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Abstract

Process Mining, a tool to analyze event data, traditionally extracts this data in form of flat event logs. This
results in limitations like divergence and convergence. Object-centric process mining (OCPM) overcomes this by
modeling objects and their relations explicitly. However, objects are often treated as strictly singular entities.
Instead objects could be made up of multiple other objects. We refer to them as collection objects. This project’s
goal is to establish fundamental understanding about collection objects (RQ1), develop novel OCPM techniques
to solve inherent challenges of processes with collection objects (RQ2) and apply these novel techniques to real
world supply chain management (SCM) settings, to evaluate the feasibility of these techniques and gather new
insights for the SCM domain (RQ3).
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1. Introduction

Process Mining offers methods and techniques to extract, analyze and improve business processes. It
finds application in areas like healthcare, finance or supply chain management (SCM) [1]. Traditionally,
Process Mining extracts event data from its data sources in the format of flat event logs. Objects and
their relations are flattened to represent the perspective of one object type, which becomes the case of
the process.

As shown in [2] this leads to issues like divergence and convergence, in cases where objects interact
with multiple other objects of the same object type at once. Object-centric Process Mining (OCPM)
addresses these issues by substituting the case notion for explicit object relations. OCPM techniques
are able to infer valuable information about the process via these object relations.

2. Collection objects

One class of objects that benefits from this paradigm shift are collection objects. These are objects that
consist of a group of objects. A typical order for example may consist of multiple goods. Typically,
process mining refers to these goods only implicitly by associating the order with a quantity and a type
attribute.

Intuitively, this is sensible in instances where the process on the level of these goods is not relevant
for the Process Mining analysis. However, if we consider larger orders where goods are aggregated
into (line-)items and these items exhibit deviating behavior, it becomes relevant to incorporate these
items in the process. In this example, the order object is related to the item objects it consists of. As a
result, the process can be analyzed on multiple levels, the order level and the item level. This multi-level
event execution, where collection objects and their elements occasionally share events and occasionally
deviate in their behavior, is the first special challenge of working with collection objects. Similar
multi-level concerns can be applied in hierarchical process mining [3]. The novelty for collection objects
is that the multi-level view extends to the objects of the process as well, the collection objects.
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The second challenge does not come from the structure of the collection objects itself but from their
characteristic behavior. Regardless whether collection objects are modeled explicitly or implicitly, they
can be subject to several operations. Their quantity might be increased or decreased, or they might
exchange elements with other collection objects. These operations are easier to implement in process
mining techniques when collection objects are modeled implicitly through activities that increase/de-
crease their quantity accordingly. In instances, where collection objects are modeled explicitly, an
increase or decrease means that one object is now related to a new item or a relation ceases to exist.
Such dynamic relations are a new concept to OCPM that models relations without regard to time-bound
constraints.

This gap increases in severity when considering more complex operations such as replacements,
fragmentation, or consolidation. Here, one or more collection objects cease to exist and one or more
collection objects take their place. For instance, fragmentation might be used to split an order into smaller
orders with different delivery dates. For any of these operations the involved collection objects are
temporally related as part of a predecessor-successor relation. When collection objects are implemented
explicitly this means that all predecessor elements are now related to the corresponding successor
elements, highlighting the increased complexity of the dynamic relation. Temporal relations between
objects are still relatively uncovered by OCPM research but not unknown. A temporal object type
model (TOTEM) [4] reveals high-level timing dependencies between object types, although they do not
address intra-type hierarchical temporal dynamics such as those between collection objects.

Additionally, this second group of operations highlights another challenge, that is their mismatch of
object life-cycles. When one object is replaced by another the life-cycle of the first object ends and the
other starts, however the linked elements persist. Counterintuitively, all of this is part of one process
instance that has to be traced over multiple object life-cycles.

3. Research Questions

Considering the challenges positioned above, we ask how they can be answered in OCPM. We seek to
answer the following three research questions:

1. What are collection objects in the context of OCPM?
2. How can OCPM overcome the challenges of mining collection objects?

3. What novel insights can OCPM for collection objects generate when applying it to real world
supply chain data?

These questions do not necessarily need to be answered in the exact order they are presented,
although they rely on each other to a certain degree. Rather, we envisage an iterative approach, hoping
that the insights we gain from applying OCPM techniques to collection object data in SCM may lead to
new questions and gaps to address and to create knowledge about which again leads to improved or
novel OCPM techniques. Ideally, SCM acts as a demonstration area and while we also use it to motivate
the topic of collection object, our goal is to develop concepts that are applicable outside this domain.

3.1. RQ1

Collection objects have not been addressed directly by current (object-centric) process mining tech-
niques. The goal of RQ1 is to gain fundamental understanding of collection objects, their behavior and
corresponding challenges.

Therefore, it is necessary to survey the current state of supply chain and process mining literature to
expose gaps and opportunities for implementing support for collection objects from both perspectives.
The supply chain side ensures relevance and compatibility of collection objects for the field, while the
process mining side helps to uncover technical and conceptual limitations of current Process Mining
methods.



Furthermore, collection objects need to be formally defined and characterized in order to create
universal understanding and as a basis to enable research on them. This can be achieved using mathe-
matical formalizations that build on the existing definitions of OCPM like the OCEL 2.0 specification
[5], to ensure that collection objects are directly immersed into their object-centric context, including
an potential extension of the object-centric metamodel.

3.2. RQ2

Once the preliminary understanding about the concept of collection objects is established, RQ2 seeks to
address the identified gaps and challenges (see section 2. This includes the integration and adaptation
of existing OCPM techniques, as well as deriving novel OCPM techniques. The resulting contribution
will lie in the technical artifacts that are created along the way:.

Under RQ2 all four process mining tasks could be investigated. However, we will limit ourselves to
process discovery and process improvement. This focus fits well to the application domain SCM. It
includes finding suitable process representations for modeling and logging processes with collection
objects. For instance, one could compare object-centric visualizations with event-knowledge graphs [6].

With regard to the benefits of this research for supply chain management, the process improvement
tasks of Process Mining is especially relevant. Establishing (object-centric) process performance
indicators [7] might lead to the development of new KPIs to improve understanding of supply chain
processes.

Hence, methodologies to address RQ2 include inductive approaches, based on the supply chain’s
domain perspective as well as the deductive approach of design science. Either way, the inherent
challenges of collection objects need to be addressed in any resulting OCPM technique. Ideally, the
evaluation of the technical artifacts produced under RQ2 would be based on real world data of SCM
cases.

3.3. RQ3

Studying this kind of application of the in RQ2 developed OCPM techniques on supply chain data
and their implications, is the goal of RQ3. This would not only validate the applicability of these
approaches but could also generate novel insights for the supply chain domain itself. This might include
the definition of new KPIs or policies to order stock in collection object heavy processes. Current
approaches that consider for example partial or split approaches do not consider larger numbers of splits.
Usually they stick to two partial deliveries [? ] Case studies as well as expert interviews with suitable
industry partners can test the practical feasibility and validate our developed concepts. However, at
this point in time, we do not have any agreements for such collaborations, yet.

4. Initial Steps

In an initial effort, a pilot project has been conducted that investigates the usage of collection objects
for process performance analysis on supply orders with partial deliveries. The goal of the pilot was to
make a step towards RQ1 and RQ2 within the set limitations of the use case. Here, it was assumed that
collection objects may only be split in the form of order fragmentation that leads to partial deliveries
and do not exhibit other behavior like consolidation. As these order fragmentations produce the object
life-cycle mismatches, that span a directed acyclic graph, breadth-first search has been applied so
that related orders could be traced from the starting order. At the same time, we have proposed a
formalization for collection objects and the fragmentation operation. The approach has been evaluated
using synthetic supply data that imitates a real-world process.

The synthetic data, used in the project above, was created by a tool that we designed to enable OCPM
research on collection objects but also supply data in general. It simulates a virtual warehouse using
the continuous review stock policy [8], that reorders stock, whenever it drops below a certain threshold.
The simulated orders are then gathered to create an OCEL, that is the output-artifact of the tool. To



simulate the special behavior of collection objects, the tool offers to customize to which degree orders
can be split. In the future, it could be adapted to offer other kinds of collection object behavior.

This pilot study was as a bottom up approach that taught us the relevancy of research on collection
objects on a smaller context, more specific problem definition. Now, the challenge for us lies in tackling
the topic of collection objects from a top down perspective to keep contributions we make generalizable
to a greater context than the supply chain context, we set out from.

5. Conclusion

This research addresses the different facets of collection objects in the realm of OCPM. Its goal is to
create understanding for the current challenges and gaps (RQ1), develop novel and adapt existing
OCPM techniques to address these challenges (RQ2) and then apply them to the domain of supply chain
management to gather new insights about real world supply chain obstacles. While some initial efforts
have been done, the majority of research opportunities are yet untouched.
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