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Abstract. Process mining is an emerging area that synergically com-
bines model-based and data-oriented analysis techniques to obtain useful
insights on how business processes are executed within an organization.
This tutorial aims at providing an introduction to the key analysis tech-
niques in process mining that allow decision makers to discover process
models from data, compare expected and actual behaviors, and enrich
models with key information about the actual process executions. In
addition, the tutorial will present concrete tools and will provide practi-
cal skills for applying process mining in a variety of application domains,
including the one of software development.

1 Introduction

Process mining [2] is a recent research discipline that sits between computational
intelligence and data mining on the one hand, and process modeling and analy-
sis on the other hand. Through process mining, decision makers can discover
process models from data, compare expected and actual behaviors, and enrich
models with information retrieved from data. This, in turn, provides the basis
for understanding, maintaining, and enhancing processes based on reality.

Since process mining has many applications, this tutorial aims at encour-
aging participants to apply it in new fields, in which it has not been applied
so far. In particular, first, we will introduce the process mining framework, the
main process mining techniques and tools, and the different phases of event data
analysis through process mining. Second, we will carry out an hands-on session
using concrete process mining tools, considering business use cases, as well as
the particular scenario of software processes. Finally, we will discuss common
pitfalls and critical issues and will give suggestions on how to mitigate them.

2 Process Mining Framework

The reference framework for process mining is depicted in Fig. 1. On the one
hand, process mining considers conceptual models describing processes, organi-
zational structures, and the corresponding relevant data. On the other hand,
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Fig. 1. The reference framework for process mining [1]

it focuses on the real execution of processes, as reflected by the footprint of
reality logged and stored by the software systems in use within an enterprise.
For process mining to be applicable, such information has to be structured in
the form of explicit event logs. In fact, all process mining techniques assume
that it is possible to record the sequencing of relevant events occurred within an
enterprise, such that each event refers to an activity (i.e., a well-defined step in
some process) and is related to a particular case [1]. Events may have additional
information stored in event logs. In fact, whenever possible, process mining tech-
niques use extra information such as the exact timestamp at which the event
has been recorded, the resource (i.e., person or device) that generated the event,
the event type in the context of the activity transactional lifecycle (e.g., whether
the activity has been started, canceled, or completed), or data elements recorded
with the event (e.g., the size of an order).

The three main types of process mining techniques are marked by the three,
thick red arrows in the bottom part of Fig. 1. Discovery starts from an event log
and automatically produces a process model that explains the different behav-
iors observed in the log, without assuming any prior knowledge on the process.
The vast majority of process discovery algorithms focus on the discovery of
the process control-flow, towards generating a model that indicates the allowed
sequences of activities according to the log. Conformance checking compares
an existing process model and an event log for the same process, with the aim
of understanding the presence and nature of deviations. Conformance check-
ing techniques take as inputs an event log and a process model, and return
indications related to the adherence of the behaviors contained in the log to the
prescriptions contained in the model. Enhancement improves an existing process
model using information recorded in an event log for that process. The inputs of
enhancement techniques are a process model and an event log, and the output
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is a new process model that incorporates and reflects new information extracted
from the data. The first important class of enhancement techniques is that of
extension, where the input process model is not altered in its structure, but is
extended with additional perspectives, using information present in the log. A
second important class of enhancement techniques is that of repair, where devi-
ations detected by checking the conformance of the input event log to the input
process model are resolved by suitably modifying the process model.

The presented tutorial will demonstrate that process mining can also be used
in the context of software development [9], trying to focus on aspects that occur
with a certain regularity and with a finite number of possible activities so that
repeating cases within an actual “process” can be discovered. One example will
be the user behavior analysis [9], i.e., the study on how the users interact with
software applications. In particular, we will study an example that can be found
in [3], in which the authors applied process mining to study and to improve the
user interface of an ERP software.

2.1 Process Mining Tools

A plethora of process mining techniques and technologies have been developed
and successfully employed in several application domains1. The process mining
solutions that will be used in the tutorial are ProM (Process Mining framework)2

and Disco3.

– ProM (Process Mining framework) is an Open Source framework for process
mining algorithms [10] based on JAVA. It provides a plug-in based integration
platform [4] that users and developers can exploit to run and deploy process
techniques. This pluggable architecture currently hosts a very large amount
of plug-ins covering all the different aspects of process mining, from data
import to discovery, conformance checking, and enhancement along different
perspectives [2].

– Disco is a commercial, stand-alone and lightweight process mining tool. It
supports various file formats as input, in particular providing native support
for importing CSV files, which can be annotated with case and event infor-
mation prior to the import. Disco has usability, fidelity, and performance as
design priorities, and makes process mining easy and fast [7].

2.2 The XES Standard

In recent years, the XES (eXtensible Event Stream) format emerged as the main
reference format for the storage, interchange, and analysis of event logs. XES,
which is based on XML, appeared for the first time in 2009 [6] as the successor
of the MXML format [5]. It quickly became the de-facto standard adopted by

1 http://tinyurl.com/ovedwx4.
2 http://www.processmining.org/prom/.
3 https://fluxicon.com/disco/.

http://tinyurl.com/ovedwx4
http://www.processmining.org/prom/
https://fluxicon.com/disco/
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the IEEE Task Force on Process Mining4, eventually becoming an official IEEE
standard in 2016 [8]. This standard will be introduced in the tutorial.

3 Agenda

The tutorial is structured as follows:

– Introduction to the process mining framework
– Designing process models and collecting event logs

• Process modeling: basics of Petri nets and BPMN
• The XES standard and the OpenXES reference implementation

– Mining event logs, discovering processes
• ProM, the open-source jack of all trades
• Choosing a mining algorithm: Alpha, Heuristics miner, Fuzzy miner, or

Multi-phase miner?
• Disco, the user friendly tool

– Interpreting the mined models: discovery, conformance checking, and
enhancement
• Deciding from which perspective to look at the data: choosing a case ID
• On the representational bias of process mining

– Hands-on session
• Process mining success stories for business processes and software

processes
• Walk-through of two process mining examples examining a business

process and a software process, discussing strategies to collect, filter, ana-
lyze, and interpret data

• Discussion on the differences between mining business and software
processes.
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