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Abstract. Methods from Operations Research (OR) are employed to
address a diverse set of Business Process Management (BPM) problems
such as determining optimum resource allocation for process tasks. How-
ever, it has not been comprehensively investigated how BPM methods
can be used for solving OR problems, although process mining, for ex-
ample, provides powerful analytical instruments. Hence, in this work, we
show how process discovery, a subclass of process mining, can generate
problem knowledge to optimize the solutions of metaheuristics to solve
a novel OR problem, i.e., the combined cobot assignment and job shop
scheduling problem. This problem is relevant as cobots can cooperate
with humans without the need for a safe zone and currently significantly
impact transitions in production environments. In detail, we propose two
process discovery based neighborhood operators, namely process discov-
ery change and process discovery dictionary change, and implement and
evaluate them in comparison with random and greedy operations based
on a real-world data set. The approach is also applied to another OR
problem for generalizability reasons. The combined OR and process dis-
covery approach shows promising results, especially for larger problem
instances.
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1 Introduction

The application of techniques from Operations Research (OR) has been identi-
fied as promising “avenue to obtain better processes” , although “OR techniques
have not been systematically applied to solve process improvement problems
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yet” [2]. One example of the application of OR techniques to BPM is the allo-
cation of resources to process tasks, e.g., [10]. Another example is the use of a
memetic algorithm (MA) to mine change propagation behavior in process collab-
orations under confidential information, i.e., details on private processes [9]. Less
attention has been paid to the reverse direction, i.e., how BPM methods such
as process discovery (PD) can contribute to solve OR problems, even though
PD provides powerful analytical instruments. [23] uses conformance checking to
improve a scheduling problem in a hospital setting. In [13], we propose to use PD
for visualization and exploration of solutions for a combined cobot assignment
and job shop scheduling problem. In this case, the solutions that are generated
by an MA are represented as process event logs. The discovered process models
are then enriched by attributes such as cost and time for visual inspection and
comparison of the solutions. In this work, we study how to exploit PD techniques
for generating knowledge to optimize metaheuristics solutions based on two se-
lected OR problems from the production domain, i.e., the cobot assignment and
job shop scheduling problem [12] and flexible job shop scheduling problem [6]
with an extended cobot assignment. As both problems are NP-hard optimization
problems [29], metaheuristics offer promising solutions that are highly relevant in
industry. MAs are one kind of metaheuristics that have proven useful for solving
the cobot assignment and job shop scheduling problem [12]: a genetic algorithm
explores the search space, and for promising solutions, a variable neighbourhood
search (VNS) is performed. To investigate the potential of PD to metaheuristics,
in this paper, we investigate i) how PD can be used in order to generate problem
knowledge to optimize the solutions of the MA and ii) how much the solution
quality can be increased. For this, we propose two PD-based neighbourhood
operators, namely process discovery change and process discovery dictionary
change. Both operators are implemented and evaluated alongside two standard
neighbourhood operations, i.e., basic change and greedy change, based on three
data sets for the two problems described above. The results underpin the po-
tential of PD-based neighbourhood operations, especially for large data sets and
many cobots.
Figure 1 depicts an overview of the overall idea and algorithm. On the left side in
the operations research part of Fig. 1, it can be seen that an optimization prob-
lem is loaded and initial solutions for the problem are generated. After loading
the problem, the main loop of the MA (detailed description in Sections 3 and 4)
starts, and all individuals are evaluated. Whenever a new best solution is found,
this solution is stored and a log file of this solution is created. In the BPM part of
the Fig. 1, a local process model (LPM) is mined out of this log file and an LPM
dictionary (described in Sections 4.3 and 4.4) is created. Knowledge generated
with these models can now be used to boost the performance of the MA. The
paper has the following outline. Section 2 discusses related work. Section 3 ex-
plains fundamental concepts for the work, such as memetic algorithm and local
process models. In Section 4, the solution for the selected OR problems, includ-
ing the PD-based neighbourhood operators, is described. Section 5 presents the
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