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Abstract
Petri net-based simulation frameworks are widely used to model, analyze, and execute concurrent and distributed
systems. In RENEW, reference nets support the development of complex, executable net-based applications, such
as those built with the PAose framework. While RENEW already provides breakpoints for interactive debugging,
these mechanisms interrupt execution and are therefore limited for observing long-running or application-like
simulations.

In this paper, we introduce WATCHPOINTS, a non-intrusive observation mechanism for Petri net simulation in
RENEW. WATCHPOINTS can be attached to net elements and are triggered during simulation without stopping
execution. This allows modelers to observe firing behavior, execution frequencies, and interaction patterns
while preserving the dynamics of the modeled system. As such, WATCHPOINTS support exploratory modeling,
debugging, and analysis of Petri nets beyond traditional stepwise execution. WATCHPOINTS thus enhance the
observability of Petri net executions and provide a general foundation for non-intrusive monitoring of executable
net models.

WATCHPOINTS are designed to integrate seamlessly into existing RENEwW workflows and can be connected
to external monitoring infrastructures. In particular, WATCHPOINT triggers could be used to create KIEKER
monitoring records in the future. Which could enable the observation of Petri net execution using established
Java monitoring and analysis tools.

As an outlook, this provides a foundation for seamless monitoring of applications that combine Petri nets and
Java code, as commonly found in PAosE-based systems.
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1. Introduction

Breakpoints are an important concept in system development, and some Petri net tools such as RENEwW
already provide them, along with basic logging of transition firings. However, understanding net models
becomes more difficult when other types of events are relevant, such as concrete time measurements.
Additionally, tool developers are interested in detailed performance data, which requires more advanced
observation mechanisms.

Monitoring and observing systems, software, or models is therefore essential and demands sophisti-
cated approaches. A common technique in software systems is code instrumentation, where additional
probes are inserted to collect runtime information such as execution times or interaction patterns
Besides commercial solutions, KIEKER offers such instrumentation and analysis capabilities for Java
systems [1]. How similar mechanisms can be applied to Petri net tools remains an open question.

To address this, we develop a prototype for RENEW to explore extensions for observability. The core
idea is to introduce WATCHPOINTS, which currently provide simple logging for net events. These logs
can be analyzed and visualized, e.g., via heatmaps. In the future, WATcHPOINTS Will integrate with
KIEKER to generate monitoring records.

The remainder of the paper is structured as follows: Section 2 introduces foundations, Section 3
defines objectives, Section 4 describes functionality,

Section 5 compares related work, and Section 6 concludes.
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2. Foundations

This section briefly recalls relevant foundations: reference nets, the RENEW tool, and the PAosk frame-
work.

2.1. RENEW

WATCcHPOINTS are implemented as a plugin for RENEw, the reference net workshop [2]. RENEW is an
editor and simulator for Petri net formalisms, particularly reference nets. Since its initial release in 1999,
it has evolved continuously, with version 4.2 released in 2025. Its plugin-based architecture enables
extensions such as WATCHPOINTS.

2.2. Reference nets

Reference nets extend classical Petri nets with high-level and high-order concepts [3]. In contrast to
simple P/T nets, tokens in reference nets may represent arbitrary Java objects and references to other
nets, enabling hierarchical modeling [4].

Interactions are realized via synchronous channels [5], and transitions can invoke Java methods.
This integration of net structure and executable code makes reference nets well suited for modeling
distributed and application-oriented systems.

2.3. PAosSE

The Paosk framework builds on reference nets and RENEW to support Petri net-based applications [6, 7].
Here, nets act as executable components interacting with Java code. Observing execution behavior,
such as firing frequencies or timing, becomes crucial, highlighting the usefulness of WaTcHPOINTS.

2.4. Kieker

KIEKER is a observability framework for Java applications [8, 1]. It supports performance analysis and
architecture discovery. In this work, KIEKER is relevant as a future integration target for WATCHPOINTS
to capture Petri net execution events.

3. Objectives

WatcHPOINTS aim to provide insights into the execution behavior of reference nets. They enable
non-intrusive observation of net events during simulation, preserving system dynamics while recording
relevant data such as execution times. Unlike breakpoints, WaTcHPoINTS do not interrupt execution but
log events like transition firings or marking changes. This supports analysis of execution frequencies,
interaction patterns, and temporal behavior, insights that are difficult to obtain otherwise.

WATCHPOINTS target reference net-based applications in RENEw, including PAoSE systems, but are
equally applicable to general Petri net modeling. Typical use cases include

« modeling, where WATCHPOINTS support analysis and validation by providing insights into net
behavior;

+ Petri net based applications, where WATCHPOINTS allow observability of the running net simula-
tions;

« development (of Petri net-based applications and RENEW), where they assist in identifying
performance bottlenecks.

The primary intended users are modelers, PAoSE developers, and RENEW researchers. WATCHPOINTS
aim to improve observability across modeling, development, and application contexts, in particular
where detailed runtime information is required for analysis or optimization.



action y = RandomGenerator.getDefault().nextInt(1,101)
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Figure 1: Net WP-Example with WATCHPOINTS at T1 to T3.

4. Functionality

WaTcHPOINTS extend RENEW by adding non-intrusive observation points to net elements. They are
attached to places or transitions and trigger on execution events, producing log entries instead of
interrupting simulation.

4.1. Using WatchPoints

WAaATCHPOINTS are managed similarly to breakpoints via menu entries and are visually indicated in
the editor. They can be attached to selected net elements and remain active during simulation. Once
attached, WATCHPOINTS are visually indicated directly in the drawing view of RENEW using a small eye
symbol. Figure 1 illustrates a reference net with attached WatcHPoINTs. The transition T0 generates
a random number between 1 and 100 (inclusive) on place P0. The watched transitions T1 to T3 have
different guards for the token value. Based on the guards T7 is the most likely to fire and T3 the least
likely in one iteration.

4.2. Triggering and Reactions

WATCHPOINTS react to events such as transition firing (start, complete) or place marking changes (token
added/removed). When triggered, they generate log entries. Currently, only CSV logging is supported,
but future extensions will integrate KIEKER (see next section). These events are for transitions:

« fire start, the beginning of the transition firing (in a Reference net, this is before the transition
actions are executed);
« fire complete, the end of the transition firing.

For places the events are:

» marking changed, the tokens on a place change;

+ +1 token, the place gets one additional token;

« —1 token, the place loses a token;

« all tokens removed, the place lost at least one token and is now unmarked.



4.3. Logging and Observing Output

The current implementation produces CSV logs containing timestamps, net and element identifiers, and
event types. This format is simple and widely supported, making it suitable for debugging and analysis.
However, it does not scale well for large simulations, motivating future integration with KIEKER.
1769781230023 ,WP-Example ,0,T3,"[3, _default]",transitionFiringFinished
1769781230029 ,WP-Example ,0,T3,"[3, _default]",transitionFiringFinished

1769781230030 ,WP-Example ,0,T1,"[4, _default]",transitionFiringFinished
1769781230033 ,WP-Example ,0,T1,"[4, _default]",transitionFiringFinished

Listing 1: Log excerpt for the example net

In listing 1 a sample log output is shown from a simulation of the net shown in Figure 1. The log
contains in that order: a timestamp, net name, net id, element name, element id (with a group indicator
in case a graphical element belongs to another semantic element), event type. The first line for example
means, that at timestamp of 1769781230023ms in the net WP-Example with an id of 0 the transition T3
with an id of 3 finished firing. The next line tells us, that T3 fired a few milliseconds later again.

The standard text logging format of KIEKER is quite similar. It is also a CSV based format with
timestamps, but instead of net informations it contains information regarding the tracing of methods
(e.g. method name, call stack information, trace references) and environment (e.g. service/application
name). In addition KiexeR offers other formats, like binary compressed files or the option to send the
data via a network connection somewhere else (e.g. a different computer for collecting the data of
distributed simulations).

Using KIEKER instead of our simple logging implementation would provide a few main benefits. It
comes with an existing architecture for writing and reading the data, which would mean, that we don’t
need to implement this our self. This architecture is very optimized and designed to produce the least
overhead possible, so that the impact on the running PAosk applications would be minimal. It also
scales very well with bigger applications. KIEKER is made mainly for Java application and the PAOSE
application built with the Java program RENEW are a mix of nets and Java Code. Using KIEKER for
WartcHPoINTS allows observing all three aspects (nets, RENEw itself, Java Code of Paose) with one
framework, combining the data and allowing deep analysis.

4.4. Analysis and Visualization

The first iteration of the WATCHPOINT that is presented here, has a limited set of analysis and visualization
capabilities. Currently, it can apply heatmaps and calculate intervals between firing or marking changes.
Analysis functions can be invoked via their respective menu entries. At the moment, the analysis and
visualization tools process the complete monitoring log generated during simulation runs.

The Apply Heatmap command colors the elements in a net based on their occurrences in the mon-
itoring log. Figure 2 shows the previous example net, now with an applied heatmap. The heatmap
interpolates in the HSV color space to color elements from blue for low temperatures, over green and
yellow to red for high temperatures. The temperature corresponds to the number of times the net
element occurs in the WarcHPoINT log. Coloring is done relative to the most active net element. The
Interval Calculation command can be used to analyze the interval between consecutive events, like the
time it takes (average, minimum, maximum) between two transitions firing (or one transition firing a
second time).

5. Comparison

WatchPoints are conceptually similar to monitoring features in CPN Tools [9], which also provide
non-intrusive observation. However, reference nets in RENEw integrate Java behavior and dynamic
structures, leading to different monitoring requirements. More broadly, WATcHPOINTS align with tracing
approaches in distributed systems [10], where execution events are recorded without affecting system
behavior.
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Figure 2: The WP-Example net with an applied heatmap.

RENEW itself offers tool for monitoring already in the Paose approach for the Multi-Agent Nets
(Mulan) implementation, namely the Mulan Viewer and Mulan Sniffer [11]. These are specifically
tailored for the agent system. WATCHPOINTS in contrast, work for all net simulations and are not bound
to MuULAN or PAOSE. In addition, the information provided by WATCHPOINTS are different (e.g. concrete
time measure within one net).

6. Conclusion

6.1. Summary

This paper introduced WATCHPOINTS, a non-intrusive observation mechanism for Petri net simulations
in RENEwW. WATCHPOINTS extend traditional breakpoint-based debugging by allowing execution events
to be recorded without interrupting simulation, providing structured insight into net behavior. Overall,
WaTcHPOINTS enhance the observability of reference net simulation, facilitating exploratory modeling,
debugging, and performance analysis. Even these simple extensions demonstrate that both modelers
and tool developers can gain insights that would otherwise be unavailable without the implemented
functionality.

6.2. Outlook

The current modifications of RENEW are only one example of how our approach can be used. Clearly
more advanced features can also be added to RENEw. We currently work within a research project
together with the main developers of KiEkER to enhance KIEKER and RENEW in a sustainable way.
While RENEW provides a special, non-trivial test case, KIEKER provides the technical background to
implement several concepts and ideas for our Petri nets domain.

As KIEKER is also capable to monitor in a distributed setting, we are currently investigating the
option to transfer our gained insights to the implementation within our distributed RENEW simulation
environment [12]. In distributed Petri nets simulations the understanding of the models, the overall
behavior and the tool performance is even more crucial. There we expect to have even higher impact
for modelers and tool developers.
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