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Abstract. In this paper we introduce an approach for defining seman-
tics for AUML agent interaction protocol diagrams using Petri net code
structures. This approach is based on the usage of net components which
provide basic tasks and the structure for Petri Nets. Agent interaction
protocol diagrams are used to model agent conversations on an abstract
level. By mapping elements of the diagrams to net components we are
able to translate the diagrams into Petri nets, i.e to generate code struc-
tures from the drawings. We provide tool support for this approach by
combining a tool for net components with a tool for drawing agent in-
teraction protocol diagrams. This combined tool is available as a plug-in
for Renew (Reference Net Workshop).
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1 Introduction

Computer aided software engineering (CASE) tools are programs that support
the development of large software systems. They provide tools for modeling and
constructing applications. Furthermore, they provide the possibility to generate
code from the models, to facilitate the development and to strip the development
process of unnecessary recurrent and error-prone manual tasks. Successful tools
for various programming languages exist and are in extensive use.

Especially for the usage of the Agent Unified Modeling Language (AUML)
within CASE tools, a well defined semantics is required. However, the seman-
tics of agent interactions protocols (AIP) is usually defined by the semantics of
sequence diagrams and descriptions in natural languages. These semantics are
usually ambiguous and vague. To address the challenge to define a formal se-
mantics for agent interaction protocols, we use high-level Petri nets to define the
semantics of agent interaction protocol diagrams. Since Petri nets not only offer
a well defined formal, but also operational semantics, we can by this means, not
only give formal semantics, but also operational semantics to agent interaction
protocol diagrams.

While modeling with Petri nets is common, the idea of programming with
Petri nets has not been widely accepted yet. But especially when it comes to



concurrent and distributed processes, e.g. multi agent systems, the advantages
of Petri nets are obvious. For this reason, we build concurrent and distributed
software systems as multi agent systems on the basis of reference nets [10] - a
high-level Petri net formalism. The framework’s reference architecture for the
multi agent system is Mulan1 / CAPA2. It is implemented in reference nets and
can be executed efficiently in Renew.3

The process of implementing application software in Mulan requires the con-
struction of Mulan protocols which define the behavior of the agents. A Mulan
protocol is a reference net that describes the communication and the internal
behavior of an agent. Since the construction of a large system requires building
many Mulan protocols, which frequently require similar parts of functionality,
the need for software engineering methods and techniques becomes evident. This
means that these methods and techniques should include standardizations, con-
ventions and tool support.

We have established two methods to handle the complexity of Mulan proto-
cols and support their construction. First we use net components [2] to construct
the Mulan protocols to achieve a unified and structured form of the protocols.
Second we model the agent interaction on an abstract level using agent interac-
tion protocol diagrams [4]. Agent interaction protocol diagrams are defined in
the AUML [7] used by the FIPA (Foundation for Intelligent Physical Agents [6]).
The advantage of modeling in AUML is its intuitive graphical representation of
the architecture and the processes.

By offering tool support for the construction and modeling of Mulan proto-
cols, we have succeeded in speeding up their development. Also, the form and
the structure of Mulan protocols have become unified and easily readable. An-
other advantage is that agents’ communications are documented in the agent
interaction protocol diagrams. Therefore the overview of the system has been
enhanced.

In this paper we want to describe one further step towards an integrated de-
velopment environment for Mulan applications. By combining the two described
approaches we are able to generate code (here: Petri net) structures from the
agent interaction protocol diagrams.

The following pages briefly introduce the Mulan net components and the
modeling of agent conversations with agent interaction protocol diagrams. Fi-
nally, a prototype tool for code (here: Petri net) generation will be presented
together with a simple example.

2 AUML and Petri Nets

This section describes how agent interaction protocol diagrams semantics can
be defined with the help of Petri nets. Examples for some expressions of the
diagrams are given to show the general notion.

1
Multi-Agent Nets, [8]

2
Concurrent Architecture for Communicating Agents, [5]

3
Reference Net Workshop, [11], [10], [12]



Different versions or flavors of AUML have been presented and discussed.
See [15], [14] and [9] for the old version (1) and their extensions. These are also
used by the FIPA to describe the Interaction Protocols [7]. The new version (2)
is still under development (see [13]). However, we are not concerned with the
different flavors of the AUML agent interaction protocol diagrams. Since the
meaning behind these flavors is basically the same, which makes the graphical
representation interchangeable, it is superfluous to discuss this matter here. The
shown examples are given in agent interaction protocol diagrams of the old
version (1). If semantics is defined for one of the flavors, it could easily be
translated to the other flavors.

2.1 AUML Flavors

Each of the different flavors of AUML agent interaction protocol diagrams have
advantages and disadvantages. We favor the old version of the AUML agent
interaction protocol diagrams for several reasons. First, we think that the old
representation of agent interactions is more intuitive and clearer in appearance
than the new style that is oriented towards the UML 2.0 standard. Second,
through dropping the threads, the new version of AUML (2) does not reflect
concurrency in a sufficient way. Third, we have been working with the old version
successfully over the last two years in several teaching projects with over hundred
students. The modeling technique - although new to the students - was well
accepted and successfully used in the development of multi-agent applications.

Figure 1 shows the representation of the alternative to send one message
out of two possible messages as an example for the different flavors of AUML
agent interaction protocol diagrams.4 This example shows another advantage
of the old long (or explicit) version (figure 1 (a)) of agent interaction protocol
diagrams. With the usage of message join figures we are able to represent the
fact that only one message is actually received by the receiver of the message.
Instead, in the short version (b) and also in the new version (c) of AUML there
is no structural difference in the representation of receiving one message (of
for example two possible messages) and the representation of two concurrently
sent / received messages (d), although the syntax itself is unambiguous.

2.2 Semantics for AUML

By using Petri nets, which offer a well defined operational semantics, it is possible
to describe the operational semantics of agent interaction protocol diagrams. To
demonstrate how this is done, the example of figure 1 is used and modeled as
Petri net in an abstract (or simplified) fashion. Figure 2 shows the representation
of two alternatively sent messages modeled with a Petri net5 (b). In addition,
Petri nets also offer the possibility of coarsening (respectively refining) nets. The
coarsened Petri net is shown in (c) which can be interpreted in the coarsened

4 Only parts of the diagrams are shown in the image.
5 For the exact semantics including inscriptions and pattern variations see [3].
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Fig. 1. Flavors of AUML, representing the alternative of sending one of two
possible (a,b,c) / concurrently sent (d) messages.

agent interaction protocol diagrams as shown in (d). This way of modeling offers
the possibility to use abstractions that can clarify the models. It also offers
the possibility to exchange one agent’s behavior with another possible behavior
without the need to alter the behavior of the communicating agent. For instance,
the sending agent can always reply with an agree and the receiving agent’s
behavior would not have to be altered.
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Fig. 2. Semantics for alternative message provided by Petri net and coarsened
descriptions.

By translating AUML agent interaction protocol diagrams into Petri nets
we manage to define the operational semantics of the agent interaction protocol
diagrams, i.e. the semantics of the diagrams is defined through the semantics of
Petri nets. However, the translation is not done on the abstract level as shown in
figure 2. For a translation into a form of Petri nets that is also executable we need
to use more elaborate and concrete methods. These methods are a framework
architecture for the execution of the resulting protocols and a mapping from
agent interaction protocol diagram expressions onto (unified) expressions of Petri
net code that can be executed in the frameworks architecture. The first is given



through Mulan / CAPA ([8], [5]), which offers a Petri net-based infrastructure as
a reference model for a FIPA-compliant multi-agent system. In addition, these
multi-agent applications built on Mulan / CAPA are also executable. The second
is achieved through mapping the agent interaction protocol diagram expressions
onto net components. Net components [4] and the way they can be used to
compose Mulan protocols are presented in the next section.

3 Net Structures

In this section we introduce net components, show how they provide a struc-
ture for Mulan protocols, describe the way we model agent communication
with AUML diagrams and present how agent interaction protocol diagrams are
mapped to Petri net structures using the net components for Mulan protocols.

3.1 Net Components

A net component is a subnet. It consists of net elements and additional elements
such as default inscriptions or comments. It fulfills one basic task that is so
general that the net component can be applied to a broad variety of nets. A
net component is defined by its net elements, but it also has a fixed geometrical
structure and orientation. This structure contributes to the net structure of the
net in which the net component is used. In addition, the geometrical form makes
the net component easily identifiable to the developer.
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Fig. 3. A selection of the Mulan net components responsible for message passing,
splits and loops.

A set of net components for the Mulan protocols exists that facilitates the
construction (modeling) of these Petri nets. Figure 3 shows a selection of the most
frequent used Mulan net components. The readability of Mulan protocols that
are built with net components increases significantly. Furthermore, the structure
of the net is unified since it depends on the structure of the net components.



3.2 Structured Petri Nets

Petri nets are graphs, i.e. they have a graphical representation. A graphical
representation is useful for the understanding of the behavior of a model. A
graphic/diagrammatic representation can be more comprehensive than a textual
one. Nevertheless a diagram can also be very confusing if it does not provide a
clear structure or if substructures of similar behavior are displayed in many
different ways. One of the greatest advantages of a diagrammatic representation
is the fact that reappearing structures can be perceived by the human cognitive
system without any effort.

With the usage of net components, reappearing net structures are effortlessly
recognizable and a conventionalized style of the developed Petri nets is achieved.

3.3 Modeling Agent Interaction

Modeling agent interaction can be done by using several means. The FIPA [6]
uses the AUML agent interaction protocol diagrams [7] for modeling interac-
tions between agents. These diagrams are an extension of the Unified Modeling
Language (UML) sequence diagrams [1] but they are more powerful in their
expressiveness. They can fold several sequences into one diagram by adding ad-
ditional elements (AND, XOR and OR) to the usual sequence diagram. Thus
they can describe a set of scenarios. Figure 4 shows the FIPA Request Protocol
and a compliant Producer Consumer example.
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FIPA-Request-Protocol Producer-Consumer Example
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inform-done : inform

following the FIPA-Request-Protocol

Fig. 4. Agent interaction protocol diagrams of the FIPA Request Protocol and
a compliant Producer Consumer example.



There are several advantages in the method of modeling agent interactions
with agent interaction protocol diagrams. Three of them are:

– The models are easily readable by all participants, because they are close to
UML.

– Abstract modeling increases the overview over the system.
– A means of communication, specification and documentation is established.

3.4 Mapping Agent Interaction Protocol Diagrams to Mulan

Protocols

The combination of the two tools – the tool for applying net components and
the tool for drawing diagrams – is done as follows. By using agent interaction
protocol diagrams for modeling agent communication the structure of the Mulan
protocols can be derived directly from the diagram. This is done by mapping
the relating elements in the agent interaction protocol diagrams to the net com-
ponents. In detail this means (compare with figures 3 and 6 to 11):

– A message arc is the abstract representation of the basic messaging net
components (NC out and NC in).

– A split figure is the abstract representation of the conditional (NC cond) or
a parallel split (NC psplit).

– A life line between a role descriptor and an activation marks the start of a
protocol (NC start)

Several other net components are not yet represented in the abstract model
since no elements exist to represent their functionality in agent interaction pro-
tocol diagrams. It seems that for some of these basic tasks the notation of the
agent interaction protocol diagrams has to be extended.

– Loops are not well represented yet. Proposals exist for their representation,
but so far there has been no way to determine whether a sequential or a
concurrent process is desired.

– Sub-calls: It is possible to nest agent interaction protocol diagrams, but
semantics is ambiguous.

In general, the main problem is the vague semantics of the agent interaction
protocol diagrams. However, this can be of advantage while modeling. The pro-
cess of modeling can be accelerated by postponing the description of details to
the implementation or some implicit knowledge defines the missing semantics.
In contrast, if there is the need to define a specific mapping, clear semantics
is desired. For us this becomes necessary because we follow the metaphor of
“Implementing by Modeling”.

4 From Model to Net

This section describes the tool support for mapping agent interaction protocol
diagrams to Mulan protocol structures. The tool generates Petri net structures



that can be compared to program source code skeletons. To achieve a func-
tional Mulan protocol, the inscriptions have to be adjusted and - if needed - the
classes for the messages have to be implemented. Furthermore, the net has to
be adjusted (refactored) if an element has to be used that is not yet provided,
e.g. loops.

4.1 Code Generation

In the last developer version of Renew6, a tool for applying net components
to nets and a tool to draw agent interaction protocol diagrams were included.
The developers of Mulan protocols were able to draw diagrams to model the
behavior of agents with the diagram tool. Diagrams were used as means of spec-
ification, documentation and communication among the developers of Mulan

applications. The basic communication protocols were established and defined
using these diagrams. So agent interaction protocol diagrams only defined the
way of communication between the agents, but not the internal behavior. Usu-
ally, but not necessarily, different developers implement the Mulan protocols for
each agent defining the external and the internal behavior of an agent. As long as
the different developers constructed the Mulan protocol according to the given
agent interaction protocol diagrams, the agents could communicate in a correct
way.

Figure 5 displays the Renew GUI including the control elements of the dia-
gram plug-in. The last palette contains buttons for the drawing of role figures,
activations, messages, life lines, split and join figures, note figures, frames and
inscriptions.

Fig. 5. The GUI of Renew with the tool support for drawing diagrams.

The process of constructing the Mulan protocol requires the manual task
of mapping the diagram structures to each Mulan protocol. This was done by
connecting net components with each other using the net components tool. Many
elements in the agent interaction protocol diagrams could be mapped onto net
components in a straight forward fashion as described in section 3.4.

6 See also Renew 2.0, [12].



It seems obvious that this task can be performed automatically by the intro-
duced tool. Since agent interaction protocol diagrams describe the interactions
and the splitting of activities, we decided to implement a prototype that is
capable of generating Petri net skeletons from the diagrams that reflect these
structures. To be able to execute the generated code, it has to be refactored
and adjusted with additional functionality. This is a common approach for code
generation: The parts that can be derived from the model are generated and the
rest is added manually.

4.2 Geometrical Arrangement of Mulan Protocols

In addition to textual code generation, the construction of Petri nets also has
to deal with the layout of the generated nets. The structure of nets is crucial to
readability. If the code is used as it is generated, there is no need to design the
layout of the code. But if the code has to be adjusted, the programmer has to
understand the code. So the layout becomes important.

Net components provide a structure for Petri nets. This is not only true for
the manually made nets but also for generated code. For each net component only
some additional information is needed that provides the knowledge of how it can
be connected to other net components and how this is reflected in the layout. The
net structure results from the smaller structure of the net components similar
to the structure of a snowflake, which results from the structures of molecules of
water. So net components provide the structure by imposing their own structure
onto the net structure. However, the generated Petri net code structures have
always the same form due to the automated generation.

4.3 Example: Producer-Consumer

Generating code skeletons from the Producer-Consumer example agent interac-
tion protocol diagram is possible and results in two Mulan protocol skeletons.
Figure 6 shows the diagram from which the code is generated.

Figure 7 shows the source of the model augmented with the geometrical rep-
resentation of the corresponding net components and Figures 8 and 10 show
the two parts of the model that match the two Mulan protocols, rotated by
ninety degrees. The resulting skeletons are shown in Figures 9 and 11. All aug-
mented models are just presented here to illustrate the matching of diagram
elements to net components. They are not necessary for the generation of the
Mulan protocols. The generated Mulan protocol skeletons are shown (Figures 9
and 11) as they have been generated, without any modification of the nets or
the inscriptions.
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Fig. 6. Source for generation of the Producer-Consumer example.
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Fig. 7. The source from Figure 6, with the geometrical representation of the
corresponding net components.



Fig. 8. The Producer part of the source from Figure 6, with the geometrical
representation of the corresponding net components. Rotated by ninety degrees
to fit the orientation of the resulting Mulan protocol.
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Fig. 9. Generated Producer Mulan protocol skeleton



Fig. 10. The Consumer part of the source from Figure 6, with the geometrical
representation of the corresponding net components. Rotated by ninety degrees
to fit the orientation of the resulting Mulan protocol.
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The results of this simple example are satisfying. The Mulan protocols do not
need to be refactored because the conversation deals only with communication
and decisions. However, in order to convert these skeletons into executable Mulan
protocols, we still have to work on them. The relevant data has to be extracted
from the messages and from the agents’ knowledge bases. Furthermore, we have
to define the decisions and the outgoing messages.

It seems that for more complex communication protocols, dealing with in-
ternal behavior, loops or sub-calls, this simple approach is not powerful enough.
But since most of the used net components deal with message passing, splits,
starting and stopping, this approach will already generate more than ninety per-
cent of the Petri net code structure. Only the parts that deal with broadcasting
or multi-casting messages, or the parts that deal with internal behavior have to
be adjusted manually.

5 Conclusion

Software engineering methods have been developed to enhance the construction
of large software systems and are used and applied successfully. These methods
can also be applied for software development based on high-level Petri nets.
With more extensive use of these conventional techniques the process of Petri
net-based software developing can be improved. The advantages of Petri nets lie
in their inherent concurrency; UML is a powerful modeling language that is well
accepted and widely spread. Both – UML and Petri nets – can contribute to the
construction of large distributed and / or concurrent systems. Combining their
advantages results in a powerful method to develop applications.

A crucial point in this is that the semantics of the used AUML agent in-
teraction protocol diagrams has to be well defined. This holds for develop-
ing / designing as well as for the generation of code (structures). We showed that
the defining of agent interaction protocol diagram semantics can be achieved
by mapping the diagrams onto Petri nets. For this a net component-based ap-
proach was used, which enables us to generate Petri net code structures from the
diagrams. The net components provide the functionality of syntactic / semantic
unities as well as the structure of the resulting Mulan protocols. However, the
definition of semantics is realized in the tool and not explicitly given here.

In addition, by using net components the Mulan protocols are structured and
their structure is unified. This increases the readability of Mulan protocols and
the software development is accelerated. The integration of UML-based modeling
into the developing process has contributed to the clearness of the system and its
overall structure. Apart from the development process, the focus of development
was also altered by using AUML. The center of focus shifted from the agents’
processes to the communication between the agents.

The introduction of UML-based modeling into the developing process and the
unification of net structures turned out to be a successful approach. Nevertheless,
the integration of conventional methods as UML and development of software
with Petri nets can be driven further. In this paper we presented one step towards



an integrated development environment for the construction of Mulan-based
application software. By merging the two approaches – net components and
agent interaction protocol diagrams – we are able to generate skeletons of Mulan
protocols from interaction diagrams.

For the development of large applications on the basis of the Petri net-based
multi-agent system Mulan / CAPA, tool support is needed on different levels of
abstraction. This includes the construction of Mulan protocols, the modeling
of agent interaction and the debugging of the system during development. The
first two points are covered by the tool support for net components and agent
interaction protocol diagrams. Additionally, we can now also ease the developing
process by generating code in the form of Petri net structures from diagrams.

The integration of methods and techniques can also be driven further. For
a representation of all Mulan net components in the agent interaction protocol
diagrams the notation for these diagrams has to be augmented by correspond-
ing elements. Another useful approach is to integrate a round-trip engineering
functionality into the diagram tool so that changes that are made in the Mulan
protocols are reflected in the diagrams.
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