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Abstract

The theory of modeling formalisms for Discrete Event Systems has a long history and is well
developed, many algorithms for modeling and efficient analysis of the modeled systems exist.
However in many practical applications or commercial software, the theory is not used. The
reasons are manifold. The question is, whether the theoretical concepts are not suited for prac-
tical applications, or whether the problem lies in the proper transfer to practice. Other problems
lie in the sometimes missing flexibility of theoretical models, to some extend in missing good
software that would enable the practical use of such models. In this work we review Petri net
based methodologies with regard to their applicability in practice, and try to understand why
many aspects of the theory of modeling and simulation do not find their way into practice. We
identify crucial factors such as support of complex models and hierarchic modeling capabilities.
These factors not only concern the modeling methodology, but also need to be implemented in
a software tool. The availability of a software supporting a modeling concept is another impor-
tant factor. The software should also have an adequate and appealing graphical representation
because at the end, the practitioners have to be convinced to ’buy’ the theoretical concept, and
that will only be the case, if decision makers can recognize ’their’ system easily. Furthermore
we survey a number of papers about application of Petri nets to find out to which extend these
applications are practical ones, i.e. whether the applications are of academic nature, proof of
concept, toy size or inside a productive environment.
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1 Introduction

Modeling and simulation (M&S) can be approached
from two opposed sides. On the one hand modeling and
simulation can be approached from a purely theoretical
side. The roots of many concepts of M&S stem from
theoretical computer science. Especially modeling for-
malisms such as Petri nets have their origin in automata
theory and neighboring fields.

The other side is the wide spread use of simulation in
practice. Many people claim to do simulations and they
use something informal (such as programming code)
to formulate the simulation model which makes valida-
tion difficult. Quite often, the theoretical foundations of
M&S are neglected to a great extend, even basic things
such as proper statistical analysis of stochastical simu-
lations is not done (see remarkable, extensive studies of
Pawlikowski et al e.g. in [1]). If people need a model
of some system’s behavior and a simulation of it, often
the rich theoretical results of different formal model-
ing methodologies are ignored and no formal model is
created. Instead people just program a piece of code
delivering some numbers and call it a simulation.

E.g. a nice formal methodology for behavior modeling
is Petri nets. Petri nets are very easy to learn, and pro-
vide a rich theoretical background for analysis of the
behavior, plus possibilities for performance evaluation.
Even pure simulation is possible, which relieves the
modeler from nearly all restrictions usually imposed on
the PN model (e.g. most analytical performance eval-
uation methods allow only exponential distribution of
processing times).

Often it is the lack of software, that offers all needed
features and looks ’professional’ enough for use in
practice. Academia does not have the resources to de-
velop tools that are able to compete with commercial
tools. E.g. the import of diverse commercial file for-
mats is usually not possible with academic software.

Apart from the functionality, there are other, more psy-
chological reasons that let academic tools not be ac-
cepted in practice. One simple but nevertheless impor-
tant point is the way academic tools look, or how a pre-
sentation of a formalism looks.

With a Petri net model (only boxes, circles with dots
and arcs, often enough in black and white), no one
should meet a decision maker in industry and try to con-
vince him to use Petri nets or hire the "theoretician’.

Even very good Petri net software (that still looks like
Petri nets) failed when people tried to commercialize
it, e.g. DesignCPN [2]. On the other hand commercial
software often claim to be based on queuing theory be-
cause of the fact that they have implemented something
in their system and named it a *queue’.

This gap of M&S between theory and practice is a sub-
ject appearing frequently in literature or panel discus-
sions e.g. [3].

In this work we give examples of realistic applications
tackled with formal modeling paradigms, and why a
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certain study succeeded or not, what were the prob-
lems etc. We discuss reasons for how the situation is
now, and what can be done for academic people to have
more success with application of well founded M&S
concepts in practice.

We want to find out if it is some kind of dilemma
(whether there are some reasons which exclude a for-
malism to be at the same time universal enough for
meeting the requirements of practice AND for being
theoretically well founded enough to have success in
both M&S theory AND practice) or if there is a solu-
tion to the situation.

2 Related Work

In [4, 5] a comprehensive study can be found, which
software for Petri nets is suited for a certain kind of
real application (related to modeling with UML). This
study comprises both academic as well as commercial
tools. A first selection is based on criteria such as hav-
ing a hierarchy concept, support of colored nets, having
a GUI with model editor, simulator and analysis meth-
ods. Although the criteria seem quite reasonable and
essential with regard to real world applications, during
this first round a vast majority of the considered 91 tools
have been excluded. Only ten tools have been examined
more closely.

Among them was DesignCPN, a tool for colored Petri
nets [2]. The tool is very good for a scientific applica-
tion, but seemed not to fulfill all the demands of real ap-
plications. Although Jensen [2] claims that his tool can
handle large realistic scenarios, this seems only pos-
sible with knowledge of internals of the tool (e.g for
their VLSI example they made a special extension to
the tool). In one of our studies, a realistic semicon-
ductor model (data from [6]) even took minutes to load
into the tool, not to speak from changing or analyz-
ing/evaluating the model. [4] indicates that the com-
plexity of models is a general problem. Most tools
allow only thousands of places (DesignCPN: 2000),
which is not enough, considering that e.g. a semicon-
ductor production plan has several hundreds of steps,
each step constituting a sub-model consisting of a num-
ber of places.

The same semiconductor model we tried to evaluate
with our own combined Petri net/queuing net tool [7],
but this also lead to long simulation times and there
were difficulties to validate the model. Also, no advan-
tages of the Petri net theory (like qualitative analysis
methods e.g. for deadlock avoidance) have been used.

The introduction of an open model description format
such as PNML [8] is a good step, so that one tool can
be used to apply to one model algorithms that the other
tool does not provide.

Another deficiency of tools maybe that the theoreticians
concentrate on the e.g Petri net algorithms, but neglect
helpful methodologies from other communities. E.g.
every Petri net tool should have a stochastic simulation
engine, but often that is not the case. As Pawlikowski
[1] found out, a vast majority of research papers using

Copyright © 2007 EUROSIM / SLOSIM



Proc. EUROSIM 2007 (B. Zupancic, R. Karba, S. Blazic)

simulations did not obey basic but fundamental statisti-
cal principles of good statistical practices.

3 Capabilities of Formal Modeling Con-
cepts

Some academic tools offer outstanding and useful fea-
tures. With Renew [9], nets in nets are possible of-
fering a reusability of models in the purest object ori-
ented sense. Even with uncolored Generalized Stochas-
tic Petri nets (GSPN) complex circumstances such as
online simulation (a system simulates itself for schedul-
ing decisions) can be done, see e.g. [10].

And all those complicated mechanisms are embedded
in a well-founded framework, which makes validation
of the models much easier than in the alternative case,
when the system is just implemented in some program-
ming language.

4 The Complexity Issue

Models in academia often have little size, so that test
and verification of new algorithms for analysis applied
to the model is easy.

In practice the pure size of the real system under study
may be the problem. Especially algorithms working on
the complete state-space of systems e.g. reachability
analysis, Markovian analysis) will not work on models
consisting of hundreds of components/places and sev-
eral hundreds of parts/tokens circulating in it.

A good test-case for complexity is provided by the
Modeling and Analysis for Semiconductor Manufac-
turing Laboratory (MASMLAB) at Arizona State Uni-
versity. They provide anonymized real production data
from semiconductor manufacturing. To show the com-
plexity of the model, we give a brief description of the
basic features of the first dataset:

This data set contains the description of the production
of non-volatile memory chips. There are two differ-
ent products, the first needs 210, the second needs 245
production steps. For both product routes 28 machines
are necessary, with 87 different configurations in the
first route, and 103 configurations for the second route.
The model includes loading, unloading, processing and
travel times of wafers, setup/down times for machines,
as well as scrap and rework probabilities.

In order to test the applicability of Petri net based tools
for complex systems we undertook two studies.

First we undertook a study with a combined Petri net
queuing net simulator [11]. The model is described in
XML, and the tool supports hierarchic models. Since
the production steps can be modeled similarly, only
with different parameters of the machine/need of dif-
ferent resources, the hierarchy could be exploited effi-
ciently and made the modeling part easy.

Figure 1 shows the structure of one production step
modeled as Petri net.

Analysis/simulation of the model was more difficult.
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Markovian analysis is not feasible due to the size of the
state-space.

Simulation worked satisfactory. In order to get results
nearly one day of simulation was needed. That is OK
for factory (re-) planning, but is not fast enough for
e.g. online scheduling. Other disadvantages of this ap-
proach are that it was a prototype piece of software with
no nice graphical representation.

In another study we used DesignCPN, but that tool
seemed very impractical. We generated the model auto-
matically from the data. The resulting CPN model was
too large to be handled reasonably be DesignCPN. Al-
ready the loading of the model from file to the tool took
minutes, it was not possible to work with the GUI, that
is to change or analyze/evaluate the model.

5 The Abstraction Issue

When building a model, it is important to decide about
the level of abstraction. Abstraction means that only
the relevant features of the system under study are con-
sidered. One might think that this might easily lead to
wrong models/wrong results (since some parts of the
real system are omitted). Actually the opposite case
is true: Abstract systems are more robust, too detailed
models often show chaotic behavior. That is the case
because one can never measure the modeled system one
hundred percent correctly, so a detailed model will mul-
tiply the error, if a small incorrectness of a parameter is
modeled too detailed (e.g. considering only one value
instead of a distribution, or modeling packets in com-
munication systems packet per packet, instead of mod-
eling a packet rate). By using a more abstract model, it
will be more likely that the abstraction also captures a
larger set of models with parameter intervals, instead of
only one specific parameter.

To illustrate the difference, we conducted a real world
study by using two approaches in parallel [12]. The
real world study was to assess different configurations
of a shiplift to be rebuild. We used two different for-
mal modeling methodologies and two tools to provide
insights, which impact of the formal modeling method-
ologies, the chosen tool and the level of abstraction
have on the success of the real world model.

Two alternatives for reconstruction of a shiplift are eval-
uated. At the moment, the shiplift consists out of two
long chambers. One chamber is to be rebuild. In-
stead of rebuilding it in its original length, a shorter and
cheaper chamber could also be built.

The Petri net model has been chosen because Petri nets
are a universal modeling language that allows a quick
construction, validation and evaluation of models of ar-
bitrary systems.

5.1 Detailed Model

Often modelers tend to build a very detailed model. A
common belief is, that more details result in more ac-
curate results. Furthermore building a detailed model
requires less thinking and less understanding of the real
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Fig. 1 Model of a machine including maintenance, failure, rework, scrap

system, since in a detailed model, there almost is a one
to one correspondence of objects and relations com-
pared to the real system.

An abstract model requires a deeper understanding of
the components and the functions of the real system.
Only with enough understanding, the modeler can de-
cide to abstract from some features of the real system
and to model several features by maybe only one pa-
rameter in the model.

Building the detailed colored Petri net model in figure 2
was time consuming and the result is a model that is
not so easily to understand (e.g. by shiplift engineers
or politicians). One can see that a lot of formulas and
arc inscriptions are used, and are essential for the un-
derstanding of the model. This is in contrast to the idea
that one advantage of Petri nets is a graphical notation
that is easily to understand and which adheres to the
principle of locality. The timing concept in Renew is
not so developed, so that there was quite some work to
be done manually to be able to use the correct stochastic
distributions and also to have a state of the art stochasti-
cal analysis of the results. Also the verification and the
calibration of the model was a time consuming activity,
caused by the detailed model.

5.2 Abstract Model

Parallel to the colored Petri net model a second model
has been developed using (uncolored) Generalized
Stochastic Petri Nets (GSPN). The software used was
TimeNet (now available in version 4.0). Development
of this model required more initial considerations how
to represent the reality adequately with the more re-
stricted means of uncolored Petri nets (e.g. different
ship lengths, which can be done straight forward in col-
ored nets by adding an attribute ’length’ to the tokens),
but after that, building, validating and calibrating the
model did not take long.

6 Are There Real Practical Applications?
6.1 Survey

In order to get some facts about practically relevant
applications of formal modeling methodologies, espe-
cially Petri nets, we had a look at the ’Seventh Work-
shop and Tutorial on Practical Use of Colored Petri Nets
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and the CPN Tools October 24-26, 2006°. The results
of this non-representative survey are the following:

e Sixteen papers of this workshop can be found on
the web. From these 16 papers

none was an application in a productive en-
vironment.

— Nine where proofs of concept or an initial
study/first step of applicability of CPN in a
certain field or inside a larger project.

— Another two were academic case studies of
small size.

— The rest were methodological papers or in-
troductions of new tools.

o Often Petri nets were used somewhere below the
surface, e.g. in the backend of some software.

e Many papers reported difficulties with given soft-
ware, or had problems with the problem size.

o Further applications (65) including some from the
workshop above are listed on [13].

6.2 Applicability of Petri Nets

It seems that despite the long existence of various Petri
net dialects there exists no field of application where a
Petri net tool can just be plug in and non specialists can
start to use it.

Most applications today seem to be research applica-
tions, that means special researcher have to analyze the
problem, whether it can be tackled with Petri nets or
not, then make a tools survey, find a software that fits
nearly all needs.

Often it is a feasibility study that answers the question:
Can this problem be solved with Petri nets or not?

For some time, PN were fashionable in Software Engi-
neering (SE) in the past, but not any more today. State
of the art in SE is to use UML for modeling, although a
Petri net based formalism would offer lots of additional
analysis methods. That is most important for design
of high-performance and secure software, and could be
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Fig. 2 Model of the shiplift with colored PN of Renew type

done in an integrated approach using a more formal ap-
proach, e.g. such as one based on Petri nets [14].

A similar situation we face in protocol specification,
which uses mostly SDL based methods. PN would
again offer the same functionality, plus analysis meth-
ods such as deadlock detection, which is quite impor-
tant in protocol design.

One field where Petri nets are relatively successful is
business process modeling [15].

7 Keys to (more) success?
7.1 Visualization

Despite Petri nets are a methodology with inherent
graphical representation, the representation is rather
spartan (circles, dots and rectangles) and surely not ap-
pealing enough for non experts, decision makers etc.

When trying to advertise Petri nets for deployment in a
productive setting visualization is important in order to
have an easy! presentation possibility for the intended
customers to-be. Only if the decision maker recognizes
the model as his facility/his problem, then he maybe can
be convinced to sign a contract. A presentable model
should be a colored and animated 3D scenarios of the
system modeled with a formal methodology under the
surface.

There exist universal visualization tools, e.g. PEP [16],
which associate to Petri net places and transitions an
arbitrary 3D graphical object. Also the moves of transi-
tions in the model can be associated with moves of the
3D objects.

We also tried to use visualization engines from com-
mercial games. (e.g. Petri nets with Half Life 2 [17]).

We also tried to use it for visualization of ad hoc
wireless networks, not only for visualization but also
simulation, because in principle the radio propagation
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model like light, features like multiple way propaga-
tion, shade, obstacles etc. should be suited better than
those primitive models used in special purpose simula-
tors such as ns2 [18].

7.2 Performance

As the survey [5] showed efficiency of the analysis al-
gorithms is a problem when applied to problems of re-
alistic size. Often state space based methods have been
developed for toy size examples, when applied to real
systems these methods fail.

7.3 Hierarchical Modeling

For understanding, design and analysis of every com-
plex system a hierarchical approach is necessary. This
valid not only for manual design of the model, but also
for generation of the model out of other data (such as
XML based production plan or similar).

Hierarchy is a serious problem when regarding the suc-
cessful application of Petri nets. There are several in-
compatible hierarchy concepts and not all of them are
theoretically well founded. Often there exits no analy-
sis methods that exploit the hierarchic structure so that
unfolding and using standard methods is the only pos-
sibility, of course only viable for less complex systems.

8 Conclusion

In this work we discussed the applicability of mainly
Petri net based formal modeling, simulation and analy-
sis of systems in practice.

We pointed out which are the crucial aspects that of-
ten decide about the success of the transfer of scientific
concepts to practical application. We also showed on
several examples, why application of theoretic concepts
may fail, or why theoretic concepts might not fit the
needs of practical application/convince decision mak-
ers to use it.

Copyright © 2007 EUROSIM / SLOSIM



Proc. EUROSIM 2007 (B. Zupancic, R. Karba, S. Blazic)

9-13 Sept. 2007, Ljubljana, Slovenia

Ankunft2

Seite2

Fig. 3 Model of the shiplift with uncolored GSPN

It turned out that algorithms for complex models and
tool support for such models and algorithms is essential.
Of course good usability is necessary for practitioners
to be able to use the tool.

Often Petri nets based approaches in practice require a
high degree of customization by researchers. This is
not acceptable for easy use for practitioners for several
reasons: Customization of a methodology might vio-
late the preconditions for some analysis methods and
furthermore needs time.

There is not easy solution to the problems mentioned
here or maybe no solution at all. However in times of
lower and lower budgets for research, the topic of mak-
ing valuable scientific methods more attractive for ap-
plication in reality should be discussed.
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