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a b s t r a c t 

Many information systems record executed process instances in the event log , a very rich source of infor- 

mation for several process management tasks, like process mining and trace comparison. In this paper, 

we present a framework, able to convert activities in the event log into higher level concepts, at differ- 

ent levels of abstraction, on the basis of domain knowledge. Our abstraction mechanism manages non 

trivial situations, such as interleaved activities or delays between two activities that abstract to the same 

concept. 

Abstracted traces can then be provided as an input to an intelligent system, meant to implement a variety 

of process management tasks, significantly enhancing the quality and the usefulness of its output. 

In particular, in the paper we demonstrate how trace abstraction can impact on the quality of process 

discovery, showing that it is possible to obtain more readable and understandable process models. 

We also prove, through our experimental results, the impact of our approach on the capability of trace 

comparison and clustering (realized by means of a metric able to take into account abstraction phase 

penalties) to highlight (in)correct behaviors, abstracting from details. 

© 2017 Elsevier Ltd. All rights reserved. 

1. Introduction 

Many commercial information systems and enterprise resource 

planning tools, routinely adopted by organizations worldwide, 

record information about the executed business process instances 

in the form of an event log 1 . The event log stores the sequences 

( traces van der Aalst, 2011 henceforth) of activities that have been 

executed at the organization, typically together with some key pa- 

rameters, such as execution times. 

Event logs constitute a very rich source of information for sev- 

eral business process management tasks. Indeed, the experiential 

knowledge embedded in traces is directly resorted to, e.g., in op- 

erational support ( van der Aalst, 2011 ) and in agile workflow tools 

( Weber & Wild, 2005 ), which can take advantage of trace com- 

parison and retrieval, to make predictions about a running pro- 

cess instance completion, or to provide instance adaptation sup- 
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port, in response to expected situations as well as unanticipated 

exceptions in the operating environment. Moreover, event logs are 

the input to process mining ( van der Aalst et al., 2003; van der 

Aalst, Weijters, & Maruster, 2004 ) algorithms, a family of mainly 

a-posteriori analysis techniques able to extract non-trivial knowl- 

edge from these historic data; within process mining, process model 

discovery algorithms, in particular, take as input the event log and 

build a process model, focusing on its control flow constructs. 

All of these activities, however, provide a purely syntactical 

analysis, where activities in the event log are compared and pro- 

cessed only referring to their names. Activity names are strings 

without any semantics, so that identical activities, labeled by syn- 

onyms, will be considered as different, or activities that are special 

cases of other activities will be processed as unrelated. 

Upgrading trace comparison and process mining to the concep- 

tual layer can enhance existing algorithms towards more advanced 

and reliable approaches. Indeed, the capability of relating seman- 

tic structures such as taxonomies or ontologies to activities in the 

log can enable both trace comparison and process discovery tech- 

niques to work at different levels of abstraction (i.e., at the level of 

instances and/or concepts) and, therefore, to mask irrelevant de- 

tails, to promote reuse, and, in general, to make trace and/or pro- 

cess model analysis much more flexible, and closer to the real user 
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needs. As a matter of fact, semantic process mining , defined as the 

integration of semantic processing capabilities into classical pro- 

cess mining techniques, has been proposed in the literature since 

the first decade of this century (see, e.g., de Medeiros and van der 

Aalst, 2009; de Medeiros, van der Aalst, and Pedrinaci, 2008 , and 

Section 5 ). However, while more work has been done in the field of 

semantic conformance checking ( Grando, Schonenberg, & van der 

Aalst, 2011; de Medeiros et al., 2008 ), to the best of our knowl- 

edge semantic process discovery needs to be further investigated. 

In this paper: 

1. We present a semantic-based, multi-level abstraction mech- 

anism, able to operate on event log traces. In our approach, 

activities in the log are mapped to instances of ground con- 

cepts (leaves) in a taxonomy, so that they can be converted 

into higher-level concepts by navigating the hierarchy, up to 

the desired level, on the basis of the user needs; 

2. We provide the abstraction mechanism as an input to fur- 

ther analysis mechanisms, namely trace comparison and 

process discovery. 

The abstraction mechanism has been designed to properly 

tackle non-trivial issues that could emerge. Specifically: 

• Two activities having the same ancestor in the taxonomy (at 

the chosen abstraction level) may be separated in the trace by 

a delay (i.e., a time interval where no activity takes place), or 

by activities that descend from a different ancestor ( interleaved 

activities henceforth). Our approach allows to deal with these 

situations, by creating a single macro-activity , i.e., an abstract 

activity that covers the whole time span of the two activities 

at hand, and is labeled as the common ancestor; the macro- 

activity is however built only if the total delay length, or the 

total number/length of interleaved activities, do not overcome 

proper admissibility thresholds set by the user. The delays and 

interleaved activities are quantified and recorded, for possible 

use in further analyses. In particular, we present a metric where 

this information is accounted for as a penalty, and affects the 

distance value in abstract trace comparison; 
• Abstraction may generate different types of temporal con- 

straints between pairs of macro-activities; specifically, given the 

possible presence of interleaved activities, we can obtain an 

abstracted trace with two (or more) overlapping or concur- 

rent macro-activities. Our approach allows to represent (and 

exploit) this information, by properly maintaining both quanti- 

tative and qualitative temporal constraints in abstracted traces. 

Once again, this temporal information can be exploited in fur- 

ther analyses. In particular, the metric we adopt in trace com- 

parison can deal with all types of temporal constraints. 

The most significant and original methodological contributions of 

our work thus consist in: 

• Having defined a proper mechanism for abstracting event log 

traces , able to manage non trivial situations (originating from 

the treatment of interleaved activities or delays between two 

activities sharing the same ancestor); 
• Having provided a trace comparison facility , which resorts to 

a metric (extending the one we presented in Montani & 

Leonardi, 2014 ), able to take into account also the information 

recorded during the abstraction phase. 

On the other hand, as for process discovery, we currently rely 

on classical algorithms embedded in the open source framework 

ProM ( van Dongen, De Medeiros, Verbeek, Weijters, & der Aalst, 

2005 ). It is worth noting that the abstraction mechanism could, in 

principle, be given as an input to different analysis techniques as 

well, besides the ones described in this paper. 

Fig. 1. Framework architecture and data flow. 

In addition to these methodological contributions, in the pa- 

per we also describe our experimental work in the field of stroke 

care, in which we adopted multi-level abstraction and trace com- 

parison to cluster event logs of different stroke units, in order to 

highlight correct and incorrect behaviors, abstracting from details, 

such as local resource constraints or local protocols, that are irrele- 

vant to verify the medical appropriateness of a macro-activity. We 

also provide process discovery results, showing how the abstrac- 

tion mechanism allows to obtain simpler and more understandable 

stroke process models. 

The paper is organized as follows. Section 2 presents method- 

ological and technical details of the framework. Section 3 de- 

scribes an application of the abstraction facility as a pre-processing 

step for process model discovery. Section 4 provides experimen- 

tal results. Section 5 addresses comparisons with related work. 

Section 6 is devoted to discussion. Finally, Section 7 presents our 

conclusions and future research directions. 

2. Methods 

This section describes methodological and technical details of 

our approach. 

The architecture and the data flow of the framework we have 

developed are shown in Fig. 1 . 

The first step to be executed is event log preparation , that takes 

as input the available database (recording executed activities and 

additional data), and exploits domain knowledge (in the form of 

a taxonomy); the event log then undergoes multi-level abstraction , 

which resorts to domain knowledge as well. The abstracted event 

log can be given as an input to different process management 

tasks, such as trace comparison and process discovery (currently re- 

alized by resorting to ProM van Dongen et al., 2005 ). 

The terminology we use, and the details about domain knowl- 

edge sources and computational modules, are described in the fol- 

lowing subsections. 

2.1. Terminology 

Trace : a sequences of activities that belong to a same process 

execution. 

Activity or ground activity : an activity recorded in an event log 

trace (corresponding to a leaf concept in the taxonomy described 

in Section 2.2 ). 

Delay : time interval between two ground activities logged in a 

trace, where no other activity takes place. 

Interleaved activity : a ground activity that descends from 

a different ancestor in the taxonomy of activities described in 

Section 2.2 , with respect to the two ground activities that are cur- 

rently being considered for abstraction. In the trace, the interleaved 

activity is placed between the two activities at hand. 

Macro-activity : partial output of the abstraction process; a 

macro-activity is an abstracted activity that covers the whole time 

span of multiple ground activities, and is labeled as their common 
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