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 A B S T R A C T

Business process management employs process models and event logs to represent the behavior of the 
information systems under study. Traditional case-centric notions consider the order of activities and events 
in isolated process instances. The emerging field of object-centric processes challenges this assumption by 
putting objects in the center. Object-centric process mining and modeling approaches identify the structure 
of co-evolving data objects that influence the behavior of an information system to provide a comprehensive 
view of the system behavior. Object-centricity has been investigated independently in process modeling and in 
process mining, which resulted in the coexistence of seemingly contradictory assumptions and definitions. 
As a community effort, this research manifesto relates and aligns existing terminologies, definitions, and 
perspectives to provide a common ground for current and future research in object-centric business process 
management. Based on the current state of research, we propose a conceptualization that sets process models 
and event logs in relation to the information system’s behavior and the execution data it generates. The 
conceptualization aims at aligning different terminologies and, thus, providing a basis to model and analyze 
behavioral characteristics. Building on this common ground, we identify open research challenges along the 
most relevant research areas in object-centric process management. For each research area, its current status 
is investigated and an outline of the most relevant research challenges is presented.
1. Introduction

Over the last decades, business process management has devel-
oped into a mature discipline with a solid conceptual foundation and 
significant impact on industrial practice [1,2]. Modern organizations 
model and improve their business processes to automate, execute, and 
evaluate them. For many years, different cases have been considered in 
isolation, such as individual purchase orders being processed. Although 
this approach proved useful in process modeling and automation, it 
led to silos, does not adequately represent the interdependencies be-
tween different cases, and to ignores the role of data objects. This 
shortcoming has led to a novel perspective on business processes called 
object-centricity [3].

In object-centric business processes, objects and their relationships 
to other objects and activities are in the center of attention [3]. 
This allows us to break the case silos and provide a comprehensive 
view on how processes are executed. Starting with process mining, 
object-centricity has become a major research field in business process 
management, shaking up all phases of the business process man-
agement lifecycle, including design, configuration, enactment, and 
evaluation [1].

This paper reviews current approaches in object-centric process 
management, provides a joint framework to represent object-centric 
business processes, and introduces a broad range of research challenges 
in this exciting research field.

To set the scene for the investigations in this paper, Ackhoff’s hier-
archy of data, information, and knowledge [4] is used to organize key 
artifacts in business process management. Information systems support 
the execution of business processes in organizations where humans 
interact with artifacts to create, store, and exchange information [5–7]. 
Business process management studies the behavior that emerges in 
information systems from different perspectives [8]. In this discipline, 
process models play a key role in describing the behavior of information 
systems as coordinated sets of activities that are carried out with 
the goal of creating value in organizations [1,2]. Meanwhile, event 
logs record changes that occurred in the information system that are 
relevant to the investigated process [9]. Consider the example of a 
hospital information system [10], where humans with different roles 
interact with medical hardware and software during patient treatment. 
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A process model may capture clinical guidelines for treating patients or 
administrative processes, while an event log captures the events related 
to patient treatment that are recorded in software systems.

To illustrate the role of process models and event logs in relation 
to their subject under study, Fig.  1 applies them to the well-known 
hierarchy of data, information, and knowledge by Ackoff [4]. Data 
comprises the real-world information system, which is the subject of 
study, and the raw execution data. The information system comprises a 
setting in which humans perform work in coordination with machines. 
These interactions leave traces, which are stored as execution data. To 
analyze the relevant aspects of this data layer, it must be aggregated 
into structured information that holds its semantic content [11]. In 
business process management, process models and event logs play the 
role of information in Ackoff’s hierarchy to serve as an intermediary 
between the knowledge about processes and the information system 
with its execution data. Here, information loss and an abstraction be-
tween the layers are inherent to manage the complexity of information 
systems.

The relationship between the original information system and its 
execution data on the one hand, and process models and event logs on 
the other hand, can be understood by referring to Stachowiak’s general 
model theory [12]. A model has a purpose, according to which it maps 
certain features of the original and abstracts from others.

Traditionally, process models and event logs are case-centric. In 
process modeling and mining, the concept of a case notion defines the 
scope of the process. From a modeling perspective, process models 
based on domain knowledge are created to define the order of activities 
between a clear start and end to achieve a specific business goal [1]. 
A case is a process instance, that is, a sequence of activity executions 
from start to end. Such process models are to be implemented in the 
information system. Fig.  1 shows the levels of this implementation 
from top to bottom. Meanwhile, in process mining, the aim is to 
move from bottom to top in Fig.  1. Here, the first task is to identify 
cases, which represent process instances, and events, which capture 
activity executions, in the execution data. Event logs capture traces of 
temporally ordered events for all identified cases and serve as the basis 
for discovering process models and deriving process knowledge.

A key limitation of these traditional approaches is the assumption 
of isolated cases, which prevents process models and event logs from 
capturing any behavior that affects more than one case. However, real-
world information systems typically contain entities that influence the 
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Fig. 1. The hierarchy of data, information, and knowledge in the context 
of object-centric processes, relating information systems and execution data, 
process models and event logs, and process knowledge.

behavior of not just one but many cases. Looking into the execution 
data, some identified events may correspond to multiple entities. A 
case notion is typically defined on the basis of attribute values that 
reference such entities. Hence, events may belong to multiple cases 
and even multiple different case notions, while some other events may 
not be captured by a certain case notion [13]. Especially in process 
mining, this raises the question of which case notion should be used 
to capture processes realistically and the relevant events as intended. 
The traditional single-case perspective does not account for different 
case notions simultaneously and can significantly affect the resulting 
business insights [3].

To overcome the single-case perspective and capture processes more 
realistically, the concept of Object-Centric Process Mining was intro-
duced [3]. Here, multiple case notions can co-exist at the same time 
and are represented as object types. Events are correlated with all 
their related objects instead of only isolated cases. As a result, discov-
ered object-centric process models explicitly represent how multiple 
case notions with potentially complex relations interact with each 
other [14,15]. This enables process models to capture the interrelation 
of structural and dynamic aspects of information systems.

In process modeling, the assumption of isolated cases has been 
tackled early on by identifying and modeling, for example, resources 
and data values that affect many cases. This is captured in established 
frameworks such as WfMC [16], ARIS [17], AMFIBIA [18], or Leymann 
& Roller [19]. Many other long-existing process modeling approaches 
refer to similar concepts of ‘‘objects’’ and ‘‘data’’ for modeling behav-
ior in information systems with different terms: artifact-centric [20], 
data-aware [21], or object-aware [22]. All these approaches share the 
common goal of characterizing structures in an information system as 
certain kinds of ‘‘objects’’ to define and analyze their behavior. Despite 
the common goal and similar underlying concepts, the individual termi-
nologies in these approaches differ and introduce different assumptions 
about information systems and the processes they support.

In summary, object-centric process mining and different process 
modeling approaches share the same goal of using process models that 
capture behavior in combination with structural information as objects. 
However, the concrete notion of an ‘‘object’’ and a useful set of object 
types can differ between approaches and is highly dependent on the 
intended purpose of the process model. On the one hand, different 
approaches may be of value for different tasks and different goals. For 
example, some modeling approaches are better suited for formal verifi-
cation or comprehensive visualization than others. On the other hand, 
different stakeholders may be interested in individual perspectives on 
the same system, which requires a selection of relevant object types for 
their points of view.

Taken together, the above observations indicate that the object-
centric process paradigm requires a deeper study and, in particular, 
the development of a holistic conceptual foundation that reconciles 
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existing notions of object-centricity from process mining with historical 
perspectives from process modeling and workflow management.

This research manifesto is devoted to the goal of bringing together 
the different perspectives on object-centricity from process modeling 
and process mining. The purpose of this paper is to establish a common 
foundation for future research on object-centric process modeling and 
mining by relating and aligning concepts and terminology into the 
research area of object-centric business process management and iden-
tifying future research challenges. This paper elaborates on general 
model theory and provides an overview of existing object-centric pro-
cess representations1 in Section 2. Section 3 provides a conceptual 
model of the most relevant concepts in the object-centric paradigm. 
This conceptualization is then used to define a unified terminology 
for object-centric processes. Based on this conceptualization, Section 4 
investigates the behavioral characteristics of object-centric processes.

To guide future research, Section 5 presents object-centric process 
management by unifying the most widely adopted business process 
management lifecycles from process mining and modeling and relating 
them to our conceptualization. A set of research areas is identified, 
and for each research area, an overview of existing work and the 
most significant research challenges is highlighted. Finally, Section 6 
concludes the paper.

2. Object-centric process representations

As a philosophical underpinning for representing processes, we 
reflect on Stachowiak’s general model theory before providing an 
overview of the existing object-centric process modeling approaches 
and event log formats.

2.1. Modeling purposes

In his work, general model theory, Stachowiak [12] investigates the 
general concept of models from a philosophical perspective. This theory 
offers a characterization of models and their role in epistemology [23]. 
Stachowiak defines a model as a representation of an original. Each 
model serves a specific modeling purpose. This purpose determines 
which features of the original are to be represented by the model 
and which are abstracted from. Therefore, he defines three modeling 
features as illustrated in Fig.  2: (i) The mapping of features of the 
original that are represented in the model, (ii) the abstraction of the 
features of the original that are not represented in the model, and 
(iii) the pragmatism that requires the model to be useful for a certain 
purpose, that is, the modeling goal. Typically, several models describe 
a given original from different perspectives.

In the context of this paper, we can think of a business process 
as an original. The process is running in an organization, with peo-
ple, information systems, and data objects involved. There are several 
models that define important aspects of the process, including process 
models, organizational models, and, for instance, data models. All these 
models map important aspects of the original business process while 
abstracting from aspects that are not relevant for their modeling goal.

Stachowiak distinguishes two types of models. A descriptive model 
represents an original, which already exists; it describes an original. 
A prescriptive model represents an original that does not yet exist in 
reality, i.e., it is envisioned to exist in the future based on the model.

Interestingly, business process models can serve as prescriptive or as 
descriptive models. A business process model that defines how a process 
should be implemented in an organization is certainly a prescriptive 
model. Process diagrams expressed in the Business Process Model and 
Notation (BPMN) [24] are often used to define prescriptive business 
processes or to document intended business processes. On the other 
hand, a process model that is discovered from an event log describes the 

1 This paper considers publications up to November 2025.
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Fig. 2. The relation of original and model as described by Stachowiak [12]: 
1. Mapping of features of the original to the model, 2. Abstraction of features 
that are not required for the modeling purpose, 3. Pragmatism of the model 
towards a purpose.

behavior of the process. Therefore, it can be considered a descriptive 
model. Directly Follows Graphs (DFG) [1] are often used as descriptive 
process models. In fact, an event log can be considered a model of an 
executed business process, as the business process execution (the ‘‘orig-
inal’’, according to Stachowiak) is captured in the process execution 
data, and the event log maps only those attributes that are relevant 
and abstracts from the other attributes.

Object-centricity aims at modeling not only ordered activities but 
also relevant entities manipulated by those activities, like data objects. 
Related entities manifest structures that jointly influence behavior in 
an information system.

In summary, general model theory allows us to reason about the 
relation between a model and its original by investigating how it maps 
and abstracts features to serve a modeling purpose. Before elaborating 
on typical object-centric process management purposes in Section 5, 
we provide an outline of how existing object-centric process modeling 
approaches and event log formats map and abstract features of an 
original business process and its execution data.

2.2. Object-centric process modeling approaches

While object-centricity came up in process mining only recently [3], 
similar concepts have been discussed from a process modeling per-
spective for some time now. Many approaches have been introduced 
under different labels such as artifact-centric [25], data-centric [26], 
data-aware [27], object-aware [22], and object-centric [28] process 
modeling. Steinau et al. [26] and Berti et al. [29] provide compre-
hensive overviews of data-centric and object-centric process modeling 
approaches.

In the following, we outline how these approaches aim to achieve 
the same goal: modeling the interrelation of entity relationships and 
process behavior. These approaches are structured into (i) multi-model 
approaches, (ii) formal Petri net-based approaches, (iii) object-centric 
extensions of control flow-centric models, and (iv) declarative ap-
proaches.

2.2.1. Multi-model approaches
Combining several models [30] allows us to capture different as-

pects of a business process with dedicated notations.
FlexConnect [28] uses a hierarchical combination of activity dia-

grams, which can be interlinked through different types of objects. 
These objects can represent entities in the process and their rela-
tionships, establishing interrelations between the process fragments. 
The BALSA UML (BAUML) Framework [31,32] combines models from 
the UML standard [33]: a data model, state transition diagrams for 
each object, and activity diagrams are used to capture related objects. 
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The Information System Model (ISM) [34] is inspired by case han-
dling systems [35]. It combines Petri nets with identifiers and Object 
Role Models to design and analyze information systems. PHILharmon-
icFlows [22] combines a data model, object lifecycle models for every 
object type, and a declarative coordination model on the allowed state 
transitions for related objects. For each state, attribute-level operations 
are defined.

Similarly, MERODE [21,27] combines a data model, object lifecy-
cles, and a correlation mechanism to bridge the gap between high-level 
BPMN process models and the data level of an information system. Data 
objects and their states are enriched with data operations. An explicit 
data model defines the object types, their attributes, and associations. 
An object-event table correlates related objects through events that 
process them jointly.

Different approaches have been introduced to bring object-centricity 
directly to the industry standard Business Process Model and Notation 
(BPMN) [24]. Hewelt et al. propose fragment-based Case Management 
(fCM) [36]. The fCM approach flexibly combines BPMN process frag-
ments based on data objects and their states. These object-centric BPMN 
process models [37] are enriched with an explicit data model and object 
lifecycles for all object types. The process fragments define activities 
and their interactions with objects through a formal Petri net-based se-
mantics [38]. For formal analysis, the deltaBPMN framework [39] com-
bines BPMN process models with SQL-based manipulation of volatile 
and persistent data for verification via SMT-based model checking. The 
Process and Organizational Data Integrated Metamodel (BPODIM) [40] 
approach combines process execution and organizational data through 
an integrated metamodel. Raw data from process engines and databases 
are linked via matching mechanisms, enabling joint process and data 
mining for intra- and inter-organizational scenarios.

2.2.2. Petri net-based approaches
Petri nets are a well-established technique for formalizing con-

current behavior. Firing transitions represent activity executions by 
deleting tokens and producing tokens on places of the Petri net, real-
izing state transitions. Existing approaches differ in the representation 
of objects and their relationships.

Colored Petri nets extend this idea further by allowing tokens to 
carry data values, called color, which can be of an arbitrarily complex 
type, called color set. However, analysis of these nets is typically 
infeasible as reachability is undecidable in general [41]. An extension 
to Petri nets to model individual objects are Relation Nets [42], where 
tokens carry identifiers from a finite set of individual identities. In 𝜈-
Petri nets, transitions can create new identifiers [43]. While each token 
in 𝜈-Petri nets carries a single identifier, Petri nets with identifiers allow 
tokens to carry a tuple of identifiers, thus introducing relations between 
identifiers [44].

A different approach is taken in the Nets in Nets paradigm. For 
example in object-oriented Petri nets [45], tokens refer to objects, 
and objects are again modeled as Petri nets, thus creating a hierarchy 
of Petri nets, where Petri nets on different layers in the hierarchy 
can synchronize. In this paradigm, objects can have their own state, 
behavior and identity, similar to the ideas of objects in object-oriented 
programming [46].

Synchronous proclets [47] model each object type as an individual 
Petri net, i.e., a proclet. The transitions of two proclets can be syn-
chronized, thus correlating the two object types. Once a set of objects 
is synchronized, they need to be processed together throughout the 
execution. Different cardinality constraints and synchronization modes 
– namely exact and subset synchronization – are defined. Proclets 
without correlation constraints can be discovered from object-centric 
event data, as shown in [48,49].

Object-centric Petri nets (OCPN) [50] represent objects as tokens 
that flow through a combined net that contains dedicated places for 
each object type. Transitions may process a variable number of tokens 
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for an adjunct place and hence allow flexible correlations of object 
types. However, the relationships between object types remain implicit.

Object-centric Petri nets with identifiers (OPID) [51] combine OCPNs
with Petri nets with identifiers. In OPIDs, object identities and rela-
tionships are made explicit. They can be created, removed, and used 
to explicitly enforce the joint processing of related objects. Under 
certain assumptions, OCPNs can be directly mapped to the more precise 
OPIDs [52].

A parallel stream of work extends OCPNs by discovering synchroni-
zation- and specialization-sensitive object-centric Petri nets (SYSSOC-
PN) [53]. Sets of objects that are always correlated are discovered 
and explicitly encoded into the Petri net through so-called silent ob-
jects. Furthermore, the discovery of object-centric process trees [54] 
serves as an intermediary step for OCPN discovery and guarantees the 
construction of sound OCPNs. The discovery of more complex rela-
tionships between objects allows inferring synchronization mechanisms 
analogous to OPIDs [55].

All these Petri net-based approaches share an abstraction of at-
tributes and focus only on the processing of objects based on the 
control flow. Different types of Petri nets have been extended to sup-
port the analysis of data values during process execution. Catalog 
and object-aware nets (COA-nets) [56] and DB-nets [57] can inspect 
and manipulate the value of tokens compared to a read-only memory 
database. The PetriFlow language [58,59] allows us to model object 
lifecycles in the form of place/transition Petri nets with inhibitor arcs, 
reset arcs, read arcs, and data attributes, including references to other 
objects. However, these approaches abstract from event types that 
process multiple objects at once. Data-aware OPIDs (DOPID) [60] ex-
tend OPIDs by representing attribute values and distinguishing between 
exact and subset synchronization, mapping multi-object processing and 
data values.

2.2.3. Object-centric model extensions
In object-centric process mining, various process model discov-

ery techniques have been proposed that extend well-established case-
centric process modeling approaches to capture multiple object per-
spectives.

Object-centric directly follows graphs (OC-DFG) [3] are an ex-
tension of regular directly follows graphs (DFG). Similarly to DFGs, 
OC-DFGs represent event types as nodes. But additionally, OC-DFGs 
represent the directly follows relations of different object types as distinct 
colors. Relationships and attributes are abstracted for the purpose of 
focusing on event ordering. Object-centric variants [61] are clusters of 
similar process executions derived from the order of events of sets of 
related objects. Object-centric causal nets [62] extend causal nets [63] 
to represent causal relationships between event types for many object 
types at once. In addition, it has been demonstrated that balancing 
abstraction and mapping can lead to the discovery of simpler and more 
understandable object-centric causal nets [64,65].

2.2.4. Declarative approaches
The Guard-Stage-Milestone (GSM) approach constitutes one of the 

earliest artifact-centric declarative process modeling approaches, where 
tuples in the database are linked to guards and milestones in different 
stages of the process [20,66–68]. GSM defines a data model including 
attributes and represents processing steps and states as nested stages. 
Event-condition-action rules serve as guards for entering a stage and 
milestones for leaving a stage. Both connect stages to the data model 
and constrain how events operate on data and attributes. Although 
operating close to the data model, the definition of objects and their 
relations remains implicit. Furthermore, GSM models can be discovered 
from event logs [69,70].

Object-centric Behavioral Constraints (OCBC) [71,72] provides a 
declarative process modeling approach explicitly for object-centric pro-
cesses. It combines DECLARE [73–75] with data models in the form of 
UML class diagrams [33]. A DECLARE model defines temporal ordering 
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relations between activities, while the data model defines object types 
and their relationships. The combined model allows linking the two 
such that activities and temporal relations can be correlated to object 
types and their relationships. In a related approach, object-centric 
DECLARE [76] directly integrates objects and their relationships with a 
DECLARE model. Instead of representing them through an explicit data 
model, the temporal ordering relations are annotated with the object 
types involved.

Similarly, object-centric dynamic condition response graphs (OC-
DCR) [77] extend on DCR graphs [78] to define a set of object types. 
Objects are defined as template class DCR graphs from which an 
object, i.e., a subgraph of activities and behavioral constraints, can be 
dynamically spawned and added to the top level DCR graph. Behav-
ioral constraints can also be defined between object types, establishing 
object relationships. Recently, OC-DCR graphs have been studied in 
combination with Entity-Relationship-diagrams [79] and to specify 
choreographies between organizations [80].

Temporal object type models (TOTeM) [81] extend data models 
with temporal relationships between object types. While abstracting 
from concrete behavior, the temporal relationships provide the possi-
bility to reason about the relationship of objects’ processing states.

2.3. Object-centric event log formats

In recent years, several approaches have been introduced to define 
event log formats to store object-centric process execution data. We 
summarize the existing proposals for object-centric event logs, the 
advancements of the OCEL format, and the prospect of event knowledge 
graphs for storing object-centric event data.

The first attempts to extract object-centric event logs were made by 
storing collections of multiple event logs, where each log represents 
a distinct object type [49,70]. As the first approach to define unified 
object-centric event logs, Li et al. [82] extract extensible object-centric 
event logs from databases. With OCEL 1.0, the first widely accepted 
object-centric event log format was proposed [83]. OCEL 2.0 [84] 
extends the format by recording object relationships and attributes of 
object types to address limitations of the first version [85]. Still, OCEL 
2.0 does not capture relationship changes. A set of benchmark event 
logs is provided in the OCEL format.2 The transformation of traditional 
XES logs into OCEL is described by Rebmann et al. [86].

The IEEE Task Force on Process Mining works on a meta-model for 
the format of Object-Centric Event Data (OCED) [87–89]. In this con-
text, Goossens et al. [90] provide an overview of existing approaches, 
and Verbruggen et al. [91] aim for a unified terminology.

The main agreement is that object-centric event data, in contrast 
to traditional event logs, correlate individual events not via case iden-
tifiers. Instead, the event log only captures the recorded events with 
timestamps and correlated objects. OCED suggests that objects can be 
linked to one another and have attribute values independent of events.

To support the manufacturing domain, an adaptation of the OCEL 
format was recently introduced for the Internet of Things (IoT) do-
main [92], enabling novel use cases.3

Object-Centric Process Querying (OCPQ) [93] aims at analyzing 
object-centric event logs efficiently. OCPQ provides a querying and 
constraint language, including a graphical representation where objects 
and events are considered first-class citizens. Languages like OCPQ are 
vital to navigate complex object-centric event logs.

In addition to the traditional XES [94] storage format for event logs, 
the use of knowledge graphs for object-centric event data promises 
improved analysis from multiple object-centric perspectives [95]. To 
facilitate the use of knowledge graphs, the translation of OCEL into 
event knowledge graphs [96], and back [97], is proposed. Different 
case studies show the value of the richness and advantages in querying 
event knowledge graphs [98,99]. A set of benchmark knowledge graphs 
is provided [95].

2 https://www.ocel-standard.org/event-logs/overview/
3 https://zenodo.org/records/8139445

https://www.ocel-standard.org/event-logs/overview/
https://zenodo.org/records/8139445
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Fig. 3. A conceptual model relating the four quadrants of object-centric 
process models (top left) as representations of object-centric event logs (top 
right), which model the behavior in information systems (bottom left) and 
their execution data (bottom right).

3. Concepts and terminology

Based on the review of relevant approaches presented in Section 2, 
we now provide a conceptual model for object-centric process repre-
sentations. It serves as a basis for defining a common terminology.

The conceptual model in Fig.  3 represents the main concepts of 
object-centric process models and the respective event log represen-
tations. It refines the data and information hierarchy in Fig.  1 by 
placing information systems and execution data in the data level at the 
bottom. As object-centric process models and event logs are models of 
an information system and of execution data, respectively, these appear 
at the top of the figure. To distinguish the top and bottom layers, 
we use the UML terminology [33] in the top and terminology from 
entity relationship modeling [100] in the bottom layer. Horizontally, a 
distinction is made between the system definition and the instance ob-
servations. The information system and its technical and organizational 
configurations define its behavior, while the produced data manifest 
observations of instances.

3.1. The four quadrants

The quadrants in Fig.  3 represent different aspects of object-centric 
processes. Starting at the bottom with the data level, the information 
systems define which execution data can be observed. At the informa-
tion level, in the top of Fig.  3, process models define possible process 
instances that can be recorded in event logs.

As the basis for object-centric process management, an information 
system is a technical and organizational configuration in which behav-
ior emerges as humans and machines exchange information [5–7]. It 
contains technical implementations, as well as explicit and tacit rules 
on the organization and behavior of different types of entities and their 
relationships. The information system is an important asset to execute 
business processes.

During business process execution, information systems generate 
and store data about entities, their relations, and the changes they 
undergo. Furthermore, system logs, data streams, and analog files can 
serve as sources for identifying discrete events that capture the changes 
of entities. For example, databases record both the current state of 
entities and any recent changes to them through redo logs [101]. Note 
that these records are subject to information loss since they cannot 
capture all continuous behavior in the real world.

Object-centric process models are representations of behavioral as-
pects of entity types in an information system. Guided by modeling 
decisions, they represent the relevant entity types as object types and 
their relationship types as associations. Furthermore, one object of an 
object type can even be used to model sets of entities or even virtual 
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entities [54]. The behavior of individual objects is defined through 
discrete states that can be changed by events. As event types can be 
related to multiple object types, they define the combined behavior of 
multiple object types.

An object-centric event log captures instances of object-centric pro-
cess models. On the one hand, it records events, objects, and their 
relationships as instances of the type-level definition in the process 
model. At the same time, these instances are abstractions from the 
original execution data on the data level. The object-centric event log 
represents concrete entities as objects with attribute values and object 
relationships as links. The recorded changes in the information system 
are stored as events with their corresponding objects.

3.2. Relationships between the quadrants

In the following, the concepts of the information level in Fig.  3 are 
described in relation to their original counterparts in the data level.

Object types are representations of entity types that exist in the 
real world. An object type may represent physical as well as virtual 
entity types. An object is an instance of an object type that represents 
entities of the corresponding entity type. Objects can be enriched with 
attribute values to capture more details of the real-world entities. In a 
hospital information system, for instance, entities such as patients and 
the results of laboratory tests could be represented as objects, while 
relevant aspects such as name or age can be modeled as attributes.

In modeling approaches, object types can be defined in explicit 
data models [22,27,36,40], as model templates [79], more implicitly 
through place types in Petri nets [47,50,51,53,60], or as colored anno-
tations [3,76]. In addition, object-centric event logs define object types 
as a metamodel for recorded objects [84,87].

Associations between object types model the relationship types 
between real-world entities. Instances of associations are links between 
objects that represent concrete relationships. For the hospital example, 
the relationship between patients and their specific laboratory test 
results may need to be tracked through an association.

Associations can be explicitly represented in data models [22,27,36,
71,79]. Some Petri net-based approaches implement synchronization 
mechanisms by representing associations as dedicated places and links 
as tokens [51,53]. Similarly, proclets define synchronization points to 
establish links between associated object types [47].

Object-centric process models capture the behavior of objects as 
discrete states. Such object states allow abstracting from continuous 
behavior, reducing complexity, and facilitating formal analysis and 
computability. The modeling approaches define different notions of 
object states for the object types [102]. A hospital process can differ-
entiate between the state of a patient who remains ill and one who is 
now cured.

Most multi-model approaches described in Section 2.2 explicitly 
represent states and state transitions as object lifecycles [22,27,36], 
while Petri nets encode object states through the distribution of tokens 
in the net [34,50,51,54,60]. In declarative approaches, object states 
are typically modeled more implicitly, but can be inferred through the 
history of their executed events and links to other objects [71,76]. 
Meanwhile, in OC-DCR graphs [77,79], object states are explicitly 
modeled as data-aware markings of activities represented as object 
instance graphs.

An event type supports the representation of behavior in the infor-
mation system. It models the processing of an entity as state transitions 
of its related object types. On the instance level, events can hence 
capture the changes related to entities in an information system as 
instances of event types and in correlation with the corresponding 
objects. Event logs natively capture event types as a metamodel for 
recorded events [84,87]. In the hospital example, a process model 
can capture examinations as an event type involving a patient and a 
physician.
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Fig. 4. The three object-centric process modeling aspects: data model, intra-
object behavior, and inter-object behavior.

Traditionally, process modeling aims to capture behavior through 
high-level and non-atomic activities [1], which are also used in object-
centric process modeling. However, approaches such as MERODE [27] 
and fCM [36] define an explicit mapping of high-level activities to 
many corresponding low-level event types. Other approaches remain 
implicit and assume a one-to-one correspondence between activity and 
event type.

4. Object-centric process characteristics

Based on the conceptualization of object-centric process manage-
ment in Section 3, Fig.  4 illustrates the most prominent characteristics 
of object-centric processes: (i) a data model that defines object types 
and their associations, (ii) intra-object behavior defining object states 
and state transitions correlated with event types, and (iii) inter-object 
behavior correlating multiple objects and their intra-object behavior 
with each other. Together, these aspects advance the traditional case 
notion into a novel object-centric case notion.

4.1. Data model

A data model, like a UML class diagram, models object types and 
their associations, defining the domain in an object-centric process. 
For example, a hospital information system captures entities, such as 
patients and physicians, along with relevant attributes, and how they 
are associated through patient treatment processes.

As detailed in Section 2 some modeling approaches represent the 
data model explicitly, for instance as UML class diagrams [27,36] or 
ER diagrams [79]. In other approaches, the data model is embedded in 
the model as annotations [3,50,62,76].

4.1.1. Many-to-many associations
A common cardinality of a relation between entity types is many-to-

many. For example, a patient is treated by many physicians, while one 
physician can treat many patients. Some formal modeling approaches 
are limited to many-to-one relationships [47,60]. They assume a be-
havioral normal form [47]. However, any many-to-many relationship 
can be reified into several many-to-one relationships with an additional 
association object type [51]. For example, modeling a treatment as a 
dedicated object can reify the patient-physician relationship.

4.1.2. Rigid & flexible links
The different approaches pose different assumptions about the sta-

bility of links between objects. So far, OCEL [84], and OCED [87] 
assume that links between objects are timeless, indicating that they are 
rigid and never change. This assumption applies to many discovered 
process model types, such as OCPN [52].

Other types of Petri nets explicitly allow for changing links. These 
flexible links can be created, used to correlate objects, and deleted dur-
ing execution [47,60]. Modeling approaches [22,27,36,79] naturally 
capture flexible links to support realistic process executions.

In the hospital example, an association can define rigid links be-
tween a patient and all related physicians or one flexible and changing 
link with one physician at a time.
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Fig. 5. The relationships between events of event type 𝐸 and objects of the 
object types 𝐴 and 𝐵 exhibiting divergence and convergence between the two 
object types.

4.2. Intra-object behavior

The existing approaches use different ways to define the behavior of 
objects in isolation before specifying their joint behavior. This behavior 
of an object type is defined by a set of object states and transitions 
between them. The object state can rely on the attributes of the object 
or its prior behavior, and states can be changed by events [102]. Hence, 
the intra-object behavior defines how event types can change the state 
of an object.

While the described multi-model approaches model the intra-object 
behavior explicitly as object lifecycles, other approaches remain im-
plicit. Typically, the concept of projection [3] or flattening [50] cap-
tures all event types and states of a single object type. For example, 
in OCPN [50], all places of one object type plus the related transitions 
manifest its intra-object behavior.

4.2.1. Multi-object processing & convergence
A very common feature in object-centric processes is multi-object 

processing [51], where one event processes multiple objects of one 
type. This represents observations in an information system where 
multiple entities of the same type participate in the same interaction. 
For instance, consider a surgery where many physicians are involved. In 
process modeling, this situation can be explicitly modeled by variable 
arcs in Petri nets [51], or as activities operating on data object col-
lections in a BPMN process diagram [36,103]. In case-centric process 
models, where one activity instance may refer to a set of cases, this can 
be modeled as batch activities [104].

In process mining, multi-object processing may lead to so-called 
convergence between two potential case objects [3,15,54]. As illus-
trated in Fig.  5 in the top right (1:n), the event 𝑒1 is correlated to exactly 
one object 𝑜1 of type 𝐴, but processes multiple objects, 𝑜3 and 𝑜4, of 
type 𝐵. If 𝐴 is chosen as the case notion, then all events are considered 
once for every case. However, if the object type 𝐵 is considered as the 
case notion, 𝑒1 would be considered for two process instances, that is, 
for 𝑜3 and 𝑜4, even though it happened only once. As objects of type 
𝐴 are related to many objects of type 𝐵 through events of type 𝐸, 
we can say that 𝐵 is converging for 𝐴. This illustrates that only the 
consideration of intra-object behavior is not enough when considering 
multiple object types.

4.2.2. Recurring activities & divergence
In process modeling, a common behavioral pattern is recurring 

activities, typically modeled as loop structures, multi-instance subpro-
cesses in BPMN [24], or declarative constraints [71]. Also, resources 
are often used to model entities that are involved in the same activity 
occurring in many process instances [105].

In process mining, recurring activities result in so-called divergence 
between two potential case notions [15]. In the bottom left of Fig.  5 
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Fig. 6. The many-to-many relationships between object type 𝐴 and 𝐵 through 
the event type 𝐸, with and without optionality and deficiency between 𝐵 and 
𝐸.

(m:1), 𝑜4 of type 𝐵 appears twice, in the events 𝑒1 and 𝑒2. Meanwhile, 
every object of type 𝐴 refers to exactly one event 𝐸. Therefore, the 
event type 𝐸 appears as a recurring event type for 𝐵. We say that 𝐵 is 
diverging for 𝐴 through 𝐸. For example, a physician (𝐵) may perform 
multiple surgeries (𝐴) during one day. In traditional process discov-
ery, recurring activities can lead to convoluted spaghetti models [3]. 
Divergent behavior can be an indicator for resource-like objects [106].

It is important to note that two object types can be converging and 
diverging at the same time, as illustrated in the lower right corner of 
Fig.  5 (m:n). For example, many physicians (𝐵) may be involved with 
many patients (𝐴) through overlaps in surgery events (𝐸).

4.2.3. Optionality & deficiency
Orthogonal to convergence and divergence, an event type 𝐸 and an 

object type 𝐵 can show deficiency [54] and optionality [90], illustrated 
in Fig.  6.

An optional event type 𝐸 for a given object type 𝐵 allows an object 
of type 𝐵 to exist without a correlation to an event of type 𝐸 (cf. 𝑜6
in the upper right corner in Fig.  6). Process models can capture this as 
decisions or optional events. With 𝐴 as the case notion, information that 
is captured in the objects of 𝐵 will not be considered for some cases. In 
a setting where all physicians (𝐴) perform surgeries (𝐸), there might 
be some patients (𝐵) who do not receive any surgery and are therefore 
not captured at all.

If an event type 𝐸 is deficient of the object type 𝐵, an event of type 
𝐸 can exist without any object of type 𝐵 (cf. 𝑒3 lower left corner in Fig. 
6). For example, when admitting a patient, the patient (𝐴) is existential, 
while a physician (𝐵) may be deficient. When choosing 𝐵 as the case 
notion, some events of type 𝐸 might not be recorded.

Event types may be optional while object types may simultaneously 
be deficient. Optionality and deficiency also emphasize the need to 
represent the inter-object behavior for a comprehensive picture of the 
information system’s behavior.

4.3. Inter-object behavior

The inter-object behavior defines how multiple associated objects 
co-evolve. Extending the intra-object behavior, one event can occur for 
a set of objects of different types. This behavioral perspective allows 
us to correlate many objects through events. Although multi-model 
approaches typically use one dedicated coordination model [22] or 
a high-level BPMN diagram [27,36], other approaches represent the 
intra- and inter-object behavior as a single graph [50,51].

For example, Fig.  7 illustrates a setting where two event types 𝐸1
and 𝐸2 and two object types 𝐴 and 𝐵 are related in a one-to-many 
relationship. The complete object-centric process only emerges when 
considering the combined inter-object behavior. Consider events of 
𝐸  are surgeries being performed. 𝐸  represents documentations after 
1 2
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Fig. 7. An example of inter-object behavior of event types E1 and E2 and object 
types 𝐴 and 𝐵 illustrated on the type (left) and instance levels (right).

surgeries. Objects of the type 𝐴 are patients, and of the type 𝐵 are 
physicians. Here, the data model combines the object types 𝐴 and 𝐵
such that one patient is associated with many physicians. Referring to 
the characteristics described in Section 4.2, the many physicians (𝐵) are 
converging for the patient (𝐴), as one surgery event (e.g., 𝑒1 of type 𝐸1) 
is performed for exactly one patient, but many physicians are involved. 
In this example, we do not observe divergence. However, patients (𝐴) 
are deficient in documentation events (e.g., 𝑒2 and 𝑒4 of type 𝐸2), while 
they are optional for physicians (e.g., 𝑜2 of type 𝐵). Only if the two 
object types are considered jointly can we observe the true nature in 
which objects and events are related.

4.3.1. Synchronization
In order to define object-centric process executions where objects 

are only linked in accordance with the data model, the inter-object 
behavior must consider the multiplicity of their associations. Synchro-
nization refers to mechanisms in the inter-object behavior that enforce 
the occurrence of specific events only for objects that are linked [47,51,
53]. For example, a patient should only be associated with their own 
test results.

Two notions of synchronization exist [47]: Exact synchronization 
enforces that an object can only be processed together with all its 
linked objects; subset synchronization allows an object to be processed 
with only a non-empty subset of its related objects. As synchronization 
is inferred from the data model, different types of synchronization 
patterns can be discovered [52,53,55].

4.4. Object-centric case notions

In traditional business process management, process models aim to 
accurately define the start and end of a process, relevant activities, 
and their ordering. Hence, a process typically has a case notion, which 
defines the perspective of the process model and implies how events 
or activities are correlated. One of the first tasks when extracting 
a traditional event log is choosing a case identifier that allows for 
correlating events. This case identifier defines the case notion and can 
be interpreted as one object type. In process modeling, objects typically 
refer to business artifacts and are considered from a modeled case 
notion, which acts as the anchor of modeling process perspectives. For 
example, a hospital process can be considered from the perspective of 
a patient or a physician, resulting in very different models.

The inter-object behavior of an object-centric process model com-
bines multiple object types and, hence, bears more than only one case 
object. Object-centric cases may, therefore, lack a precise start or end, 
challenging typical assumptions in case-centric models. Still, in object-
centric process instances, cases can be identified as groups of events 
and objects that form one connected component [61]. Therefore, the 
notion of an object-centric case depends on the scope of object types 
and event types that are considered. For the example considering Fig. 
7, there could be two cases. One comprises the events 𝑒1 and 𝑒2 and 
the objects 𝑜1, 𝑜2, and 𝑜3. The second case includes 𝑒3, 𝑒4, 𝑜4, and 𝑜5.
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Fig. 8. In object-centric process management, tasks are correlated with input 
and output from the three levels. Typical model-driven engineering tasks are 
colored green, process mining tasks blue.

On the instance level, a case is defined as objects that are related 
plus events occurring in the context of these objects. However, the 
concrete object-centric cases cannot be modeled by the data model or 
intra-object behavior alone. The explicit definition of an object-centric 
case notion needs to consider the combined inter-object behavior. 
Given an object-centric process model and a data model that define an 
object-centric case notion, we can flexibly identify different traditional 
case notions. As traditional case notions consider only one object in 
isolation, it can be interpreted as a simple filter on a complex object-
centric case notion. This allows us to relate any object-centric process 
model back to traditional case notions as well.

5. Research challenges and opportunities

The discussed approaches to object-centric process management dif-
fer in the way they map and abstract features from information systems. 
In BPM, it is important to choose an appropriate process representation 
for a particular task. To guide these decisions, we characterize object-
centric process management by aligning the most relevant research 
areas to the conceptualization introduced above. For each area, the 
status quo in research is outlined, and the most relevant research 
challenges and opportunities are identified.

Different BPM lifecycles have been proposed for traditional business 
process management, relating typical BPM tasks. From a model-driven 
engineering perspective [1,2], processes are designed and analyzed, 
configured in the information system, and enacted. Running processes 
in the information system can be controlled, monitored, and evaluated, 
providing new input for process redesign. From a process mining 
perspective [9,107], process models represent real-world information 
systems that record event logs, which can be used to discover descrip-
tive process models, check conformance with the process model, and 
enhance existing process models with additional information. Process 
models can be simulated to generate event logs, allowing for what-if 
analyses. Running process instances can be monitored by visualizing 
them or predicting their outcome.

As a unification of the existing BPM lifecycles for case-centric 
processes, we characterize object-centric process management as shown 
in Fig.  8, which relates typical process management tasks to their input 
and output artifacts, i.e., process knowledge, process models, event 
logs, information systems, and data.
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The architecture encompasses and extends traditional case-centric 
processes. Model-driven engineering uses an object-centric case notion 
to design process models based on process knowledge. These models 
can be analyzed and redesigned until they meet the desired purpose. 
Such models prescribe the behavior in the information system. To 
do so, these models are enriched to the required technical level of 
detail, so that they serve as configurations of the information system. 
The enactment of process implementations produces process instances, 
which generate process execution data.

Process mining aims to gain knowledge from execution data. Event 
logs must be extracted at the beginning of every process mining effort. 
In this step, it is crucial to define a suitable object-centric case notion 
that identifies required object types and relevant event types. From 
event logs, descriptive process models can be discovered, which define 
the as-is processes in the original information system. Conformance 
checking compares a process model with an event log to identify 
deviating executions between the two. Existing process models can 
be enhanced with additional information observed in an event log 
to provide more descriptive models. Process models can be simulated 
under different assumptions to generate synthetic event logs. Analysts 
can then perform what-if analyses by comparing those logs to assess the 
impact of alternative process configurations. Finally, monitoring aims 
to extract knowledge about running process instances. This knowledge 
can be retrieved from structured event logs.

5.1. Challenges in conceptualization and methodology

In a process management setting where multiple tasks from Fig.  8 
are employed, different models are used to obtain process knowledge. 
Some models focus on a single aspect of the system, such as behavior 
or data. Other models focus on multiple aspects, such as the integration 
of processes and data. As these models represent the same business 
process, ensuring consistency between them is essential. On the one 
hand, the combination of different models can help to overcome blind 
spots. On the other hand, contradictory properties of different models 
should be avoided. The use of different models for different aspects of 
the system brings both conceptual and methodological challenges.

Concept-1 (Modeling Purposes & Capabilities) Picking useful mod-
eling approaches for managing object-centric processes is cru-
cial. Therefore, it is important to identify specific object-centric 
modeling purposes in real-world settings. In a second step, we 
have to study which conceptual definitions of objects and mod-
eling paradigms are needed to fit these purposes. The features 
of the modeling approaches need to be analyzed to identify 
their capabilities and limitations in applying them for differ-
ent purposes. For example, the desired comprehensibility of 
process models requires a visual representation, while auto-
mated analysis requires a formal definition and computational 
decidability.

Concept-2 (Case Notions) Object-centric process models can facilitate 
case notions in an integrated fashion. As different approaches 
model case notions differently, it is important to investigate 
which object-centric case notions match the purposes for a given 
use case or data set.

Concept-3 (Common Terminology) Modeling paradigms use differ-
ent conceptualizations and differing metamodels. Often, they 
incorporate implicit assumptions on real-world information sys-
tems. It is crucial to make these assumptions explicit and study 
their interrelation to harmonize them. This, for example, may 
require the development of a common terminology [91,108].

Following the questions tackling conceptualization, the following 
methodological challenges must also be addressed:
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Method-1 (Representation) Methodologies are needed to guide the 
modeling of object-centric processes from different perspectives. 
In software architectures, views and perspectives can be modeled 
explicitly [109], which needs to be adapted for object-centric 
process management.

Method-2 (Purpose) The capabilities of the different object-centric 
process representations need to be reflected when applying them 
for the purpose of specific BPM tasks. For different tasks in the 
lifecycle (cf. Fig.  8), different process models and combinations 
of models can show more or less useful. Methodologies need to 
be developed and evaluated that guide the selection of appropri-
ate models for identifying and satisfying the purposes for a given 
use case.

Method-3 (Adoption) To adopt the object-centric paradigm in prac-
tice, it is necessary to investigate the business value of object-
centric process management to introduce it to stakeholders. The 
roles of stakeholders in business process management should be 
revised in the new object-centric paradigm.

Method-4 (Case Notion) Whereas traditional case-centric process mod-
els implicitly employed a single case representation, in the 
object-centric paradigm, this case notion needs to be modeled 
explicitly, potentially as a collection of objects. This allows in-
troducing object-centric concepts into existing process manage-
ment initiatives. Process managers can benefit from using new 
perspectives on their information system’s behavior. However, 
this must be supported by new best practices and guidelines 
facilitating the adoption of the object-centric paradigm.

Method-5 (Interoperability) Since object-centric processes can cross 
the boundaries of organizational units, it has to be studied 
how to ensure that objects that are represented in different 
systems can be unequivocally identified and matched. This calls 
for robust methodologies, tools, and techniques to support such 
interoperability between different object-centric systems, as well 
as between object-centric and case-centric systems.

Method-6 (Ethical Considerations) As objects can explicitly rep-
resent human resources, object-centric modeling and analysis 
of respective systems can reveal privacy-sensitive information 
about these subjects. Consequently, object-centric process anal-
yses raise all kinds of ethical questions that need to be addressed, 
both in methodology and analysis techniques.

5.2. Challenges in process design & redesign

When multiple models describe the same system, they must be 
designed consistently. This holds true for multi-model approaches and 
for the combination of different modeling approaches. Consistency is 
studied for system architectures [110,111] and process behavior [112]. 
Modeling tools, which support consistency by design, exist for the 
multi-model approaches fragment-based Case Management [113], In-
formation System Modeling [114], MERODE [115], and PHILharmon-
icFlows [116].

Object-centric Petri nets can be modeled as colored Petri nets [117], 
for which there is tool support [118–120]. Recognizing that resources 
are special types of objects, Lo Bianco et al. [121] provide an extension 
to Petri nets that is a first step towards including decisions on the use 
of resources by other objects.

Design-1 (Granularity and Abstraction) Moving from high-level pro-
cess models and architecture models to low-level implementa-
tions is the typical task of model-driven engineering, where a 
broad spectrum of concepts is captured in the UML modeling 
standard [33]. These concepts can serve as a rich toolbox to 
support object-centric process modeling as well.

Design-2 (Data Modeling) The expressiveness of data models and 
the integration of data models with process models need fur-
ther investigation. For example, the data modeling concepts 
10 
of inheritance, aggregation, and composition induce behavioral 
constraints on process models, which have only been considered 
in few approaches [21].

Design-3 (Resource Modeling) Active resources are special types 
of objects behaving differently from passive objects. This is 
a widely accepted observation in resource-centric [122–125] 
and simulation-focused [121,126] approaches. In particular, 
resources exhibit distinct behavioral patterns across cases and 
objects as they perform batch activities [127] and prioritize 
cases or objects [128], affecting process performance and out-
comes [129]. Yet, in the object-centric paradigm, active re-
sources are often simply modeled as object types [53] without 
accommodating their special role.

Design-4 (Inter-object Relationships) The inter-object behavior needs
to be properly defined considering data modeling aspects, such 
as different types of associations and cardinalities between data 
classes. Existing synchronization mechanisms are so far lim-
ited to a uniform level of granularity and many-to-one rela-
tionships. More perspectives should be investigated, including 
dynamic relationships, hierarchies of object types, and, analo-
gously to queuing theory, objects that may be prioritized over 
other related objects.

Design-5 (Multi-model Approaches) Modeling object-centric processe
is challenging because objects might be accessed and manip-
ulated by several traditional business processes [34,130]. In 
addition to traditional approaches like imperative and declar-
ative process modeling, object-centric multi-model approaches 
need to be investigated. This includes the use of views and filters 
on specific object types and event types to focus on relevant 
aspects.

Design-6 (Instance-spanning Constraints) The interrelation of mul-
tiple traditional case-centric processes is studied as instance-
spanning constraints [131–134]. Multiple process instances are 
constrained by implicit dependencies that are made explicit 
through formal constraints. In light of object-centric processes, 
these constraints can now be explicitly represented as many 
interrelated objects.

Design-7 (Distributed Processes) In distributed settings, parties may 
only have partial, delayed, or conditional views of objects and 
their states. These states can only be synchronized through 
message exchange or object transfer, which necessitates explicit 
modeling constructs for visibility and information exchange. Al-
though initial attempts capture subsets of these aspects [79,135–
138], a refined expressive language for distributed object-centric 
choreographies remains an open design challenge.

Design-8 (Design Methodologies) Design methodologies, such as
object-centric workflow patterns, reference models, and stan-
dards, are needed to guide modelers through the complexity 
of object-centric processes. In addition, redesign methodologies 
are needed to meaningfully incorporate the insights from prior 
analysis into an existing model.

Design-9 (Generative AI) The potentials of generative AI need to 
be explored in all parts of process design, ranging from pro-
cess model creation using natural language processing to label 
analysis and process improvement.

5.3. Challenges in process model analysis

By process model analysis, we refer to the formal and mathematical 
verification of such models. To formally analyze an object-centric busi-
ness process, it must be defined in a mathematically precise way. Petri 
nets are among the most widely used formalisms for this purpose [139]. 
They support the analysis of numerous semantic and syntactic proper-
ties, the study of different behavioral equivalences, and the verification 
of temporal-logic properties [140].
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Although Petri net-based formalisms have been used in business 
process management to cover the control-flow dimension of the pro-
cess [1], dealing with object-centricity requires incorporating the data 
dimension in a suitable way. This is inherently challenging from a 
formal analysis point of view, as evidenced by a long-standing series 
of results within the foundations of data management [67,141] and 
artificial intelligence [142,143].

In the following, we list the challenges which are relevant for 
analyzing object-centric processes.

Analyze-1 (Synchronization) In object-centric processes, objects are 
synchronized based on their correlations with other objects. 
Although various notions of synchronization behavior in object-
centric processes have recently been explored (e.g., [44,47,51,
53,56]), the problem of correlating objects throughout a process 
requires further investigation. This is particularly relevant in 
scenarios where objects are connected through complex relation-
ships (e.g., inheritance, aggregation, or composition known from 
data modeling) and where these links may change during process 
execution.

Analyze-2 (Correctness Notions) Object-centric processes require new
appropriate correctness notions as well as formal languages 
for specifying them. One of the most well-known correctness 
notions in the context of business processes (or, more specif-
ically, workflow nets) is soundness [144]. A natural question 
is whether standard notions of soundness, or data-aware vari-
ants of them [145,146], can be successfully applied to object-
centric processes. Even for object-centric Petri nets proposed 
in [50], which exhibit behavioral similarities to standard Petri 
nets [147], it was discussed in [148] that traditional soundness 
notions have limited applicability in the object-centric setting. 
Following these observations, preliminary works (e.g., [44,148]) 
have introduced more suitable soundness notions for different 
classes of object-centric process formalisms. Nevertheless, this 
research area requires significantly more attention, both in 
terms of developing new correctness notions and in devising 
procedures for their automated verification.

Analyze-3 (Temporal Properties) In complex object-centric settings, 
studying temporal properties is essential. Due to the presence 
of objects and relationships in object-centric processes, such 
properties have to simultaneously account for the dimensions of 
time and data values. This calls for first-order variants of tem-
poral properties and the corresponding verification techniques. 
So far, relevant works have focused on fundamental properties 
such as reachability and safety [143,149], or first-order exten-
sions of temporal logics [150–152]. These approaches adopt 
an interleaving semantics for concurrency and do not directly 
lend themselves to dealing with object-centric processes with 
true concurrency. First-order extensions of CTL or CTL* [153] 
can help to better represent suitable temporal properties in this 
context, but further research is needed towards suitable temporal 
logics for object-centric processes and their efficient verification.

Analyze-4 (Compliance Checking) Compliance checking analyzes 
process models for their conformity to compliance rules that 
are extracted from policies and legal regulations, which are not 
process-centric per se. While case-centric process models aim to 
map rules to activities, the object-centric paradigm makes it pos-
sible to relate compliance rules explicitly with objects, allowing 
for a more accurate representation. Although OC-DECLARE [76], 
OC-DCR [77,79] or OCBC [71] provide declarative formalisms, 
the increasing computational complexity of object-centric pro-
cess models must be addressed.

Analyze-5 (Probabilistic Processes) The analysis of probabilistic pro-
cess executions for traditional case-centric process models is 
investigated in probabilistic modeling and queueing theory. In 
probabilistic object-centric processes, multiple object perspec-
tives need to be considered.
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5.4. Challenges in model comprehension

By process model comprehension, we refer to the task of assessing a 
process model by human experts in order to validate it with respect to 
reality. Most prominently, graphical models are used, but also formal 
or textual representations, to understand a process. For object-centric 
processes, the aggregation of several perspectives into one model or 
the combination of multiple models for different perspectives results in 
more complex process models, which are more difficult to comprehend 
for human users [130]. Therefore, model comprehension comprises a 
set of challenges. For some declarative case-centric notations, such as 
GSM [154], a decreased perceived ease of use can be observed. Yet, 
such notations can be more useful at conveying circumstantial informa-
tion [155], which may render them more suitable for the object-centric 
paradigm. The comprehensibility of different graphical object-centric 
process notations is investigated by Holz et al. [156]. Schreiber et al. 
investigate the cognitive effects of fragmented process models [157].

Berti et al. [158] provide tools for analyzing process models discov-
ered from OCEL logs. Layouting algorithms are proposed to support the 
visualization of object-centric Petri nets [159]. Initial research shows 
that balancing abstraction and mapping can result in the discovery 
of simpler and more understandable object-centric models [64,65]. 
In [160], process analysts are supported by defining process scopes to 
visualize high-level inter-process interactions.

Comprehension-1 (Model Comprehension) To improve the compre-
hensibility of object-centric process models for human users, 
more insight is needed into the cognitive effects of object-centric 
process modeling paradigms. Modeling languages need to be 
adapted or developed for better comprehensibility.

Comprehension-2 (Model Visualization) Users may pose individ-
ual requirements towards the visualization of an object-centric 
process model and may be interested in selecting specific object-
centric case notions [106,160]. Flexible derivations of personal-
ized views on object-centric process models are needed to guide 
users.

Comprehension-3 (Model Transformations) To bridge the compre-
hensibility and formal analysis of models, model transforma-
tions can serve as intermediaries between low-level formalisms 
and comprehensible graphical notations. As they may map fea-
tures differently and abstract from only some characteristics, 
equivalent mappings are difficult to achieve.

Comprehension-4 (Layouting) The comprehensibility of object-centric
process models can be supported by suitable layouts and auto-
matic computation via layouting algorithms, which need to be 
studied in more detail.

5.5. Challenges in process configuration

The configuration phase refers to the implementation of the behav-
ior defined by an object-centric process model. This is mainly achieved 
in two ways. A process-oriented information system can take a detailed 
and configured process model as input [1], and a process engine is then 
responsible for executing the process as defined in the process model. 
Alternatively, the process model can serve as a blueprint to manually 
implement the process in an existing system.

In model-driven engineering, multiple object-centric approaches, 
such as the Guard-Stage-Milestone approach [20], OC-DCR [161,162], 
MERODE [27], and PHILharmonicFlows [22,163], enrich process mod-
els to a level of detail where they can be enacted by a process engine 
immediately.

Config-1 (Standards) Novel object-centric process modeling standards 
are required which combine concepts from high-level process 
modeling notations and detailed data modeling capabilities. For 
instance, established standards such as BPMN 2.0 [24] to model 
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business processes and UML [33] to model data structures and 
object behavior may be combined, similar to DCR graphs com-
bined with ER diagrams [79].

Config-2 (System Architectures) System architectures for process-
oriented information systems need to be designed that support 
the coexistence of multiple intertwined process models jointly 
realizing process executions. In contrast, current architectures 
designed for a case-centric perspective primarily execute process 
instances independently of each other.

Config-3 (Resource Configuration) The modeling and configuration 
of resources in an object-centric process raises the question 
of the extent to which resources can be modeled as objects. 
Resources may also access multiple other objects, which requires 
a configuration of access control and permission handling.

Config-4 (Data Granularity) The configuration of high-level process 
models results in very detailed process implementations. To 
cope with the additional complexity in the object-centric setting, 
online analytical processing (OLAP) operations have proven use-
ful [164], such as roll-up and drill-down. More techniques and 
methodologies for handling these different levels of granularity 
are needed.

Config-5 (Programmed Implementations) To support a direct im-
plementation of object-centric processes into executable pro-
grams, object-oriented programming [165] provides features 
that can be harnessed, while proposals such as behavioral pro-
gramming [166] may specifically help in implementing the 
interactions of objects.

Config-6 (Version Management) Process configurations should be 
integrated into the running information systems. Integration, 
maintenance, and version updating of object-centric process con-
figurations require updated methodologies.

5.6. Challenges in process enactment

Given a process implementation, which prescribes how the pro-
cess should be executed, process enactment aims to provide run-time 
support to make sure that the process is actually executed as defined.

Enact-1 (Process Engines) Traditionally, process execution engines 
are software components that use process models to steer the ex-
ecution of process instances. Since object-centric processes com-
bine multiple object perspectives, they offer to solve conflicting 
data access between different traditional process instances. First 
object-centric process engines based on GSM [167,168] and 
on PetriFlow [58,59] have been proposed. Comparable process 
engines for other recently established object-centric modeling 
approaches are still missing.

Enact-2 (Interfaces) During process enactment, typically several data-
bases or, more generally, data stores are accessed. Appropriate 
interfaces have to be designed to provide an object view on the 
data stores. These might use non-object representations, such 
as tuples in a relational database. Relational views might be 
employed to provide an object perspective on data that is stored 
in a relational database system.

Enact-3 (Transactions & Compensation) To achieve robustness in 
process execution, process models may define transactional con-
texts and compensation mechanisms. In traditional models, the 
scope of transactions and compensation handlers can be defined 
on the level of individual process instances. In object-centric 
models, however, more flexible definitions are required, as trans-
actions may span across object types and a single object may 
be included in multiple different processes. Approaches to cap-
ture these scenarios and provide unambiguous semantics need 
to be developed for object-centric process engines, along with 
implementation strategies that link transactional concepts at 
the process level to those available in database management 
systems.
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Enact-4 (Distributed Execution) Novel software architectures for 
object-centric process enactment must be designed and evalu-
ated. Analogously to microservices [169], objects may relate to 
distributed or heterogeneous entities in the information system. 
Furthermore, agent-based processes [122] define the behavior 
of individual distributed agents, which can be transferred to 
define inter- and intra-object behavior. Traditional architectures 
in which a central process engine invokes services to provide 
functionality need to be extended to capture distributed objects.

Enact-5 (Data Formats) The enactment of object-centric business pro-
cesses creates large datasets, which are valuable assets for pro-
cess mining. Standardized data formats for execution data of 
object-centric business processes will be important to facilitate 
process evaluation in general and process mining in particular. 
Existing initiatives like OCEL and OCED need to be consolidated 
and extended to capture the required features.

Enact-6 (Logging) To ensure that the execution data holds the infor-
mation that is required for later event log extraction, methods 
and guidelines should be developed to automatically log relevant 
events, entities, and attributes during process execution. In addi-
tion, information systems could directly generate object-centric 
event logs during enactment.

5.7. Challenges in event log extraction

The extraction or generation of event logs from process execution 
data is a key task in any process mining endeavor. It is obvious that 
the quality of the generated event log influences the quality of the 
process mining task. The extraction of object-centric event logs is 
studied for different sources: databases [49,82,170], virtual knowledge 
graphs [171], and blockchain applications [172,173].

To query process-centric data more effectively from a database, 
process querying languages are developed. Related work includes aca-
demic efforts [174], as well as industry works [175,176].

Traditional process querying and constraint checking assume a case-
centric view of event data. Therefore, a querying and constraint frame-
work and language that works with Object-Centric Event Data is re-
quired. OCPQ (Object-Centric Process Querying) [93] provides a query-
ing and constraint language in which objects and events are considered 
first-class citizens. To support the navigation of related objects and 
events, languages like OCPQ are vital for extracting object-centric event 
data. Furthermore, graph query languages such as Cypher are effective 
in querying object-centric event data [95] across a large variety of 
industrial use cases [177].

Methodologies from traditional process mining have been extended 
to the extraction of object-centric event logs, emphasizing the role of 
data models to specify case notions [108]. To extract more suitable 
logs, the definition of advanced case notions [106] and scopes for 
aggregating and abstracting objects and events [160] are required.

Extract-1 (Data Sources) A wide variety of data sources for object-
centric processes should be investigated, such as data streams, 
database tables, and redo logs. For instance, existing case-centric 
event log extraction methods based on sensor data and video 
material [178,179] should be extended to the object-centric 
setting.

Extract-2 (Data Quality) The different types of data sources need to 
be analyzed with respect to data quality issues. While existing 
methods to assess the quality of the data sources provide a good 
starting point [180], they have to be critically evaluated.

Extract-3 (Temporal Databases) With the object-centric paradigm, 
event logs can be regarded as declarative views over temporal 
databases that store the objects in question. This assumption 
allows explicating the implicit mapping between the evolution 
of data and the corresponding log entries but raises the question 
of how to define or derive such views.
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Extract-4 (Heterogeneous & Federated Sources) Given the fact that 
object-centric business processes use a wide variety of objects 
stored in different information systems, mapping entities from 
heterogeneous or distributed data sources to objects is challeng-
ing. These distributed sources may contain divergent representa-
tions of entities while referring to the same object. While central 
data storage of event logs is studied [181], federated process 
mining [182] needs to be extended with modeling concepts and 
algorithms that harmonize such distributed data into a coherent 
object-centric event log. Frameworks are needed to determine 
indicators of which entities and which attributes are relevant for 
certain questions. A balance is required between the complexity 
of the model and its comprehensiveness.

Extract-5 (Abstraction & Privacy) Guidelines are needed to abstract 
objects depending on the required level of granularity and the 
requirements of the resulting event log. On the one hand, the 
resulting log needs to be rich enough to answer relevant ques-
tions. On the other hand, the representation of execution data 
in objects should comply with ethical and legal considerations. 
For example, objects representing human resources should be 
anonymized in accordance with data protection regulations.

Extract-6 (ETL Pipelines) Event log extraction induces various design 
choices, e.g., related to the identification of objects and events 
in a data collection, the abstraction of their states, and their 
correlation. These design choices that are commonly managed 
as part of an extract-transform-load (ETL) process impact any 
downstream analysis. As such, they should be made explicit 
and their implications on analysis results, e.g., in terms of ac-
curacy, timeliness, and trustworthiness, shall be made transpar-
ent to achieve traceability. Alternatively, extract-load-transform 
(ELT) approaches as proposed by Esser et al. [95] and Swevels 
et al. [88,183] can be pursued, which do provide flexibility in 
realizing data transformations in line with analysis goals, while 
the use of graph data models allows trace transformations and 
their impact on analysis results. Yet these approaches currently 
lack scalability to industrial workloads.

Extract-7 (Object Relationships) Currently, the role of links between 
objects is not yet represented in object-centric event logs in 
detail. As relationships such as foreign keys in a database can 
change over time, volatile links between objects should also be 
investigated. To this end, techniques from data profiling may 
be adapted to support the identification of object links and 
to monitor their evolution. However, traditional data profiling 
techniques are largely agnostic to the phenomena that lead 
to changes in the data, whereas in object-centric processes, 
these changes are structured and systematic, which raises the 
challenge of integrating process knowledge into the respective 
mining techniques.

Extract-8 (Event Log Formats) Current standardization efforts for 
object-centric event log formats do not cover all possible data 
modeling concepts [87]. While various use cases require the 
extension of an event log format based on OCEL and OCED, 
a standardization effort has to balance the desired expressive-
ness (covering various modeling concepts and use cases) with 
the simplicity required for industrial-scale implementation and 
adoption by a large ecosystem of source systems and process 
mining solutions.

Extract-9 (Storage Formats) Given their complexity, object-centric 
event logs have become larger and computationally more ex-
pensive to process. Therefore, different storage formats for event 
logs, such as event knowledge graphs, can be considered. For 
practical applications, trade-offs between the required grade of 
detail in the log and the technical feasibility need to be studied.
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5.8. Challenges in process discovery

As process discovery aims at generating process models that de-
scribe how the processes in an organization are actually executed, it 
is one of the most important tasks in process mining. So far, several 
process discovery approaches have been proposed: object-centric Petri 
nets [50,53], process trees [54], typed Jackson Nets [184], process 
variants [61], TOTeM data models [81], directly follows graphs [185], 
causal nets [62,64], object-centric DECLARE [76], and object-centric 
DCR [77]. Other approaches have been considered primarily from a 
modeling perspective and consider process discovery as well: GSM [186]
PhilharmonicFlows [187], OCBC [188], and DMN [189].

Discover-1 (Purpose) Methodologies are needed to determine appro-
priate approaches that satisfy required model purposes for dif-
ferent real-world use cases. Depending on the task, different dis-
covered model types might be more or less useful. For example, 
different process representations are needed for comprehension 
and for process verification.

Discover-2 (Object Relationships) The discovery of complex object 
relationships needs to be studied in more detail. While ini-
tial approaches discover object relationships [55,81,190], the 
discovery of more advanced data modeling concepts such as in-
heritance, aggregation, composition, and the difference between 
static and changing links during execution need to be studied.

Discover-3 (Intra-object Behavior) Currently, discovered intra-object 
behavior is restricted to the observation that events are happen-
ing in correlation with objects without qualifying the type of 
correlation. Discovering CRUD operations on objects and object 
relationships is crucial for discovering process models with ad-
vanced execution semantics. This requires an appropriate level 
of granularity in the event logs.

Discover-4 (Inter-object Behavior) Discovering appropriate inter-
object behavior of multiple object types is challenging. Although 
first approaches aim to discover synchronizing behavior [52,
55,76], more work is needed to discover complex synchro-
nization patterns. Also, temporal dependencies [81] that can 
be discovered between object types can be used to discover 
more appropriate process models. Object-centric discovery must 
consider inter-case dynamics, the second-order effects that arise 
when many objects compete for shared resources. Queue mining 
research shows that system performance is shaped not only by 
logical dependencies but also by congestion phenomena such 
as workload coupling, queue buildup, blocking, and resource 
contention [191]. Incorporating such inter-case interactions is 
essential to uncovering the operational drivers of delay and 
instability across object lifecycles.

Discover-5 (Instance-spanning Constraints) As highlighted in Design
6, instance-spanning constraints capture dependencies between 
multiple instances of case-centric processes. In event logs, insta-
nce-spanning constraints manifest as observations tracing back 
to batch activities. Discovery of instance-spanning constraints 
and batch activities from case-centric event logs [192–194] can 
be explicitly tied to related objects in object-centric process 
discovery.

Discover-6 (Comprehensibility) The increased scope, detail, and struc
ture of the data and behavior will make it more likely that the 
discovered process models are too complex to understand. At 
the same time, users may be interested in specific aspects of 
the behavior. This creates the challenge of discovering partial 
models in line with user interests or a collection of object-centric 
local process models.

Discover-7 (Computational Complexity) Although more expressive 
models shall be discovered, their rising complexity unavoidably 
will come with higher computational complexity. Efficient dis-
covery algorithms with useful trade-offs for a given purpose are 
required.
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Discover-8 (Controllability) While different discovery algorithms have
been proposed, they offer limited control over parameters. Hence
these algorithms impede the discovery of models that fit indi-
vidual purposes. The focus should be on algorithms that offer 
greater control to process scientists.

Discover-9 (Concept Drift) Concept drift characterizes a change in 
process instances over time [195]. The object-centric paradigm 
offers an analysis of the root cause in more detail, which might 
stem from changes in entities and their relationships. As object-
centric logs can incorporate multiple case notions, they facili-
tate the analysis of process changes, enabling the analysis and 
comparison of process behavior for changed processes [130].

5.9. Challenges in conformance checking

Conformance checking studies the relationships between process 
execution data, represented by event logs, and process models. Several 
approaches have been proposed, including object-centric behavioral 
constraints [196,197] and object-centric directly follows graphs [185]. 
Specific metrics like fitness and precision aim to quantify the level 
of conformance between model and log. For object-centric Petri nets, 
these metrics have been defined by Adams et al. [198]. In conformance 
checking, a typical task is to identify the best alignment of behav-
ioral patterns between the model and the log [199]. The alignment 
of object-centric Petri nets and object-centric event logs is defined 
by Liss et al. [200], while Gianola et al. extend it for object-centric 
Petri nets with identifiers to respect the links of objects to capture 
synchronization [51] and also to respect objects’ attributes [60]. To 
study the relationships between these formalisms, Seidel et al. [52] 
investigate equivalences between them. Abstractions can be used to 
compare the conformance results [201]. Sommers et al. [202] show 
that alignments over shared objects require re-thinking how deviations 
between model and log are diagnosed when finding the most likely 
explanation for deviations.

Conformance-1 (Conformance Metrics) In general, conformance
checking compares the similarity between process model and 
log. Either the model or the log needs to be trusted in represent-
ing the original information system accurately [203,204]. The 
object-centric paradigm can help to represent the information 
system more comprehensively, promising more accurate con-
formance checking once appropriate conformance metrics are 
defined.

Conformance-2 (Missing Objects) As events are correlated through 
objects, missing objects in the log or missing activities in the 
model can drastically influence the observed events and their 
alignment. While current work assumes consistent objects in the 
model and log, future studies need to investigate the role of 
missing objects to better align models and logs.

Conformance-3 (Object Relationships) Current object-centric con-
formance checking considers mostly event ordering per object. 
However, object-centric processes offer more complex dimen-
sions such as attribute values, object states, and object syn-
chronization. Capturing [131] and quantifying such additional 
dimensions can help in capturing conformance more comprehen-
sively.

Conformance-4 (Granularity) Different levels of granularity between 
detailed event logs and more abstract process models need to be 
bridged. An execution state of a process model may be defined 
at a more abstract level than the recorded events and their 
attributes in an event log. A mapping between states in the 
model and the temporal position in the log, and between event 
occurrences in the log and state transitions in the model, is 
needed.
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Conformance-5 (Computational Costs) The computation of confor-
mance metrics is computationally demanding for object-centric 
cases [51], which can limit their application in real-world use 
cases [205]. Methodologies such as relaxations [206], for finding 
suitable trade-offs between desired complexity and computa-
tional feasibility, as well as performant algorithms are needed. 
In addition, more robust and efficient algorithms are needed 
for conformance checking in real-world logs, especially when 
dealing with high-volume data [205].

5.10. Challenges in process enhancement

Process enhancement aims to enrich existing process models with 
insights gathered from event logs [107,207]. Most importantly, the 
process models are enriched with the perspectives of performance, 
data, resources, and time [13]. Enhancement of process performance 
is studied for GSM [208], object-centric Petri nets [209], and object-
centric DFGs [185]. Knowledge about the data model can be used to 
enhance process models. Temporal relations between object types can 
indicate distinct process areas [210], while rigid associations can imply 
synchronization [52]. Distance metrics are proposed to group similar 
objects for different analysis purposes [211], which can be used for 
enhancement.

Enhance-1 (Visualization) Analogous to model comprehension, the 
visualization of object-centric enhancements must express the 
required complexity comprehensibly. Novel designs and visual-
izations must be developed and empirically evaluated.

Enhance-2 (Backward Compatibility) Traditional process models can
be enhanced with object-centric information on additional object 
perspectives. Correctly representing the object-centric enhance-
ments requires an investigation of the relation between objects 
and the traditional case notion.

Enhance-3 (Temporal Information) To enhance process models with 
the dimension of time, process models need to capture temporal 
aspects in the form of activity duration or waiting times, while 
event logs typically capture atomic events. Event logs need to be 
rich enough to distinguish passive waiting from actively running 
activities, motivating comprehensive logging during enactment 
and extraction of these features.

5.11. Challenges in process simulation

In traditional process simulation, process models are enriched with 
execution contexts such as branching probabilities, resource constraints,
and execution times for activities. Existing data-aware process simu-
lation approaches [212] extend case-centric simulation where data at-
tributes, which determine the process flow, can be modified throughout 
the simulation. Batching policies used in existing simulation [213,214] 
provide a basis to model both convergence and divergence between 
simulated cases. Recent works on process simulation with differentiated 
resources discover and integrate resource calendars, heterogeneous 
performance, and intermittent availability into simulations [126,215], 
where resources are entities with distinct behaviors and constraints. 
Multi-agent approaches such as AgentSimulator [122] allow modeling 
resources as agents accordingly.

As a first dedicated approach for object-centric process simulation, 
Knopp et al. [216] discover object-centric Petri nets with simulation 
configurations from object-centric event logs. Object-centric process 
simulation promises new and valuable insights [217] but still needs to 
be combined with the existing work on data-driven and agent-based 
simulation.

Simulate-1 (Generating OCELs) Simulation can produce meaningful 
benchmark OCELs for evaluating process mining approaches. 
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Real-world process execution may be confidential and propri-
etary. Simulation can help to create realistic but publicaly-
available data sets. The challenge is to find methodologies that 
perform realistic simulations for a given purpose and with de-
sired features.

Simulate-2 (Resources) While existing data-driven simulators support 
concurrent execution of many cases, with data-aware update 
rules and constraints to guide the execution [212] and allo-
cation of resources with differentiated availability and perfor-
mance [122,126,215], these approaches remain case-centric. 
Accessible and configurable methods are needed to extend these 
foundations to object-centric models, where activity execution 
may depend on the joint state and availability of multiple inter-
related objects.

Simulate-3 (Simulation Configurations) The configurations of object-
centric simulation models are inherently more complex than 
in traditional process simulation. Because the execution of ac-
tivities depends not only on processing times, branching prob-
abilities, and resource capacities, but also on the availability 
of objects, the configuration needs to define parameters that 
define the effect of objects on the simulation outcome. Such 
parameters include the waiting times and processing times of 
objects for different activities and resources. For relationships 
between objects, for each object, the number of related objects 
needs to be specified.

Simulate-4 (Scheduling) In object-centric simulation, orchestration 
must consider events whose enablement depends on multiple 
interrelated objects, which are also not bound to a single case 
lifecycle. This creates convergence and divergence that can span 
multiple concurrent cases, which reduces the simulation con-
trollability and increases side effects that impact other pending 
events and objects.

Simulate-5 (Object Creation) In object-centric simulation, new ob-
jects are not created in a single stream as in case-centric models. 
Instead, different types of objects may be created at different 
times and need to be dynamically linked during the simulation. 
Mechanisms are needed to represent how objects are created 
asynchronously and how their relations control the execution.

Simulate-6 (What-if Analysis) The application of object-centric sim-
ulation for what-if analysis and process optimization has so 
far remained largely unexplored. In the object-centric domain, 
where interactions between multiple object types can lead to sev-
eral undesired side effects, there is a huge potential to optimize 
the underlying processes.

Simulate-7 (Simulation Model Quality) Evaluating object-centric sim
ulation models is a challenging and unexplored area. Existing 
metrics applied to case-centric settings mainly rely on distance 
measures and compare original and simulated event logs glob-
ally, focusing on control flow, time, congestion, and resource 
dimensions [218]. In the object-centric setting, measures need to 
be defined that quantify the data perspective for object-centric 
scenarios. New evaluation methods are required to capture the 
individual impact of objects on the different dimensions of the 
simulation outcomes and their combined effect.

5.12. Challenges in process monitoring

Process monitoring encompasses two tasks. First, operational mon-
itoring analyzes running process instances and evaluates their per-
formance. Second, predictive process monitoring goes beyond analyz-
ing historical instances to forecast the future progression of ongoing 
instances.

Park and van der Aalst [219] provide an approach for operational 
monitoring of object-centric event logs. Monitoring offers the ability to 
analyze business processes according to their performance [185,209] 
or specific constraints [220]. Model-driven engineering approaches, 
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such as PHILharmonicFlows [221], provide monitoring facilities for 
their configured and implemented process models at runtime. BPMN 
in combination with GSM can be used for the decentralized monitoring 
of objects, as shown in [222].

Existing approaches aim to provide efficient analysis of event logs 
in order to support process monitoring. Kumar et al. [223] compare 
different database schemas for querying monitoring results from object-
centric event logs. Jalali [224] groups similar behavioral patterns to 
improve event log access.

Monitor-1 (Visualization) To show process managers meaningful 
monitoring results, the visualization of object-centric process 
insights needs to find a balance between simple visualizations 
that are easy to comprehend and visualizations that expose 
the complex interrelations of different objects [160]. Novel ap-
proaches for visualizing monitoring results and dashboards are 
needed, and empirical research should investigate their practical 
applicability.

Monitor-2 (Querying) To retrieve monitoring results from running 
process executions as manifested in databases, the relation be-
tween process models and efficient querying with querying lan-
guages [174] such as PQL or SIGNAL should be studied. Bench-
marks are needed for comparable evaluations of queries.

Monitor-3 (Run-time Analysis) Operational monitoring involves the 
application of conformance and compliance checking techniques 
at runtime. This requires the analysis of object-centric con-
straints over incomplete process executions. Existing techniques, 
respectively, aim at monitoring cross-instance constraints [225] 
and run-time monitoring [226–228]. The combination of both 
perspectives still needs to be studied.

The predictive process monitoring subfield uses the information 
from event logs as input to machine learning approaches to predict the 
outcome, remaining time, or next events of running business process 
instances [229]. In contrast to case-centric event logs, object-centric 
event logs also store information on objects and their links. This can 
be used by novel feature extraction techniques [230]. The first inves-
tigations indicate that object-centric predictive process monitoring can 
provide better predictions considering object relationships  [231–234].

Monitor-4 (Reproducibility) Research on object-centric prediction 
models needs frameworks, public data sets, and benchmarks to 
support the reproducibility and comparability of approaches.

Monitor-5 (Training Objectives) Machine learning models need to be 
trained on suitable data for relevant features. Although object-
centric event logs may contain more detailed information than 
traditional logs, it is not obvious which features contribute to 
specific prediction tasks. Hence, it should be investigated to 
what extent and at what abstraction level attribute values, links, 
and inter-object behavior are relevant for training.

Monitor-6 (Object-centric Outcomes) Without clear boundaries of 
cases, outcome prediction first needs to determine what a suit-
able outcome comprises, based on involved objects. Analo-
gously, time predictions need to consider that the process execu-
tions are not sequences, but complex graphs, involving different 
objects and their links. Methods are needed to assist in selecting 
suitable prediction outcomes. For example, existing works [232,
234] propose the concept of viewpoints. Viewpoints are special 
object types that are especially relevant for the process perfor-
mance. Yet, the choice of viewpoints depends on the domain and 
the specific outcome and, hence, not always straightforward.

Monitor-7 (Prescriptive Monitoring) Prescriptive process monitoring 
employs predictions that can be enacted in the running infor-
mation system right away [229]. In the object-centric setting, 
this may lead to side effects on other objects. Model-driven pre-
dictions that explicitly track such side effects can help uncover 
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unintended interactions [235]. Another opportunity is shifting 
from local prediction models – which consider each execution in 
isolation – to a global prediction approach that simultaneously 
accounts for all ongoing executions, thereby revealing hidden 
interferences and improving predictive accuracy [236].

Monitor-8 (Explainability) Predictions made using machine learning 
models need to be explainable to become a trustworthy basis 
for decision-making. Such prediction models are often proba-
bilistic and intransparent. Although predictive models contain 
rich levels of information, conveying useful explanations to the 
users of predictive technology is already challenging for case-
centric processes. Here, counterfactual explanations can be used, 
where counterfactual cases exemplify minimal changes to the 
case, which modify the predicted outcome [237,238]. The ab-
sence of case notions raises the question of what constitutes an 
appropriate counterfactual for a given prediction.

6. Conclusion

Object-centric process management uses object-centric process mod-
els and event logs as intermediaries between information systems and 
knowledge to describe, analyze, and monitor the system’s behavior. 
This research manifesto provides an overview of the status quo in 
the research of object-centric processes. Based on an overview of the 
literature, a conceptualization is provided that encompasses the work 
in process modeling and process mining by defining a common termi-
nology for object-centric process models and event logs. We explain the 
most relevant behavioral characteristics that emerge in object-centric 
processes. Finally, a unified domain model of object-centric process 
management relates the most prominent research areas in BPM to the 
conceptualization. We observe that a variety of different process repre-
sentations are suitable for different purposes in process management. 
There is not only one process modeling approach to satisfy all purposes, 
but object-centric process management needs to identify appropriate 
models for different tasks. Therefore, we elaborate on the most pressing 
research challenges in academia and practice to guide future research 
on object-centric process management.

As the purpose of this paper is to arrive at a common understanding 
of object-centric processes and their context, the proposed conceptual-
ization only provides a general overview of the relevant concepts, while 
a detailed discussion on standardization and research on object-centric 
methodologies remains open. However, future research along the lines 
of identified research challenges will contribute to clarifying these 
aspects. This manifesto may serve as a common ground for the novel 
and developing field of research on object-centric process management. 
Future research will help to adopt the object-centric paradigm in prac-
tice for a more precise and comprehensive management of processes in 
information systems.
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