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Abstract. Process mining uses event sequences recorded in information
systems to discover and analyze the process models that generated them.
Traditional process mining techniques make two assumptions that often
do not find correspondence in real-life event data: First, each event se-
quence is assumed to be of the same type, i.e., all sequences describe an
instantiation of the same process. Second, events are assumed to exclu-
sively belong to one sequence, i.e., not being shared between different
sequences. In reality, these assumptions often do not hold. Events may
be shared between multiple event sequences identified by objects, and
these objects may be of different types describing different subprocesses.
Assuming “unshared” events and homogeneously typed objects leads to
misleading insights and neglects the opportunity of discovering insights
about the interplay between different objects and object types. Object-
centric process mining is the term for techniques addressing this more
general problem setting of deriving process insights for event data with
multiple objects. In this paper, we introduce the tool OCw. OC7 aims
to make the process behind object-centric event data transparent to the
user. It does so in two ways: First, we show frequent process executions,
defined and visualized as a set of event sequences of different types that
share events. The frequency is determined with respect to the activity
attribute, i.e., these are object-centric variants. Second, we allow the user
to filter infrequent executions and activities, discovering a mainstream
process model in the form of an object-centric Petri net. Our tool is freely
available for downloadl

Keywords: Process Mining - Object-Centric Petri Net - Process Dis-
covery - Object-Centric Variants.

1 Introduction

Process mining is an umbrella term describing techniques to derive data-driven
insights into processes. The data come in an event log, describing the event
sequences of many process executions and their associated data. Typically, three
different process mining fields are considered: process discovery, conformance
checking, and process enhancement [I]. Techniques from process discovery aim to
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Fig. 1. Overview of OCm: The log management is integrated into the toolbar, the
user can further interact with the tool by submitting the desired settings through the
log settings component. Petri net and object-centric variants can be explored through
scrolling, zooming and panning.

construct a model from the event log, e.g., a Petri net or a BPMN model. Such a
model aims to describe the event sequences contained in the event log with only
one comprehensive model. Conformance checking deals with quantifying and
describing how well a model corresponds to an event log. Process enhancement
aims to deliver data-driven process improvements.

Process mining techniques make some assumption about the nature of event
logs and the event sequences event logs contain. Most techniques make the fol-
lowing two assumptions: (1) An event log contains process executions related to
individual objects, often called cases. Therefore, every event sequence describes
an execution of a single case. Each case is of the same case notion. (2) Event
sequences for cases are independent of each other, i.e., two cases do not share
events.

In reality, event logs often violate these assumptions. There is often no clear
case notion in an event log. Events can be associated with multiple cases [2].
Imagine an ordering process: An order of some items is placed in a system.
These items are later delivered. Events can refer to a case notion of an order, an
item, or a delivery. Furthermore, some events are shared between different cases
of different case notions, e.g., an event that describes the placing of an order of
two items.

In traditional process mining, we cannot derive insights from such event data
as a whole. One case notion would need to be chosen, and events referring to
multiple objects of that notion would need to be duplicated, called flattening
[2]. This procedure removes essential information about interactions between
different case notions and objects. These problems are the motivation for object-
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centric process mining [3]. By dropping the two mentioned assumptions and
adapting process mining techniques, object-centric process mining aims to deliver
algorithms that are able to exploit event logs with multiple case notions and
shared events fully.

Different methods for dealing with multiple case notion processes exist. Some,
like artifacts [7J8] and proclets [I1], deal with the problem mostly from a model-
ing perspective. Object-centric process mining [2] takes the object-centric event
data [12] as a starting point to discover process models and insights. So far, the
discovery of process models in the form of object-centric Petri nets [3] has been
introduced. A discussion of sound object-centric workflow nets has recently been
published [I4]. Furthermore, basic conformance checking techniques for object-
centric Petri nets and event logs have been introduced [4]. On the tool side, tools
to extract object-centric Petri nets [3] and object-centric directly-follows graphs
[5] as well es storing and querying multiple case notion event data in the form
of graph databases [I0] have been introduced. Furthermore, object-centric Petri
nets have been used to model digital twins of organizations [15].

However, some key ingredients of traditional process mining are, so far, not
available to users. Here, we focus on variant visualization and discovering process
models for frequent variants. Process executions can be equivalent if they de-
scribe the same execution sequences of event activities. The equivalence classes
they form are commonly known as variants [9]. Each variant has a frequency
determined by the number of process executions in this variant. Filtering and
exploring frequent variants provides the user with insights into the mainstream
behavior of the underlying process and yields a mainstream model.

Therefore, with OCr (cf. , we provide a tool that augments object-
centric process discovery in the following two ways:

1. We allow the user to filter the least frequent variants of process executions
from the retrieved event log to discover an object-centric Petri net that shows
the mainstream behavior of the event log.

2. We provide a variant explorer that allows the user to retrieve and explore
the variants of process executions and their frequencies.

The remainder of this paper is structured as follows. In we intro-
duce some basic concepts on which this tool is built, i.e., object-centric event
logs, extraction of executions, variants, and object-centric Petri nets. We explain
the algorithmic foundations and some concepts relevant for the understanding
and usage of the tool in We provide an extensive overview of the
functionalities, the implementation and installation requirements in
We conclude this tool paper in

2 Object-Centric Process Mining

In this section, we introduce some of the basic concepts on which this tool is
built. The tool takes input in the form of an object-centric event log, extracts
process executions from it, determines frequent equivalence classes, i.e., variants,
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Fig. 2. Example of an object-centric Petri Table 1. Example of an object-centric
net. Places are colored according to the event log. Each event can be associated to
object type they belong to; variable arcs multiple objects of different object types.
(double lined) can consume a variable In this log, order, item and delivery are
amount of tokens. the object types.

and discovers and displays an object-centric Petri net to the user. Therefore, we
give a short formal introduction of these concepts in this section.

An object-centric event log can be seen as an extension to traditional event
logs used in process mining [I] that records multiple case notions (object types)
for each event and allows referencing to multiple cases (objects) of each object
type of an event.

Definition 1 (Object-Centric Event Log). Let Ug be the universe of event
identifiers, Uor be the universe of object types, Uo be the universe of objects
and Ua be the universe of activities. P(X) denotes the power set of a set X.
ot : Uo — Uor maps an object to its object type. An object-centric event log
is a tuple L = (E,0T,0, A, m,,mq, <) consisting of event identifiers E C Ug,
object types OT C Uopr, objects O C Ugp, activities A C Uy, a mapping function
from events to objects m, : E — P(O) and a mapping function from events to
activities o, : B — A. The event identifiers are subject to a total order <.

An example of an object-centric event log in table format is given in
Each event has a unique identifier e; and an activityﬂ Furthermore, each event
has reference to a set of objects. Each object is associated with one object type of
order, item or delivery. In traditional process mining, each process execution is
associated with exactly one object, i.e., each process execution is one sequence.
The notion of a process execution can be generalized for object-centric event
data, involving the sequences multiple objects sharing events. An extraction
technique retrieves a set of process executions from an event log.

2 We omit the timestamp and additional attributes as they are not relevant for the
capabilities described in this paper.
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Definition 2 (Process Execution). Let L = (E,0T,0, A, 7y, 7q, <) be an
object-centric event log. P, = {(E',0") | E'CE N O'CO A e€E' < 7,(e)NO' £
A (0", {(0,0)€0'XO" | Teep 0,0 €my(e)})is a connected graph} is the set of
process executions of an event log. An extraction technique fegtract : L — P(PL)
extracts a subset of all process executions.

For the example of the event log excerpt in a single process executions
could be all seven events and the four objects. Another possible process execution
would be a subset of these objects and their events, e.g., only the order ol and
the two items il and i2. Different methods are available to retrieve subsets of
all process executions. The process executions in the extracted subset should
have some similar characteristics to be comparable. We discuss two different
extraction techniques in

Variants in process mining summarize multiple cases (or process executions)
with the same control-flow behavior. This is translated to the object-centric
setting by determining equivalency of process executions concerning the event
activity attribute and grouping equivalent executions in one class, i.e., variant.

Definition 3 (Equivalent Process Executions). Let P = {p1,p2,...pn} be
a set of process executions. An oracle fequiv : P — {1,...,m} maps executions
to meN classes of equivalent executions considering the event’s activity. Each
class is one variant V; = {p; € P | fequiv(pj) =1} forie {1,...,m}.

We can discover an object-centric Petri net from an object-centric event log
[3]. Object-centric Petri nets borrow from colored Petri nets [I3] to be able to
model different object types and how they interact.

Definition 4 (Object-Centric Petri Net). Let N = (P, T, F,l) be a Petri net
with places P, transitions T, a flow relation F C T x PUP xT with TNP =
and a labelling function I : T - Uya and let OT C Upr be a set of object types.
An object-centric Petri net OCPN = (N, pt, fuvar) is a tuple of a Petri net N,
a mapping function from places to object types pt : P — OT and fyor C F
describing a subset of arcs which are variable arcs, i.e., they can consume and
produce more than one token.

An example of an object-centric Petri net is given in This Petri net
describes the process used to generate the event log of Each place has
a color corresponding to one object type. Each arc can either be a standard arc
or a variable arc. When playing the token game in such a Petri net, a binding
execution of a transition would consume tokens associated with objects in the
input places. These could be multiple tokens in the case of a variable arc. The
consumed tokens are then produced in the output places of the corresponding
object types of the input places.

3 Algorithmic Concept

The technique to discover an object-centric Petri net from an object-centric
event log is described in [3]. We focus on preprocessing the underlying event log
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Fig. 3. Overview over the user interaction and the algorithmic steps in OCrr.

for process discovery according to some user input. The general signature of the
processing we apply is depicted below.
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The detailed algorithmic concept of our tool is depicted in The user
provides an object-centric event log and makes a choice about several settings:
The selected object types, the activity threshold, the variant threshold, and the
technique to extract process executions. Based on this, our tool applies different
filtering and algorithmic steps. Process executions are extracted from the object-
centric event log, and their equivalence classes, i.e., variants, are calculated.
Subsequently, the user can explore the object-centric Petri net and the variants,
adjust the input settings, and reiterate until the result is sufficient for the user. In
the following sections, we provide deeper insights into the different algorithmic
steps conducted by our tool that are of importance for the understanding of the
user on how to interpret the results.

3.1 Filtering

The filtering possibilities included in our tool, by activity frequency and variant
frequency, both follow the same method: The user selects a threshold between
0 and 1.0. Subsequently, the minimum number of behavioral observations, i.e.,
either activities or variants, is collected such that the cumulative frequency of
these observations exceeds this threshold. The events that are not associated
with these observations are filtered out. For the example of activity filtering, the
relative frequencies of each activity in the event log are calculated. After the
user sets a threshold, the most frequent activities are greedily added to a set
of activities that should be kept in the event log until the threshold is met. All
events with activities not in this set will be discarded.
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3.2 Process Execution Extraction

The process execution extraction technique determines how process executions
are retrieved from the object-centric event log and is, therefore, important for
the variants retrieved as well as the results of the variant filtering. We provide
two execution extraction techniques: coherent objects and leading object type.

For a brief explanation of these techniques, we use a concept of direct rela-
tions between objects: if two objects share an event, they are directly related.
Two objects can be transitively related if a chain of direct relations leads from
one object to the other. The length of the chain is the level of transitivity. Co-
herent objects take all objects directly and transitively related into one process
execution. The underlying assumption is that they are all dependent on each
other by sharing events. However, this might lead to process executions that are
too extensive for some logs and some users. Imagine the ordering process from
If multiple items of multiple orders end up in the same delivery, all of
these orders would be one process execution. While they, indeed, all depend on
each other, this might be too extensive for the user who may only be interested
in the execution of an order and the associated objects or a delivery and the
associated objects. Because of this, we include leading object type as a tech-
nique for execution extraction. It constructs executions by taking each object
of the leading object type and recursively adding directly related objects until
objects of the same type have already been added on a lower level of transitivity.
These objects are not added anymore, and their directly related objects are not
further traversed. The events of the selected objects are one process execution.
This execution extraction cuts off some dependencies to have more understand-
able and comprehensive process executions. Some events may end up in multiple
process executions. Our implementation determines the equivalence of process
executions by testing for automorphism between the different execution graphs
given by the process executions.

3.3 Variant Visualization

Each execution is associated with one variant, describing the sequence of activ-
ities for each involved object. We visualize these variants by giving each object
one lane. Each object gets a color, dependent on the object type’s base color,
which is slightly altered for each object. We draw a chevron for each event. The
activity is depicted inside the chevron. If an event is shared between objects,
the corresponding chevron is drawn on each lane and colored with all colors
of all involved objects. Generally, the chevrons are of the same width. Only if
a chevron is placed between two shared chevrons, the width is adjusted to fit
the gap. Except for the shared chevrons, the chevron ordering and horizontal
positioning gives information about the time-ordering within one object, not
between objects.
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Fig. 4. The log settings component, the central point of interaction with the users.

4 Usage and Functionalities

In this section, we introduce the core functionalities of our tool. A complete view
of the tool is depicted in Our tool is separated into four components:
two for user interaction and two for exploring the output. The user interaction
components are the log management (integrated into the toolbar on top) and
the log settings. The output components are the object-centric Petri net explorer
and the variant explorer. We are going to introduce each of the components in
the following sections.

4.1 Event Log Management

OCr offers extensive event log management. The file formats jsonocel and jsonzml
introduced in the OCEL standard [12] as well as a csv import are supported.

The CSV file should contain an “event_activity” and “event_timestamp” col-

umn. As a supportive element for uploading CSV, we implemented functionality

to choose potential object types to prevent unwanted columns from becoming

object types. The file’s encoding should comply with UTF-8 encoding. The sepa-

rator will automatically be detected. Each log can also be deleted at an arbitrary

point in time. Each event log will be uniquely identified by its name. Two event

logs with the same filename cannot be uploaded.

4.2 Log Settings

The log setting component is the main point of input from the user and is
depicted in We provide two filtering thresholds: One to filter out in-
frequent activities and one to filter out infrequent variants. Furthermore, we
allow the user to discard some object types for their scope of analysis, effectively
removing these object types and their objects from the event log. We provide
two different techniques to extract process executions. The first one is called co-
herent objects, the second technique is called leading object type.
provides a detailed explanation of the execution extraction. The settings can be
submitted to the back-end by pressing the submit changes button.
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Fig. 5. The object-centric Petri net discovered from an object-centric event log accord-
ing to the settings provided by the user.

4.3 Process Model Explorer

Based on the event log that is processed according to the setting provided by
the user, our tool discovers an object-centric Petri net and displays it to the user
as a process model. The component is depicted in The visualization
can interactively be explored, navigation by zooming and dragging/panning is
supported. These functionalities help make large Petri nets with many object
types and transitions accessible to users. Every object type has one globally
assigned color, which is also used by the variant explorer component described
later. The Petri net can be discovered by pressing the button. If the settings were
changed and the Petri net is not consistent with the current submitted settings,
this button changes its color to red to indicate a necessary update.

4.4 Variant Explorer

The variant explorer displays the variants of the process executions extracted
from the event log based on the provided settings. It is depicted in
The colors of the object types are consistent with the colors in the object-centric
Petri net component. Each object of an object type is colored in a different
shade of the object types’ base color. Each object gets a lane to describe its
event sequence, lanes of the same object types are grouped. The frequency of
the variant (with respect to the event log after the filtering settings are applied)
is depicted on the left-hand side of the variant. With a click on the variant, the
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Fig. 6. The variant explorer shows the frequency and a visualisation for each variant.

variant is unfolded such that the full activity labels are visible. The explorer
allows scrolling in both directions, vertically and horizontally.

4.5 Implementation

We implemented this tool on a technology stack of Python, Django, Angular,
and D3.js and GraphViz’| for visualization. The core algorithmic functionality
is taken from the OCPA*| and the PM4Py library [6]. The tool can be run on
Windows by downloading it from http://ocpi.ai/|and running the executable
named OCpi.exe.

5 Conclusion

In this paper, we introduced the tool OCm. This tool enables users to load object-
centric event data and explore novel insights: The process execution variants
contained in the object-centric event data and their frequencies. Furthermore,
we enable the user to filter out infrequent variants, infrequent activities, and
unwanted object types to discover an object-centric Petri net according to the
chosen settings. This allows a user to interactively explore an object-centric
process model and its most frequent variants.

Acknowledgements We thank the Alexander von Humboldt (AvH) Stiftung
for supporting our research.

3 GraphViz needs to be installed. See: https://graphviz.org/download/
* https://github.com/gyunamister/ocpa
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