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ABSTRACT

Freeware and open source simulation software can be of
great relevant when applying simulation in companies
that do not possess the required monetary resources to
invest in traditional commercial software, since these
can be unaffordable Even so, there is a lack of papers
that contribute to literature with a comparison of
opensource and freeware simulation tools. Furthermore,
such existing papers fail to establish a proper
assessment of these type of tools. In this regard, this
paper proposes a study in which several freeware and
open source discrete-event general purpose simulation
tools were selected and compared, in order to propose a
ranking based on the tools’ popularity, considering
several criteria. For this purpose, 30 criteria were used
to assess the score of each tool, leading to a podium
composed by SimPy, JSim and JaamSim. Further
conclusion and future work are discussed in the last
section.

Keywords: Discrete-Event Simulation, Freeware, Open
source, ranking, comparison, review.

1. INTRODUCTION

Discrete-event Simulation (DES), or just simulation, as
many times is referred by other authors, is a technique
used to run models on computers that represent systems
being analyzed (A. A. C. Vieira et al. 2017, 2018).
Furthermore, DES deals with stochastic behaviors,
uncertainty, thus being appropriate to deal with complex
systems that cannot be efficiently and effectively dealt
by alternative approaches, e.g. analytical or
mathematical models (Park et al. 2010). DES can be
used for many objectives and the literature on studies
using it is vast. With simulation, users can: study
different components of a system and their interactions,
communicate better with stakeholders involved in the
problem, study alternatives without incurring in
unnecessary costs or danger, solve complex problems,
help in decision-making, and others (Fowler and Rose
2004; A. Vieira et al. 2014; Antonio Vieira et al. 2014).
Usually, modelers make use of commercial simulation
software, such as Arena, Simio, ProModel, FlexSim,

WITNESS, PlantSimulation, AnyLogic and others (A.
Vieira et al. 2015, 2016). However, while it is true that
these tools have helped modelers in adopting and using
DES, providing features for modelling, debugging and
experimentation, it is also true that such software often
are expensive, which many times are prohibitive for
some companies, potentially leading to the
abandonment of DES.

For the above-exposed reason, freeware and open
source simulation tools can be viewed as a solution to
implement DES, in specific cases. Open source
software is defined by Google as “software for which
the original source code is made freely available and
may be redistributed and modified” (“Google” 2019). In
its turn, Google defines freeware as: “software that is
available free of charge” (“Google” 2019). As can be
seen, these are two types of software that usually do not
entail costs to modelers. In fact, because of this, many
times these two concepts are confuse.

There are several simulation freeware and open source
tools available on the internet and there are also some
studies that compare some of these tools. For instance,
Dagkakis and Heavey (2016) considered 44 open source
in their study. In this scenario of such large tools’ offer,
it becomes very hard and non-conclusive to perform a
consistent experiment based on features. In fact, most of
scientific works related to tools comparison analyze
only a small set of features and ultimately avoiding a
final judgment, due to the subjectivity of such task.

It is in the light of this that this paper proposes a
ranking of the most popular freeware and open source
simulation software. “Popularity” was the way that the
authors found to overcome the mentioned difficulties. In
this sense, choosing a popular simulation tool may bring
benefits in two different perspectives:

e If you are with a company, it is easier to find
simulation specialists with know-how on a
popular tool;

o If you are a simulation specialist, it is easier to
find companies working with a popular tool;


mailto:antonio.vieira@dps.uminho.pt
mailto:lsd@dps.uminho.pt
mailto:maribel@dsi.uminho.pt
mailto:gui@dps.uminho.pt

Notwithstanding, popularity should not be solely used
to select simulation tools. If this was the case, new ones,
would never be used. Therefore, popularity may be seen
as a significant factor to be used in conjunction with
other criteria, such as features comparison.

In this regard, next section addresses the literature
review conducted for this study. In its turn, section 3
described the methodology followed to select the tools
used in the study and the criteria used to rank them.
Section 4 focuses in explaining how the results are
obtained, while section 5 shows the obtained
classification. Last section presents the main
conclusions withdrawn.

2. LITERATURE REVIEW

Several studies exist that compare discrete-event
simulation  software. For instance, regarding
commercial tools’ comparison, Hlupic (1999) compared
a set of tools, distinguishing between users of software
for educational purpose and users in industry. The same
author (2000) presented a survey on the use of
simulation software for academic and industrial users,
which was conducted to discover how users were
satisfied with the software and in which ways it could
be improved.

Similarly, Abu-Taieh et al. (2007) reviewed 56
simulation tools to find answers for several aspects,
such as: modelling approach, reporting features,
programming language used, type of animation,
simulation approach (i.e. discrete-event, dynamic
continuous, etc.) and others.

In its turn, Jadri¢ et al. (2014) compared some
simulation tools by developing the same considered
model in the considered tools. Thereafter, the authors
compared them, according to specified subjective and
objective indicators.

Klingstam and Gullander (1999) outlined most used
simulation tools in manufacturing engineering and
Computer-Aided Production Engineering. The authors
discussed most important features to consider when
selecting the most appropriated software.

All these review papers or comparison studies,
however, fail to make a judgement, or to somehow rank
the considered tools. In this regard, Dias et al. (2007),
Dias et al. (2011) and Dias et al. (2016) achieved this
by ranking selected discrete-event  simulation
commercial software according to their “popularity”, or
presence in several fields, such as social networks,
academic digital libraries and many others.

The mentioned studies compared commercial tools, by
considering some criteria. However, in the case of open
source or freeware simulation tools, there is a lack of
such studies, to the best of the authors’ knowledge. In
fact, and corroborating what was stated by Byrne et al.
(2012) there are limited papers considering open source
or freeware simulation tools. Moreover, and a fortiori,
existing studies fail to rank the considered tools.

3. METHODOLOGY

The methodology followed for this study is adapted
from the works of Dias et al. (2007), Dias et al. (2011)
and Dias et al. (2016). The main changes are related to
the natural difference between commercial software and
freeware and open source software, which is the
existence of a vendor. Furthermore, some parameters
have been removed or added along the years, because
they either cease to be relevant, or become relevant,
respectively.

This methodology can be divided in 3 groups. The first
concerns with obtaining the list of tools that will be
used on the ranking. In its turn, the second consists in
defining the set of criteria to be used on the study,
whilst the last group is related to obtaining the results
for each defined criterion. Lastly, it should be stressed
that this ranking only considered discrete-event
simulation tools that are general purpose.

3.1. Tools Selection
The selection of tools used the following 2 main sources
of information:

e Internet sources, such as: Informs (“Informs”
2019), Eurosis (Eurosis. 2019), Wikipedia
(“Wikipedia” 2019);

e Auvailable literature, e.g.: Dagkakis and Heavey
(2016), King and Harrison (2013) and others.

Whilst the authors also had their own knowledge which
allowed them to identify some of these tools, it should
be noted that there were no cases of tools identified by
own knowledge that could not be identified by the
previous identified sources.

3.2. Defined Criteria
For this study, 30 criteria were considered. These can be
grouped in the following 6 criteria groups:

e C1l: Number of papers published in Winter
Simulation Conference (world’s largest
simulation  conference) that refer the
simulation tool at hand;

e C2: Number of papers published in digital
libraries (Scopus, Science Direct and Google
Scholar) that refer to a simulation tool;

e C3: Number of results obtained by searching
for the tool at hand in a social network (either
Youtube, Facebook, Linkedin, Twitter or
Google Plus);

e C4: Number of results obtained by searching
for the tool in Google;

e C5: Analysis of the growth evolution of the
results obtained in Google for a given tool;

e C6: Number of times a specific tool has been
referred in a comparison paper, or a paper that
considers several freeware or open source
simulation tools;

e C7: Checking if the tool has a web site to
disseminate it.



3.3. Obtaining Results

The number of occurrences of a search query may vary
from units to several millions. The sum of all of them
together leads to irrelevant factors mixed with absorbent
ones. To reduce this impact of different orders of
magnitude, the use of mathematical functions was
studied, in order to ‘“control” big numbers, albeit
keeping the relative differences between them. In this
regard, square and cubic root, natural and ten base
logarithms were the evaluated possibilities. Table 1
shows the values of the parameters’ factors adjusted and
the corresponding original raw values.

Table 1: Possible Functions to Factors Adjustment.
A2 | M/3 ] LN | LOGI0
1000000 | 1000 | 100 14 6
100000 | 316 | 46 12
10000 | 100 | 22 9
1000 32 10 7
100 10 5 5
2
0

10 3 2
1 1 1
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As can be seen, cubic root function considers small and
big numbers adequately. Thus, it was used in this study.
The use of a cubic root of a number in place of the
number itself, is the same as comparing the volume of
cubes, using only the value of their width.

4, RESULTS ANALYSIS
The results obtained for this study will be discussed in
this section, for each of the defined criteria groups (see
section 3). Figure 1 shows the results obtained for WSC
(Winter Simulation Conference).
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Figure 1: Factor values for WSC

The column “Raw Results” gives the number of results
obtained by searching for the “search strings” column
values in the WSC website (https://informs-sim.org/).
At this point, the cubic root mathematical function is
applied and multiplied by the weight factor (3 in this
case), in order to obtain “Factor value” column values.
As can be seen, SimKit was the tool that obtained more
results. It should also be noted that there are 6 tools that
obtained 0 results. Figure 2 illustrates the values
obtained for the second criteria (see section 3).
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Figure 2: Factor values for Google Scholar, Scopus and
Science Direct

The first thing to consider is that for this set of criteria,
the weight 1 was used, contrarily to the previous
criterion. Regarding the obtained results, the tools with
most results are SimPy, SimKit, CSIM and SimJava,
whilst SIM.JS, sim4edu, Khronos DES and Jadesim
were the ones that obtained less results. Figure 3 shows
the results obtained for the social networks criteria (see
section 3).
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Figure 3: Factor values for Youtube, Linkedin,

Facebook, Twitter and Google Plus

The first thing to notice is that there are many tools
without presence in the selected social networks, e.g.,
SSJ, Simdedu, Japrosim, FreeSML, Khronos DES,
Jadesim and others. These networks are useful for users,
for instance, to help members in interacting with the
tools. On the other hand, there are only 2 tools without
0 in any of the selected social networks: SimPy and
JaamSim. Figure 4 shows the results obtained for the
fourth and fifth criteria, i.e., Google results and the
growth evolution of the Google results.

For the 2 sets of criteria represented in Figure 4,
different weight values were assigned, in order to give
more importance to more recent values. In this regard,
the raw results are shows in a red (less results) to green
(more results) scale. As can be see, all tools are
increasing their results along the years. Furthermore,
JSIM, Simmer and JaamSim were the tools with most
Google results, whilst JSIM, SimPy and CSIM were the
tools with most Google results growth. It is also
interesting to note that, from the analyzed tools none
seems to be decreasing their Google Results, indicating
an overall growth of open source and freeware
simulation tools. Figure 5 shows the results obtained for
the sixth set of criteria (see section3). Regarding this
criterion, the following papers were considered:

Page et al. (1997);
Sawhney and Mund (1998);
Sawhney et al. (1999);
Miller et al. (2000);
Sawhney et al. (2000);
L'Ecuyer et al. (2002);
Weatherly and Page (2004);
L'Ecuyer and Buist (2005);
King and Harrison (2013);
Peixoto et al (2017);
Dagkakis and Heavey (2016).

By considering Figure 5, it should be noted that, for
each selected paper, a weight of 0.5 was assigned. The
titles of the chosen papers can be seen in the heading of
this figure. SimKit, SimJava, JavaSim and JSIM were
the tools with better results, whilst Cloudes, simmer,
simdedu, SimJ, FreeSML and Khronos DES obtained 0
in this criterion. Figure 6 shows the results obtained for
the last considered criterion (see section 3).
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Figure 4: Factor values obtained for Google and the growth evolution of Google factor values



Figure 6: Factor values for the tools” web site
assessment criterion

For this criterion a weight of 2 was considered.
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which is obtained by calculating a pondered average
between the obtained values and the corresponding
weights to the criteria. To assign the subjective weights
to the sets of criteria the authors formed the following 3

Furthermore, tools that have web pages for several
types of content, therein including content related to a
specific tool (e.g., web page of a university’s
department which developed a tool, includes reference
to a tool in its web page), were not considered. As the
figure suggests, only 7 tools were found that match the
established restrictions for the web page assessment.

groups:

Presence in internet, as a whole. (fourth and
fifth sets of criteria in section 3, or WWW and
Growth in Figure 8);



e presence in academy, in particular (first,
second and sixth sets of criteria in section 3, or
WSC, Docs and Reviews in Figure 8);

e presence in social networks, in particular (third
and seventh sets of criteria in section 3, or
Social and Web site in Figure 8).

For each of these 3 groups, 4 weights points were
assigned, as described in Figure 8, with the final results
specified in the same figure. In its turn, Figure 7 shows
the scores grouped by each set of criteria.

With the ranking completed, it can be seen that SimPy
was the tool placed in the first position, followed very
closely by JSIM, with the podium being finalized with

khronos DES
jadesim
Yetisim
FreeSML
japrosim
sharpsim

SimJ

sim4edu OESjs
DEUS

C++Sim
Tortuga
simmer
SS)
SIM.JS
cloudes
javaSim
simjava
CSIM
simkit
DESMO-J
JaamSim
JSIM
SimPy

EWSC BEDOCS mSOCIAL EWWW

JaamSim. A reference should also be made to Cloudes,
which, to the best of the authors’ knowledge, is the tool
that allows users to work on the cloud that is best placed
in this ranking. As indicated by Figure 7 this
classification of Cloudes concerns with its lack of
presence in academy, namely: in WSC, review papers
and selected digital libraries (Google Scholar, Scopus
and Science Direct). Khronos DES and Jadesim were
tools ranked in the last places. An honorable mention
can also be done to other tools that were also considered
for this study but did not enter the final ranking, as they
did not obtain the minimum score. Those tools
including: Simjulia, DSOL, Salabim and XGDESK.

B Growth M Reviews N Web site
Figure 7: Scores grouped by set of defined criteria



6. CONCLUSIONS

This paper proposed to rank several open source or
freeware simulation tools, according to their popularity.
More specifically, according to their presence on
academia content, social networks and internet as a
whole. The authors used this approach since existing
studies that propose to compare freeware and open
source simulation tools, ultimately fail to make a
judgment or to establish a proper ranking between them.
For this purpose, 30 criteria were established and
divided among 7 groups, in order to use them to assess
each tool. Moreover, the cubic root of the obtained
values for each criterion was used, in order to mitigate
the different scales of the obtained results. In addition,
different weights were assigned to each criterion.
Although different weights were used to classify the
chosen criteria, the authors believe to have proposed a
trustworthy ranking of “popular” open source or
freeware simulation tools. Lastly, it should be noted that
only tools that address discrete-event simulation and are
general purpose, were considered.

After having finalized the study, it is possible to see that
SimPy was ranked in first place, closely followed by
JSIM, with JaamSim finalizing the podium. Screenshots
of some of the considered tools can be consulted in the
appendix section. The results obtained by the authors
are subject to changes, whether as a consequence of the
academic or industry environments. Thus, this study
should be regularly updated, by considering new criteria
and likewise by pondering on what weight values make
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Figure 8: Final scores obtained for each set of criteria and for each tool

sense in the light of more recent trends (e.g., nowadays
Facebook may be a relevant social network for
simulation users, but in the future, it may cease to be).
By establishing a comparison between the results for
WSC (L. M. S. Dias et al. 2016) with the same criteria
for this ranking, it is possible to see that the former
registered 409 results, which is around 86 % more than
the maximum value in freeware and open source tools
(SimKit with 56 results). This suggests that, despite the
utility of open source and freeware simulation software,
their use is still limited.

A last note should be made to emphasize that the
authors do not seek to promote freeware or open source
tools, or any in specific. In addition, the authors do not
want to discourage the use of commercial tools. Rather,
this paper recognizes the role and position of freeware
and open source simulation tools in the DES
community and tried to contribute to literature with a
study that assessed and ranked these tools.
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