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1 Introduction

Process Mining (PM) [3] is an interdisciplinary field at the intersection of Busi-
ness Process Management (BPM) and Data Mining that aims at getting insight
into operational processes by analyzing event logs as recorded by enterprise in-
formation systems. An operational process, or simply a process, expresses the
relationships among the activities an organization performs to achieve a goal.
Several formalisms have been proposed to model and reason about processes, in-
cluding Petri nets |2} 4], the de facto standard model in BPM. An event log, i.e.,
the collection of activities the organization executes while enacting the process,
can then be analyzed to perform various PM tasks. In particular, Model Repair
is the task of revising a process model to make it conformant to the log [9].
Multiple solutions exist to repair Petri nets |10} 12, |7]. However, none of them
allow the user to easily specify the edit operations, the structural properties of
the net [1], or to exploit domain knowledge [13], e.g., by specifying portions of
the net that should not be involved with the edits. Besides, those approaches do
not guarantee full conformance to the log. In the paper referred by this extended
abstract [8], we work towards overcoming these limitations, by proposing a fully
declarative, user-customizable framework for Petri net model repair based on
the Inductive Logic Programming (ILP) system ILASP [11]. In particular, we il-
lustrate how to set the elements of a learning task for ILASP to tackle the model
repair of a Petri net. The learned solution represents edit operations that, ap-
plied to M, make it satisfy the structural requirements and accept all the traces
in L. Our experiments show the proposed approach is effective on medium-sized
Petri nets where domain knowledge about repairs is available.

2 Model Repair in ILASP

ILASP is an ILP system for learning ASP programs. An ILP task comprises
four elements: the hypothesis space, H; the background knowledge, B; and two
sets of positive and negative examples, ET and E~, respectively. The learned
solution is a subset S C H such that B U S covers all the examples in E*, and
no examples in F~.



2 F. Chiariello et al.

The hypothesis space of our ILP task contains edit operations allowed on
the original Petri net M. We define it explicitly in ASP, as this setting yields
a flexible framework where users can customize the model repair actions in a
declarative fashion. The background knowledge is defined by three components:
IT )4, encoding in ASP the model M, Il.4;+, which produces a new Petri net by
applying the edit operations to M, and lastly I1semantics, the program modelling
the Petri net semantics by adapting the one introduced in [6]. The positive and
negative examples of our learning task derive from two elements: the event log
L and the structural requirements. The former can be split into two sets, LT
and L~, containing respectively traces that should or should not characterize
the considered process. We allow this flexibility since it has recently been ob-
served that negative examples are a valuable source of information, and thus
being increasingly adopted in industry [5} |14]. However, our setting allows per-
forming model repair even when L~ is empty. Besides conformance on L, we
also exploited negative examples to enforce structural properties to the revised
model by defining in their context the ASP rules containing constraints that are
triggered when a desired condition is not met.

2.1 Experiments

After defining our approach for tackling the model repair problem, we imple-
mented and assessed its feasibility. Our code, settings, and detailed results from
experiments are available online EL The experiments consider a test case to eval-
uate the quality of the repairs found, as well as aggregate results for evaluating
the performance of our approach with respect to the percentage of edits intro-
duced on a synthetic model originating from real logs. The description of the
experiments and the results can be found in our original paper [8].

3 Conclusions

In this work, we introduced an ILP-based approach to repair Petri net process
models using ILASP. Our approach allows users to define edit operations (as
logic programs), can be easily extended to handle noisy examples and to sup-
port different firing semantics. Experiments confirm this is a feasible approach
for medium-sized models and models where domain knowledge is available. Our
ASP-based approach makes it easy to seamlessly support many interesting fea-
tures. For example, users can choose which parts of the input model should be
kept as-is (e.g., unaffected by edit operations), as well as define constraints on
the underlying bipartite graph topology of the Petri net (e.g., force the repaired
model to be a WF-net, or having at most n outgoing arcs). Another interest-
ing aspect, assuming a fixed set of edit operations, is that ILASP can process
examples incrementally and asynchronously (making use of caches to store in-
termediate optimal solutions). This makes our approach a good basis for an
interactive and (counter-)example-driven process model repair tool [7].
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