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Foreword

The quality of the services any organization provides largely depends on the
quality of their processes. Companies are increasingly grasping this concept and
moving towards process-oriented enterprises. As this happens, the central problem
(and opportunity) for any organization becomes the identification, measurement,
analysis, and improvement of its processes. Without this, it is very difficult—if not
impossible—to be competitive.

This book provides researchers and practitioners with invaluable knowledge in
the area of process management in general and process analysis in particular. The
book starts from an introduction on process modeling and process paradigms, which
is very easy to understand for novices but that also includes interesting bits of
information for people who are experts in the area. From there, it proceeds to
teaching how you can query and analyze process models and moves on to the
analysis of process execution data. In this way, you get a complete picture of what
you need to do to identify, understand, and improve business processes.

The book is very well written and a pleasure to read. It presents concepts that
are normally not easy to grasp in a manner that is simple and intuitive and also a
way to classify and structure topics that makes it easy to make sense out of a rather
large set of concepts, paradigms, and techniques. All authors have many years of
experience in Business Process Management (BPM) and, thanks to this and to a
combined academia-industry background, they have been clearly able to identify
which are the key, hard analytics problems in BPM that are relevant in practice and
they guide the readers to show them how these problems can be solved concretely.

What I particularly enjoyed about reading this book, and I am sure you will enjoy
as well, is that it deals with very realistic environments, where analysis is complex:
in any company, you have very different systems and very different data, all related
to the same processes. Indeed, most organizations have accumulated systems that
support different subprocesses over the years. This means that if you really want to
understand what is going on in your business and how to make it better, you need
to get to the individual data source, correlate the data, follow the breadcrumbs, and
then work up to discover the process model and its key performance indicators.
Performing all of this, potentially in an explorative manner, needs process data
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vi Foreword

querying, data correlation, data analysis, as well as process model-level analysis
and matching techniques described in this book. Through such a journey, you will
have a clearer picture of how much each process takes in terms of time, resources,
and cost and where the “bottlenecks” are with regard to efficiency and effectiveness,
which will help understand where and how to improve. This is an aspect that many
authors forget or neglect, but with this book you will learn relatively simple but
effective ways of approaching such scenarios.
I hope you like the book as much as I did. Enjoy your reading!

Trento, Italy Fabio Casati
2015



Preface

Business processes are inseparable from data—data from the execution of business
processes, documentation and description of processes, process models, process
variants, artifacts related to business processes, and data generated or exchanged
during process execution. Process data can be in various forms from structured
to semistructured and unstructured. A variety of data capturing, collection, and
instrumentation tools and process implementation over various types of systems
have amplified the amount of data that are gathered and are available about
processes. Business process monitoring, analysis, and intelligence techniques have
been investigated in depth over the last decade to enable delivering process insight
and support analytic-driven decision making about processes. However, they have
been developed under the assumption of the existence of a workflow engine as the
central repository for process data and for process analysis. As processes touch
almost every system and leave an operational data footprint everywhere in an
enterprise, and the wide span of process support the majority of information and
enterprise application systems, the existing tools and methods have proved to be
inadequate and limiting for correlating, managing, and analyzing process data.

Considering various process analytics needs and the importance of process
analytics over a myriad of process data forms, formats, and levels of abstractions,
we felt the need for writing this book as a technical introduction to the field of
process analytics to share the state of the art in research achievements and practical
techniques of process analytics. Given that many “data analysis” subjects such as
querying, matching, and warehousing are covered well in the literature, the focus of
this book will be on concepts, techniques, and methods for analyzing process data
and offering a common understanding of the concepts and technologies in process
analytics. This book will cover a large body of knowledge in process analytics,
including process data querying, analysis, and matching and correlating process
data and models to assist practitioners as well as researchers in understanding
underlying concepts, problems, methods, tools, and techniques for modern process
analytics. It starts by introducing basic business process and process analytics
concepts, describes the state of the art in this space, and continues by taking a deeper
perspective on various analytics techniques covering analytics over different levels

vii



viii Preface

of process abstractions, from process execution data to methods for linking and
correlating process execution data and to inferring process models and querying
process execution data and process models and scalable process data analytics
methods. The book also provides a review of commercial process analytics tools
and their practical applications.

Chapters Overview

In particular, we introduce concise and commonly accepted definitions, taxonomies,
and frameworks for business process management in Chap. 2. We briefly discuss
process-centered systems, process modeling, and why process model developers
have to model collaboratively in today’s world. We classify strategies that a business
may use to automate processes. We discuss technologies, applications, and practices
used to provide business analytics. We discuss a wide spectrum of business process
paradigms that has been presented in the literature from structured to unstructured
processes. We discuss state-of-the-art technologies and demystify the concepts,
abstractions, and methods in structured and unstructured BPM, including activity-,
rule-, artifact-, and case-based processes.

Chapter 3 presents process matching techniques that are useful in a series of
process model analytics tasks. We present a brief overview of schema matching
techniques as they are useful for organizing process data, more precisely for
the integration of process execution data from various, potentially heterogeneous,
systems and services in a process event log. Besides integrating process execution
data, process models form various repositories (or resulting from process mining
tasks) have to be assembled in the process model layer of the process space (see
Fig. 1.3). The management of such integrated repositories requires techniques to
manage versions (operators like merge, diff) and for duplicate detections that are
based on process matching. We also classify approaches for matching different
dimensions of process models (data, interface, protocol, etc.) and analyze their
strengths and limitations. We also discuss that process matching techniques are
needed for conformance evaluation (comparing the process model mined from
event logs and the initially designed process model or its description in textual
documentation). Process similarity measures presented in Chap. 3 are also used for
clustering process models and for organizing process models mined from event logs
for unstructured processes, like those in the medical domain.

Querying is an important aspect in business process analytics. In particular,
querying techniques are commonly used in the different phases of business process
life cycles for various analytics purposes. For example, during the design time,
querying techniques can be used to retrieve existing process models, check the simi-
larity between new process models and existing processes, and conduct compliance
checks against existing business logic or rules. During the runtime phase of the
business process life cycles, querying techniques can be utilized for analyzing and
understanding the execution patterns of business processes. In addition, they can
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be used to instantly detect any compliance violations. In offline mode, querying
techniques can be used for auditing, mining, and process improvement purposes.
To address the importance of querying business processes, in Chap. 4 we focus
on business process querying techniques and languages. We describe the key
concepts, methods, and languages for querying business processes. We describe the
foundation and enabling technology for understanding the execution of a business
process in terms of its scope and details, which is a challenging task and requires
querying process repositories and business process execution.

Identifying business needs and determining solutions to business problems
require the analysis of business process data. In Chap. 5, we discuss that the analysis
of business data will help in discovering useful information, suggesting conclusions,
and supporting decision making for enterprises. In Chap. 5, we give an overview
of the different aspects of business data analysis techniques and approaches from
process/data spaces to data provenance and data-based querying techniques. We
provide an overview of warehousing process data followed by an introduction to
data services and DataSpaces, which facilitate organizing and analyzing process-
related data. We discuss the importance of supporting big data analytics over process
execution data. We then take a holistic view of the process executions over various
information systems and services (i.e., process space) followed by a brief overview
of process mining to highlight the interpretation of the information in the enterprise
in the context of process mining. Moreover, we focus on introducing cross-cutting
aspects in process data and discuss how process analytics can benefit from cross-
cutting aspects such as provenance, e.g., to analyze the evolution of business
artifacts.

Finally, Chap. 6 provides an overview of open-source and commercial software
for process analytics. Software for process analytics can be applied to the rich
source of events that document the execution of processes and activities within
BPM systems in order to support decision-making in organizations. In this context,
various existing tools focus on the behavior of completed processes, evaluate
currently running process instances, or focus on predicting the behavior of process
instances in the future. In this chapter, we provide a summary and comparison of
existing open-source and commercial software for process analytics, including real-
world use case scenarios, followed by a discussion and future directions on some
of the emerging and hot trends in the business process management area such as
process spaces, big data for processes, crowdsourcing, social BPM, and process
management on the cloud. We briefly describe the core essence of these directions
and discuss how they can facilitate the analysis of business processes.

Who Is This Book For?

In writing this book, we have taken into consideration a wide range of audience
interested in the space of business process management and process analytics. We
have tried to cover topics of interest for academics (professors, researchers, and
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research students), professionals (managers, data scientists, analysts, and software
engineers), and practitioners in understanding and employing process analytics
methods and tools to gain a better insight within and across business processes.
This book is a comprehensive textbook on process analytics and, therefore, could
be a useful reference for academics, professionals, and practitioners.

To Professors You will find this book useful for a variety of courses, from an
undergraduate course in business process management up through a graduate course
in business process analytics. We have provided considerably more material than
can fit in a typical one-term course; therefore, you can think of the book as a buffet
from which you can pick and choose the material that best supports the course you
wish to teach.

To Research Students and Researchers We hope that this textbook provides you
with an enjoyable introduction to the field of process analytics and business process
management. We have attempted to properly classify the state of the art, describe
technical problems and techniques/methods in depth, and highlight future research
directions in process analytics.

To Professionals and Practitioners You will find this book useful as it provides a
review of the state of the art in commercial tools and techniques and also describes
real-world use case scenarios. The wide range of topics covered in this book makes
it an excellent handbook on process analytics. Most of the methods that we discuss
in each chapter have great practical utility: process matching techniques in Chap. 3,
process querying techniques and languages in Chap. 4, and process data analysis in
Chap. 5. Therefore, in each chapter you can find details for the state-of-the-art tools
and methods. An overview of open-source and commercial software for process
analytics is finally provided in Chap. 6.
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Chapter 1
Introduction

Business processes are central to the operation of public and private enterprises.
For most enterprises, the success is strictly related to how efficient and effective
the execution of their processes is. For this reason, business process analytics has
always been a key endeavor for companies. Early efforts to address this goal started
with process automation where workflow and other middleware technologies were
used to reduce human involvement by better systems integration and automated
execution of business logic. The total or partial automation of the process creates an
unprecedented opportunity to gain visibility on process executions in the enterprise.
Recently, the focus of process thinking has shifted toward understanding and
analyzing business processes and business process-related data captured in various
information systems and services that support processes. In this chapter, we give
an overview of the different approaches for analyzing business processes at the
different phases of its life cycle.

1.1 The Modern Enterprises and the Need for Process
Analytics

Information processing using knowledge-, service-, and cloud-based systems has
become the foundation of twenty-first-century life. These systems run and support
processes in our governments, industries, transportations, and hospitals and even
our social life. In this context, business processes (BPs) and their continuous
improvements are key to the operation of any system supporting our life and in
enterprises. Typical examples of BPs that are supported by systems include those
that automate the operation of commercial enterprises such as banking and financial
transaction processing systems.

Over the last decade, many BPs across and beyond the enterprise boundaries
have been integrated. Process data is stored across different systems, applications,
and services in the enterprise and sometimes shared between different enterprises
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Fig. 1.1 An example of a business process execution in modern enterprises

to provide the foundation for business collaborations. Figure 1.1 illustrates a
business process scenario in the banking context that spans across multiple systems
and services inside and among third-party services providers. These systems are
distributed over various networks, but when viewed at a macrolevel, various
organizations and systems are components of a larger, logically coherent system.
Let us have a closer look at this example scenario.

Figure 1.1 demonstrates a property lending scenario in the banking system.
Consider Adam (a customer) who plans to buy a property. He needs to find a lending
bank. He can use various crowdsourcing services (e.g., Amazon Mechanical Turk1)
or visit a mortgage bank to find candidate banks. Then he needs to contact the banks
through one of many channels and start the loan pre-approval process. After that, he
may visit various Web sites or real-estate services to find a property. Meanwhile, he
can use social network Web sites (e.g., Facebook or Twitter) to socialize the problem
of buying a property and ask for others’ opinions on finding a suburb. After finding
a property, he needs to get a solicitor to start the process of buying the property.
Lots of other processes can be executed before or after this point. For example, the
bank may outsource the process of confirming Adam’s income, during pre-approval
process, to other companies or appraising the property.

1https://www.mturk.com/

https://www.mturk.com/
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As can be seen, the data relevant to the business process of a bank is scattered
across multiple systems, and in many situations, stakeholders can be aware of
processes, but they are not able to track or understand it: it is important to maintain
the vital signs of bank processes by analyzing the process data. This task is
challenging as a huge amount of data needs to be processed (it requires scalable
methods) and enables answering process-centric queries, e.g., “Where is loan-
order #756? What happened to it? Is it blocked? Give me all the documents and
information related to the processing of loan-order #756. What is the typical path
of loan orders? What is the process flow for it? What are the dependencies between
loan applications A1 and A2? How much time and resources are spent in processing
loan orders that are eventually rejected? Can I replace X (i.e., a service or a person)
by Y? Where did the data come from? How was it generated? Who was involved
in processing file X? At which stage do loan orders get rejected? How many loan
orders are rejected between the time period �1 and �2? What is the average time
spent on processing loan orders? Where do delays occur?” Can the bank outsource
the process of confirming Adam’s income or appraising the property to provider X
(i.e., is the business protocol of the provider X compatible with the process model of
the bank)? What are the differences between public process models of two different
banks?

Under such conditions, process analytics becomes of a great practical value but
clearly a very challenging task as well.

1.2 Business Processes: An Overview

A business process (BP) is a set of coordinated tasks and activities, carried out
manually or automatically, to achieve a business objective or goal [6, 346]. An
activity is the smallest unit of work performed by executing a program, enacting
a human or machine action, or invoking another business process (known as
subprocess) [7, 346]. A business process is typically structured and, therefore, is
associated with a data flow, showing what data and how they are transferred among
activities and tasks, and a control flow, showing the order in which activities and
tasks are performed.

Two types of business processes are recognized: public and private. Public
business processes can be shared with business partners (e.g., clients and suppliers)
within an enterprise and can be used in the business-to-business integration (B2Bi)
context [29]. On the contrary, private business processes are internal to the enter-
prise, include execution details, and can be used in enterprise application integration
(EAI) context [29]. In order to manage organization performance through BPs, a set
of methods, techniques, and tools are defined, developed, and presented under a
concept known as business process management (BPM).

A BPM system is a “generic software system that is driven by explicit process
designs to enact and manage operational business processes” [7], where operational
processes refer to repetitive business processes performed by organizations in


