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I. INTRODUCTION
The complexity of business processes increases with the
number and interdependence of process entities, such as
activities, resources and data. High complexity makes it more
difficult to manage a process and therefore business process
standardization is a feasible countermeasure. It aims to
decrease the variability of business process execution, while
improving overall process performance. But in reality, the
standardization of complex business processes is neither
always possible [1], nor is it always desirable, due to the
creation of negative side effects [2]. For this reason, it is
important to distinguish the different causes and implications
of complexity. One important cause for complexity is process
diversity, which refers to the variability of control flow,
resources and other attributes within a process. While more
diversity implies higher complexity, it can also lead to more
resilience and innovation [3]. In this PhD project we want to
explore the impact of diversity on business process outcomes
and use this knowledge in order to better guide business
process improvement efforts. For this purpose, we want to
apply existing diversity measures from different research
fields such as biology [4] and economics [5]. These measures
can for example be used to discover reference models from
event logs, which provide a balance between process
performance (i.e., standardization) and resilience (i.e.,
diversity). To further investigate the impact of process
diversity on long-term process performance, we will also
conduct empirical analyzes based on real business processes.
In this way we want to show that diversity is an important
indicator when it comes to business process improvement. In
addition, we will also use diversity measures to discover
multiple process variants from one event log, based on
quality-diversity algorithms [6]. This enables better business
process customization, since each discovered process variant
represents an alternative to ensure high process performance.
II. RESEARCH OBJECTIVES AND MOTIVATION
Process complexity can be defined based on four main
characteristics [7]: structure, interconnection, dynamics and
uncertainty. To a certain extent, these properties are
necessary for business processes in order to operate in
volatile and complex business environments. But the
complexity of a business processes alone does not explain
how well a process is prepared to face such operational
challenges. Hence, instead of only looking at process
complexity in general, one has to look at how complexity
contributes to process diversity. In system theory, diversity is
considered as a strategy to make a system more resilient
against uncertainty, to support innovation and to produce
better outcomes over the long run [3]. An important
difference to the general concept of process complexity is,
that diversity also considers the degree of dissimilarity among

a set of objects and not simply, whether there exist
differences among objects. In this PhD project we want to
explore this viewpoint, by analyzing process diversity from
multiple perspectives – in particular control flow, resources
and data – and by using diversity as guidance for business
process improvement. Hence, the objectives are threefold:
1) Define process diversity measures, which reflect the
dissimilarity of process traces, based on multiple
perspectives.
2) Use the defined diversity measures in combination with
performance measures to discover reference models for
process improvemenr.
3) Empirically investigate the impact of business process
diversity on process performance.
While process diversity in terms of variability of
execution traces, has not been specifically investigate in BPM
research so far, a lot of research has focused on the
complexity of business process models [8]. Several measures
have been developed, which consider the number of process
model components and their interconnectivity, to assess the
overall complexity of the model. However most of these
measures only focus on the control-flow perspective and none
of the measures actually considers process diversity. By
adapting some of these measures, such that they can be
applied for the assessment of event logs, it will be possible to
also assess other process perspectives and to reflect diversity
to a certain extent (objective 1). We will also investigate, how
to extend existing measures, such that they can be applied to
object-centric event logs [9], since they provide very detailed
information regarding the interconnection of process objects.
To further extend the existing measures and to find new ones,
we will also consider diversity theory [4, 5]. Diversity theory
has been applied in different fields such as biology and
economics, with the general purpose to assess the
dissimilarity among a set of objects, e.g. populations or
product portfolios. The existing measures in these fields, can
provide different perspectives on diversity, depending on the
underlying assumptions. For example, whether dissimilarity
is understood as a cardinal or ordinal concept, can
significantly change the outcome of the assessment. Hence, a
thorough analysis and evaluation of the different approaches
is necessary, to develop suitable diversity measures for
business processes.
The next step of this PhD project (objective 2) is to use
the identified measures in combination with fitness and
additional performance measures as quality metrics for
process discovery. In this way it will be possible to discover
reference models, for business process standardization,
which provide a certain degree of diversity and therefore
decreases the risk of negative side-effects and failure. Similar
to [10] we will use genetic process mining in order to
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combine different quality metrics for process discovery.
However, we will use a different evolutionary approach,
called quality-diversity algorithm [6]. Due to an efficient
exploration of the given search space, the approach decreases
the risk of convergence towards local optima and it allows to
discover multiple process models, with an equally high
diversity level. These models can then be analyzed and
selected for process standardization based on preferences
regarding control-flow, resources and data. A further
important benefit of the quality-diversity algorithm is that this
approach is able to develop different scenarios, how a process
might evolve in the future and to show whether a process is
able to adjust to changing conditions, in terms of resilience.
In order to provide further guidance on process
standardization, we will empirically investigate the impact of
diversity on business process performance and evolution
(objective 3). Based on the developed diversity measures we
want to show how diversity evolves over time and how this
impacts long-term process performance. Eventually this leads
to a theoretical model, which is able to explain, to which
extend and under which circumstances process diversity is
able to improve performance.
III. RESEARCH METHODOLOGY
The first step of the PhD project is to identify existing
process complexity measures that can be applied to process
models and event logs. As a starting point we use the
literature review on process model complexity provided by
Polančič and Cegnar [8]. The existing measures will be
analyzed and adapted, such that they reflect the multiple
perspectives of process diversity. We will also look at other
related research fields, such as software engineering and
project management to identify potentially new measures. In
addition, we will adapt measures from diversity theory [4, 5],
in order to capture the dissimilarity between traces and events
in an event log. The evaluation of the identified measures will
be based on defined mathematical axioms, which ensure
consistent results across different data. In addition, the
measures will be compared based on standard as well as
object-centric event logs. Some of the event logs will be
artificially generated, such that different parameters can be
adjusted (e.g., number and interdependence of resources and
activities) in order to see how well these changes are reflected
by the measures. In order to see whether, the measures can
actually be used for the analysis of complexity in reality, we
will also use real event log data from BPI challenges.
In order to use the defined measures as guidance for
business process standardization, we apply them as quality
measures for business process discovery. In particular we will
use the quality-diversity algorithm [6] to discover multiple
reference models with a high diversity. We will compare the
results with other process discovery algorithms, which are also
able to consider multiple quality dimensions (e.g., [10]). The
comparison will be based on the level of diversity, which the
discovered models exhibit and how well the algorithms
perform in terms of computation. For this purpose, we will use
publicly available event logs from past BPI challenges to
create a benchmark.
These event logs will also be used for the empirical
analyses part of this PhD project. We will first use cluster

algorithms to identify different process variants based on
changes over time and measure the evolution of diversity
accordingly. We will additionally use statistical inference to
analyse the impact of diversity on business process
performance.
IV. RELATED RESEARCH
[11] is the only study we could identify, which also relates
event log complexity to process discovery. The study
proposes to use graph entropy as a measure for complexity.
This measure only refers to the control-flow complexity and
does not consider process diversity. However, the approach
can potentially be extended to incorporate this perspective.
Based on this extension it would be interesting to analyse how
different process discovery algorithms are able to reflect
process diversity.
There also exists some research regarding business
process standardization based on event logs. One of the
earliest attempts is described in [12]. However, the main goal
of this approach is to discover a reference process model, with
a minimal distance to the existing process variants. If a process
exhibits very high diversity in terms of control-flow, resources
and data, the approach most likely does not reflect this in the
reference model. In contrast, our approach allows to discover
multiple reference models, which also consider diversity and
performance.
REFERENCES
[1]

M. Schäfermeyer, C. Rosenkranz, and R. Holten, “The impact of
business process complexity on business process standardization,”
BISE, 4(5), pp. 261-270, 2012.
[2] O. Hanseth, E. Jacucci, M. Grisot and M. Aanestad, “Reflexive
standardization: Side effects and complexity in standard making,” Mis
Quarterly, pp. 563-581, 2006.
[3] S. Page, “On Diversity and Complexity,” in Diversity and Complexity,
Princeton University Press, pp. 16-53, 2010.
[4] N. Gravel, “What is diversity?,” in Economics, rational choice and
normative philosophy, Routledge, pp. 29-69, 2008.
[5] K. Nehring and C. Puppe, “Diversity,” in The handbook of rational and
social choice. Oxford University Press, pp. 289-322,2009.
[6] J. K. Pugh, L. B. Soros, and K. O. Stanley, “Quality diversity: A new
frontier for evolutionary computation,” in Frontiers in Robotics and AI,
3, 40, 2016.
[7] M. Kuhn, F. Schaefer and H. Otten, “Process complexity as a future
challenge–a quality management perspective,” The TQM Journal,
2018.
[8] G. Polančič and B. Cegnar, “Complexity metrics for process models–
A systematic literature review,” in Computer Standards & Interfaces,
51, pp. 104-117, 2017.
[9] W. M. P. van der Aalst, “Object-centric process mining: Dealing with
divergence and convergence in event data,” In International
Conference on Software Engineering and Formal Methods, Springer,
pp. 2-25, 2019.
[10] J. C. Buijs, B. F. van Dongen and W. M. P. van der Aalst, “Discovering
and navigating a collection of process models using multiple quality
dimensions,” in International Conference on Business Process
Management, Springer, pp. 3-14, 2013.
[11] A. Augusto, J. Mendling, M. Vidgof, and B. Wurm, “The Connection
between Process Complexity of Event Sequences and Models
discovered by Process Mining,” arXiv preprint arXiv:2106.07990,
2021.
[12] C. Li, M. Reichert and A. Wombacher, “Discovering reference process
models by mining process variants,” in IEEE International Conference
on Web Services, pp. 45-53, 2008.

Copyright © 2021 for this paper by its authors. Use permitted under Creative Commons License Attribution 4.0
International (CC BY 4.0).

