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a b s t r a c t

Traditional process mining techniques offer limited possibilities to analyze business
processes working in low-predictable and dynamic environments. Recently, to close this
gap, declarative process models have been introduced to represent process mining results
since they allow for describing complex behaviors as a compact set of business rules.
However, in this context, activities of a business process are still considered as atomic/
instantaneous events. This is a strong limitation for these approaches because often, in
realistic environments, process activities are not instantaneous but executed across a time
interval and pass through a sequence of states of a lifecycle. This paper investigates how
the existing techniques for the discovery of declarative process models can be adapted
when the business process under analysis contains non-atomic activities. In particular, we
base our proposed approach on the use of discriminative rule mining to determine how
the characteristics of the activity lifecycles in a business process influence the validity of a
business rule in that process. The approach has been implemented as a plug-in of the
process mining tool ProM and validated on synthetic logs and on a real-life log recorded
by an incident and problem management system called VINST in use at Volvo IT Belgium.

& 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Process mining techniques are nowadays applied in a
large variety of domains and provide insights to manage,
control and improve business processes [1]. The starting
point for any process mining algorithm is an event log, i.e.,
a set of process executions (a.k.a. process instances) that are
recorded when the process is still running and that can be
used (on-the-fly or post-mortem) for business process
analysis and monitoring.

Traditional process mining techniques, producing pro-
cedural process models, have two main drawbacks: (i) the
produced models tend to be large and complex, especially
in flexible environments where process executions involve
multiple alternatives; (ii) they offer limited possibilities to
guide the mining process towards specific properties of
interest. For these reasons, recently, techniques for the
discovery of declarative process models have been inves-
tigated. Here, the discovered process behavior can be
described as a compact set of business rules even in
complex environments where process executions involve
multiple alternatives [2–17,57]. The advantage of mining
declarative process models lies in the possibility of
describing the mined process behavior in terms of generic
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rules that allow any path to be executed as long as these
rules are not violated.

One of the main limitations of the existing process
mining techniques for generating declarative specifica-
tions from logs is that they do not take into consideration
that activities in an event log can be non-atomic and dif-
ferent events can be part of the lifecycle of the same
activity. This is a crucial issue since, in many practical
cases, activities cannot be considered as instantaneous but
they are executed across a time interval and pass through a
sequence of states of a lifecycle. An activity lifecycle is a
sequence of transactional states (a.k.a. event types)
assumed by an activity during its execution. An example of
activity lifecycle is 〈aassign; astart ; acomplete〉, where a is the
performed activity and assign, start and complete are
event types.

In this work, we extend the study conducted in [18]
presenting an approach to discover declarative specifica-
tions from logs with a strong focus on activity lifecycles. In
particular, using the information available in an event log,
we try to identify business rules whose validity strongly
depends on the characteristics of the activity lifecycles
available in the log. The approach uses Declare as
declarative process modeling language [19] and makes use
of the notion of rule activation [20]. An activation of a
business rule in a process instance is an event whose
occurrence imposes, because of that rule, some obligations
on the occurrence of other events in the same process
instance. For example, for the business rule “every request
is eventually acknowledged” each request is an activation,
since the occurrence of a request forces an acknowl-
edgement to occur eventually. In this case, the activation
“request” becomes a fulfillment or a violation depending
onwhether it is followed by an “acknowledgement” or not.
In our context, the notion of rule activation is crucial
because we try to identify characteristics of the lifecycle of
an activation that allow us to discriminate on whether that
activation is a fulfillment or not. These characteristics are
identified through discriminative rule mining techniques
and are expressed, in turn, using Declare (Declare rules
over the states of the lifecycle).

With respect to [18], in this paper, we provide several
extensions. The first extension concerns how events
belonging to the same lifecycle are grouped together in a
process instance. The lifecycle identification can be per-
formed through a FIFO-based [21] or an event correlation
based [22] approach. The first one is a typical “con-
servative approach” first in-first out in which if a new
upcoming event can be connected to two events occurred
in the past and belonging to two different lifecycles, the
priority is given to the one that occurred before. The sec-
ond approach consists in connecting events to a lifecycle
whenever they share common values for some data attri-
butes. In this case, it is required that events in the log carry
some data attributes. In our previous work, the lifecycle
identification was implemented only using the first in-first
out approach. Now, the prototype has been extended also
to support the lifecycle identification through event cor-
relations. As second extension, the discovery algorithm has
been restructured as a multi processor algorithm to
improve the prototype performance. The third extension

concerns the implementation of a ProM1 visualizer to
present the mining results to the user through a graphical
representation. In addition, a wider experimentation has
been carried out, in particular, with the aim to show how
correlations can better identify lifecycles with respect to
the conservative approach when data is available and to
demonstrate the performance improvement obtained
using the distributed algorithm. Finally, a different
approach for discriminative rule mining has been imple-
mented. In our previous work, we provided the user with
one of the possible discriminative rules having the same
class probability (randomly chosen). Now, a sophisticated
mechanism has been implemented to choose the dis-
criminative rules (among the ones with the same class
probability) that are the most interesting for the user
(specifically, we choose the ones that are the strongest
with respect to the logical implication).

The presented approach has been implemented as a
ProM plug-in. This prototype has been used to validate our
technique on both synthetic logs and a real life log recor-
ded by an incident and problem management system
called VINST in use at Volvo IT Belgium.

The rest of the paper is structured as follows. Section 2
provides a preliminary background about the Declare lan-
guage, introduces the concepts of non-atomic activities and
activity lifecycles and provides an overview on discriminative
rule mining. Next, Section 3 illustrates the approach, based
on the combination of declarative process mining algorithms
(extended to consider non-atomic activities) and dis-
criminative mining approaches. In Section 5, the experi-
mentation is discussed. Section 6 discusses related work.
Section 7 reports conclusions and future work.

2. Background

In this section, we introduce some preliminary knowl-
edge needed to understand the techniques presented in
this paper. In particular, in Section 2.1, we give an over-
view of the Declare language. In Section 2.2, we describe
the transactional model for activity lifecycles defined in
the XES standard. Finally, in Section 2.3, we give some
background about discriminative rule mining.

2.1. Declare: declarative workflow modeling

Declare is a language for describing declarative process
models first introduced in [19]. A Declare model consists of
a set of rules applied to (atomic) activities. Rules, in turn,
are based on templates. Templates are abstract para-
meterized patterns and rules are their concrete instantia-
tions on real activities. Templates have a user-friendly
graphical representation understandable to the user and
their semantics can be formalized using different logics
[23], the main one being LTL for finite traces, making them
verifiable and executable. Each rule inherits the graphical
representation and semantics from its template. The major
benefit of using templates is that analysts do not have to
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