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ABSTRACT

This paper deals with the transformation of UML Sequence
Diagrams into Petri Nets. The involved SD are those joined
to the Use Cases dynamic description. In other words, they
concern the requirements modeling. The approach is seen in
a more general context of heterogeneous system design. It
endeavors to integrate, early in the requirement modeling
process, a formal model within a semi-formal one, in this
case Petri nets with UML SD. The SD to PNs transforma-
tion is meta-modeling oriented within the MDA approach,
specifically for PIM design. So, a meta-model for SD and
one for PNs are first defined. Then, the meta-model of the
transformation is done, and the transformation rules may be
deduced. As a result, the approach allows a partial automa-
tion of the transformation, and subsequently the verification
and validation of the system requirements.

1. INTRODUCTION

The Model Driven Architecture “MDA” proposed by the
Object Management Group (OMG) is increasingly used to
define an approach to software development based on mod-
eling, and automated mapping of models to implementa-
tions. It becomes even so for the design of heterogeneous
systems too, where several domains and trades are strongly
involved. Its recent industrial success, along with its use in
an ever greater number of industrial projects has prompted
engineers and researchers to define and use MDA based
approaches. The basic MDA concept involves defining a
Platform Independent Model “PIM” and its automated
mapping to one or more Platform-Specific models “PSM”
from the Platform Dependent Model too (Frankel 2003).
We defined a platform in accordance with such a concept
for the virtual prototyping of the system to design. The vir-
tual prototyping designed with an MDA view allows us to
make a system V&V (Validation and Verification) by
means of both, the formal verification and the system simu-
lation. The aim is to tackle the design and implementation

steps with requirements models free of faults (Kleppe et al.
2003).

The work presented in this paper can be located at the high-
est level of the PIM development when the customer re-
quirements are translated into models. At the beginning, the
PIM production is mainly based on the UML language. The
today design trend entails to integrate or extend formal
models early in the modeling process because of many
benefits to do so, consistency check of the requirements
models, system V&V or just to match with some PDM. In
our approach the formal model is PNs because our PDM is
also PNs based, and also we have a good expertise in using
PNs in several ways (Esteban et al. 2005), the formal V&V,
the operating of its structural properties as an aid for system
structuring and the system simulation that results of the PNs
transformation into VHDL-AMS (Albert et al. 2005) (see
Fig. 1).
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Fig.1. Requirements validation process

While the current OMG standards such as the Meta Object
Facility “MOF” and the UML provide a well-established
foundation for defining PIMs and PSMs, no such well es-
tablished foundation exists for transforming UML PIMs
into formal model for V&V purpose (Gerber et al. 2002),
(Czarnecki and Helsen 2003) nor into PSMs. In our work
the PIMs are related to the requirements modeling, so in
this paper only the sequence diagrams associated to the sys-



tem Use Cases are considered. Briefly presented, our PDM
mainly comprises Petri Nets for the discrete domain of the
system and functional blocks for the continuous one. So, we
needed to transform very early the UML models into PNs
model for two essential goals:

- Formal verification of PIMs based on the properties
analysis of the PNs models

- Transformation of PIMS into PSMs with the aim to com-
plete the formal verification by means of the simulation.
The simulation is based on a VHDL-AMS heart. So, an-
other model transformation, PNs into VHDL-AMS, has
been worked out (Albert et al. 2005).

Since 2002, the OMG initiated a standardization process by
issuing a Request for Proposal on Query / Views / Trans-
formations “QVT”. This process will lead to an OMG stan-
dard for defining model transformations, which will be of
interest not only for PIM-to-PSM transformations, but also
for defining views on models and synchronization between
models. Driven by practical needs and the OMG’s request,
a large number of approaches to model transformation have
recently been proposed. But they mainly are software ori-
ented. In this paper, we propose to transform UML SD-to-
PNs whatever the system type is, e.g. for heterogeneous
systems. Some papers suggested the Petri net formalism for
the modeling of the objects interaction (Paludetto et al.
2004). They proposed transformation rules at model level.
We propose to bring the SD-to-PNs transformation at the
meta-model level for only a part of the MOF. The reason
why will be explained in section two here after.

This paper is made up with six sections. Thus, after this
introductive first Section, Section two gives an overview of
the context, foundation and limitation of the work. Some
SD to PNs rules transformations are presented in Section
three. Section four describes both source and target meta-
models suited to the transformation. Section five proceeds
to the design of the rules transformation meta-model. Fi-
nally, the approach retained is assessed and future prospects
are outlined in the concluding Section.

2. CONTEXT AND FOUNDATION OF THE WORK
In the translation of sequence diagrams into PNSs, the diffi-

culty arises within the framework of the model transforma-
tions. Several efforts have addressed transformations at the

model level of UML with Petri nets (King and Pooley
2000), (Paludetto et al. 2004), but few have used meta-
modeling. However the interest of the meta-modeling is
well known now (Ferber and Gutknecht 1998), (Artikson
1997), (Trowitzsch et al. 2005). In this way it is possible to
describe and classify the various concepts of a language or
a model, and make easier the rules specification of the
transformation. This also allows the mapping between the
concepts of both meta-models source and target. For a
given model, several meta-models may be defined. The
suited one depends on the end purpose. Our objective fo-
cuses on the requirements V&YV, a part based on formal
properties and the rest by means of the simulation through
VHDL-AMS language. All the necessary tools are layered
in a platform according to the MDA approach (see Fig. 1).

This paper concerns the first transformation shown in the
Fig. 1. As we said above it is based on a meta-modeling ap-
proach. The Fig. 2 models all the transformation process
implemented in the platform. Only the first part (dimmed
part of the Fig. 2) is discussed in this paper. As shown, the
model level has been used only for checking off and to
classify the transformation rules. Then, knowing the end
purpose of the transformation, the incoming meta-models
(SD and PNs) and the transformation meta-model itself
may be built and implemented. The next sections will pre-
sent the approach and the construction of these three meta-
models.

When working with UML meta-model, people often refers
to the OMG MOF because of its standard sight. This gives
an ability to cover all language characteristics for various
application domains. Due to its genericity meaning, the
MOF is interesting for tool specifications but really heavy
for modeling, specifically when the system dynamic must
be described formally. In this work an amount of details
given by the MOF are not all attractive for the objectives of
such a modeling, especially for the requirements modeling.
So, we refer to the MOF only for the interesting semantics
of the SD at the high level modeling, saying message pass-
ing, method activation and data transfer. Indeed, the accor-
dance with the whole MOF standard will be done later, af-
ter the validation of the approach.
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Fig.2. Meta-model based transformation architecture



3. SD INTO PN TRANSFORMATION TECHNIQUES:
MODEL LEVEL

As previously mentioned, inter-object communication as
well as method and abstract data give a high level view of
the system requirements. So, in such a context, sequence
diagrams into Petri nets transformation primarily depends
on the type of the messages that link up the objects to each
other. For instance, a message can be used to express a data
transmission or a method call either with or without data
transmission. In the same way, a message can wait or not
either a result or an acknowledgement. This information
can be known if the message semantics is written in accor-
dance with the OCL language (Warmer and Kleppe 2003).
This leads to translate synchronous or asynchronous com-
munications into Petri nets.

Specifically we focus on inter-objects communications, as
they are described at sub-system levels, and this section as-
sumes either the following interpretations of an UML mes-
sage: Asynchronous communication, Highly synchronous
communication and Loosely synchronous communication.

3.1. Asynchronous communication

Fig. 3 shows a SD asynchronous message and its translation
into an asynchronous communication. With Petri net model,
such a communication is made up by means of a shared
place that is seeing as an outcome place from the sender
object (objectl) and an income place from the receiver ob-
ject (object2) ; the sender (objectl) and the receiver (ob-
ject2) are represented each one as P-T-P (Place-Transition-

Place) Petri net sequence. The different states of the mes-

sage passing can be the following:

- From the sender point of view, a token on a first P of its
P-T-P sequence means the beginning of the sending, the
firing of the transition means the sending itself and a to-
ken in the second P, the end of the sending.

- From the receiver point of view, a token in the first P of
its P-T-P sequence means that it is waiting for a message
(token) on a shared place, the firing of the transition
means the receiving itself and a token in the second P, the
end of the receiving as well as the method running ("op").

- From the message itself, the beginning of the transaction
takes place when the sender T is fired and the end when
the receiver T is fired in turn.

: objectl : object2

‘ mess: op(dy) ‘ d
3 3 § op(dy)

Fig. 3. Mapping of an asynchronous communication

From the system view, the sender puts a token in a shared
place (d1) in order to require a method ("op", provided by
the receiver), and the receiver accepts the call when its state

allows it to consume the d1 token and, early following runs
the called method "op".

3.2. Synchronous communication

Highly synchronous message is equivalent to the well
known remote procedure call protocol (Fig. 4). The Petri
net modeling of such a message is derived from the previ-
ous one where the PNs sequence of the sender as well the
receiver is built with two merged P-T-P sequences in a P-T-
P-T-P resulting sequence. Moreover, two shared places are
implemented, one for the call and the second for the return.
The centric P of the P-T-P-T-P sequence plays the part of
waiting place for the sender and provided method place for
the receiver. The second shared place is equivalent to the
acknowledge return or result.

: objectl : object2

mess: result:= op(d;) U

Fig. 4. Highly synchronous communication

The loosely synchronous message is like the highly one
with a little bit difference. The sender does not need the re-
sult of the operation carried out by the receiver (Fig. 5); it
just needs the acknowledgement of the request, and then it
continues its own thread of control while the receiver per-
forms its thread too that begin with the provided method

(“op (d1)").

mess: op(d,)

Fig. 5. Loosely synchronous communication

Note that the message syntax of the SD is the same for both
asynchronous communication and loosely synchronous
communication. In this case, the designer is responsible of
the choice of the communication type that will be used in
the design carrying on.

4. DEFINITION OF TARGET AND SOURCE META-
MODELS

4.1. “Petri nets” meta-model

The objective of this work is to make easier the require-



ments validation process (see Fig. 1). For the best coher-
ence of the whole transformation process, we used the Petri
nets meta-model developed by (Albert et al. 2005) (Fig. 2).
However, the working of this meta-model was limited to
the representation of inter-objects communications. We ex-
tended the Petri nets meta-model in a way shown by Fig. 6.

. +petrinet,
+petrinet *

PNset ‘)rdesignunit 1> PN +petrinet
0..*[+actions +petrinet 0 +subpetrinet
ActionElement _ 0.%[+links
+InputLinks
0=
| 0.% LinkageElement
+nodes
+nodeg  frOutputLink

+activeNodes |0..* k-nodes
ExplicitAction
0.*
TdesaciiveNodes| |\odeElement ArcClassic || Arcinhibit
+nodes
j T

Fig. 6. PN meta-model for SD to PN transformation

ImplicitAction

As shown in Fig.6, ArcClassic and ArcInhibit classes both
inherit from the LinkageElement class; only ArcClassic is
considered in this paper. The same applies for ExplicitAc-
tion and ImplicitAction that inherits from the ActionElement
superclass, and are associated to the NodeElement: only the
second one will be considered in this paper (their activation
modes are different: ExplicitAction is activated on posi-
tive/negative going edge of the associated node, ImplicitAc-
tion is simultaneously activated with the associated node).

4.2. “Sequence diagrams” meta-model

The objective of the sequence diagrams meta-model is the
description of its model elements for their translation into
Petri nets. The chosen structure (Fig. 7) describes the ele-
ments involved in object interactions.
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Fig.7. SD meta-model for the transformation of SD into PN

The inter-objects messages can be recognized in this struc-
ture as well as their type characterization, synchronous or
asynchronous. They express a method call with data ex-
change. For later use, the edges triggering for start and end
message (OccurrenceStart and OccurrenceEnd classes) are
foreseen in order to take into account timed requirements of
the communications. For instance, they will be useful for
the modeling of the propagation delay of any communica-
tion. These timed requirements will not be considered in the
transformation presented in this paper.

5. TRANSFORMATION RULES META-MODEL
5.1. The Expression of the Transformation Rules

The transformation rules meta-model (Fig. 8) describes the
interactions that exist between classes of the “sequences
diagram” meta-model (on the left part of the figure) and
“Petri nets” meta-model (right part).

In this transformation, the information of method call with
data transfer is associated with a shared place (or communi-
cation place Pcom) (see d1 in Fig. 3), whereas the call of
method is translated into ExplicitAction in relation to re-
ceiver description (see op (d1) in Fig. 3).
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Fig.8. Transformation rules meta-model



In the same way, the result returned when method call is
performed is a data associated to a shared place (see result
in Fig. 4). To express these transformations we retained two
Petri net patterns: a basic pattern, built with a sequence P-
T-P (see objectl of Petri net in Fig. 3) and an extended pat-
tern for P-T-P-T-P sequence (see objetcl in Fig. 4). These
patterns are in relation with the type of message to be trans-
lated, either “AsynchronousMessage” or “Synchronous-
Message”.

The meta-model distinguishes Place and PCom classes in
order to clarify the transformation rules. Indeed, the places
set of the Petri net that results of the message transforma-
tion contains the shared places. These later have a specific
role: they play the part of an interface between the two
communicating objects.

The classes of the transformation rules meta-model are
characterized by the provided methods and attributes.

5.2. Execution of the transformation rules

The transformation rules are represented by the meta-model
shown in section 5.1; it is important to explain the mecha-
nism used for the transformation of the sequence diagrams
into Petri nets.

Let us consider the transformation of an asynchronous mes-
sage of the SD into its equivalent representation with Petri
nets. The main steps of this transformation are: 1) create
two single-patterns P-T-P for the two communicating ob-
jects (sender and receiver); 2) create the shared place and 3)
connect the T sender to the shared place and the shared
place to the T receiver. The transformation of the highly
synchronous message and the loosely synchronous message
into PN is done in similar way.

The transformation mechanism from a source model (SD)
to a target model (PN) can be automated with an implemen-
tation process based on the Eclipse development platform
(http://www.eclipse.org/). The benefit of such a platform is to
provide an extensible, universal and versatile integrated de-
velopment environment. It is possible to create develop-
ment projects using a given language if this later is “con-
nected” to the platform.

CONCLUSION

In this paper, we presented the meta-modeling based trans-
formation of Sequences Diagrams into Petri nets in order to
obtain a model available for the requirements validation.
We saw that the meta-model approach opens the way to-
wards a formal transformation and the result, saying PNs,
allows the verification of system requirements, in our appli-
cation. The approach is also interesting for to automate the
transformation and to design tools in accordance.

However, many points remain to be deepened and need fur-
ther investigation. For instance, time does not appear ex-
plicitly, but implicitly by the way of order relation. In fu-
ture work we will consider the explicit time with an aim of
taking into account the asynchronous communications with
propagation delay. Then, it will be suitable to use the timed
Petri net model and thus to enrich the proposed meta-
models.

For now, we considered only one sequence diagram. One
would think that it is reasonable for the highest level of ab-

straction, since this sequence diagram may represent the
main scenario. But, when considering complex system it is
necessary to transform several sequence diagrams using a
successive refinement method within an incremental ap-
proach: so it is essential to consider the behavior and the
interactions of implied objects in several use cases. Such an
approach will imply PNs composition.

For the systems of our interest, the use cases generally cor-
respond to operating modes: an object has often several op-
erating modes. The description of the global behavior of the
object will be carried out by modes composition (scenar-
ios), after the separate validation of the different modes
concerned by this object. The validation of all the modes
for a given object will be done by the validation of the re-
sulting Petri net. This task is made easier by the simplicity
of the Petri nets patterns implied in the composition (well-
structured blocks).
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