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Abstract. Organizations manage a variety of processes at multiple lev-
els, often simultaneously, creating complex interactions among diverse
object types. This multi-level process structure challenges traditional
object-centric process mining techniques due to overlapping resource uti-
lization across different process areas. To address this complexity, this
paper introduces a novel approach for multilevel resource detection in
object-centric process mining, aimed at structuring and clarifying the
interactions across processes that may operate on different levels of the
organization. We propose a method to detect and categorize process ar-
eas based on an automatically detected resource hierarchy, using object
types to detect process boundaries effectively. Our approach provides
three main contributions: a theoretical framework for identifying process
areas by resource levels, a publicly available implementation for practical
application, and a qualitative and quantitative evaluation. The evalua-
tions demonstrate the method’s capability to enhance the clarity and
interpretability of mined process models, ensuring that higher-level pro-
cesses are not cluttered by unrelated lower-level activities. This method
enables the detection of process areas and resource hierarchies that mo-
tivate future research of resource analysis methods that utilize these hi-
erarchies.

Keywords: Object-Centric Process Mining · Resource Detection · TOTeM
Model

1 Introduction

Process mining has the overall goal to generate valuable insights into processes
[22]. In reality, processes occur rarely in isolation. Companies always have multi-
ple types of processes running simultaneously. These different types of processes
can, for example, include human resource (HR) processes, financial processes,
and order management processes. Each of these processes involves multiple pro-
cess participants (abstractly called objects) of different types. For example Work-
ers, HR employees, Orders and Items. These object types interact within a
process. For example, an HR employee and Worker interact when a Worker
is promoted. To represent and investigate the interactions of different object
types within a process, object-centric process mining was introduced [9]. There,
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Table 1: Excerpt of the running example object-centric event log, showing the
event-to-object relations (left) and the object-to-object relations (right).
evendId time activity object type source target qualifier

Company Factory Worker Order Item ... c1 w1 job
e1 01 founding c1 w1 o1 responsible
e2 03 hire worker c1 w1 o1 i1 contains
e3 12 create order c1 o1 i1, i2 o1 i2 contains
e4 13 promote c1 w1 i1 f1 origin
e5 14 produce item c1 f1 w1 i1 i1 w1 creator
... ...

a process consists of events that can include multiple objects of different types,
allowing the tracking of the behavior and interactions of multiple objects from
different object types. This enables a unified data storage for all the event data
within a company.

The running example organization consists of multiple Companies that re-
ceive Orders for Items and uses Workers in different Factories and Warehouses
to fulfill the orders. Additionally, they have HR employees to manage the work-
force of the company. For this example, we consider three example processes: (a)
the company lifecycle process, (b) an HR process, and (c) an order management
process. Companies of this organization can be founded, and afterward, they
can be closed, but don’t need to be closed. The HR process spans the hiring
of Workers and HR employees and their promotion. In the order management
process, Orders with multiple Items are created, the items are produced, and
then the orders are packed, and, in the end, sent. Each process involves multiple
events that are tracked in the organisation’s information system. Information
systems, which are commonly used in the real world to track process activities
across an organization, are not limited to a single type of process but track
events for multiple types of processes, like those of the running example. Table 1
shows an excerpt of that data for the running example in an OCEL 2.0 format
[6]. There we can see that event e5 has the activity produce item and involved
the Company c1, Factory f1, Worker w1, and Item i1. Also, additional explicit
object-to-object relations are stored, like the information that Worker w1 is
responsible for Order o1.

However, this holistic event data creates a new challenge of selecting rele-
vant parts for further analysis. A selection is necessary to enable comprehen-
sible analysis and visualization, which is not possible for all the data for all
the processes at once, especially for bigger and more complex enterprises. We
propose process areas as a concept to select parts of the overall event data. A
process area (as defined in Definition 9) selects some object types and some
activities. Additionally, it allows for indicating additional object types that
are not selected but act as resources for some activities. An example process
area of the running example could select {Order, Item} as the object types
and {create order, produce item, package order, send order} as activities. Also,
it could indicate that, for example, both Company, Factory, and Worker act as
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…

process areas

Fig. 1: Process areas for the running example. For each process area, the object-
centric Petri net for relevant object types and activities is given. The activities
are annotated with the resources assigned to them in that process area.

resources for the activity produce item. This process area, together with other
process areas, of the running example are shown in Figure 1. For each process
area, an object-centric Petri net is shown to visualize the behavior of that pro-
cess area. In the object-centric Petri net, activities are annotated with object
types that act as resources for the activities, like the Worker for produce item.

A good selection of process areas can separate complex organizational data
into smaller, understandable parts, as Figure 1 shows. A key benefit of process
areas is that they allow object types to act as a resource for some activities,
but have their own process as well. For example, the Worker acts as a resource
for activities involving Orders and Items, but has its own hiring process where
the worker does not act as a resource but is responsible for the main workflow.
Existing work in that direction focuses on the binary classification of resource
objects [26], which are known to clutter process visualizations due to their highly
parallel behavior. We argue that a binary classification of resources is not suffi-
cient for enterprise-wide process analysis and advocate for a multi-level resource
notion where objects can take the role of a resource for certain process areas and
act as normal business objects in others. Without this separation, one would
end up merging activities for which an object type acts as a business object
with those where it acts as a resource. Figure 2 shows an example of such a bad
selection that can happen if one mixes the activities for which the Company acts
as a resource with those where it is a business object in the running example.
The resulting process model contains a lot of undesirable parallel behavior and
is therefore hard to understand.
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Fig. 2: Object-centric Petri net for a suboptimal subset of object types and ac-
tivities showing a lot of concurrent behavior due to mixed process levels.

To automatically detect desirable process areas that lead to understandable
process models without unnecessary parallelism from resource objects, like the
ones in Figure 1, we propose an approach that automatically detects process
areas based on multi-level resource detection. Also, we propose not to show the
workflow of resources but just annotate activities that involve these resources.
To do so, we group object types into levels such that higher-level object types
act as resources for lower-level object types. So, for the running example, the
Company has the highest level since it acts as a resource for all other object
types. The Worker and HR employees are on a middle level, and the Order and
Item are on a lower level since they are not a resource for anything else. This level
assignment can also be seen in Figure 1. Our approach is based on the assumption
that higher-level resources have a longer lifespan in the system than lower-level
object types. For example, the company has the longest lifespan, outliving many
employees, and each employee outlives many orders. We use TOTeM models
[18], mined from the object-centric event log, as input to compute the resource
level assignment. The temporal relation of TOTeM models describes the relation
between the lifespan of objects of two types. We use this information to make
sure that higher-level resources have a longer lifespan than lower-level resources.

This paper presents three contributions to enable the automatic detection
of process areas for object-centric event logs, working towards enabling object-
centric process mining on organization-level event logs. First, we propose an
approach to detect multiple levels of resources within the object types of an or-
ganization. We use these resources to generate process areas that show behavior
that occurs on the same level. Second, we provide a public implementation1 of
our approach. Third, we present a qualitative and quantitative evaluation of the
proposed approach using publicly accessible object-centric event logs.

The paper is structured in the following way. In Section 2, we present related
work and Section 3 gives an overview of the preliminaries. The approach for de-
tecting process areas is presented in Section 4. Section 5 describes the qualitative
and quantitative evaluation. Finally, we conclude the paper in Section 6.

1 https://doi.org/10.5281/zenodo.15554409
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2 Related Work

Object-centric process mining was introduced to better represent real-world pro-
cesses that consist of interacting subprocesses with multiple interdependent ob-
jects [23]. Various research shows that this representation can improve the ac-
curacy of the result in various process mining tasks, covering process discovery
[24,25,18,8], conformance checking [17,13,7], monitoring [12], and prediction [10].

From the beginning on, determining relevant, coherent parts of the stored
object-centric event data was a challenge [2]. For traditional process mining,
this was given by the cases id, which groups together events that belong to the
same case of the process [23]. In object-centric processes, no individual case no-
tion exists that can group the events. One approach to determine which events
belong together is called process executions [2]. Process executions determine
groups of events in an object-centric event log based on the involved objects.
One extraction technique is based on connected components of objects. It guar-
antees that no information loss is introduced, but may result in large process
executions that cover the complete log if resource objects connect all objects
of the event log [2]. The problem of resource-like objects was also addressed by
van Detten et al. by detecting objects as resource-like objects and excluding
them from the group-forming phase to derive advanced process executions [26].
However, it only allows for binary classification of resource-like objects on the
object level and can not differentiate that some objects can act as resources
for certain process areas while acting as normal objects for others. Another ap-
proach to finding groups of behavior in object-centric logs is the detection of
object-centric local process models [20]. Here, many object-centric process mod-
els are discovered for subsets of activities to make models easier to understand.
But the relations between potentially overlapping models on different levels of
the organization remain unclear. In case-centric process mining, approaches like
higher-level event abstraction and process composition try to identify parts in the
process that can be grouped together [5,27]. However, all of these approaches,
including the object-centric ones, assume that the event log contains one co-
herent process instead of the complete process data of an organization. Other
related research fields, such as system composition [14] and organizational man-
agement [19], also address the issue of highly complex organizational processes
by composing multiple smaller, understandable components to model the over-
all organization. In software architecture, the idea of microservices also supports
this composition approach [4]. This composition concept is also well studied in
flexible information system design, which can adapt to processes being added
or removed to an organization [21]. Thus, their general approach is similar to
our approach, understanding complex organizational processes as the compo-
sition of multiple smaller parts. But these approaches focus on modeling the
system behavior. Identifying process areas automatically from an organization’s
object-centric event log remains an open research question that we address in
this paper.
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3 Preliminaries

An object-centric event log contains events from the universe of events Uevent

that have an activity from the universe of activities Uact. The time of an event is
from the universe of timestamps Utime. Each event can be connected to multiple
objects from the universe of objects Uobj . The objects have a type from the
universe of object types Utype. Also, objects can be related to other objects via
object-to-object relations. We use a subset of the OCEL 2.0 format for object-
centric event logs [6].

Definition 1 (Object-Centric Event Log [6]). L = (E,O,OT,O2O, πact,
πobj , πtime) is an event log with:

– E ⊆ Uevent is a set of events, O ⊆ Uobj is a set of objects,
– OT = {πtype(o) | o ∈ O} is a set of object types,
– O2O ⊆ {(o1, o2) | o1, o2 ∈ O} is the set of object to object relations,
– πact : E → Uact maps each event to an activity,
– πobj : E → P(Uobj) \ {∅} maps each event to at least one object,
– πtime : E → Utime maps each event to a timestamp.

In an object-centric event log, objects can be connected via shared event-to-
object relations and directly via object-to-object relations. To simply following
notations, we use O2O′ for objects that are either connected via object-to-object
relations or event-to-object relations.

Definition 2 (Unified Notation for Connected Objects [18]). Given
event log L = (E,O,OT,O2O, πact, πobj , πtime) the set of all connected objects
O2O′ ∈ O × O is given by O2O′ = O2O ∪ {(o1, o2) ∈ O × O | o1 ̸= o2 ∧ ∃e ∈
E : {o1, o2} ⊆ πobj(e)}. Also, we use O2O = {(o1, o2) ∈ O × O | (o1, o2) ∈
O2O ∨ (o2, o1) ∈ O2O} to describe the set of objects for which at least one
direction is part of O2O′.

We call two objects connected if they have an object-to-object relation. We
call two types connected if at least one pair of connected objects has one object
of each type. The set CT (L) contains one direction of all connected object types.

Definition 3 (Connected Types [18]). Given event log L = (E,O,OT,O2O,
πact, πobj , πtime) we reduce a set of objects O′ ⊆ O to objects of type t ∈ OT with
the following notation: O′

↓t = {o ∈ O′ | πtype(o) = t}.
We reduce the connected objects to pairs of type t1, t2 ∈ OT with O2O↓t1,t2 =
{(o1, o2) ∈ O2O | o1 ∈ O↓t1 ∧ o2 ∈ O↓t2}.
The set CT (L) = {(t1, t2) ∈ OT ×OT |∃o1 ∈ O↓t1 , o2 ∈ O↓t2 : (o1, o2) ∈ O2O} is
the set of all connected types.
The set CT (L) ⊂ OT × OT contains exactly one connection of all connected
types such that ∀t1 ̸= t2 ∈ OT : (t1, t2) ∈ CT (L) ⇒ ((t1, t2) ∈ CT (L)⊕ (t2, t1) ∈
CT (L)) and selfloops are excluded ∀t1 ∈ OT : (t1, t1) ̸∈ CT (L).
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We assume that an object’s lifespan starts with its first recorded event and
ends with its last recorded event.

Definition 4 (Object Lifespan Interval). Given an event log L = (E,O,OT,
O2O, πact, πobj , πtime) and object o ∈ O. The start of the lifespan of object o is
sL(o) = min({t ∈ Utime | ∃e∈Eπobj(e) = o ∧ πtime(e) = t}). The end of the
lifespan of an object o is eL(o) = max({t ∈ Utime | ∃e∈Eπobj(e) = o∧πtime(e) =
t}). The lifespan of an object is the interval ols(o) = {t ∈ Utime | sL(o) ≤ t ≤
eL(o)}.

Temporal relations between object types group together similar lifespan re-
lations to categorize the lifespan relations of connected objects of two object
types. The during (■) relation describes that the lifespans of objects of type A
are happening within the lifespan of connected objects of type B if type A is
during type B. For example, all types happen during the Company type because
its lifespan covers all other lifespans. The proceeds (▶) relationship describes
that the lifespan of objects of type A starts before those of connected objects of
type B starts and ends before the ones of type B end if type A proceeds type
B. In the running example, this is the case for Orders that proceeds the Items.
The parallel (∥) relations allow for all types of temporal relations and act as a
fallback option in case the other relation does not fit.

Definition 5 (Temporal Relations [18]). Given event log L = (E,O,OT,
O2O, πact, πobj , πtime) and filter parameter 0 ≤ τ ≤ 1 the following temporal
relations hold for a tuple of types (t1, t2) ∈ OT ×OT :

(t1, t2) ∈ ■L,τ iff |{(o1,o2)∈O2O↓t1,t2|sL(o2)≤sL(o1)∧eL(o1)≤eL(o2)}|
|O2O↓t1,t2|

≥ τ

(t1, t2) ∈ ■inv
L,τ iff (t2, t1) ∈ ■L,τ

(t1, t2) ∈▶L,τ iff |{(o1,o2)∈O2O↓t1,t2|sL(o1)<sL(o2)∧eL(o1)<eL(o2)|
|O2O↓t1,t2|

≥ τ ∧ (t1, t2) ̸∈ ■L,τ ∪■inv
L,τ

(t1, t2) ∈▶inv
L,τ iff (t2, t1) ∈▶ ∧(t1, t2) ̸∈ (■L,τ ∪■inv

L,τ )

(t1, t2) ∈∥L,τ iff (t1, t2) ̸∈ (■L,τ ∪■inv
L,τ ) ∧ (t1, t2) ̸∈ (▶L,τ ∪ ▶inv

L,τ )

The TOTeM model combines the temporal relation with the log cardinality
and the event cardinality to describe the relations between object types. Since we
focus on the temporal relation for the remainder of the paper, concrete definitions
for the log and event cardinality are not listed here but are described in the
original paper [18]. TOTeM is a directed graph between connected object types
where each edge is labeled with the most precise temporal relation for object
pairs of the two types.

Definition 6 (Temporal Object Type Model [18]). Given event log L =
(E,O,OT,O2O, πact, πobj , πtime) and filter parameter 0 ≤ τ ≤ 1 the temporal ob-
ject type model TOTeML,τ is a directed graph TL,τ = (OT,CT (L), πtr, πcc, πoc)
where:

– CT (L) is the set of directed edges between connected types;
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Fig. 3: Figure adapted from [18]. The temporal relation during(■), precedes(▶),
and parallel(∥) (based on Allen’s interval algebra [3]). For each temporal relation,
the allowed lifespan relations for connected objects of Type 1 (in orange) and
Type 2 (in blue) are shown.

– πtr : CT (L) → {■L,τ ,■inv
L,τ ,▶L,τ ,▶inv

l,τ , ∥l,τ} labels each edge with a temporal
relation;

– πlc : CT (L) → {1, 0..1, 1..*, 0..*} labels each edge with a log cardinality that
holds (see [18]);

– πec : CT (L) → {0, 1, 0..1, 1..*, 0..*} labels each edge with an event cardinality
that holds (see [18]).

We use the notation T↓OT with OT ∈ Utype to describe the reduction of
TOTeM model T to object types in OT .

The transitive reduction of the temporal relations of the TOTeM model for
the running example can be seen in Figure 4. One can see that all object types
have a during relation with the Company object type. This shows that the
lifespan of the company object covers all other object lifespans within the event
log. So, for example, Factory objects never exist before or after the lifespan of the
company object. Also, one can see that Worker and HR objects have a parallel
temporal relation, showing that their lifespans are unordered. So sometimes HR
employees leave before Worker employees that worked together, and sometimes
it is the other way around. A more structured lifespan relation is the proceeds
relation from Order to Item. This shows that the order always exists before the
connected items appear in the event log. TOTeM models can be discovered from
object-centric event logs using the TOTeM miner presented by Liss et al. [18].

4 Process Area Detection

In this section, we present the approach to detect process areas from an object-
centric event log. The approach consists of three steps. The first step is mining
a TOTeM model for the given event log. The temporal relations in the TOTeM
model are then used in the second step to assign object types to levels of the
process such that higher-level object types act as resources for lower-level object
types. In the third step, connected object types of the same level are combined,
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Company

Factory Warehouse

WorkerHR

Order Item

Fig. 4: TOTeM model of the order management running example process, show-
ing the relation between the lifespans of the object types of the process.

and relevant activities for these types are determined to form a process area. This
process area describes a process within the organization’s system of processes.

The first step, mining a TOTeM model, has been presented by Liss et al. [18].
Thus, detailed descriptions of how to discover TOTeM models can be found in
that paper. The TOTeM model describes the temporal, log cardinality, and event
cardinality relations between object types in the object-centric event log.

The second step aims to separate object types into levels so that object
types are at a higher level than the object types for which they act as resources.
This step is based on the assumption that resources have a longer lifespan at
organizations than the object that uses this resource. For example, Factories
outlive multiple Workers who themselves outlive multiple Orders. The TOTeM
model captures this behavior with the during (■) relation. There type A is
during type B if they are connected, and the lifespan of objects of type A always
occurs during the lifespan of connected objects of type B. Therefore, we want
type A to have a lower level than type B because, based on our assumption,
type B acts as a resource for type A. For the running example, we see that, for
example, for the previously mentioned types Factories, Workers, and Orders.
There, orders are during workers, and workers are during factories, as one can
see in the TOTeM model for the running example in Figure 4.

However, having higher-level types acting as resources for lower-level types
is not the only requirement for the level assignment. Therefore, the requirement
of having higher level types acting as resources for lower level types can be
reformulated as follows: types should be on a lower level than types they have
a during relationship to. To keep the assignment as compact as possible, the
overall distance between connected object types should be as low as possible for
the level assignment. This also makes types with multiple possible levels end
up on levels with the types they share the most connections with. This layer
assignment problem, given an object-centric event log and a TOTeM model, can
be described as the Integer Linear Program (ILP) defined in Definition 7.
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Definition 7 (Resource Layer Assignment ILP). Given event log L =
(E,O,OT,O2O, πact, πobj , πtime) and filter parameter 0 ≤ τ ≤ 1, the resource
layer assignment ILP consists of the following equations given small ϵ ∈ R+:

minimize
∑

{ot1,ot2}∈▶L,τ∪∥L,τ

|level(ot2)− level(ot1)|+

0.5 ·
∑

(ot1,ot2)∈■L,τ

level(ot2)− level(ot1)+

ϵ ·
∑

ot∈OT

level(ot)

subject to
level(ot2)− level(ot1) ≥ 1 ∀(ot1, ot2) ∈ ■L,τ

level ∈ OT → N0

The variables of the linear program level(ot) describe the level of object type
ot. As described before, the distance between connected object types should
be as low as possible while keeping the requirements intact. The last row of the
requirements ensures that the levels are discrete numbers and only positive levels
(including 0) are assigned. The first requirement in the ILP ensures that types are
placed higher than those they act as a resource for, so those that have a during
relation to them. The minimization function is the absolute distance value of all
connected object types to keep the layer assignment compact. Since the level of
types that happen during another type is always lower, their absolute distance
can be replaced with a simple subtraction since it is known which level is higher
than the other. This explains the second term in the minimization function. The
third term in the minimization function ensures that the level assignment starts
with 0. Note that the absolute function is not linear and, therefore, needs to be
reformulated to solve the ILP. There are standard ways to transform absolute
functions by introducing additional variables to get a resulting linear ILP [15].
Since the during relation is transitive and the TOTeM model has no self-loops,
the TOTeM model is an acyclic graph when reduced to the during relations. For
acyclic graphs, the layer assignment problem always has a solution, so the ILP
will always return one of the potentially many optimal solutions [11].

Figure 5 shows the resulting optimal layer assignment for the object types
of the running example. One can see that the requirement regarding the during
relation is satisfied, and all types that happen during another one are placed
on a lower level. For example, the Order is lower than the Worker, which is
lower than the Factory, which is lower than the Company. This does not mean
that each type is placed directly below the types they have a during relation
with. This can be seen for example with the HR type which is placed on level
1 although it could have also been placed on level 2 and level 0 (indicated by
the dotted boxes in Figure 5). But since the HR type interacts with the workers,
we prefer them to be on the same level. This happens because we weight the
minimization of parallel and proceeds relations higher than the minimization of
the during relation in the minimization function.
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Factory Warehouse

WorkerHR

Order Item

Fig. 5: The optimal layer assignment for the object types of the running example.
The dashed places indicate alternative suboptimal levels for HR and Warehouse.

Given the layer assignment, we can derive levels, where each level contains
the object types of that level and relevant activities of that level. Activities are
assigned to the lowest level, which contains an object type that appears in the
activities’ events. Thus, each level focuses on the activities relevant to that level,
and the process for higher-level types is not cluttered with activities that use
them as resources.

Definition 8 (Process Levels). Given event log L = (E,O,OT,O2O, πact,
πobj , πtime), the filter parameter 0 ≤ τ ≤ 1, and an optimal solution of the re-
source layer assignment ILP the object types lot(i) ⊆ OT and activities lact(i) ⊆
Uact for the level i ∈ N0 of the process are defined as:

lot(i) = {ot ∈ OT | level(ot) = i}
lact(i) = min({level(πtype(o))|o ∈ O ∧ e ∈ E ∧ o ∈ πobj(e) ∧ πact(e) = a})

For example, the object types of the first level (lot(1)) for the running example
are Order and Item. Since it is the lowest level, all the activities they are involved
in are assigned to this level, so for example, create order, produce item, package
order, and send order. For the second level, the object types are HR and Worker.
Not all activities that the Worker is involved in are added here because some
of them are already assigned to level 0. For example, the workers are involved
in the produce item activity. However, that is already assigned to level 0, which
makes sense because the worker only acts as a resource for this activity.

Process areas describe a set of object types and activities which can be ad-
ditionally marked with object types that act as a resource for certain selected
activities. A general definition of process areas is given in Definition 9. The
TOTeM-based process areas, which are based on the levels, are described in
Definition 10.

Definition 9 (Process Area). Given event log L = (E,O,OT,O2O, πact,
πobj , πtime), a process area pa = (OT ′, AC ′, R) ∈ P(OT ) × P(Uact) × (Uact →
OT ) selects object types OT ′ activities AC ′ ⊆ image(πact) and R maps these
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activities to object types that act as a resource for the given activity but do not
belong to the set of selected object types: image(R) ∩ OT ′ = ∅. The set of all
possible process areas for L is noted as PAL.

The TOTeM-based process areas are detected by splitting process levels into
separate process areas for each group of types that form a connected component
when restricting the TOTeM model to object types of that level. This ensures
that only those types end up in the same process area that actually interact
with each other. Also, each activity in a process area is annotated with a set of
connected types from higher levels, which act as a resource for this activity. This
represents the resource involvement in a less cluttered way.

Definition 10 (TOTeM-based Process Areas). Given event log L = (E,O,
OT,O2O, πact, πobj , πtime), the filter parameter 0 ≤ τ ≤ 1, and the process level
object types lot(i) and activities lact(i) for process level i ∈ N0 the set of TOTeM-
based process areas PAS ⊆ PAL such that for all (OT ′, AC ′, R) ∈ PAS :

∃i ∈ N0 : OT ′ ⊆ lot(i) ∧OT ′ is connected component in T↓OT ′ ∧
AC ′ ⊆ lact(i) ∩ {πact(e) ∈ Uact | e ∈ E ∧ ∃o ∈ O : πtype(o) ∈ OT ′∧
o ∈ πobj(e)}
∀a1 ∈ AC ′ : R(a1) = (

⋃
j∈N0,i<j lot(j)) ∩ {ot ∈ OT | ∃e ∈ E, o ∈ O :

πact(e) = a1 ∧ o ∈ πobj(e) ∧ πtype(o) = ot}

Resource mapping R maps the activities of that process area to their resources
from higher levels. Each object type is part of exactly one process area but can
act as a resource for multiple ones.

By applying the above-presented concepts to an object-centric event log, one
can compute TOTeM-based process areas for a given log. The algorithm first
computes a TOTeM model, then creates and solves the resource layer assignment
ILP, to create TOTeM-based process areas is described in Algorithm 1.

Algorithm 1 TOTeM-based Process Area Detection
Require: : Object-Centric event log L; TOTeM support threshold τ .

#Compute a TOTeM model using the totem_miner from [18]
TL,τ ← totem_miner(L, τ)

#Transform TOTeM to resource layer assignment ILP
levelILP ← rla_ILP (L, TL,τ )

#Solve ILP and compute object types and activities for each level i ∈ N0

level← solve(levelILP )
lot(i)← {ot ∈ OT | level(ot) = i}
lact(i)← min({level(πtype(o))|o ∈ O ∧ e ∈ E ∧ o ∈ πobj(e) ∧ πact(e) = a})

#Return TOTeM-based process areas
return PAS(TL,τ , lot, lact)
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Figure 1 shows the process areas of the running example. The object types of
the process areas are indicated by the blue groups in the TOTeM model, and the
activities and their resource mapping are shown as an object-centric Petri net
per process area. We annotated each activity with the types that act as resources
for the process area and participate in the activity. The detected process areas
match the types of processes of the running example production company. The
order management area, the employee area, and the company lifecycle area are
clearly separated and correctly detected.

5 Evaluation

This section describes the qualitative and quantitative evaluation that we per-
formed using the publicly accessible implementation of our approach to investi-
gate the feasibility of our approach on consumer hardware with publicly acces-
sible event logs.

5.1 Qualitative Evaluation

The qualitative evaluation was done using a publicly accessible object-centric
event log that describes an organization that handles container logistics [16].
We applied our process area detection algorithm with τ = 0.9, as described in
Section 4 on the object-centric event log in the OCEL 2.0 format. The event
log contains 35.761 events that originate from 14 activities. It involves 14.013
objects from 7 object types.

VehicleTruck

Handling
Unit

Transport
Document

Customer
Order

Forklift

Container

process area

Fig. 6: Process areas for the container logistic log [16] and object-centric Petri
nets describing the behavior of the process areas.

The resulting TOTeM model, the assignment of object types to levels, and
the final groups of object types that are process areas for the container logistics



14 L. Liss, W. M. P. van der Aalst

process are shown in Figure 6. Also, for each process area, we show the object-
centric Petri net, discovered using ocpa [1].

This visualization allows to get a compact overview of the processes running
in the organization and shows what roles each object type takes. For example, for
the forklifts, one can see that they have no behavior on their own (indicated by
the empty object-centric Petri net of that process area visualized with ∅). This
shows that forklifts in the organization purely act as a resource for lower-level
process areas like container handling (level 1 in Figure 6). These containers have a
clear sequential process, as shown on the left side of Figure 6. Another interesting
insight can be gained from the process area at level 2 that contains the Customer
Order, the Transport Document, and the Vehicle object type. For this process
area, the resulting object-centric Petri net clearly shows the interactions of the
three involved object types with the disturbance of resources. The object-centric
Petri net on the right side of Figure 6 shows that customer orders trigger the
creation of Transport Documents. The lifespan of the vehicles occurs in parallel
to the Transport Documents, but multiple vehicles can be involved in the book
vehicle event. This shows that the detected process areas can keep relevant object
type interactions within a process execution and separate resources that would
hinder the understandability of the models.

5.2 Quantitative Evaluation

For the qualitative evaluation, we investigated the runtime of our publicly acces-
sible implementation for the process area detection on nine public object-centric
event logs. The event logs are in the OCEL format (both version 1.0 and 2.0).
Our implementation, the code for the evaluation, and links to the used event
logs can all be found in the public repository on GitHub. The machine used for
the evaluation has a 64-bit operating system, 16 GB RAM, and a 3.2 GHz AMD
processor. For each log, the resulting number of levels, number of process areas,
the average number of types per process area, and the average number of ac-
tivities per process area are presented in Table 2. We measured the runtime for

Table 2: The number of levels, the number of process areas, the average number
of types per process area, and the average number of activities for all event logs.

Log # levels #process areas avg. # types avg. # activities
Container Logistics 4 5 1.4 2.8
Github PM4Py 2 2 1.5 10
O2C 7 15 1.27 1.53
Order Management 3 4 1.5 2.75
P2P 4 6 1.17 5.17
P2P-normal 4 4 1.25 2.25
Recruiting 3 3 2 5.33
Transfer 2 2 2.5 1.5
Windows 3 3 2 112.33
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each of the nine logs ten times and took the average of those ten measurements.
The results of each log are plotted over the number of events and the number
of objects in Figure 7. In addition, both plots show a regression line indicating
that the runtime grows linearly with the number of objects and events.

The results show that the approach’s performance makes it applicable to
detecting process areas on consumer hardware using current publicly accessible
logs. The longest measured run-time was 23.34 for the O2C event log. Within
the runtime, the most time (about 99% of the total runtime) is spent mining the
TOTeM model. Creating the ILP for the mined TOTeM model and also solving
that is quick in comparison. This is also expected since the TOTeM miner has
to go over all events and objects individually, whereas the rest of the approach
operates on the aggregated information on the object-type level. All in all, the
results of the qualitative evaluation show the applicability of the approach for
object-centric event logs similar in size to current publicly accessible logs.
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Fig. 7: Runtime evaluation on multiple public object-centric event logs.

6 Conclusion

This work introduces object-centric process areas and an approach to discovering
them from an object-centric event log by presenting three contributions. First,
we define an algorithm to determine multiple levels of resources within the orga-
nization. We utilize the temporal relation discovered in TOTeM models together
with the assumptions that types have a during relation to connected resource
object types. We propose a way to detect process areas using this multilevel
resource detection. Second, we provide a publicly accessible implementation in
Python for the complete approach. Finally, we evaluated the approach quali-
tatively and qualitatively. The qualitative evaluation shows that the approach
can detect relevant process areas and uncover the connections between higher-
level resources and lower and higher-level processes. The quantitative evaluation
shows that, based on our implementation’s runtime, process areas can be com-
puted in reasonable time on consumer hardware.

Of course, the approach comes with certain assumptions and limitations, af-
fecting the effectiveness for certain use cases. It is assumed that objects that
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act as a resource have a longer lifetime. If this is not the case, TOTeM-based
process areas may not yield meaningful results. The concept of process areas
is still relevant for these use-cases, but other mining approaches with other as-
sumptions should be investigated as future research to support these scenarios.
Also, process areas focus on de-cluttering the non-resource workflows. If one is
interested in the workflow of resource objects themselves, like the Forklift be-
havior in Figure 6, one can still use the level assignment to detect object types
that act as resources, but should combine this information with manual filter-
ing for investigating the resource behavior. In general, process areas are a fully
automated initial grouping of object-centric behavior, and they can always be
fine-tuned further using manual filtering by domain experts.

Process areas motivate future research that investigates the relations between
resource objects and non-resource objects within the process area and between
them. Future research towards lifting the assumption that the complete lifespan
of objects is present in the log could make this approach applicable for stream-
ing settings. Also, an empirical evaluation of the understandability of the mined
process with and without process areas represents interesting future research.
The clear notion of multiple levels of object types that act as resources for lower
levels enables a more thorough investigation of resource patterns and structures
in object-centric process mining.
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