure 2. New Microsoft Visio Add-In (Menu).

VBS would emphasise the utilisation of a visual
approach to deal with the representation of the real
problem through the activity paradigm;

VBS would literally enable the automatic genera-
tion of a simulation program (VBA program) thus
with no programming effort at all.

In addition, this new tool includes both event and
activity paradigms, and incorporates some relevant
features that had been discussed by Stahl (2000),
namely: ease of learning, ease of input, ease of reading
output, ease of doing replications and experiments,
safe programming, efficiency, availability and
advancement potential.

This tool, as in the previous works mentioned,
would again use the well-known graphical editor
Microsoft Visio for incorporating the ACDs, repre-
senting a system behaviour. This task would be
accomplished through the creation of Visio Shapes
that would reflect the different actions involved in
each system simulation entity identified. Thereafter,
VBA (Visual Basic for Applications) would interact
with Visio, interpreting the shapes and actions asso-
ciated, as well as the sequence of shapes to be “exe-
cuted”. At the end, this means that the effort to run
simulation experiments through this tool would be
equivalent to building ACDs on a piece of paper.
These tasks would be performed under a newly created
add-in (VBS) within Microsoft Visio - see Figure 2.

For this purpose, and according to the ideas pre-
sented above, the software tool would have to imple-
ment the actions for each entity. In fact, through this
tool, an ACD for each entity will be created and
a global ACD for the full system will be automatically
generated. This global ACD will coordinate the simu-
lation execution.

The software tool would then include a new Visio
Stencil (Figure 3) with two new Visio Shapes — a Shape
for defining Activities and a Shape for defining
Queues.

To define an activity (see, Figure 4), a Visio Shape
was created, and it includes the parameters:

Priority - if two or more activities are ready to start,
this parameter defines a priority order

Duration - defines the duration of an activity, being
either deterministic or stochastic.

Shapes <
More Shapes »
Quick Shapes
( = - ]
Activity Cycle Diagram
Activity Cycle Diagram
Activity Queue
Figure 3. New Microsoft Visio Stencil.
Shape Data - Activity X
Name Setup
Priority |0
Duration |3 -
Exponential(Mean) -
Normal(Mean, StdDev)
Poisson(Mean) s
Triangular(Min, Mod, Max) =
Uniform(Min, Max)
3 -
Figure 4. Parameters for shape activity.
Shape Data - Queue X

Name Wait

Type FIFO

Quantity |1

Figure 5. Parameters for shape queue.




To define a queue (see, Figure 5) a Visio Shape was
created, and it includes the parameters

Type - defines the queue philosophy

Quantity - defines the number of entities in the
queue when simulation starts (initial conditions)

Users (students or professors) need to create an
ACD for each type of entity in the system, so as to
specify the activities performed by each one. After the
user has placed and connected the shapes and edited
its properties for each ACD, the developed tool uses
this information to create a single ACD using the
elements (e.g., queues or activities) in common in
each ACD developed by the user. Having created this
global ACD, the tool can generate the respective simu-
lation program that can run simulations and retrieve
results. Next section presents an application example,
the corresponding interaction with the software tool,
as well as the generated computer code (VB).

4. Application example

This section described the application of the devel-
oped tool when considering an adaptation of the case
provided by Hutchinson (1975). Thus, the next sub-
section briefly describes the case to be considered in
the application example, while the second subsection
describes how to use the tool to model this system
using the ACDs approach. Finally, the last subsection
describes the type of analysis that is possible to per-
form with this tool.

4.1. Example description

The system in question consists of a semi-automatic
production environment, where there are 3 machines
available to perform a given operation, although they
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require a manual setup task to be performed by an
operator. Material arrives following a negative expo-
nential with an average of 1 material every 2 minutes.
As materials arrive requiring the intended operation
to be performed on them, the operator prepares one of
the 3 machines - whichever is available at the time -
taking 3 minutes to do so (in this case this was the
considered time, albeit different values can be consid-
ered, including statistical distributions to generate
random numbers, similarly to the interarrival time).
When the selected machine is ready, it autonomously
operates on the material during 10 minutes. When the
operation of a machine ends, the material has finished
its production flow. The next subsection describes the
approach that models this system in the proposed tool.

4.2. Modelling approach

This subsection describes the approach that the tool
employs to model the system described in the previous
subsection. For this simple example, two entities will

r - )
Ve~ v machine.vsd - Microsoft Visio © | (2 -t
n Home Insert Design Data Process Review View Developer Add-Ins & 0 @ B
=] Calibri *12pt - W iggiog A i3 PointerTool [~ SyFm- % »
' B 7 U ke A EEIE Jometor X Flne~
Paste . e - Arrange Edting
. FlATI|K X | - A Tent &  Asnadow+ - .
L . aragraph . T - E
S 7 < TTTION. TTTOON - ATTIMTTTVO . TTTOO AT TV TV TRV TV TV TV T
More Shapes » B
Quick Shapes
Activity Cycle Diagram %
Activity Cycle Diagram a
= S
Activity Queue 2
=
=
A
e Setup
~
#
3 -
M 4 » M| Operator Machine  Global .~ %2 ‘< »
| Pagelof3 | Portuguese Portugad | ] @7 106% (- HE @ =
\

Figure 7. ACD for entity operator.
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Figure 8. ACD for entity machine.

be considered - operator and machine (see Figure 6).
Within Visio, there is a small wizard to define each
necessary entity. The user can also define if the entity
is external or internal - if the entity is external (mean-
ing that it originates outside the system, i.e., it is
periodically created), the tool automatically creates
a virtual ACD for a virtual entity named Door, repre-
senting the arrival event for that entity into the system,
throughout the simulation.

Thereafter, in each of the Visio sheets that the tool has
included in the model (one for each entity), the user
needs to develop the ACD for each entity - see below,
Figures 7 and 8, for both ACDs for the mentioned

Having performed these tasks, the user just has
to go back to the VBS menu and select the option
Create Global ACD. The result would then be the

one described in Figure 9.
At this stage, the user can again come back to

the VBS menu and select the option Generate
Simulation Code. The tool thereafter automatically
creates VB code for this system - as shown in
Figure 10 - and also interprets that code, runs it
(performing the simulation for the previously
defined simulation time), and finally presents the
simulation results, which are covered in the next

entities. subsection.
Md9-0ls machinevsd - Microsoft Visio ‘C’Eg
n Home Insert Design Data Process Review View Developer Add-ns a@o@®
- Calibri et - Wil A L} PointerTool| (]~ SyFun- % »
) 2 B 7 U as Aa- EE3IBE Fcommeaor X Fline
Paste - et o Arange Editing
- JIAIAKA R - A Ten &  Asmgow=- - v
Clipboard Font Paragraph Tools Shape
Shapes < [ LML @ %, e e, 1N, (09, [, [, &, R, a
More Shapes > F
Quick Shapes §
Activity Cycle Diagram L
Activity Cycle Diagram ‘f
= & F
Activity Queue &
N
{ Setup
s Ready
IF
:f.i. Run
E
E -
M 4 » M| Operator Machine | Global %3 = |4 >
Page3of3 | Portuguese Portugal) | 73 | |[B7 8% &) O *E @R P

Figure 9. Automatically generated global ACD.
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Module Modulel

Public simulation As Simulation = Nothing
Public entityOperator As EntityType = Nothing
Public entityMachine As EntityType = Nothing
Public
Public
Public
Public
Public

queueWait As Queue = Nothing
queueldle As Queue = Nothing
queueReady As Queue = Nothing

Sub Main()
simulation = New Simulation()
simulation.Length = 1
entityOperator =

entityMachine =

entityMachine.Attributes.Create("IsExternal”,
simulation.CreateActivity("Setup”)
simulation.CreateActivity("Run™)
simulation.CreateQueue("Wait™, entityOperator)
simulation.CreateQueue("Idle”, entityMachine)

activitySetup =
activityRun =
queuekait =
queueldle =

WithEvents activitySetup As Activity = Nothing
WithEvents activityRun As Activity = Nothing

simulation.CreateEntity(“Operator™)
entityOperator.Attributes.Create("IsExternal”, @)
simulation.CreateEntity("Machine™)

m

8)

queueReady = simulation.CreateQueue("Ready”, entityMachine)

queueWait.Insert(entityOperator.Generate(l))
queueIdle.Insert(entityMachine.Generate(3))

activitySetup.Resources.AddDependency(entityOperator, 1)
activitySetup.Resources.AddDependency(entityMachine, 1)
activityRun.Resources.AddDependency(entityMachine, 1)

activitySetup.Resources(entityOperator).AddSource(queuelait)

[ Refresh Code l [ Run Code ]

Figure 10. Partial automatically generated computer code (VB).

Export Code

-

ID Errors i lIJ W-ar'ninﬁs i

7

o5 Simulation Report When Time = 997

P )

Figure 11. Historical data presented.

4.3. Results analysis

This subsection addresses the results that can be
obtained with the tool. In this regard, and having
conducted the steps described in the previous sub-
section, the user (i.e., student or professor) can
either analyse historical data or simulation results.
The former can be useful to interact with students

Statistics | History |
[ 14 Activity ScheduledAt ExecutedAt TmeDff  Resources -
e e
2 |Setup =2 3 6 3 | Operator 1,Machine2
3 |Run #1 3| 13 10 | Machine1
4'Seh.p 23 6. 9‘ 3‘0perator1,Mad'he3
SIRU'I-‘-‘Z 5. 15. IOIMad’i'lez
6’Rul'| 23 9’ 19‘ 10‘Mad'|‘ne3
7‘Seh.|p =4 . 13 A IEA 3.0perabur1,Mad1ne1
- 8 |Setup #5 7 16 19 I 3 | Operator 1,Machine2

(or for students to analyse) so that the performed
actions by the simulator and the role of each fun-
damental element (i.e., queues, simulation clock,
resources and others) is thoroughly assimilated.
See, Figure 11 for a sample of the historical data
generated by the automatically created simulation
program.

Simulation Report

Statistics History

Name Type IN OUT Now AvgStay Avglen
op_queue Queue 320 319 1, 19,0878 6,1081
mch_queue | Queue 318 | 298 20| 34,6913 | 11,0318
operator Resource 319 318 1 3 0,957
machine Resource 298 | 295 3 10 2,98

Figure 12. Simulation outputs.
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Apart from the historical data, the tool also allows
simulation outputs to be analysed, i.e., after the execu-
tion of the simulation time that was defined by the
user, in this case 1000 minutes. The respective outputs
obtained in this case are displayed in Figure 12.

The results are displayed using the developed tool’s
interface, which, for each defined resource and queue,
displays the following outputs:

o IN: represents the total number of entities that
entered each queue or resource throughout the
simulation un;

e OUT: represents the total number of entities that
exited each queue or resource throughout the
simulation un;

* Now: represents the total number of entities that
remained on each queue or resource at the end of
the simulation run;

e AvgStay: represents the average number of enti-
ties that occupied the queues and resources
throughout the simulation run;

e Avglen: for the queues represents the average
size that was used throughout the simulation,
and, for the resources, represents the average
number of resource units that were occupied
throughout the simulation run.

Thus, another major and commonly used output -
resource utilisation - can be easily calculated through
the following way:

average number of utilized resource units

Resource utilization = -
total number of resource units

Hence, for this case, the resource utilisation of the
operation is 95.7%, since only 1 operator was consid-
ered, and the resource utilisation of the machines
equalled 99.3%, as 3 machines existed. Naturally,
these excessive resource utilisation rates are the result
of the interarrival time that was considered, which also
affects the average queue length. Finally, it should also
be noted that these performance indicators are static
for all models, meaning that students do not need to
implement them. While this also means that the set of
performance indicators that can be used is limited, the
purpose of the tool is to help students and professors
in the simulation teaching endeavour, namely for the
modelling of the first systems, which should not be too
complex.

5. Discussion

The tool presented in this paper was developed by the
authors, for the purposes described in this paper. In
other words, to propose an alternative tool and
approach to teach simulation. In fact, we have used it
in our classes for such purposes, namely we let our

students explore this tool during the initial weeks, to
model systems with the emphasis on exploring the
fundamental concepts of simulation.

Our experience using this tool consisted of using it
as the first and only simulation tool that students had
contact with, during the initial 4 to 5 weeks of classes,
in curricular units where simulation of systems is the
main subject. After this initial contact, students would
develop a project, consisting of modelling a problem
and analysing the respective results. Afterwards, stu-
dents would migrate to a commercial tool, which in
our case is Simio, as we have extensively used it in
classes and in research projects at our University.
Before this approach, Simio was the first real contact
that students had with the simulation concepts in
practice. Hence, they would need to understand such
concepts, while also getting familiar with the tool’s
interface and syntax.

The above-described shift in the teaching methodol-
ogy revealed interesting results, i.e., considering the
feedback from our students, the results and their invol-
vement in assessments. As such, and given these inter-
esting results, the authors are keen on continuing this
project, namely by extending this paper to demonstrate
the interesting results we have already accomplished.

However, and despite the encouraging results, the
tool has not yet been publically available for download;
however, we do intend to do so in the near future,
hence allowing the community to try, and explore the
tool and the approach described in this paper.

6. Conclusions

Discrete Event Simulation (DES) teaching and learning
strategies for university students have not been focusing
on the comprehension of simulation basics. In fact,
instead, of this, they have concentrated on syntax and
semantics of the simulation tools used. In this context,
the aim of this paper was to tackle this gap, by presenting
a tool that is capable of: interpreting an Activity Cycle
Diagrams (ACD), which represents the system to be
modelled; run the model; and present results. This sec-
tion presents the main conclusions of this research.
Thus, the first subsection discusses the findings and
main implications, while the last subsection presents
the major future research that can derive from this work.

6.1. Implications

The software tool presented, based on the activity
world view, incorporates opportunities to both work
under event and activity paradigms, maintaining three
particularly interesting features, namely:

It is based on simple diagrams;

It automatically generates a VB computer program
to perform the mimic of the system under analysis;



It runs the model directly over the automatically
generated global system diagram, producing debug-
ging trace files.

These features, together, would still contribute to:

the generalisation and a better understanding of the
use of simulation;

the full comprehension of the basics of simulation;

the automatic generation of simulation programs.

In brief, it can be argued that the generalisation and
better understanding of the use of simulation would
have been accomplished, since this new tool would
only require expertise on a basic simulation approach -
activity-based approach - to describe real system
behaviours.

Furthermore, these diagrams, apart from provid-
ing an understanding of the behaviour of the sys-
tem, also contribute to the comprehension of
fundamental simulation concepts, such as entities,
queues, activities, resources and also to a very
important simulation concept - the evolution of
the state of the system over time.

Finally, these simple diagrams are translated into
the software tool by means of an automatic gen-
eration of a computer program that performs the
mimic of the system and evaluates the correspond-
ing efficiency measures. The simulation runs over
the automatically generated global ACD, step by
step, enabling the user to gradually assimilate con-
cepts. While commercial simulation tools also allow
simulation models to be built by using small com-
ponents (e.g., building blocks or process steps/
activities), this tool uses ACDs as the basis, which
allows students and professors to focus on the
fundamental concepts of simulation, rather than
in specific and tool-oriented interfaces, syntaxes or
other elements.

In fact, the authors do believe the use of this
tool in a preparatory phase of a simulation course
could be essential for the students to comprehend
the fundamental concepts of simulation, thus stu-
dents could be much better prepared to better
engage in a commercial software tool and being
able to get the most out of the tool. These funda-
mental concepts are in fact crucial for the students
to develop consistent simulation models regardless
of the complexity of the real problem they would
face. The tool presented in this paper, based on
simple ACD concepts, could definitely contribute
to a better understanding of modelling and simula-
tion - thus making students appreciate simulation
through the teaching-learning process. In the light
of this, the approach herein proposed could be
used in real contexts, e.g., by starting to blend the
traditional approach, of using a commercial tool,
with the herein proposed approach.
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6.2. Limitations and future research

The case that was addressed in this paper repre-
sents a dynamic system, where the fundamental
elements of simulation can be analysed. However,
such case is, indeed, not too complex. In fact, as
this tool is oriented towards teaching/learning pur-
poses, its purpose is not to model and analyse real
and complex cases, but rather in academic contexts.
In such contexts, the authors believe it should be
used in a first approach (during the first weeks),
before migrating to another more advanced tool
(e.g., a commercial tool) to model more advanced
systems. At this stage, students and professors shall
inevitably concentrate also on syntax issues (per-
haps particular to the specific tool in question),
however the fundamental simulation concepts
would have been assimilated in a solid way.

The major limitation of this is regarding the
simulation outputs that can be extracted from this
tool. As discussed, these are limited to a set of
standard performance indicators. While different
outputs can be implemented, the ones that are
already available allow students to venture on
their initial systems and assimilate the fundamental
elements of simulation.

As future developments for this simulation tool,
an animation interface could be developed. The
importance of animation has been extensively
recognised by the community, and students tend
to be motivated by such features. Thus, apart from
generating the simulation code, the tool could also
allow the user to visualise an animated environ-
ment, separating the three layers - ACD, simula-
tion code and animation environment. This could
be an important step forward in this teaching/
learning simulation tool. Apart from this, other
elements could be developed. Nevertheless,
a major step shall remain, consisting of providing
the means to, from the output provided by this
tool, produce a simulation model in a commonly
used simulation tool, such as commercial ones, like
Arena, Simio, AnyLogic, and so on.

Another topic for future development is concerned
with the assessment of this teaching strategy in engi-
neering courses. In fact, despite the potential benefits,
empirical evidence would be needed. In this regard,
evaluation methods could be employed in order to
assess the performance of students of engineering
courses, perhaps with and without the herein pro-
posed approach.
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