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Abstract

Object-centric process mining has led to a growing ecosystem of research tools, many of which reimplement
common functionality and are difficult to reuse, extend, or maintain. We present Ocelescope, an extensible,
open-source web framework that provides commonly needed functionality for object-centric process mining out
of the box, including data handling, filtering, and visualization. Ocelescope supports two extension mechanisms:
a plugin system for turning research prototypes into dynamically loadable plugins with automatically generated
inputs and visualized results, and a module system for building more advanced process mining tools on top of
Ocelescope while reusing its existing functionality.
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1. Introduction

Object-centric event data enables the analysis of interactions between multiple business objects within
a system of processes, providing a more accurate and holistic view of complex real-world behavior.
Since the introduction of object-centric process mining (OCPM), a number of tools have been developed
to support its use, spanning a variety of formats, including standalone Python scripts (e.g., TOTem [1],
Super Variants [2]), web-based applications (e.g., OCr [3], OCPQ [4], ProAct [5]), and ProM plugins
(e.g., Object-Centric Local Process Models [6]). While the growing tool landscape demonstrates an
increasing interest in OCPM, it also reveals significant practical limitations. Most tools use old versions
of programming languages, heavily depend on outdated practices and libraries, and have little to no
coding standards [7]. Often, these tools are the result of one-time projects to provide a proof of concept.
Consequently, they are often difficult to install and set up, leaving users to infer required dependencies
or resolve build errors. These quality issues are understandable given researchers’ focus, but they
hinder reproducibility and slow the development of new approaches. Researchers are often required
to reimplement existing approaches or basic functionalities, such as log filtering and visualization.
The following commonalities were observed in the current tool landscape [7]: i) Python and Rust
are often the programming languages of choice (e.g., TOTem [1], Super Variants [2], OCPQ [4]), ii)
many tools are web applications using frontend frameworks such as React or Angular to allow for
easier user interaction (e.g., OCr [3], OCPQ [4], ProAct [5]), and iii) many tools require and use similar
functionalities and elements such as log imports and exports, filtering, and graph-based visualizations
(e.g., OCr [3], OCPQ [4], ProAct [5]).

In this work, we present Ocelescope, an open-source web framework for simple implementation and
deployment of new OCPM approaches. It provides frequently required functionalities out of the box
as illustrated in Figure 1. Ocelescope is designed to be extensible by providing two complementary
extension mechanisms. Plugins are Python-based extensions that are loaded dynamically at runtime and
allow researchers to turn prototypes into usable tool functionality with automatically generated user
interfaces and results that can be visualized and exchanged within the framework. Modules are intended
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Figure 1: Built-in functionality of Ocelescope. The framework supports the inspection and exploration
of OCELs (left) as well as an interactive discovery and visualization of object-centric process models

(right).

for developers who want to build specialized OCPM applications on top of Ocelescope while reusing its
existing functionality. Through defined extension interfaces, modules can add new React-based views
to the frontend and integrate new process mining functionality in Python.

2. Ocelescope Tool

Ocelescope runs locally using Docker and can be started easily with a Docker Compose script. The
Ocelescope base tool offers common functionalities including the import, export, inspection, and
filtering of object-centric event logs (OCELs), as well as the discovery and visualization of process
models. It can be distributed through container registries, ensuring a consistent environment across
installations and allowing plugins and modules to run without additional setup'. It consists of a
TypeScript-based frontend built with Next.js and a Python backend built with FastAPIL. The built-in
functionality and both extension mechanisms operate on OCELs which can be imported and exported
in the OCEL 2.0 standard [8] in all exchange formats. Case-centric logs in XES standard can also be
imported/exported; they are treated as OCELs with a single object type. Apart from event logs, process
mining artifacts, resources (similar to those used in ProM [9]), can be imported, exchanged and exported.
Ocelescope provides predefined resource types for common artifacts such as object-centric Petri nets
and directly-follows graphs, while plugins and modules can define custom resource types through
Python classes. The base tool, modules and plugins share resources as outputs and inputs via a JSON
format as a common representation, and resource types that include a specification for visualization
can be rendered automatically using built-in visualization types such as graphs, tables, and charts.

Plugins. Plugins offer a lightweight way to run custom process mining functions inside Ocelescope:
implemented as Python classes, they are easy to write even for users with mainly scripting experience,
and their methods can be executed directly inside the tool. Ocelescope generates the frontend input
form automatically from the method’s function signature and, for additional settings, from an optional
Pydantic configuration class — developers never write frontend code. Figure 2 illustrates how a plugin
definition is connected to an automatically generated user interface within the framework. Parameters
such as event logs and resources are recognized automatically and offered as selectable inputs from
those currently available in Ocelescope. Configuration classes can also define context-aware fields, e.g.,

!project site (incl. documentation, guide, and plugin library): https://www.ocelescope.org/, source code: https://github.com/
promi4s/ocelescope, demo video: https://www.ocelescope.org/getting-started/ocelescope-introduction/
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Figure 2: Example of a plugin in Ocelescope. The user interface (left) is automatically generated from the
Python plugin definition (right). The event log is derived from the function’s parameters, while additional input
fields such as the mining variant and filters are defined in a Pydantic configuration class. Context-aware fields
like activity and object type selectors are populated based on the selected event log. After execution, the output,
a discovered object-centric Petri net, is displayed in the results section and can be inspected, shared or exported.

a dropdown of activity or object types drawn from the selected log. Plugin runs execute asynchronously
and in parallel, keeping the interface responsive. Returned event logs and resources are displayed
automatically in the plugin interface, with built-in visualizations rendered directly. These outputs are
then available across the framework: they can be inspected and exported, and reused as inputs in (other)
plugins and modules. Plugins are packaged as .zip files, which makes them easy to share, and a new
plugin becomes available immediately after upload without rebuilding or restarting the application.
They are limited to the packages included in the Ocelescope build, though functionality implemented
in other languages, such as Rust, can still be integrated via Python bindings.

Modules. Modules are intended for more specialized OCPM tools with custom views and more
interactive functionality on top of Ocelescope. While plugins mainly follow an input-output pattern,
modules allow researchers to implement custom React-based views and the corresponding backend
functionality for process mining tasks in Python. Hence, only the new approach must be implemented
while common functionalities such as log handling, filtering, or visualization can be leveraged. Modules
can also be shared and reused across different tools using the Ocelescope framework.

3. Conclusion

Ocelescope addresses recurring challenges in OCPM tool development by providing shared functionality
- log handling, filtering, visualization - out of the box, reducing redundant effort across tools. It supports
extensibility via plugins (lightweight Python extensions) and modules (full frontend/backend control
for specialized tools), making it easier to prototype, reuse, and share new approaches without building
standalone applications. Ocelescope is open-source, runs locally via Docker, and integrates with libraries
such as PM4Py.

Performance. Ocelescope stores every OCEL as a local DuckDB? file, so users can work on several
logs at once without loading them into memory. The base tool and its extensions access these logs

*https://duckdb.org/


https://duckdb.org/

go- M Ocelescope 8- M Ocelescope
B PM4Py B PM4Py

5.99 5.99 6.20

Import time (s)
Peak RAM (GB)

0
JSON XML SQLite JSON XML SQlLite
(a) Import time per exchange format. (b) Peak RAM during import.
200 - I Ocelescope Il Ocelescope
I PM4Py 10- B PM4Py
¥ 150- ek 142 o 7.7
v
= ]
£ E
+ 100- z
S 2
X i
50-
15 12
0
JSON XML SQLite Activity Object type  Time frame
(c) Export into each exchange format. (d) Filtering by activity, object type, and time frame.

Figure 3: Library-level benchmarks of ocelescope against pmdpy on the AOE2 log [11] (2.4 M events; 851 MB
as SQLite, 1.21 GB as XML, 1.53 GB as JSON), reporting the median of three runs on an Intel Core i7-1260P with
32 GB RAM. Peak RAM is measured on top of the interpreter baseline.

through the ocelescope library®, which lets them either query the underlying DuckDB database directly
with SQL or work on data structures equivalent to those of other Python process mining libraries such
as pm4py [10]. The library ships its own importers and exporters that stream OCEL files into and out of
DuckDB instead of materialising the whole log in memory. As shown in Figures 3a and 3b, this trades
import speed for a smaller memory footprint in the text-based JSON and XML formats, whereas for
SQLite the streaming importer is both faster and more memory efficient than pm4py. On the export
side, ocelescope is faster than pmdpy in all three formats (Figure 3c). Overall, this approach costs little
performance, while some operations, such as filtering, are even faster than their equivalents in pmdpy
(Figure 3d). Figure 3 reports an excerpt of the benchmark suite; the full results, covering further logs,
formats, and operations, are published on the project site®.

Maturity. The usability of both plugin development and tool usage of a beta version have been evalu-
ated in user studies with 8 and 13 participants via case studies and a standardised TAM questionnaire.
The results showed particularly high scores for perceived ease for both usage and plugin development.
Concrete suggestions for improvement, collected via a free-text field, mainly addressed a request for
more interactive feedback, especially for plugin runs. [7] The current version of Ocelescope provides a
stable foundation with full support for plugins and modules, including more usability features such as a
more interactive interface for plugin runs. Furthermore, the project site also includes basic documenta-
tion on the tool, API-references for the library, detailed guides for using Ocelescope and developing
plugins (including a tutorial) as well as a plugin library with the first seven plugins. Processes for
submitting plugins, reporting bugs, requesting features and additional dependencies are also set up via

*https://pypi.org/project/ocelescope/
*https://www.ocelescope.org/ocelescope/benchmark/
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the project site and GitHub.

Future Work. Planned extensions include more predefined resource types, richer input forms and
additional visualization options. Further base functionalities for inspecting and editing event logs as
well as more detailed instructions on the development of modules are currently in progress.
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