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FOREWORD BY GUALTIERO
BAZZANA

When I was asked by my dear friend Bruno Legeard to provide a foreword to the
“Model-Based Testing Essentials” book that he was authoring together with Anne
Kramer, I was very pleased because this was a sort of flashback that reminded me
of when I was younger, so much younger than today, and was preparing my PhD
dissertation, which was based on automatic test generation for telecommunication
systems based on SADT and SDL models further transformed into Petri Nets.

This is just a small witness of the fact that the concept of model-based testing
(MBT) has been in existence for many years; nowadays methods, techniques, and
tools have matured to a point at which MBT is ready for widespread adoption in
many domains, starting from the ones that have historically taken advantage of such
approach (e.g., aerospace, railway and telecommunications) to others, such as auto-
motive, in which systematic structured testing techniques have been more and more
applied in the last years and MBT has quickly become a de facto standard.

In my capacity of ISTQB® President, I am very happy to welcome this book that
will greatly help professionals in taking the exam for ISTQB® Model-Based Tester
certification; as a matter of fact, ISTQB® has approved for general market availability
in October 2015 the Model-Based Tester syllabus, which is available for free down-
load from our website (www.istgb.org) and that is the basis around which this book
has been prepared, constituting an excellent study guide to the ISTQB® Certified
Model-Based Tester.

ISTQB® stand for International Software Testing Qualifications Board, a
not-for-profit association, which has gained the status of world’s leading organi-
zation for Software Testing Certification, by running over 560,000 exams as of
June 2015.
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Our mission is to continually improve and advance the software testing profession
by defining and maintaining a Body of Knowledge that allows testers to be certified
based on best practices, connecting the international software testing community, and
encouraging research.

In this context, the ISTQB® portfolio of certifications has recently been expanded
in order to complement the historically “Core” certifications (Foundation, Advanced
Test Manager, Advanced Test Analyst, Advanced Technical Test Analyst, Expert)
with a set of certifications dedicated to Agile Testing and a brand new cluster of
“Specialist” modules, whose goal is to cover specific topics/domains in a vertical
way, using a drill-down/deep-dive approach.

The “Model-Based Tester” syllabus and certification is the first of several Spe-
cialist modules to be brought to market; it complements the Core Foundation as a
Specialist module and it provides a practical and easy entry to the MBT approach.

The ISTQB® Glossary of software testing terms defines Model-Based Testing as
“Testing based on or involving models”; by studying this book, testers will learn how
to use models to drive test analysis and design, as well as how to take advantage of
the models for other testing activities such as test implementation and reporting. In so
doing, you will be able to improve the effectiveness and efficiency of the test process.

So, my thanks to the ISTQB® Working Group members who developed the
ISTQB® MBT certification and to Anne and Bruno for providing a thorough and
pragmatic study guide to it, which I am sure will be appreciated by the software
testing professionals worldwide.

Gualtiero Bazzana
ISTQB® President



FOREWORD BY ROBERT V. BINDER

Although I have long contended that all testing is model based, the nature of tools
and models defines substantially different approaches to software testing. After some
20 years of research and practice in automated model-based testing over thousands
of projects around the world, a broad, substantial, and proven body of knowledge has
been established. I have been fortunate to play a role in this evolution as a developer
and user of several model-based testing tools and as the author of three dozen test
design patterns (each a model.)

During these two decades, software and computing technology has become indis-
pensable for modern life and is increasingly shaping it. Although it has become easier
to produce software, it has not become any easier to be sure that our creations are
always well-behaved. Model-based testing has shown that it can better meet the qual-
ity challenges of present-day systems than the wishful thinking that is often used as
a testing strategy.

We know how to select, deploy, develop, and integrate model-based testing tools.
We know how to create test models for all kinds of application domains and technol-
ogy stacks. We know how to adapt development, testing, and maintenance processes
to make best use of model-based testing, in both agile and traditional life cycles.
Perhaps most important, we have learned when model-based testing is practical and
when it is not.

These have been pioneering years with attendant successes and failures. Some
once promising approaches and explorations have fallen away. The curiosity and
energy of open-source developers and researchers have shown how formalized rela-
tionships may be realized as useful tools. Technology entrepreneurs have created a
small but ever-better stream of product offerings, each testing market acceptance and



xiv FOREWORD BY ROBERT V. BINDER

rejection. Large and small organizations have tried model-based testing. Many have
found it useful enough to take the difficult path of institutionalizing it.

These pioneers had to learn by trial and error, reading available publications, and
sometimes plunging into the depths of research reports. They and their organizations
have had to accept the risk that such experimentation brings.

I believe that in the next 5-10 years, model-based testing can become as routine
and widely used as testing with open source tools such as Selenium or Junit. Credible
and practical education in model-based testing will be critical for this transition.

Until now, a practitioner, manager, or agilist wondering what model-based testing
is really all about had to work hard to get an answer. That meant attending an annual
conference such as UCAAT and/or taking a risk to experiment with a pilot project.
That pioneer would have to work out how model-based testing fit with their under-
standing of software development and testing, and finally how it could be socialized
in their organization.

With the publication of Model-Based Testing Essentials, readers have a credible,
practical, and complete introduction to and guidance for using model-based testing.
This book distills hard-won knowledge in a systematic presentation of topics needed
to use and deploy model-based testing. I believe it will not only be a useful guide
to prepare for the ISTQB® exam, but a valuable handbook for new and experienced
practitioners alike.

Robert V. Binder
Carnegie-Mellon University Software Engineering Institute, Pittsburgh
November 2015



PREFACE

Testing our products gives us confidence that they perform as intended. If we do not
find any bugs, then everything should be fine ... or not? What, if we do not really have
confidence in the test itself? Are we sure we test the parts that are really important?
Is our test complete and, if we think so, are we able to prove this? What about the
cost of testing? Is it possible to spare time or money in the testing phases?

Questions like this brought the testing community to think about using models for
testing purposes, and to develop a new testing approach called model-based testing
(MBT). The initial idea of MBT dates back to 1970s, but its industrial application on a
larger scale started only during the last decade. Today, the community of MBT adepts
is growing constantly and the topic attracts more and more attention. Therefore, the
International Software Testing Qualifications Board (ISTQB) decided to issue a new
certification scheme, the “ISTQB Certified Tester Foundation Level — Model-Based
Tester Certification.”

The ISTQB standard glossary of terms used in software testing [1] defines MBT
as “testing based on or involving models.” By model, we mean a somehow formal or
structured representation of the system under test, its environment, or the test itself,
which directly supports test analysis and design activities, but also test planning and
control, implementation and execution, and reporting activities.

Why MBT is worth reading a book or attending a training course? In 2014, we
performed a user survey among MBT practitioners and asked them about their expec-
tations regarding MBT (see Figure 1). '

''See Ref. [3] for the complete results of the survey and Ref. [4] for a detailed analysis.
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What do you expect from a model-based approach to testing?
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Figure 1 Expectations of MBT practitioners (from 2014 MBT User Survey).

The top four expectations clearly relate to the questions we asked about testing
practices in the beginning of this section:

e Better tests
We expect that MBT will help us to increase the effectiveness of our test
process, for example by discovering more bugs during the various test cycles.

e Cheaper tests
We are interested in automated test generation to reduce the costs of test
creation and maintenance and, thus, to increase the overall efficiency of our test
process.
e Managing complexity
Models are abstract representations of some existing or planned reality. They
proved to be very helpful in system architecture and design. Using them in the
test process should help us to keep the overview and to focus on what matters
for our test objectives.

e Start test design earlier
One of the major promises of MBT is early requirements validation. We can
start the modeling activities long time before the system under test exists in
reality. Thus, MBT should help us in implementing the ISTQB good practice of
early testing.

This book will show you how MBT can fulfill these expectations based on
the current state of the practice in this area as taught in the ISTQB Model-Based
Tester — Foundation Level certification syllabus. Furthermore, we focus on essential
aspects of model-based testing in practice. Beyond the syllabus, we provide addi-
tional information on MBT and share with you our personal experience with the
technique.
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The 2014 MBT User Survey

In 2012, Robert V. Binder conducted the first survey among MBT practitioners
to collect data and experience on the usage of model-based testing [2]. One year
later, we started an independent initiative at ETSI’s User Conference on Advanced
Automated Testing. The 2013 survey was more technical and aimed at validating
a common MBT classification scheme. Finally, we decided to join both initiatives
and started the 2014 MBT User Survey.

The survey was open from mid-June 2014 to early August 2014. One hundred
model-based testing practitioners answered, providing a relevant picture of the
current state of the practice in the MBT area. We wanted to learn how MBT users
view the efficiency and effectiveness of the approach, what works, and what does
not work. The results are publicly available [3]. For a detailed analysis, please
refer Ref. [4].

THE ISTQB CERTIFIED TESTER FOUNDATION LEVEL -
MODEL-BASED TESTER

There are many different approaches to model-based testing. Some adepts place their
expectations in complete automation, both of test case generation and test execution.
Others use the models mainly to describe the test idea and to generate test cases
for manual execution. All those approaches are valid and have their advantages, but
without a structured introduction to the topic, newcomers are rapidly lost. This is
where the ISTQB certification scheme helps.

The ISTQB MBT certification extends the ISTQB Certified Tester Foundation
Level and provides additional skills to professional testers. The qualification scheme
addresses people having reached the first level of achievement in their software test-
ing career, including testers, test analysts, test automation engineers, test managers,
as well as system and software developers and architects. It may also be beneficial
for anyone who wants a deeper understanding of software testing and of the use of
models for test generation, such as project managers, quality managers, product man-
agers, business analysts, and business process experts. In general, an ISTQB Certified
Model-Based Tester has acquired the necessary skills to contribute successfully to
MBT projects in a given context.

Figure 2 provides a summary of the ISTQB MBT syllabus content. The syllabus
is divided into five chapters, covering the introduction of MBT (Chapter 1), the main
phases of the MBT process (Chapters 2—4), and the evaluation and deployment of an
MBT approach (Chapter 5).

The syllabus covers 36 learning objectives at different cognitive levels of know-
ledge (so-called K-levels):

e 9 at level KI (Remember),
o 22 at level K2 (Understand),
e 5 at level K3 (Apply).
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Figure 2 ISTQB MBT syllabus — content overview.

In addition, the syllabus includes 10 MBT-specific terms, which are equally part
of the examination.

Throughout this book, we provide you with the required knowledge to pass
successfully the ISTQB MBT certification. Various exercises invite you to practice
modeling and test generation activities. If you are not interested in passing the exam,
you may skip them, but if you are, beware of the fact that they are essential to reach
cognitive level K3.

HOW THIS BOOK IS ORGANIZED?

This book consists of 12 chapters plus 3 appendices. We tried to stay as close as pos-
sible to the structure of the ISTQB MBT syllabus. However, for pedagogic reasons,
there are some exceptions from this rule. To make the mapping easier for you, each
chapter of this book starts with a reference to the corresponding syllabus section(s).

In Chapter 1, we introduce the topic of model-based testing and tell you what you
can realistically expect from this test approach.

In Chapter 2, you find the definition of the MBT-specific terms that are part of the
ISTQB MBT examination. Moreover, we define additional terms used in this book to
make sure we all understand them in a similar way. Section 2.3 is very important. We
present the two simple graphical modeling languages proposed by the ISTQB MBT
syllabus. Unless stated otherwise, all example models in this book respect the rules
of one of those two sample languages.
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Chapter 3, then, goes to the root of the matter. We explain how a test process
employing MBT looks like, including its activities, actors, and roles, as well as its
input and output, and its integration into the global software development lifecycle.

Modeling being a core activity in MBT, three chapters of this book deal with this
topic. Chapter 4 points out some fundamental aspects you should consider before
starting to write an MBT model.

Chapter 5 presents a variety of different modeling languages. It shall enable you to
select the most appropriate language for your particular application focus. In addition,
we provide some general information on MBT modeling tools.

In Chapter 6, we present common good modeling practices and draw your attention
to typical mistakes and pitfalls. Unlike the other sections of Chapter 6, Section 6.8
is not based on the syllabus. Instead, it contains a longer list of recommendations
regarding modeling practices from other sources including our personal experience.

In Chapter 7, we have a short glimpse on classic test design techniques as taught
in the ISTQB Certified Tester Foundation Level course. We see how MBT relates to
those techniques, which it does not replace, but supports.

Chapter 8 is entirely dedicated to test case selection. We present a taxonomy of
selection criteria, examples for their practical application, pros and cons, and report
some recommendations. The last section of this chapter briefly deals with automated
test generation in general.

Next to test generation comes test implementation and execution, which is the
topic of Chapter 9. We explain the specifics of MBT test implementation, the depen-
dencies on modeling and test generation activities, and the additional steps required
to automate the generated test cases.

Chapter 10 is the last chapter having a direct correspondence in the ISTQB MBT
syllabus. It deals with the introduction of MBT in a company. It is not the classic “Do
a pilot first” stuff. Instead, we focus on very specific aspects of MBT. How do the
objectives of your organization influence the choice of an MBT approach? Where do
the cost factors originate and where may we expect financial benefits? We present
metrics to measure success and good practices to apply. In a section on tool support,
we consider MBT tools supporting test generation activities and their integration with
other tools.

In Chapter 11, we present three radically different case studies illustrating the daily
work with MBT.

The last chapter summarizes the book with an overall positive conclusion. MBT
is worth trying! Finally, in the appendices you will find the solutions of the exercises,
a short quiz to test your understanding, and some additional information.
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