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Alessandro Di Gioia  has helped a variety of companies (from small startups to large 
enterprises for the past 18 years) embrace agile technical practices. He has worked in 
Italy and Norway. For the past few years, he has resided in London. His professional life 
changed when he came across agile methodologies, especially Extreme Programming. 
He likes concise, expressive, and readable code as well as making existing solutions 
better when needed. He is always trying to learn better ways of designing asynchronous 
distributed architectures and crafting software, in either an object-oriented or 
functional style. Although Alessandro considers himself a forever learner, he is also 
a coach and a mentor because he loves to share his experiences with others. Follow 
Alessandro on Twitter at @Parajao .

�/�H�D�U�Q�L�Q�J���2�E�M�H�F�W�L�Y�H�V

•	 Apply the red, green, and refactor cycle of TDD to solve procedural problems

•	 Implement the various techniques used in the pair programming approach

•	 Use code smells as feedback

•	 Test your production code using mocks and stubs

•	 Refactor legacy code to bring it in line with modern agile standards

•	 Apply the object calisthenics ruleset to enhance your software design

Approach

The content in this book is presented as a journey. Each concept is introduced 
gradually. New concepts are added on top of the previous materials. Several exercises 
are available for you to spend some time practicing the new material.

Audience

This book is designed for software developers looking to improve their technical 
�S�U�D�F�W�L�F�H�V�����6�R�I�W�Z�D�U�H���F�R�D�F�K�H�V���P�D�\���D�O�V�R�����Q�G���L�W���K�H�O�S�I�X�O���D�V���D���W�H�D�F�K�L�Q�J���U�H�I�H�U�H�Q�F�H���P�D�Q�X�D�O����
This is not a beginner's book on how to program. You must be comfortable with at least 
one programming language and must be able to write unit tests using any unit testing 
framework.
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Conventions

�&�R�G�H���Z�R�U�G�V���L�Q���W�H�[�W�����G�D�W�D�E�D�V�H���W�D�E�O�H���Q�D�P�H�V�����I�R�O�G�H�U���Q�D�P�H�V�������O�H�Q�D�P�H�V�������O�H���H�[�W�H�Q�V�L�R�Q�V����
pathnames, dummy URLs, user input, and Twitter handles are shown as follows: "The 
GetTask method returns the next task to execute on the instrument."

A block of code is set as follows:

var username = new Random().Next(1, 11) % 2 == 0

              ? "Pedro"

              : string.Empty;

New terms and important words are shown in bold. Words that you see on the screen, 
for example, in menus or dialog boxes, appear in the text like this: "This has the 
consequence of testing the test infrastructure rather than the Subject Under Test."

Agile Technical Practices

�7�K�H���P�R�V�W���G�L�I���F�X�O�W���V�W�H�S���H�Y�H�U���L�V���W�K�H�����U�V�W���V�W�H�S�����,�W���F�R�P�H�V���Z�L�W�K���G�R�X�E�W�V�����X�Q�F�H�U�W�D�L�Q�W�L�H�V�����D�Q�G���D�O�O��
�V�R�U�W���R�I���I�H�D�U�V�����,�I���\�R�X���G�H�I�\���D�O�O���R�G�G�V���D�Q�G���W�D�N�H���L�W�����\�R�X�U���F�R�Q���G�H�Q�F�H���Z�L�O�O���U�H�S�O�L�F�D�W�H���Y�H�U�\���I�D�V�W���D�Q�G��
you'll become a master!

– Israelmore Ayivor

Is This Book for Me?

This book is about technical practices in the context of agile software development. It 
is aimed at software developers looking to improve their technical practices. Software 
�F�R�D�F�K�H�V���P�D�\���D�O�V�R�����Q�G���L�W���K�H�O�S�I�X�O���D�V���D���W�H�D�F�K�L�Q�J���U�H�I�H�U�H�Q�F�H���P�D�Q�X�D�O��

This is not a beginner's book on how to program. We expect readers to be comfortable 
with at least one programming language and to be able to write unit tests using any unit 
testing framework.

Why We Wrote This Book?

The principal driving forces that pushed us to craft this book are the passion for what 
we do and the wish to provide a straightforward path to other fellow developers. We 
have been working for the last 20 years in the software world as developers, coaches, 
and mentors. The content of this book has been distilled over those years of daily 
practicing, experimenting, and sharing.



�$�J�L�O�H���7�H�F�K�Q�L�F�D�O���3�U�D�F�W�L�F�H�V���_��vii

We have been teaching and coaching others on this material for years with such 
amazing results that we felt that writing this book was something we owed to the 
community. We independently came to the conclusion that the very important matters 
about software development are the principles driving every line of code, not the 
�W�H�F�K�Q�L�F�D�O���N�Q�R�Z�O�H�G�J�H���R�I���R�Q�H���V�S�H�F�L���F���Y�H�Q�G�R�U�
�V���S�U�R�G�X�F�W���R�U���D�Q�R�W�K�H�U�����$�V�W�R�Q�L�V�K�L�Q�J�O�\�����Z�K�H�Q��
discussing this, we discovered that we all share the very same principles (with some 
�S�H�U�V�R�Q�D�O�����D�Y�R�U�V����

�:�H���K�D�Y�H���L�G�H�Q�W�L���H�G���D���M�R�X�U�Q�H�\���W�K�D�W���F�R�X�O�G���W�D�N�H���W�K�H���P�R�V�W���G�L�O�L�J�H�Q�W���U�H�D�G�H�U�V���W�R���P�D�V�W�H�U�\���L�Q���D��
matter of weeks. If you are prepared to spend some time and effort going through the 
material, you will improve as a software developer.

We are what we repeatedly do. Hence, excellence is not an act, but a habit.

– Will Durant, paraphrasing Aristotle's Nicomachean Ethics

Why Distilled?

�'�L�V�W�L�O�O�D�W�L�R�Q���L�V���W�K�H���S�X�U�L���F�D�W�L�R�Q���R�U���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���R�I���D���V�X�E�V�W�D�Q�F�H�����R�E�W�D�L�Q�L�Q�J���W�K�H���H�V�V�H�Q�F�H��
or volatile properties contained in it. It is also the separation of one substance from 
another. In this book, we will try to do the same, extracting and sharing the essence of 
all the best practices we have come across in our careers. We are concentrating here on 
the best of the best of what has worked, enriched by our own principles and values.

We want this book to be a single reference for what we think are the essential practices 
a developer should master. We have learned our lessons the hard way, but you don't 
have to. If you learn even one thing from it, you are already a better professional 
than yesterday. If you are better, the world of software development is better: 
transcendental Kaizen .

The idea for the book's title arose when the plan was born on a rare snowy night in 
London. After discussing the idea together over pizza (and a few Peronis), we ordered a 
couple of rounds of digestive grappa. It was then that we started joking about the title 
and soon we had fallen in love with it, so here it is!

Caution

�–�Q���9�L�F�H�Q�]�D�����9�H�Q�H�W�R�����–�W�D�O�\�������W�K�H�U�H���D�U�H���V�H�Y�H�U�D�O���L�Q�V�W�D�Q�F�H�V���S�H�U���\�H�D�U���R�I���D�G�G�L�F�W�L�R�Q���W�R�� 
�J�U�D�S�S�D��
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What are Agile Technical Practices?

During the last decade, the number of popular technical practices has grown 
exponentially. So, coming up with a list of core ones can be a daunting task. Every single 
programmer will have core beliefs, and a consensus can be challenging to achieve. 
However, the authors feel that among all those techniques there are a number of 
essential principles to grasp from many of them.

We use the agile term as a wide umbrella covering agile principles and practices as well 
as most methodologies associated with it. As for technical practices within agile, we will 
need to explore a bit.

The Agile Manifesto does not mention any technical practices. Scrum And Kanban 
do not specify any either. Can we use the software craftsmanship manifesto? There 
�D�U�H���Q�R���V�S�H�F�L���F���W�H�F�K�Q�L�F�D�O���S�U�D�F�W�L�F�H�V���D�U�H���G�L�V�F�X�V�V�H�G���W�K�H�U�H���H�L�W�K�H�U�����:�K�D�W���D�E�R�X�W��Extreme 
Programming  (XP)?

XP does have a set of technical practices, namely:

•	 Feedback:

– Pair programming

– Planning games

– Test-driven development (TDD)

– Whole teams

•	 Continuous process:

– Continuous integration

– Design improvements/refactoring

– Small releases

•	 Shared understanding:

– Coding standards

– Collective code ownership

– Simple designs

– System metaphors

•	 Programmer welfare:

– A sustainable pace
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Which of the previously mentioned fundamental technical practices can be trained and 
studied individually?

In this book, we decided to focus our attention mainly on these four:

•	 TDD

•	 Pair programming

•	 Refactoring

•	 Simple designs

Now, another question arises: do we really need a core of technical practices in agile? 
Let's try to answer this with two more questions:

1.	 How often do projects stagnate under their own weight?

2.	 Why does this happen over and over again?

One of the main causes is probably technical debt. This is one of the reasons why 
technical practices are so crucial to the success of an agile project. They allow us to 
continue delivering value by addressing the accidental complexity or tech debt as it 
emerges.

So, is the subset of XP practices (TDD, pair programming, refactoring, and simple 
design) our core practices? Could these practices help prevent tech debt from 
accumulating? Simple design and refactoring look promising. Let's label them as 
technical design practices. What about pair programming and TDD? They belong in a 
slightly different category. Let's label them as technical feedback practices.

Working with practices related to design and feedback empowers experimentation. 
�&�R�Q�V�L�G�H�U���D���G�H�V�L�J�Q���F�K�D�Q�J�H�������U�V�W���\�R�X���J�H�W���I�H�H�G�E�D�F�N���I�U�R�P���W�K�H���S�D�L�U�����W�K�H�Q���F�K�D�Q�J�H���W�K�H���G�H�V�L�J�Q����
and get feedback from the tests. Quick, continuous experimentation using feedback 
loops is how all kinds of systems can evolve and our programs make no exceptions. 
That's why you should aim to build a structure that gives quick feedback you can trust, 
so you can try new things without the worry of breaking the existing ones. Remember: 
"Inertia is your enemy!"

Optimism is an occupational hazard of programming: feedback is the treatment.

– Kent Beck, Extreme Programming Explained

TDD, pair programming, refactoring, and simple design are still reasonably big boxes we 
�P�X�V�W���R�S�H�Q�����6�R�����O�H�W�
�V���V�H�H���Z�K�D�W���Z�H���P�L�J�K�W�����Q�G���L�Q�V�L�G�H���R�I���H�D�F�K���R�Q�H��
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Pair Programming

�:�K�H�Q���Z�H���D�U�H���P�R�U�H���J�U�D�Q�X�O�D�U���R�Q���S�D�L�U���S�U�R�J�U�D�P�P�L�Q�J�����Z�H�����Q�G���W�K�H���I�R�O�O�R�Z�L�Q�J���F�R�Q�F�H�S�W�V���D�Q�G��
practices:

•	 Driver-navigator

•	 Ping-Pong/Popcorn

•	 Chess clock

•	 Pomodoro

•	 Pair rotation

Test-Driven Development TDD

There are two big TDD schools: the Classic/Classicist/Chicago school and the 
Outside-In/Mockist/London school. Let's add both to the TDD box. Outside-In TDD 
relies heavily on Mocks and Stubs, referred more generically as test doubles, so let's 
add test doubles as well. The transformation priority premise is a great way to evolve 
code without adding complexity too soon, so it can be seen as part of TDD or simple 
design. We choose to add it to TDD.

We end up with the following technical practices:

•	 Classic TDD

•	 Outside-In TDD

•	 Test doubles

•	 Transformation Priority Premise

Design Improvements/Refactoring

Doing the same exercise for refactoring, we end up with this:

•	 IDE productivity

•	 Refactoring smells

•	 Refactoring legacy code

•	 Design patterns
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Simple Design

Design is a much more controversial subject, but XP advocates simple design. So, let's 
stay with high-level, generally accepted design principles and practices, such as:

•	 Object calisthenics

•	 Code smells

•	 The four elements of simple design

•	 Coupling and cohesion

•	 Connascence

•	 SOLID

These are the main technical subjects you will encounter during the journey we have 
�R�U�J�D�Q�L�]�H�G���I�R�U���\�R�X�����,�I���\�R�X���I�R�O�O�R�Z���W�K�H���S�O�D�Q�Q�H�G���V�F�K�H�G�X�O�H�����\�R�X���V�K�R�X�O�G�����Q�G���W�K�H���O�H�D�U�Q�L�Q�J���S�D�W�K��
quite smooth, always building upon the previous steps. Feel free to wander away from 
the path and use the book as a quick reference manual for a particular subject.

Beyond Design

All our technical knowledge is not enough if we are not working with the business 
helping to achieve its goals. The great professional must be able to understand the 
business and have the principles to make the right choices in terms of understanding 
and clarifying requirements and being a positive team member. That's why the last 
section of the book changes the focus from building the thing right to building the 
right thing. We touch on outside-in development, behavior-driven design principles, 
domain-driven design, principles derived from lean and system thinking, and our take 
on working as a member of a team.

We have used some big words in the previous paragraphs. Don't worry if you are 
�X�Q�I�D�P�L�O�L�D�U���Z�L�W�K���W�K�H�P�����7�K�D�W���L�V���Z�K�D�W���W�K�L�V���E�R�R�N���L�V���I�R�U�����:�H���K�R�S�H���\�R�X�����Q�G���L�W���L�Q�V�S�L�U�L�Q�J���×���R�U���D�W��
least interesting. Explore and enjoy!

�5�X�O�H�V�����3�U�L�Q�F�L�S�O�H�V�����D�Q�G���9�D�O�X�H�V

To do your best is not enough. First you must know what to do, and then do your best.

– W. Edwards Deming

What is the difference between rules, principles, and values?
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Here is what the dictionary says:

•	 Rule: One of a set of explicit or understood regulations or principles governing 
conduct or a procedure within a particular area of activity. A principle that 
operates within a particular sphere of knowledge, describing or prescribing what 
is possible or allowable. A code of practice and discipline for a religious order or 
community.

•	 Principle: A fundamental truth or proposition that serves as the foundation for 
�D���V�\�V�W�H�P���R�I���E�H�O�L�H�I���R�U���E�H�K�D�Y�L�R�U���R�U���I�R�U���D���F�K�D�L�Q���R�I���U�H�D�V�R�Q�L�Q�J�����$���J�H�Q�H�U�D�O���V�F�L�H�Q�W�L���F��
�W�K�H�R�U�H�P���R�U���O�D�Z���W�K�D�W���K�D�V���Q�X�P�H�U�R�X�V���V�S�H�F�L�D�O���D�S�S�O�L�F�D�W�L�R�Q�V���D�F�U�R�V�V���D���Z�L�G�H�����H�O�G�����$��
fundamental source or basis of something.

•	 Value : The regard that something is held to deserve; the importance, worth, or 
usefulness of something. Principles or standards of behavior; one's judgment of 
what is important in life.

We live in a world with rules everywhere. On the road, at work, at school, or at the 
movies: we have to respect the rules of the environment we are in.

Sometimes, we are overwhelmed by the number of rules. Most of the time, we don't 
really even know the exact rules, yet we are able to behave correctly in (almost) any 
situation. That's because when rules follow  common principles  and values (which 
together make up common sense), it's pretty easy to work out the most important ones.

For example, you don't need to memorize the rules of the cinema to understand that if 
your phone rings in the middle of the show, it would annoy those around you. Or, you 
don't need to consciously remember the rule of the road that requires you to stop at 
the red light; you just know it's a very wise thing to do. That's because sensible rules are 
�H�[�S�U�H�V�V�L�R�Q�V���R�I���S�U�L�Q�F�L�S�O�H�V���D�Q�G���Y�D�O�X�H�V���Y�D�O�L�G���L�Q���D���V�S�H�F�L���F���F�R�Q�W�H�[�W�����,�Q���W�K�H���F�L�Q�H�P�D�����Z�H���Z�D�Q�W��
to be nice and let everybody enjoy the show, so we try not to be noisy. On the street, 
�Z�H���Z�D�Q�W���H�Y�H�U�\�E�R�G�\���W�R���W�U�D�Y�H�O���V�D�I�H�O�\�����V�R���Z�H���U�H�V�S�H�F�W���W�K�H���F�R�Q�Y�H�Q�W�L�R�Q���R�I���W�U�D�I���F���O�L�J�K�W�V���D�W��
crossing points.

How Rules Can Lead to Intellectual Laziness

We are so used to having rules to observe that many of us seem to be lost without 
them. Rules are obviously useful, but can unfortunately lead to a dangerous habit for a 
software developer: switching off critical thinking .
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The main problem is that there are very few rules valid in any situation (the infamous 
silver bullet ). Most rules are tightly bound to a context and, if the context changes, the 
rules might not be relevant anymore. Furthermore, the habit of following rules without 
questioning the context can lead in the long run to intellectual laziness . In this case, 
it seems easier to blindly follow some rules instead of working them out (based on 
principles and values) for the particular context.

Our profession is about instructing a machine to follow rules written in the form of 
coding. Critical thinking is one of the most relevant and hard-to-emulate qualities 
�W�K�D�W���G�H���Q�H���W�K�H���G�L�I�I�H�U�H�Q�F�H���E�H�W�Z�H�H�Q���K�X�P�D�Q���E�H�L�Q�J�V���D�Q�G���W�K�H���D�U�W�L���F�L�D�O���L�Q�W�H�O�O�L�J�H�Q�F�H���Z�D�\��
of thinking. Switching off critical thinking only moves you steadily down the path of 
uselessness. If it were just about following rules, since robots are much better then us 
�L�Q���G�R�L�Q�J���W�K�D�W�����W�K�H�\���Z�R�X�O�G���K�D�Y�H���D�O�U�H�D�G�\�����O�O�H�G���D�O�O���W�K�H���S�U�R�J�U�D�P�P�L�Q�J���M�R�E�V���D�Y�D�L�O�D�E�O�H��

Use Rules as a Shortcut to Internalize Principles

Nevertheless, we use rules as shortcut in order to practice and learn how to behave 
�L�Q���D���S�D�U�W�L�F�X�O�D�U���V�F�H�Q�D�U�L�R�����7�K�H�����Q�D�O���J�R�D�O���V�K�R�X�O�G���Q�H�Y�H�U���E�H���D�Q���H�[�H�U�F�L�V�H���R�I���W�K�H���P�H�U�H��
memorization of rules. The ultimate achievement of practicing a ruleset is the 
internalization of the basic principles underlying them.

In the following lessons, we will introduce several rulesets for different contexts. 
Please don't force yourself to memorize them. If you don't remember something, open 
the page and consult the book as a reference. Try to work out the rules in your mind, 
starting from the principles. Experiment with different variations and evaluate the pros 
and cons of each outcome. Exercise until you understand and remember the principles, 
not the rules.

Once you master most of the principles we discuss here, something very cool might 
�K�D�S�S�H�Q�����\�R�X���Z�L�O�O�����Q�G���\�R�X�U�V�H�O�I���P�R�U�H���Q�D�W�X�U�D�O�O�\���S�U�H�G�L�V�S�R�V�H�G���W�R���W�K�L�Q�N���D�E�R�X�W���V�R�I�W�Z�D�U�H��
design using a particular subset of those principles. Or, even more cool, you might want 
�W�R�����Q�G���\�R�X�U���Y�H�U�\���R�Z�Q���S�U�L�Q�F�L�S�O�H�V�����W�K�R�V�H���W�K�D�W���Z�R�U�N���D�Q�G���P�D�N�H���V�H�Q�V�H���I�R�U���\�R�X�����G�U�L�Y�L�Q�J���H�Y�H�U�\��
single line of your code.

Either way, congratulations. That means you have started to build your own set of 
software design values.

�,�Q���W�K�H�����U�V�W���O�H�V�V�R�Q�V���R�I���W�K�H���E�R�R�N�����Z�H���I�R�F�X�V���P�R�V�W�O�\���R�Q���U�X�O�H�V���D�Q�G���W�K�H�Q���V�O�R�Z�O�\���P�R�Y�H���L�Q�W�R��
principles and values. Be patient. Just imagine you are a young driver: in the beginning, 
you focus on following the rules, but once you are an experienced driver, you are able to 
extract your own rules from internalized principles and your core values.

Learn the rules like a pro, so you can break them like an artist.

– Pablo Picasso
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�+�R�Z���7�K�L�V���%�R�R�N���–�V���2�U�J�D�Q�L�]�H�G

The content we present is structured like a journey. As with every journey into a new 
environment, the beginning is slow and safe, but it is crucial for setting the stage for 
�Z�K�D�W���F�R�P�H�V���Q�H�[�W�����7�K�H���D�G�Y�H�Q�W�X�U�H���W�K�H�Q���J�D�L�Q�V���P�R�P�H�Q�W�X�P���D�V���F�R�Q���G�H�Q�F�H���J�U�R�Z�V�����O�H�D�U�Q�L�Q�J��
new subjects that introduce new techniques and principles to advance more steadily. 
�)�L�Q�D�O�O�\�����L�Q���W�K�H�����Q�D�O���O�H�V�V�R�Q�V�����Z�H���G�H�P�R�Q�V�W�U�D�W�H���K�R�Z���W�K�H���O�H�D�U�Q�H�G���S�U�L�Q�F�L�S�O�H�V���F�D�Q���E�H���D�S�S�O�L�H�G��
in several contexts, converging to allow the best solutions.

This is why we have divided the journey in four main sections:

•	 First steps

•	 Walking

•	 Running

•	 Flying

Each part is divided into several lessons with a common structure:

•	 New principles: New concepts are added on top of the previous materials.

•	 Katas: Exercises for you to spend some time practicing the new material.

•	 Great habits: We build up a collection of good practices step by step.

•	 Where we are in the big picture of OO software design?

A bird's eye view of where the lesson practices belong in the world of software 
design. It relates lesson practices with other practices, rules, and principles.

•	 When I should move to the next lesson?

A few questions to help you decide whether you are ready to move on.

•	 Resources: In case you want to go deeper into the material presented, the 
Resources sections provide web links and recommended books.

How to Get the Most out of This Book

To perform the katas, you will need access to a computer with your favorite 
�G�H�Y�H�O�R�S�P�H�Q�W���H�Q�Y�L�U�R�Q�P�H�Q�W���F�R�Q���J�X�U�H�G��

�7�K�L�V���E�R�R�N���G�R�H�V���Q�R�W���I�R�F�X�V���R�Q���D�Q�\���O�D�Q�J�X�D�J�H�V���R�U���W�R�R�O�V���L�Q���S�D�U�W�L�F�X�O�D�U�����:�H�����U�P�O�\���E�H�O�L�H�Y�H���W�K�D�W��
habits, principles, and values are the most crucial part of a developer's knowledge and 
that they are technologically agnostic. Hence, you are welcome to choose the ones that 
best suit you.
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We have organized and presented the information in this book in a logical sequence. 
We strongly feel that practice and exercise are the fundamental resources needed for 
�W�K�L�V���M�R�X�U�Q�H�\�����7�K�D�W�
�V���Z�K�\���\�R�X���Z�L�O�O�����Q�G���F�R�G�H���F�K�D�O�O�H�Q�J�H�V���D�Q�G���N�D�W�D�V���D�W���H�Y�H�U�\���O�H�V�V�R�Q�����7�K�H�\��
were selected to stimulate critical thinking about the subjects, leading you on a fun and 
pragmatic step-by-step learning path.

Mastery is applied knowledge, and even the most talented person can't skip practicing 
to reach it. Spend time going through the exercises to master the concepts and 
practices presented.

Caution

�2�X�U���E�U�D�L�Q���L�V���D�G�G�L�F�W�H�G���W�R���L�Q�I�R�U�P�D�W�L�R�Q�����5�H�V�L�V�W���W�K�H���X�U�J�H���W�R���U�H�D�G���W�K�L�V���E�R�R�N���Z�L�W�K�R�X�W���S�H�U-
�I�R�U�P�L�Q�J���W�K�H���H�[�H�U�F�L�V�H�V�����–�Q�I�R�U�P�D�W�L�R�Q��per se ���L�V���Q�R�W���Y�H�U�\���X�V�H�I�X�O��

Programming is a skill best acquired by practice and example rather than from books.

– Alan Turing

Asking for Help or Feedback

If you want to get feedback or help from the community about the topics presented in 
this book, go to the book's community page at http://community.agiletechpraxis.com/.

�+�H�O�S�L�Q�J���2�W�K�H�U�V

Ideally, you should work on the exercises as a pair. Even better, have a journey 
companion. Either working on your own or with a pair, we strongly encourage you to 
join the community.

�$�V���V�R�R�Q���D�V���\�R�X���I�H�H�O���F�R�Q���G�H�Q�W�����\�R�X���F�D�Q���K�H�O�S���R�W�K�H�U�V���D�O�R�Q�J���W�K�H���S�D�W�K�����+�H�O�S���E�\���D�Q�V�Z�H�U�L�Q�J��
questions and sharing your experience. Helping others is a great way to challenge your 
knowledge and internalize what you have learned!

Feedback about This Book

We would love to hear your feedback about this book:

•	 What you liked?

•	 What inspired you?

•	 What you learned?

•	 What we missed?
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•	 What we could have explained better?

•	 What you disagree with?

We value your opinions and feelings about this work, and we will be always thankful if 
you decide to share them with us. You can go to Our Quick Feedback Form at http://
www.agiletechpraxis.com/feedback  or send us an email at info@agiletechpraxis.com.

Resources

Web

•	 Extreme Programming: A Gentle Introduction: http://www.extremeprogramming.
org/.

•	 What is extreme programming, Ron Jeffries: http://ronjeffries.com/xprog/what-
is-extreme-programming/.

Books

•	 Apprenticeship Patterns: Guidance for the Aspiring Software Craftsman, Dave 
Hoover, Adewale Oshineye: https://www.goodreads.com/book/show/5608045-
apprenticeship-patterns.

•	 The Clean Coder: A Code of Conduct for Professional Programmers, Robert C. 
Martin: https://www.goodreads.com/book/show/10284614-the-clean-coder .

•	 Extreme Programming Explained: Embrace Change, Kent Beck: https://www.
goodreads.com/book/show/67833.Extreme_Programming_Explained.

•	 The Passionate Programmer: Creating a Remarkable Career in Software 
Development, Chad Fowler: https://www.goodreads.com/book/show/8393116-
the-passionate-programmer .

•	 The Pragmatic Programmer: From Journeyman to Master, Andy Hunt and David 
Thomas: https://www.goodreads.com/book/show/4099.The_Pragmatic_
Programmer .

•	 Pragmatic Thinking and Learning: Refactor Your Wetware, Andy Hunt: https://
www.goodreads.com/book/show/3063393-pragmatic-thinking-and-learning.

•	 The Software Craftsman: Professionalism, Pragmatism, Pride, Sandro Mancuso: 
https://www.goodreads.com/book/show/23215733-the-software-craftsman.

•	 Software Craftsmanship: The New Imperative, Pete McBreen: https://www.
goodreads.com/book/show/1035377.Software_Craftsmanship.







A journey of a thousand miles begins with a single step.

                                                                             – Lao Tzu

First Steps
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5.	 A Driver (B Navigator): Writes the next test and sees that it fails for the right 
reason.

6.	 Rinse and repeat.

Caution

�–�I���\�R�X���G�R���Q�R�W���X�V�H���S�L�Q�J���S�R�Q�J���S�R�S�F�R�U�Q���R�U���W�K�H���F�K�H�V�V���F�O�R�F�N�����X�V�H���V�R�P�H�W�K�L�Q�J���H�O�V�H���W�R��
�U�H�P�L�Q�G���\�R�X���W�R���V�Z�L�W�F�K���U�R�O�H�V�����'�R���Q�R�W���M�X�V�W���U�H�O�\���R�Q���\�R�X�U���S�D�U�W�Q�H�U���S�R�L�Q�W�L�Q�J���R�X�W���W�K�D�W���\�R�X��
�Q�H�H�G���W�R���F�K�D�Q�J�H���U�R�O�H�V�����D�V���K�H���R�U���V�K�H���P�D�\���Q�R�W���I�H�H�O���F�R�P�I�R�U�W�D�E�O�H���U�H�T�X�H�V�W�L�Q�J���L�W��

Strong-Style Pairing

For an idea to go from your head into the computer, it MUST go through someone else's 
hands.

– Llewellyn Falco

Let's look at Llewellyn Falco's strong-style pairing : https://llewellynfalco.blogspot.
com/2014/06/llewellyns-strong-style-pairing.html.

�:�H�����Q�G���W�K�L�V���V�W�\�O�H���R�I���S�D�L�U�L�Q�J���Y�H�U�\���L�Q�W�H�U�H�V�W�L�Q�J���I�U�R�P���W�K�H���S�R�L�Q�W���R�I���Y�L�H�Z���R�I��Mob 
Programming  because of the high level of trust and maturity required. Once this 
technique is learned, mob programming would follow smoothly.

In this style, the driver has to trust the navigator  while becoming comfortable with 
incomplete understanding . The driver will follow the directions expressed by the 
navigator and is allowed to ask questions when what  has been said is not clear. 
Discussing why should be deferred until the idea is fully coded; this is when ideas can 
be discussed, or the navigator can take hints on how to proceed.

This style is very effective when the navigator has the whole picture and the roadmap 
to implement a functionality. The driver can focus on writing the code and learn the 
ideas while they unfold in the code. The navigator will have to give the next instruction 
to the driver the instant they are ready to implement it  and talk in the highest level of 
abstraction that the driver can understand.

Sometimes the navigator and the driver will butt heads. I have often made the mistake of 
trying to argue the merits of my ideas when the actual problem is that the driver does not 
trust me. If you don't trust someone, all the logic in the world isn't going to help. A simple 
solution to this is simply to ask for a temporary window of trust.





https://llewellynfalco.blogspot.com/2014/06/llewellyns-strong-style-pairing.html
https://llewellynfalco.blogspot.com/2014/06/llewellyns-strong-style-pairing.html
http://coding-is-like-cooking.info/2016/09/mob-programming-strong-style-pairing/
http://coding-is-like-cooking.info/2016/09/mob-programming-strong-style-pairing/
http://www.kusmin.eu/wiki/index.php/Pair_Programming
http://www.kusmin.eu/wiki/index.php/Pair_Programming
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•	 Pairing techniques : Roger Almeida (http://roger-almeida.blogspot.
co.uk/2010/04/pairing-techniques.html).

•	 The Pomodoro Technique: Francesco Cirillo (http://baomee.info/pdf/
technique/1.pdf ).

•	 Rethinking pair programming : Sandro Manusco (http://codurance.
com/2015/03/15/rethinking-pair-programming/).

•	 Teddy bear pair programming �����$�G�U�L�D�Q���%�R�O�E�R�D�F�-����http://blog.adrianbolboaca.
ro/2012/12/teddy-bear-pair-programming/).

•	 What is pair programming?�����$�G�U�L�D�Q���%�R�O�E�R�D�F�-����http://blog.adrianbolboaca.
ro/2013/09/what-is-pair-programming/).







http://butunclebob.com/ArticleS.UncleBob.TheThreeRulesOfTdd








https://en.wikipedia.org/wiki/Six_degrees_of_freedom
https://en.wikipedia.org/wiki/Six_degrees_of_freedom
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Why did we not write the test for number 3 after the test for number 2? The reason 
�L�V���W�K�D�W���Q�X�P�E�H�U�������Z�R�X�O�G���D�G�G���Q�H�Z���E�H�K�D�Y�L�R�U���W�R���W�K�H���F�R�G�H���E�D�V�H�����D�Q�G���Z�H���K�D�Y�H�Q�
�W�����Q�L�V�K�H�G��
implementing the behavior we are working on yet.

Use obvious implementation as an implementation strategy.

if number == 1 then return "1"

else if number == 2 then return "2"

���R�–�����Œ���¢�ª�Œ�]���-�ã�-

Run the tests and make sure they are all green.

We now have duplication in our code, so it is time to refactor to remove it.

return str(number)

After the refactor, run the tests and make sure they are all green.

Now that we have tests to prove the behavior for numbers not divisible by 3 or 5, we 
can start testing numbers divisible by 3.

Use triangulation to force a change to a new behavior.

Write a new failing test.

�Õ�7���]���R���Ù�Ò�Ò���ª�Ò�Ò���]�ª�[�����Œ���â�$���R���0���¢�����ë���O���-�Ù�Ò�Ò�-

Use obvious implementation as an implementation strategy.

�<�/���]�ª�[�����Œ���r�r���â���¢�7���]���Œ���¢�ª�Œ�]���-�Ù�Ò�Ò�-

else return str(number)

Run the tests and make sure they are all green.

The implementation now has a pivot point. The if statement pivots execution in two 
different directions.



http://www.cyber-dojo.org/


http://www.cyber-dojo.org/
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�)�L�J�X�U�H�������������7�H�V�W���G�U�L�Y�H�Q���S�U�R�J�U�D�P�P�L�Q�J���Z�R�U�N�5�R�Z

The preceding diagram is inspired by a tweet from Rachel M. Carmena  (@bberrycarmen, 
https://twitter.com/bberrycarmen/status/1062670041416716289 ).





http://codemanship.co.uk/parlezuml/blog/?postid=1157
http://codemanship.co.uk/parlezuml/blog/?postid=1157
https://en.wikipedia.org/wiki/Test-driven_development
https://en.wikipedia.org/wiki/Test-driven_development
https://twitter.com/bberrycarmen/status/1062670041416716289
https://twitter.com/bberrycarmen/status/1062670041416716289
http://butunclebob.com/ArticleS.UncleBob.TheThreeRulesOfTdd
http://butunclebob.com/ArticleS.UncleBob.TheThreeRulesOfTdd
https://www.goodreads.com/book/show/387190.Test_Driven_Development
https://www.goodreads.com/book/show/387190.Test_Driven_Development
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http://codurance.com/2014/12/13/naming-test-classes-and-methods/
http://codurance.com/2014/12/13/naming-test-classes-and-methods/
https://www.goodreads.com/book/show/387190.Test_Driven_Development
https://www.goodreads.com/book/show/387190.Test_Driven_Development
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https://8thlight.com/blog/uncle-bob/2013/05/27/TheTransformationPriorityPremise.html
https://8thlight.com/blog/uncle-bob/2013/05/27/TheTransformationPriorityPremise.html




http://www.101computing.net/sequencing-selection-iteration/
http://www.101computing.net/sequencing-selection-iteration/


http://www.101computing.net/sequencing-selection-iteration/
http://www.101computing.net/sequencing-selection-iteration/
https://stackoverflow.com/questions/33923/what-is-tail-recursion
https://stackoverflow.com/questions/33923/what-is-tail-recursion
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|      |_ TRUE

�µ�1���E���f�©�-

�-�¶�¡�½�-���{�¡���¶�¡�½�-���{�¡���¶�¡�½�-�����r�'���E���f�©�-�-

OR

|_ TRUE

|_ OR

   |_ TRUE

   |_ AND

      |_ TRUE

�������������µ�1���E���f�©�-

�-�r�{�¶���:�:�¶�¡�½�-���{�¡���¶�¡�½�-�;���{�¡���:�¶�¡�½�-�����r�'���E���f�©�-�;�;�-

NOT

|_ OR

   |_ OR

   |  |_ TRUE

   |  |_ TRUE

   |_ AND

      |_ TRUE

�������������µ�1���E���f�©�-

        

�-�¶�¡�½�-���{�¡���¶�¡�½�-���{�¡���r�{�¶���¶�¡�½�-�����r�'���E���f�©�-�-

This, because of precedence, is equivalent to:

�-�:�¶�¡�½�-���{�¡���:�¶�¡�½�-���{�¡���:�:�r�{�¶���¶�¡�½�-�;�����r�'���E���f�©�-�;�;�;�-

OR

|_ TRUE

|_ OR

   |_ TRUE









https://codurance.com/2017/10/12/functional-calisthenics/
https://codurance.com/2017/10/12/functional-calisthenics/
https://8thlight.com/blog/uncle-bob/2013/05/27/TheTransformationPriorityPremise.html
https://8thlight.com/blog/uncle-bob/2013/05/27/TheTransformationPriorityPremise.html
https://8thlight.com/blog/micah-martin/2012/11/17/transformation-priority-premise-applied.html
https://8thlight.com/blog/micah-martin/2012/11/17/transformation-priority-premise-applied.html
https://8thlight.com/blog/micah-martin/2012/11/17/transformation-priority-premise-applied.html
https://youtu.be/D2gFmSUeA3w
https://youtu.be/D2gFmSUeA3w
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    }

���������‰�ª���R�<�����Á�f�<�������1�¶���–�¢�1�¶�7�ë�¢�1�Ô���Œ�<�Ù���–�1�Õ���1�F���¢�1�¶�7���1�-�Ç�‰�����¢�����1�ž���Œ�–�f�]�:�;

    {

      // we get a person instance from somewhere

�������������ë�–�–���Œ�¢�*���‹�ª�ë�R�:�-���ë�Œ�¢�-�$���‰���Œ�–�f�]�*�0���¢�E�<�Œ�–�¢�r�ë�[���;

�������������ë�–�–���Œ�¢�*���‹�ª�ë�R�:�-�©�<�[�‰�–�f�]�-�$���‰���Œ�–�f�]�*�0���¢�f�ë�–�¢�r�ë�[���;

    }

If we apply the constraint of no getters/setters/properties, especially if used only for 
tests, we can approach it as shown in the following sample:

    public class Person

    {

�����������������Ù�Œ�–�¢�r�ë�[��

        lastName

        // Override equality

        boolean equals(Object o) {

          // implement equality for person

        }

    }

���������‰�ª���R�<�����Á�f�<�������1�¶���–�¢�1�¶�7�ë�¢�1�Ô���Œ�<�Ù���–�1�Õ���1�F���¢�1�¶�7���1�-�Ç�‰�����¢�����1�ž���Œ�–�f�]�:�;

    {

�������������Á�ë�Œ�����ë�Œ�¢���r���]���Â���ž���Œ�–�f�]�:�-���ë�Œ�¢�-�$���-�©�<�[�‰�–�f�]�-�;

      // we get a person instance from somewhere

      assert.equal(bart, person)

    }

With this approach, we do not add getters/properties to our class and expand the class 
�L�Q�W�H�U�I�D�F�H���M�X�V�W���I�R�U���W�K�H���S�X�U�S�R�V�H���R�I���W�H�V�W�L�Q�J�����7�K�H�U�H���D�U�H���R�W�K�H�U���E�H�Q�H���W�V���D�V���Z�H�O�O�����E�X�W���Z�H���Z�L�O�O��
discuss those later in the book.
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http://codurance.com/2015/05/12/does-tdd-lead-to-good-design/
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https://medium.com/web-engineering-vox/improving-code-quality-with-object-calisthenics-aa4ad67a61f1
https://medium.com/web-engineering-vox/improving-code-quality-with-object-calisthenics-aa4ad67a61f1
https://medium.com/web-engineering-vox/improving-code-quality-with-object-calisthenics-aa4ad67a61f1
https://williamdurand.fr/2013/06/03/object-calisthenics/
https://williamdurand.fr/2013/06/03/object-calisthenics/
http://www.xpteam.com/jeff/writings/objectcalisthenics.rtf
http://www.xpteam.com/jeff/writings/objectcalisthenics.rtf
http://www.frandieguez.com/blog/2012/12/object-calisthenics-write-better-object-oriented-code/
http://www.frandieguez.com/blog/2012/12/object-calisthenics-write-better-object-oriented-code/
http://www.frandieguez.com/blog/2012/12/object-calisthenics-write-better-object-oriented-code/
https://en.wikipedia.org/wiki/Conway%27s_Game_of_Life
https://en.wikipedia.org/wiki/Conway%27s_Game_of_Life










https://en.wikipedia.org/wiki/Broken_windows_theory




https://github.com/search?utf8=%E2%9C%93&q=refactoring+golf&type=
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Example:

Before

if (i == 1) tempScore = m_score1;

���R�–�����6���–���f�Œ�����n�r���-�@�-�/���¢���[�‰�©���f�Œ�����r���[�1�–���f�Œ���á�/���7

After

A simple change can make the code much more obvious for the reader:

if (i == 1)

{

  tempScore = m_score1;

}

else

{

�����–���f�Œ�����n�r���-�@�-�/

  tempScore = m_score2;

}

Rename

•	 Rename bad names, variables, arguments, instance variables, methods, and classes

•	 Make abbreviations explicit

Example:

Before

class TennisGame1 : ITennisGame

{

    private int m_score1 = 0;

    private int m_score2 = 0;

}



78���_���'�H�V�L�J�Q�����������5�H�I�D�F�W�R�U�L�Q�J

After

In this example, the meaning of m_score1 is confusing, so we renamed it to the more 
obvious name of player1Score:

class TennisGame1 : ITennisGame

{

    private int player1Score = 0;

    private int player2Score = 0;

}

Remove

•	 Delete unnecessary comments.

•	 �'�H�O�H�W�H���G�H�D�G���F�R�G�H�����'�R�Q�
�W���P�D�N�H���W�K�H���U�H�D�G�H�U���Z�D�V�W�H���W�L�P�H���W�U�\�L�Q�J���W�R�����J�X�U�H���R�X�W���F�R�G�H���W�K�D�W��
is not in use anymore.

Example:

Before

class TennisGame : ITennisGame

{

    private int player1Score = 0;

    private int player2Score = 0;

    private string player1Name;

    private string player2Name;

    public TennisGame1(string player1Name, string player2Name)

    {

        this.player1Name = player1Name;

        this.player2Name = player2Name;

    }

}
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After

�3�O�D�\�H�U���Q�D�P�H�����H�O�G�V���D�U�H���D�V�V�L�J�Q�H�G���L�Q���W�K�H���F�R�Q�V�W�U�X�F�W�R�U�����E�X�W���D�U�H���Q�R�W���X�V�H�G���D�Q�\�Z�K�H�U�H�����V�R���Z�H��
should remove them and the constructor.

class TennisGame : ITennisGame

{

    private int player1Score = 0;

    private int player2Score = 0;

}

Extract

•	 Constants from magic numbers and strings

•	 Conditionals

Example:

Before

�<�/���:�]�ª�[�����Œ���†���â���r�r���ß���®�®���]�ª�[�����Œ���†���ä���r�r���ß�;

{

...

}

After

�<�/���:�<�–�'�<�Á�<�–�<���R�����È�¶�7�Œ�������]���E�<�Á���:�]�ª�[�����Œ�;�;

{

...

}

Reorder

�5�H���Q�H���W�K�H���V�F�R�S�H���I�R�U���L�P�S�U�R�S�H�U���Y�D�U�L�D�E�O�H���V�F�R�S�L�Q�J�����D�Q�G���P�D�N�H���V�X�U�H���Y�D�U�L�D�E�O�H�V���D�U�H���G�H�F�O�D�U�H�G��
close to where they are used.
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Figure 7.2: Refactor code smells

BLO – Bloater, CHP – Change preventer, COU – Coupler, DIS – Dispensable, OOA – 
Object Orientation Abuser

For those interested in a deeper dive into the world of refactoring, see the web links 
and books in the Resources section of this lesson.



https://github.com/AgileTechPraxis/CodeSmells
https://github.com/AgileTechPraxis/CodeSmells








http://sourcemaking.com/refactoring/bad-smells-in-code
http://sourcemaking.com/refactoring/bad-smells-in-code
http://worrydream.com/refs/Brooks-NoSilverBullet.pdf
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A common example of this is when one Mock has to interpret its input to return a value, 
perhaps by parsing an event message. This has the consequence of testing the test 
infrastructure rather than the Subject Under Test, because a change in the original 
object would force a change in the stubbed object, making it a classic example of 
Shotgun Surgery code smell.

For example:

// Too much logic in the test

var username = new Random().Next(1, 11) % 2 == 0

              ? "Pedro"

              : string.Empty;

var pedro = new User("Pedro");

userServiceMock

    .Setup(service => service.GetUser(username))

    .Callback((userName) => //Called before the service gets the user

    {

        //Change input parameters behavior

        if(userName = string.Empty)

        {

          userName = "Default";

        }

����������������� �f�]�–�f�R���*�Õ�Œ�<�¢���f�<�]���:�W�-�ë�Œ�0�–�������/�f�Œ�����Œ���¢�ª�Œ�]�–���6�ª�–���Œ�r�ë�[���7�-�;�/

    })

    .Returns(pedro)

    .Callback((user) => // Called after the service returned the user

    {

        //Change returned value behavior

        if(user == null)

        {







https://www.planetgeek.ch
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The GetTask method returns the next task to execute on the instrument.

After the task has been successfully executed on the instrument, the FinishedTask 
method must be called by the InstrumentProcessor, passing the task that was completed 
as the method argument.

The InstrumentProcessor has the following interface:

public interface IInstrument

{

  void Execute(string task);

�������Á���]�¢���-�Á���]�¢�M�ë�]���R���Œ���E�<�]�<�–�7�����/

  event EventHandler Error;

}

The Execute method starts the instrument, which will begin to execute the task 
passed to it. The method will return immediately (we assume that the instrument 
implementation is asynchronous).

The Execute method will throw ArgumentNullException if the task passed in is null.

�:�K�H�Q���W�K�H���L�Q�V�W�U�X�P�H�Q�W�����Q�L�V�K�H�V���H�[�H�F�X�W�L�Q�J�����W�K�H�Q���W�K�H��Finished���H�Y�H�Q�W���L�V�����U�H�G��

When the instrument detects an error situation during execution (note that the Execute 
�P�H�W�K�R�G���Z�L�O�O���D�O�U�H�D�G�\���K�D�Y�H���U�H�W�X�U�Q�H�G���W�K�H���F�R�Q�W�U�R�O�����R�Z���W�R���W�K�H���F�D�O�O�H�U���G�X�H���W�R���L�W�V���D�V�\�Q�F�K�U�R�Q�R�X�V��
�L�P�S�O�H�P�H�Q�W�D�W�L�R�Q�������L�W�����U�H�V���W�K�H��Error event.

Figure 8.8: Instrument processor
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    var diceResult = roll();
    ...
  }

  protected virtual int Roll()
  {
    return new Random().Next(1, 6);
  }
}

2.	 In your test code, inherit from the Game class and change the behavior of the 
protected virtual method Roll to something you have control over:

public class TestableGame : Game
{
  private int roll;

  public TestableGame(int desiredRoll)
  {
    roll = desiredRoll;
  }

  protected override int Roll()
  {
    return roll;
  }
}

3.	 Write a test using the TestableGame class:

public class GameShould
{
  [Test]
  public void Do_Something_When_A_Six_Is_Rolled()
  {
    var game = new TestableGame(6);

    game.Play();

    //ASSERT
  }
}



https://github.com/emilybache/GildedRose-Refactoring-Kata
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�)�L�J�X�U�H���������������7�K�H���E�H�K�D�Y�L�R�U�D�O���G�H�V�L�J�Q���S�D�W�W�H�U�Q�V�����S�D�U�W������













"Life is growth. If we stop growing, technically and spiritually, we are as good as dead.”

– Morihei Ueshiba

Running
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•	 External coupling

•	 Common coupling

•	 Content coupling

Message Coupling

Components communicate by using messages. This is the best coupling type, as 
different components only share a message.

Data Coupling

Components share data through parameters; it's a very common practice to call a 
method on another component. Compared with message passing, a component needs 
to know a bit more detail about the other component in order to perform a method call. 
We can refactor to message passing to lower the coupling.

Stamp Coupling

Components share a common data structure. We should avoid passing data structures 
�D�P�R�Q�J�V�W���F�R�P�S�R�Q�H�Q�W�V�����5�H�P�H�P�E�H�U���W�K�H�����U�V�W���F�O�D�V�V���F�R�O�O�H�F�W�L�R�Q�V���U�X�O�H���L�Q��Object Calisthenics? 
It helps to reduce this type of coupling to data coupling.

Control Coupling

�2�Q�H���F�R�P�S�R�Q�H�Q�W���L�V���U�H�V�S�R�Q�V�L�E�O�H���I�R�U���F�R�Q�W�U�R�O�O�L�Q�J���W�K�H�����R�Z���R�I���D�Q�R�W�K�H�U���F�R�P�S�R�Q�H�Q�W����
�5�H�I�D�F�W�R�U�L�Q�J���W�R���G�H�V�L�J�Q���S�D�W�W�H�U�Q�V���V�X�F�K���D�V���V�W�D�W�H���R�U���V�W�U�D�W�H�J�\���F�D�Q���K�H�O�S�����[���W�K�L�V���W�\�S�H���R�I��
coupling.

External Coupling

Components share an external data format or protocol. Abstracting the knowledge of 
external data allows us to remove this type of coupling.

Common Coupling

Components share global data; any change in this global data format has a ripple effect, 
breaking multiple components (Shotgun Surgery code smell). We can abstract common 
data to minimize this coupling or remove global data and move to Data Coupling  or 
message passing.







https://dictionary.cambridge.org/us/dictionary/english/cohesion#dataset-cald4
https://dictionary.cambridge.org/us/dictionary/english/cohesion#dataset-cald4
https://en.wikipedia.org/wiki/Cohesion(computerscience)


https://docs.oracle.com/javase/8/docs/api/java/util/package-summary.html
https://docs.oracle.com/javase/8/docs/api/java/util/package-summary.html
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For each row in the Degree column and in the Cohesion/Coupling column, highlight  
the correct concept and then add a reason in the reason column. After the table, we 
have listed several sample reasons to use. In some cases, both coupling and cohesion 
apply.

Figure 11.5: Connecting code smells with cohesion/coupling

Note

�)�R�U���D�Q�V�Z�H�U�V�����V�H�H���W�K�H���$�S�S�H�Q�G�L�F�H�V���V�H�F�W�L�R�Q���R�Q���W�K�H���S�D�J�H����������
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Glenn Vanderburg said:

"This is also why we refer to a sound line of reasoning, for example, as coherent. The 
�W�K�R�X�J�K�W�V�����W�����W�K�H�\���J�R���W�R�J�H�W�K�H�U�����W�K�H�\���U�H�O�D�W�H���W�R���H�D�F�K���R�W�K�H�U�����7�K�L�V���L�V���H�[�D�F�W�O�\���W�K�H���F�K�D�U�D�F�W�H�U�L�V�W�L�F��
of a class that makes it coherent: the pieces all seem to be related, they seem to belong 
together, and it would feel somewhat unnatural [...] to pull them apart. Such a class 
exhibits cohesion."

Gather together those things that change for the same reason, and separate those 
things that change for different reasons. This is another aspect of the SRP. In short, it 
says that a subsystem, module, class, or even a function should not have more than one 
reason to change. Peter H. Salus, summarizing a portion of the UNIX philosophy, wrote, 
"Write programs that do one thing and do it well. Write programs to work together ."

Note

�6�D�O�X�V�����L�Q���K�L�V���E�R�R�N���$���4�X�D�U�W�H�U���&�H�Q�W�X�U�\���R�I���8�Q�L�[�������������������Z�D�V���V�X�P�P�D�U�L�]�L�Q�J���I�U�R�P���W�K�H��
�8�Q�L�[���S�K�L�O�R�V�R�S�K�\���G�R�F�X�P�H�Q�W�H�G���E�\���'�R�X�J���0�F�–�O�O�U�R�\���L�Q���W�K�H���%�H�O�O���6�\�V�W�H�P���7�H�F�K�Q�L�F�D�O���-�R�X�U�Q�D�O��
��������������

Let's look at a simple example and consider this code:

public class Car{

  public int CurrentMileage(){...}

�����‰�ª���R�<�����Á�f�<�����¶�Œ�ë�Á���R�¶�f�:�f�f���ë�¢�<�f�]���R�f���ë�¢�<�f�]�;�6�*�*�*�7

  public void Save(){...}

}

�'�R���\�R�X�����Q�G���D�Q�\�W�K�L�Q�J���V�W�U�D�Q�J�H���L�Q���W�K�L�V��Car class?

We can clearly see that the CurrentMileage and the TravelTo methods are related and 
change together.

What about the Save method? This method is obviously unrelated to the other 
two, acting on a different level of abstraction. The save action leaks the intent of 
collaborating with a persistence layer—a completely different responsibility than 
traveling and showing the current mileage. Here, without even having to see the 
implementations of those three methods, we can anticipate that the class has at least 
two responsibilities; hence, it violates SRP.

A great heuristic for the SRP is that we are able to describe what a class does without 
using and or or.



http://martinfowler.com/bliki/PublishedInterface.html
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The responsibility of the common behavior is pushed onto its own component 
(an interface or an abstract class), leaving to the concrete singularities the only 
�U�H�V�S�R�Q�V�L�E�L�O�L�W�\���R�I���H�[�H�F�X�W�L�Q�J���W�K�H�L�U���V�S�H�F�L���F���W�D�V�N�����,�I���Z�H���O�R�R�N���F�O�R�V�H�O�\���D�W���W�K�H���R�S�H�Q���F�O�R�V�H�G��
principle in this way, we can think of it as a special case of applied single responsibility 
principle  on a higher abstraction level. The end solution usually shows less code and 
fewer repetitions with an optimal level of code reuse.

Plugin-ability���F�U�H�D�W�H�V���D���V�\�V�W�H�P���W�K�D�W���L�V�����H�[�L�E�O�H���H�Q�R�X�J�K���W�R���D�O�O�R�Z���\�R�X���W�R���H�[�W�H�Q�G���L�W���Z�L�W�K�R�X�W��
being too generic. There should be a balance between the concept of You Aren't Going 
to Need It (YAGNI) and plugin-ability; they are opposing forces. YAGNI tells you to have 
just enough code to express the desired behavior; plugin-ability tells you that you need 
to have extension points to allow new features without too much code change.

The balance between these forces is the �L�Q���H�F�W�L�R�Q point�����7�K�H���L�Q���H�F�W�L�R�Q���S�R�L�Q�W���G�H���Q�H�V��
the maximum amount of investment we are comfortable making in a desired type of 
���H�[�L�E�L�O�L�W�\���D�W���D���J�L�Y�H�Q���P�R�P�H�Q�W���L�Q���W�L�P�H�����%�H�\�R�Q�G���W�K�L�V���S�R�L�Q�W�����W�K�H���L�Q�Y�H�V�W�P�H�Q�W���L�V���Q�R�W���Z�R�U�W�K���L�W��

'I'll tell you what the problem is, mate,' said Majikthise, 'demarcation, that's the problem!

[…]

�
�7�K�D�W�
�V���U�L�J�K�W�
���V�K�R�X�W�H�G���9�U�R�R�P�I�R�Q�G�H�O�����
�Z�H���G�H�P�D�Q�G���U�L�J�L�G�O�\���G�H���Q�H�G���D�U�H�D�V���R�I���G�R�X�E�W���D�Q�G��
uncertainty!

– Douglas Adams, The Hitchhiker's Guide to the Galaxy

Let's see a simple example using our beloved Car domain:

public class CarEngineStatusReportController{

  public View DisplayEngineStatusReport(){

    var webView = new CarEngineWebView();

���������Â�����Ô�<���Â�*�E�<�R�R�Õ�<�¢�7�:���ë�Œ�-�]�0�<�]���Ô�<���Â�p�f�����R�;�/

    return webView;

  }

  public View PrintEngineStatusReport(){

    var printView = new CarEnginePrintView();

���������‰�Œ�<�]�¢�Ô�<���Â�*�E�<�R�R�Õ�<�¢�7�:���ë�Œ�-�]�0�<�]���Ô�<���Â�p�f�����R�;�/

    return printView;

  }

}
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What happens if we have to, for example, add another way to visualize the engine status 
report on an alternative display for enhanced access? The obvious way would be to add 
a method like this:

  public View AlternativeDisplayEngineStatusReport(){

    var webView = new EnhancedAccessCarEngineWebView();

���������Â�����Ô�<���Â�*�E�<�R�R�Õ�<�¢�7�:���ë�Œ�-�]�0�<�]���Ô�<���Â�p�f�����R�;�/

    return printView;

  }

Every time we add a new view, we have to modify the controller, adding more code. 
Hence, �W�K�L�V���F�R�Q�W�U�R�O�O�H�U���L�V���Q�R�W���F�O�R�V�H�G���I�R�U���P�R�G�L���F�D�W�L�R�Q. Furthermore, since the controller is 
created and destroyed for every request, it never uses more than one of these methods 
�H�D�F�K���W�L�P�H�����:�H���F�D�Q���G�H���Q�L�W�H�O�\���G�R���E�H�W�W�H�U���W�K�D�Q���W�K�D�W��

Let's see what happens if we identify and extract the point of variation, leaving in the 
controller just the common abstract behavior:

public class CarEngineStatusReportController{

  IDisplayEngineStatusReport _carEngineView;

  public CarEngineStatusReport(IDisplayEngineStatusReport carEngineView){

    _carEngineView = carEngineView;

  }

  public View EngineStatusReport(){

���������1���ë�Œ�-�]�0�<�]���Ô�<���Â�*�E�<�R�R�Õ�<�¢�7�:���ë�Œ�-�]�0�<�]���Ô�<���Â�p�f�����R�;�/

    return _carEngineView;

  }

}

Here, IDsiplayEngineStatusReport is something like:

public interface IDisplayEngineStatusReport {

�����Á�f�<�����E�<�R�R�Õ�<�¢�7�:� �ë�Œ�-�]�0�<�]���Ô�<���Â�p�f�����R���Á�<���Â�p�f�����R�;�/

}
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And we would now need three concrete implementations:

public class CarEngineWebView : IDisplayEngineStatusReport{

�����Á�f�<�����E�<�R�R�Õ�<�¢�7�:� �ë�Œ�-�]�0�<�]���Ô�<���Â�p�f�����R���Á�<���Â�p�f�����R�;���6

...

  }

}

public class CarEnginePrintView : IDisplayEngineStatusReport{

�����Á�f�<�����E�<�R�R�Õ�<�¢�7�:� �ë�Œ�-�]�0�<�]���Ô�<���Â�p�f�����R���Á�<���Â�p�f�����R�;���6

...

  }

}

public class EnhancedAccessCarEngineWebView : IDisplayEngineStatusReport{

�����Á�f�<�����E�<�R�R�Õ�<�¢�7�:� �ë�Œ�-�]�0�<�]���Ô�<���Â�p�f�����R���Á�<���Â�p�f�����R�;���6

...

  }

}

The trick here is made by passing the correct instantiation of the view when the 
controller is created.

We now could go on forever adding more views; it would just be a matter of 
creating more concrete implementations of IDisplayEngineStatusReport, making 
sure they get plugged in correctly in their use cases. That's why this solution 
is open for extension. Furthermore, we can see that we will not have to modify 
CarEngineStatusReportController anymore for adding new views. That's why we can say 
that it is �F�O�R�V�H�G���I�R�U���P�R�G�L���F�D�W�L�R�Q.



https://en.wikipedia.org/wiki/Design_by_contract
https://www.i-programmer.info/programming/ theory/1632-covariance-and-contravariance-a-simple-guide.html
https://www.i-programmer.info/programming/ theory/1632-covariance-and-contravariance-a-simple-guide.html
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Remember that exceptions can be hidden return values; the same conformance rules 
still apply. Do not throw exceptions from derived classes that are not the same type or 
subtypes as exceptions thrown by the base class. Remember the Refused Bequest code 
smell? Inheritance is a one-of-a-kind  relationship where subclasses are specializations 
�R�I���W�K�H���E�D�V�H���F�O�D�V�V�H�V�����W�K�H�\���G�R�Q�
�W���F�K�D�Q�J�H���W�K�H���E�H�K�D�Y�L�R�U�Ø�W�K�H�\���P�D�N�H���L�W���P�R�U�H���V�S�H�F�L���F��

A good example is the famous Rectangle and Square. In this case, when we inherit Square 
from Rectangle, we are creating a more restrictive precondition; changing one size sets 
the other size to the same value, but this did not happen on the base class, Rectangle.

A simple test to verify whether your class is following the LSP is to replace its base type 
with the subclass; if the program doesn't change in meaning, then you are following the 
LSP.

A common mistake is to inherit from a type to get access to its state or expose some 
�R�I���L�W�V���E�H�K�D�Y�L�R�U�����,�W���V�H�H�P�V���D���U�H�D�V�R�Q�D�E�O�H���L�G�H�D���D�W�����U�V�W���E�H�F�D�X�V�H���L�W�
�V���D���Z�D�\���R�I���U�H�X�V�L�Q�J���F�R�G�H����
The problem with this approach is that it tends to ignore the implications of the is-a 
relationship implied by the inheritance in OOP.

Let's think for a second about a Person class that is required to expose some behavior 
related to Money, and for that reason inherits from the Wallet  type. If we allow Person to 
inherit from Wallet, Person gains access to the behavior exposed by Wallet.

The problem with this is that semantically we are stating that a Person is a Wallet and 
everywhere in our program we can use one in place of the other without changing the 
meaning of our software. This is the reason why this approach is often said to favor 
composition over inheritance.

Composition expresses the concept of has a���D�Q�G�����W�V���E�H�W�W�H�U���L�Q���W�K�L�V���H�[�D�P�S�O�H�����6�D�\�L�Q�J���W�K�D�W��
a Person has a Wallet���G�H���Q�L�W�H�O�\���P�D�N�H�V���P�R�U�H���V�H�Q�V�H���W�K�D�Q���D��Person is a Wallet. So, when 
thinking about inheritance in OOP, remember that inheritance represents the is-a 
�U�H�O�D�W�L�R�Q�V�K�L�S�V�����D�Q�G���V�X�E�W�\�S�H�V���U�H���Q�H���W�K�H���E�D�V�H���W�\�S�H�V���E�H�K�D�Y�L�R�U�����E�X�W���P�D�L�Q�W�D�L�Q���W�K�H���P�H�D�Q�L�Q�J��

In the following example, we are breaking the LSP in the Cook method of the Chef 
class because you cannot replace Oven  with any of its children without changing the 
meaning of what Oven  achieves for Chef .

public class Oven {

  void Cook()

}

public class Microwave : Oven{

  void CookMicorwaving(){...}
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  // If you replace Oven with Microwave and call Cook

  // it will change the meaning because this method

  // is throwing an exception, as a Microwave in this context

  // IS NOT an Oven

  void Cook(){throw ...}

}

class GrillOven : Oven{

  void CookGrilling(){...}

}

���R�ë�–�–���E�ë�]�{�Á���]���#���{�Á���]�6

  void CookHeating(){...}

}

public class Chef {

  public void Cook(Oven oven){

    switch(oven)

      case Microwave m:

        m.CookMicorwaving();

      case GrilOven g:

        g.CookGrilling();

���������������ë�–�����E�ë�]�{�Á���]���/�#

        f.CookHeating();

      default o:

        o.Cook();

  }

}
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To achieve that, you need to introduce an abstraction that decouples the high-level and 
low-level modules from each other. So:

•	 High-level modules should not depend on low-level modules. Both should depend 
on abstractions.

•	 Abstractions should not depend on details. Details should depend on abstractions.

Hence, both high-level and low-level modules depend on the abstraction. The design 
principle does not just change the direction of the dependency, as you might have 
expected from its name. It splits the dependency between the high-level and low-level 
modules by introducing an abstraction between them. So, in the end, you get two 
dependencies:

•	 The high-level module depends on the abstraction.

•	 The low-level depends on the same abstraction.

Let's see a simple example:

public class Kitchen{

  private Microwave _oven;

  public Kitchen(){

    _oven = new MicrowaveOven();

  }

...

}

public class MicrowaveOven{

  private MicrowaveGenerator _heater;

  public Microwave(){

    _heater = new MicrowaveGenerator();

  }

...

}
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public class MicrowaveGenerator{

...

}

This is how a normal dependency hierarchy could look:

•	 The Kitchen class holds a dependency to the MicrowaveOven class.

•	 The MicrowaveOven class has a dependency to the MicrowaveGenerator heater 
component.

In the diagram that follows, we have a dependency arrow from Kitchen to MicrowaveOven 
and from MicrowaveOven to MicrowaveGenerator.

Let's see what happens when we apply the principle:

public interface IOvenCook{ ... }

public interface IGenerateMicrowaves{ ... }

public class Kitchen{

  private IOvenCook _oven;

  public Kitchen(IOvenCook oven){

    _oven = oven;

  }

...

}

public class MicrowaveOven : IOvenCook{

  private IGenerateMicrowaves _heater;

  public Microwave(IGenerateMicrowaves heater){

    _heater = heater;

  }

...

}
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Sandro Mancuso, Balanced Abstraction Principle, https://codurance.com/2015/01/27/
balanced-abstraction-principle/.

Let's see how it relates to a little previous example. In the following snippet, the Save 
method is not at the same level of abstraction:

public class Car{

  public int CurrentMileage(){...}

�����‰�ª���R�<�����Á�f�<�����¶�Œ�ë�Á���R�¶�f�:�f�f���ë�¢�<�f�]���R�f���ë�¢�<�f�]�;�6�*�*�*�7

  public void Save(){...}

}

The Save method implies that there will be some collaboration with an external 
persistency mechanism, while other methods imply work on business logic pertaining 
to the Car class. These are clearly two different layers of abstractions. This is an 
example where the violation of the Balanced Abstraction Principle is also a violation of 
the SRP.

Let's see an example of the principle applied to methods that conform to the SRP, but 
not to the Balanced Abstraction Principle:

�‰�ª���R�<�������R�ë�–�–���f���ë�‰�Û���ë�Œ�6

�����‰�ª���R�<�������f�f�R���R�–�f���ë�‰�Û���ë�Œ�:�<�]�¢���È���ë�Œ�;�6

���������<�/�:�:�È���ë�Œ���†���ã���r�r���ß�;���®�®���&�È���ë�Œ�*�R�–�p�ª�R�¢�<�‰�R���{�/�:�à�ß�ß�;�;

    {

...

    }

...

  }

}
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Connascence generalizes the ideas of cohesion and coupling, combining them in a 
�P�R�U�H���H�[�K�D�X�V�W�L�Y�H���F�O�D�V�V�L���F�D�W�L�R�Q���X�V�L�Q�J���D���S�U�R�S�H�U���W�D�[�R�Q�R�P�\�����,�Q���������������-�L�P���:�H�L�U�L�F�K�����L�Q���D���J�U�H�D�W��
�W�D�O�N���D�W���D���F�R�Q�I�H�U�H�Q�F�H�����G�H���Q�H�G���F�R�Q�Q�D�V�F�H�Q�F�H���D�V���7�K�H���*�U�D�Q�G���8�Q�L���H�G���7�K�H�R�U�\���R�I���6�R�I�W�Z�D�U�H��
Development because of its wide applicability in the analysis and improvement of 
information systems.

Note

�-�D�P�H�V���1�R�O�D�Q���:�H�L�U�L�F�K�����1�R�Y�H�P�E�H�U�������������������������)�H�E�U�X�D�U�\�����������������������Z�D�V���Z�H�O�O���N�Q�R�Z�Q���L�Q��
�W�K�H���V�R�I�W�Z�D�U�H���L�Q�G�X�V�W�U�\���D�V���D���G�H�Y�H�O�R�S�H�U�����V�S�H�D�N�H�U�����W�H�D�F�K�H�U���D�Q�G���F�R�Q�W�U�L�E�X�W�R�U���W�R���W�K�H���5�X�E�\��
�3�U�R�J�U�D�P�P�L�Q�J���/�D�Q�J�X�D�J�H���F�R�P�P�X�Q�L�W�\�����+�L�V���W�D�O�N�V���K�D�Y�H���E�H�H�Q���W�K�H���P�D�L�Q���L�Q�V�S�L�U�D�W�L�R�Q���I�R�U��
�W�K�L�V���O�H�V�V�R�Q�����7�K�D�Q�N�V�����-�D�P�H�V��

Connascence makes the argument for several levels of encapsulation in a system, often 
called information hiding.

•	 Level 1 encapsulation refers to the encapsulation attained by combining lines 
of code into a method, and it is addressed by Method Cohesion and Interaction 
Coupling.

•	 Level 2 encapsulation refers to the encapsulation achieved by creating classes, 
�F�R�P�E�L�Q�L�Q�J���E�R�W�K���P�H�W�K�R�G�V���D�Q�G�����H�O�G�V�����D�Q�G���L�W���L�V���D�G�G�U�H�V�V�H�G���E�\��class cohesion and 
inheritance coupling.

Connascence , as a generalization of both cohesion and coupling, addresses either Level 
1 or Level 2 encapsulation.

Figure 13.1: The three dimensions of connascence
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�7�K�H�V�H���D�U�H���D�U�H���W�K�H���J�R�R�G���W�\�S�H�V���R�I���F�R�Q�Q�D�V�F�H�Q�F�H���D�Q�G���V�K�R�X�O�G���E�H���W�K�H���R�Q�O�\���R�Q�H�V���Z�H�����Q�G���L�Q��
the system. We will see that other types of static connascence can always be reduced to 
this form.

The elements in that code snippet would be useless if they appeared only once: the 
repetitions of their appearance in the code is what allows the data to be part of some 
logical construct ���I�R�U���W�U�D�Q�V�I�R�U�P�L�Q�J���L�Q�I�R�U�P�D�W�L�R�Q���D�Q�G���P�D�N�L�Q�J���L�W�����R�Z�����7�K�L�V���F�R�Q�F�H�S�W��
represents the building blocks of software development and optimizing it would lead to 
better design, simpler code, and minimum waste.

�&�D�Q���Z�H�����Q�G���R�W�K�H�U���N�L�Q�G�V���R�I���F�R�Q�Q�D�V�F�H�Q�F�H���L�Q���W�K�D�W���H�[�D�P�S�O�H�"���7�K�H�U�H���D�U�H���W�Z�R���R�W�K�H�U�V�Ø�Q�R�W���R�I���D��
very good kind:

1.	 Connascence of Position for the hour, minute, and second parameters.

2.	 Connascence of Value  for the hour, minute, and second parameters.

As you can see in the following graphic, these last two kinds of connascence score at 
the top of our weak-to-strong list. In the sections that follow, we'll explain why.

Figure 13.3: Types of connascence
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        _smtpService.SendEmail(email);

    }

}

public class Recipient {

    public Address => _address;

    private string _address;

    public Recipient(string address){

        _address = address;

    }

}

public class Sender {

    public Address => _address;

    private string _address;

    public Sender(string address){

        _address = address;

    }

}

public class Message {

���������‰�ª���R�<�������f���È���r�t���1���f���È�/

    private string _body;

    public Message(string body){

        _body = body;

    }

}

�1�]�f�¢�<�Ù���ë�¢�<�f�]�©�È�–�¢���[�*�©���]���-�[�ë�<�R�:

���������]���Â���¡�����<�‰�<���]�¢�:�-�Œ�����<�‰�<���]�¢�­���[�ë�<�R�*���f�[�-�;�$

���������]���Â���©���]�����Œ�:�-�–���]�����Œ�­���[�ë�<�R�*���f�[�-�;�$

���������]���Â���p���–�–�ë�0���:�-�]�f�¢�<�Ù���ë�¢�<�f�]���¢���Ç�¢�-�;�;�/

There we go—CoP has been removed and replaced with the weaker CoT.
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Did you notice something else in this example related to code smells? CoP is often 
related to the Primitive Obsession  code smell. That's exactly what we clean up here; 
instead of using strings to express the concepts of recipient , sender, and message, we 
have now more expressive constructs to represent them.

Another way to solve a similar case is by using a custom type to encapsulate the 
information passing into this method. This solution has the advantage of reducing the 
overall method of coupling as well as conforming to the Method Coupling Premises 
mentioned in Lesson 11, Cohesion and Coupling:

�‰�ª���R�<�������R�ë�–�–���r�f�¢�<�Ù���ë�¢�<�f�]�©�È�–�¢���[���6

���������‰�ª���R�<�����Á�f�<�����©���]���-�[�ë�<�R�:�r�f�¢�<�Ù���ë�¢�<�f�]���]�f�¢�<�Ù���ë�¢�<�f�]�;���6

        Email email = new Email();

�������������������[�ë�<�R�*�¶�f�:�]�f�¢�<�Ù���ë�¢�<�f�]�*�¡�����<�‰�<���]�¢�;�/

�������������������[�ë�<�R�*�E�Œ�f�[�:�]�f�¢�<�Ù���ë�¢�<�f�]�*�©���]�����Œ�;�/

�������������������[�ë�<�R�*���f���È�:�]�f�¢�<�Ù���ë�¢�<�f�]�*�p���–�–�ë�0���;�/

        _smtpService.SendEmail(email);

    }

}

We have solved the Connascence of Position on the NotificationSystem class, but what 
about the new Notification class? Essentially, we have now just pushed the problem 
�W�R���W�K�H���F�R�O�O�D�E�R�U�D�W�R�U�����+�R�Z���F�D�Q���Z�H���E�X�L�O�G���W�K�H���Q�R�W�L���F�D�W�L�R�Q���Z�L�W�K�R�X�W���W�K�H���V�D�P�H���W�\�S�H���R�I��
�F�R�Q�Q�D�V�F�H�Q�F�H�"���,�Q���V�X�F�K���D���F�D�V�H�����D���V�L�P�S�O�L���H�G���Y�H�U�V�L�R�Q���R�I���W�K�H���E�X�L�O�G�H�U���S�D�W�W�H�U�Q���F�D�Q���E�H���K�H�O�S�I�X�O��

�‰�ª���R�<�������R�ë�–�–���r�f�¢�<�Ù���ë�¢�<�f�]���6

    public string Recipient => _recipient;

    public string Sender => _sender;

    public string Message => _message;

    private string _recipient;

    private string _sender;

    private string _message;

���������‰�ª���R�<�����r�f�¢�<�Ù���ë�¢�<�f�]���¶�f�:�–�¢�Œ�<�]�0���Œ�����<�‰�<���]�¢�;�6

        _recipient = recipient;

        return this;

    }



�&�R�Q�Q�D�V�F�H�Q�F�H���R�I���3�R�V�L�W�L�R�Q���_��195

���������‰�ª���R�<�����r�f�¢�<�Ù���ë�¢�<�f�]���E�Œ�f�[�:�–�¢�Œ�<�]�0���–���]�����Œ�;�6

        _sender = sender;

        return this;

    }

���������‰�ª���R�<�����r�f�¢�<�Ù���ë�¢�<�f�]���Õ�<�¢�7�p���–�–�ë�0���:�–�¢�Œ�<�]�0���[���–�–�ë�0���;�6

        _message = message;

        return this;

    }

}

�1�]�f�¢�<�Ù���ë�¢�<�f�]�©�È�–�¢���[�*�©���]���-�[�ë�<�R�:

���������]���Â���r�f�¢�<�Ù���ë�¢�<�f�]�:�;

�����������������*�¶�f�:�-�Œ�����<�‰�<���]�¢�­���[�ë�<�R�*���f�[�-�;

�����������������*�E�Œ�f�[�:�-�–���]�����Œ�­���[�ë�<�R�*���f�[�-�;

�����������������*�Õ�<�¢�7�p���–�–�ë�0���:�-�]�f�¢�<�Ù���ë�¢�<�f�]���¢���Ç�¢�-�;�;�/

Another common example of Connascence of Position (which is easier to recognize 
given the immediate drop in code expressivity) occurs when positional structures are 
used in message passing.

Let's look at this example:

public class OrderProcessor {

�����‰�ª���R�<�����Á�f�<�����ž�Œ�f�����–�–�{�Œ�����Œ�:�¶�ª�‰�R���u�{�Œ�����Œ�$�����f�f�R�t���f�Œ�����Œ�R�]�/�f�;

  {

    ProcessOrder(order.Item1);

    if (order.Item2)

       SendInvoice(order.Item1);

  }

�����‰�ª���R�<�����Á�f�<�����ž�Œ�f�����–�–�{�Œ�����Œ�:�¶�ª�‰�R���u�{�Œ�����Œ�$�����f�f�R�$���<�]�¢�$�����ë�¢���¢�<�[���$���–�¢�Œ�<�]�0�$�����f�f�R�t��
orderInfo)

  {
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    ProcessOrder(order.Item1);

    if (order.Item2)

      SendInvoice(order.Item1);

���������r�f�¢�<�/�È�-�[�‰�R�f�È�����:�f�Œ�����Œ�R�]�/�f�*�R�¢���[�à�$�f�Œ�����Œ�R�]�/�f�*�R�¢���[�â�$�f�Œ�����Œ�R�]�/�f�*�R�¢���[�ã�$�f�Œ�����Œ�R�]�/�f�*
�R�¢���[�ä�;�/

  }

}

The tuple structure here apparently allows for ���H�[�L�E�L�O�L�W�\���Z�K�H�Q���W�K�H���P�H�W�K�R�G�V���D�U�H���G�H���Q�H�G����
But what happens when another class has to call this method? Let's see:

_orderProcessor.ProcessOrder(new Tuple(order, true));

�1�f�Œ�����Œ�ž�Œ�f�����–�–�f�Œ�*�ž�Œ�f�����–�–�{�Œ�����Œ�:�]���Â���¶�ª�‰�R���:�f�Œ�����Œ�$���¢�Œ�ª���$���à�á�â�ã�ä�$���'�ë�¢���¶�<�[���*�½�¢���r�f�Â�$��
"Jack", false));

If we look at this from a point of view internal to the Order Processor class, using a tuple 
might not appear to be a bad idea. However, when we step out of the class and try to 
use the method, the problems become evident.

�7�K�H�����U�V�W���F�D�O�O���V�K�R�Z�V��CoP of Degree 2, while the second is of Degree 6. It's easy to see 
the progressive fading of expressivity for these two calls. In the Degree 2 call, we have 
completely lost the meaning of the second Boolean, even if with a little effort we can 
work it out (but it's not nice, anyway).

What about the second call? With a Degree 6 CoP we are left with a sequence of 
apparently arbitrary information to pass in, making it an absolute nightmare to guess 
the correct usage!

The good news is that it's easy to get back on track with a quick refactoring; we can 
introduce a class for message passing and rewrite the calling method as follows:

public class InvoiceableOrder{

    Order Order;

    bool IsInvoiceable;

}
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What if we do something like this:

public enum Hour {

    Midnight = 0,

    OneAm = 1,

    TwoAm = 2,

���������¶�7�Œ�������[���r���â�$

���������E�f�ª�Œ���[���r���ã�$

���������E�<�Á�����[���r���ä�$

    ...

    TenPm = 22,

���������-�R���Á���]�ž�[���r���á�â

}

public class Time {

    Hour _hour;

    int _minute;

    int _second;

    public Time(Hour hour, int minute, int second){

        _hour = hour;

        _minute = minute;

        _second = second;

    }

    public string Display(){

�����������������Œ���¢�ª�Œ�]���1�7�f�ª�Œ���n���-�#�-���n���1�[�<�]�ª�¢�����n���-�#�-���n���1�–�����f�]�����n���-�#�-�/

    }

}

We can see that now our parameter takes an enumeration called Hour, and it is basically 
impossible to pass something incorrectly. However, the resulting enumeration becomes 
quite long and feels like overkill in this situation. What about minutes and seconds? 
Those would be even longer.
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Preceding on that road clearly depends on how the class will be used in its context. 
If there will be a lot of manual instantiations it might be worth doing it. (Remember, 
typing is not the bottleneck!) Otherwise, there is a minimum viable solution for this 
form of connascence.

The real issue with CoV is that it is discoverable only at runtime, so we should try to 
minimize the response time of the negative feedback and validate the input as soon as 
possible. In this way, we make sure that �W�K�L�V���F�O�D�V�V���S�D�U�W�L�F�L�S�D�W�H�V���L�Q���W�K�H���L�Q�I�R�U�P�D�W�L�R�Q�����R�Z���L�I��
– and only if – its state is valid.

public class Time {

    int _hour;

    int _minute;

    int _second;

    public Time(int hour, int minute, int second){

        _hour = hour;

        _minute = minute;

        _second = second;

        Validate()

    }

    public string Display(){

�����������������Œ���¢�ª�Œ�]���1�7�f�ª�Œ���n���-�#�-���n���1�[�<�]�ª�¢�����n���-�#�-���n���1�–�����f�]�����n���-�#�-�/

    }

    private void Validate(){

�����������������<�/�:�1�7�f�ª�Œ���u���ß���µ�µ���1�7�f�ª�Œ���t���á�â�;

            throw new InvalidHourException();

�����������������<�/�:�1�[�<�]�ª�¢�����u���ß���µ�µ���1�[�<�]�ª�¢�����t���ä�è�;

            throw new InvalidMinuteException();

�����������������<�/�:�1�–�����f�]�����u���ß���µ�µ���1�–�����f�]�����t���ä�è�;

            throw new InvalidSecondException();

    }

}
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Let's see another example of CoV where the need of validation is not so intuitive:

ublic class Triangle {

    int SideA;

���������<�]�¢���©�<�������/

    int SideC;

���������‰�ª���R�<�����¶�Œ�<�ë�]�0�R���:�<�]�¢���–�<�������$���<�]�¢���–�<�������$���<�]�¢���–�<����� �;�6

        SideA = sideA;

�����������������©�<���������r���–�<�������/

        SideC = sideC;

    }

}

The values of the sides need to satisfy a particular relation for it to be a triangle, as 
shown in the diagram. So, here we have the same validation problem, and validation 
must occur in the constructor as well:

Figure 13.4: Sides relation for being a triangle

What about making invalid states unrepresentable? Can we do it?

Studying the properties of triangles a little allows us to create an alternative design 
for our class. Let's look at the angles in this example. Can we use this to make our 
constructor less fragile?
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�R���¢�Œ�ë�Á���R�����È�����ë�Œ���u���Œ���0�t

�u�<�]�‰�ª�¢���¢�È�‰���r�.���7�����O���f�Ç�.���]�ë�[���r�.�¢�Œ�ë�]�–�‰�f�Œ�¢�.���Á�ë�R�ª���r�.�â�.���0�t

�R���¢�Œ�ë�Á���R�����È���¢�Œ�ë�<�]���u���Œ���0�t

�u�<�]�‰�ª�¢���¢�È�‰���r�.���7�����O���f�Ç�.���]�ë�[���r�.�¢�Œ�ë�]�–�‰�f�Œ�¢�.���Á�ë�R�ª���r�.�ã�.���0�t

�R���¢�Œ�ë�Á���R�����È�����ª�–���u���Œ���0�t

And in our controller, we might need something like this:

private SetTransport(string transport){

    switch(transport){

        case "1":

���������������������������������<�O���:�;�/

        case "2":

            AddCar();

�������������������ë�–�����-�â�-�#

            AddTrain();

�������������������ë�–�����-�ã�-�#

���������������������������������ª�–�:�;�/

        break;

    }

}

Let's suppose we have deployed our website, but we notice that the stats don't add up. 
We debug our controller, and we see that transport is 3. That's not helpful. We'll always 
need one more step (or to memorize the mapping) in order to identify the correct 
meaning of 3.

In this case, just using the text values bike, car, train, and bus would have prevented 
this kind of problem. But what if we really need to keep the integers because we have to 
feed a legacy system that really, really, really loves integers? Are we doomed?

�1�R�S�H�����$�V���Z�H���V�D�L�G�����L�W�
�V���H�D�V�\���W�R�����[�����:�H���F�D�Q���M�X�V�W���L�Q�W�U�R�G�X�F�H���V�R�P�H��constants:

���f�]�–�¢���–�¢�Œ�<�]�0�����R�c�-���r���-�à�-�/

const string CAR = "2";

���f�]�–�¢���–�¢�Œ�<�]�0���¶�¡���R�r���r���-�â�-�/

���f�]�–�¢���–�¢�Œ�<�]�0�����½�©���r���-�ã�-�/
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Unfortunately, if we have this kind of connascence in our code, the result is not useful. 
Let's see an example of a dumb checksum implementation that assumes we want to build 
it with a simple logic consisting of adding a character at the end of an integer so that 
the sum of the single numbers could be divided by 10:

������� �7�����O�–�ª�[�:�-�â�á�à�ã�â�-�;���������r�t�������-�â�á�à�ã�â�æ�-

� �7�����O�:�-�â�á�à�ã�â�æ�-�;�������������������r�t�������¢�Œ�ª��

� �7�����O�:�-�â�á�à�ã�â�á�-�;�������������������r�t�������/�ë�R�–��

Let's see this snippet implementing it:

public string AddChecksum(string inputData){

    var sum = SumCharsOf(inputData);

    var difference = sum % 10;

���������Œ���¢�ª�Œ�]���<�]�‰�ª�¢�'�ë�¢�ë���n�����<�/�/���Œ���]�����/

}

public bool Check(string inputData){

    var sum = SumCharsOf(inputData);

    return sum % 10 == 0;

}

Do you see anything wrong with it? What if at some point we have to change the 
algorithm? What would happen? Well, in that case we would be forced to modify the 
code inside both methods; a by the book example of the divergent change code smell.

The problem here comes from the fact that our algorithm has not been encapsulated 
into its abstraction layer; hence, it cannot be reused. Look at sum % 10, for instance. It 
might be simple, but in this case, that's our algorithm. It appears twice in two different 
methods. Does it respect DRY? No, it doesn't. This is a classic example of CoA.

�2�Q�F�H���W�K�L�V���N�L�Q�G���R�I���F�R�Q�Q�D�V�F�H�Q�F�H���L�V���L�G�H�Q�W�L���H�G�����L�W�
�V���X�V�X�D�O�O�\���Q�R�W���G�L�I���F�X�O�W���W�R���V�R�O�Y�H�����7�K�H���W�U�L�F�N��
is just pushing the logic into another reusable construct. This is usually a class if the 
algorithm is complicated enough. In our example, a method would be enough (assuming 
this would be the only usage):

public string AddChecksum(string inputData){

���������Œ���¢�ª�Œ�]���<�]�‰�ª�¢�'�ë�¢�ë���n��� �7�����O�–�ª�[�:�<�]�‰�ª�¢�'�ë�¢�ë�;�/

}

public bool Check(string inputData){
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What happens if in our calls to the ReceiptSender we invert the order and call the 
Archive method before the SendToCustomer with the same receiptId? If that would result 
in a failure on the second call, we have CoEO.

If this is the only usage of the ReceiptSender class, we clearly have a leaking abstraction 
in its behavior. The Archive method is meant to always be called after SendToCustomer. 
So why are both methods public, leaving incorrect usage to chance? Here, one method 
should be enough, and the correct execution order hidden and enforced inside.

However, sometimes this form of connascence is meant to exist because of the nature 
of our context. Think of the Builder  pattern, for instance. The builder pattern is 
essentially an elegant way to use CoEO by expressing the correct usage by convention; 
�Z�H�����U�V�W���K�D�Y�H���W�R���V�R�P�H�K�R�Z���V�H�W���X�S���W�K�H���E�X�L�O�G�H�U���D�Q�G����after that's done, call the Build() 
method.

Let's look at this little car builder example:

�‰�ª���R�<�������R�ë�–�–��� �ë�Œ���ª�<�R�����Œ���#���R���ª�<�R��� �ë�Œ�–���6

���������‰�ª���R�<�����R���ª�<�R��� �ë�Œ�–���Õ�<�¢�7���Œ�ë�]���:���Œ�ë�]�������Œ�ë�]���;�6

        _brand = brand;

        return this;

    }

���������‰�ª���R�<�����R���ª�<�R��� �ë�Œ�–���Õ�<�¢�7�-�]�0�<�]���:�-�]�0�<�]�������]�0�<�]���;�6

        _engine = engine;

        return this;

    }

���������‰�ª���R�<�����R���ª�<�R��� �ë�Œ�–���{�/� �f�R�f�Œ�:� �f�R�f�Œ�����f�R�f�Œ�;�6

        _color = color;

        return this;

    }

���������‰�ª���R�<����� �ë�Œ�����ª�<�R���:�;�6

        return new Car(_brand, _engine, _color)

    }

}
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The interface is as follows:

�‰�ª���R�<�����<�]�¢���Œ�/�ë�������R���ª�<�R��� �ë�Œ�–���6

���������R���ª�<�R��� �ë�Œ�–���Õ�<�¢�7���Œ�ë�]���:���Œ�ë�]�������Œ�ë�]���;�/

���������R���ª�<�R��� �ë�Œ�–���Õ�<�¢�7�-�]�0�<�]���:�-�]�0�<�]�������Œ�ë�]���;�/

���������R���ª�<�R��� �ë�Œ�–���Õ�<�¢�7� �f�R�f�Œ�:� �f�R�f�Œ�����Œ�ë�]���;�/

��������� �ë�Œ�����ª�<�R���:�;�/

}

What if we now need to enforce an execution order and, for whatever reason, must 
have the Brand, Engine, and Color���V�S�H�F�L���H�G���L�Q���H�[�D�F�W�O�\���W�K�D�W���S�D�U�W�L�F�X�O�D�U���V�H�T�X�H�Q�F�H�"���,�V���L�W���H�Y�H�Q��
possible without Connascence of Execution Order?

A very elegant way, in our opinion, is leveraging interface segregation.

Let's see how we could break down our interface:

�‰�ª���R�<�����<�]�¢���Œ�/�ë�������R���ª�<�R��� �ë�Œ�–�Õ�<�¢�7���Œ�ë�]���6

���������R���ª�<�R��� �ë�Œ�–�Õ�<�¢�7�-�]�0�<�]�����Õ�<�¢�7���Œ�ë�]���:���Œ�ë�]�������Œ�ë�]���;�/

}

�‰�ª���R�<�����<�]�¢���Œ�/�ë�������R���ª�<�R��� �ë�Œ�–�Õ�<�¢�7�-�]�0�<�]���6

���������R���ª�<�R��� �ë�Œ�–�Õ�<�¢�7� �f�R�f�Œ���Õ�<�¢�7�-�]�0�<�]���:�-�]�0�<�]�������]�0�<�]���;�/

}

�‰�ª���R�<�����<�]�¢���Œ�/�ë�������R���ª�<�R��� �ë�Œ�–�Õ�<�¢�7� �f�R�f�Œ�6

���������R���ª�<�R��� �ë�Œ�–���Õ�<�¢�7� �f�R�f�Œ�:� �f�R�f�Œ�����f�R�f�Œ�;�/

}

�‰�ª���R�<�����<�]�¢���Œ�/�ë�������R���ª�<�R��� �ë�Œ�–�6

��������� �ë�Œ�����ª�<�R���:�;�/

}
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�1�R�Z�����M�X�V�W���D���O�L�W�W�O�H���P�R�G�L���F�D�W�L�R�Q���W�R���R�X�U���F�R�Q�F�U�H�W�H���F�O�D�V�V���Z�L�O�O���G�R���W�K�H���W�U�L�F�N��

�‰�ª���R�<�������R�ë�–�–��� �ë�Œ���ª�<�R�����Œ���#���R���ª�<�R��� �ë�Œ�–�Õ�<�¢�7���Œ�ë�]���$���R���ª�<�R��� �ë�Œ�–�Õ�<�¢�7�-�]�0�<�]���$��
�R���ª�<�R��� �ë�Œ�–�Õ�<�¢�7� �f�R�f�Œ�$���R���ª�<�R��� �ë�Œ�–���6

���������‰�Œ�<�Á�ë�¢����� �ë�Œ���ª�<�R�����Œ�:�;�6�7

���������‰�ª���R�<�����–�¢�ë�¢�<�����R���ª�<�R��� �ë�Œ�–�Õ�<�¢�7���Œ�ë�]�����r���Â�:�;�6

�����������������Œ���¢�ª�Œ�]���]���Â��� �ë�Œ���ª�<�R�����Œ�:�;�/

    }

���������‰�ª���R�<�����R���ª�<�R��� �ë�Œ�–�Õ�<�¢�7�-�]�0�<�]�����Õ�<�¢�7���Œ�ë�]���:���Œ�ë�]�������Œ�ë�]���;�6

        _brand = brand;

        return this;

    }

���������‰�ª���R�<�����R���ª�<�R��� �ë�Œ�–�Õ�<�¢�7� �f�R�f�Œ���Õ�<�¢�7�-�]�0�<�]���:�-�]�0�<�]�������]�0�<�]���;�6

        _engine = engine;

        return this;

    }

���������‰�ª���R�<�����R���ª�<�R��� �ë�Œ�–���Õ�<�¢�7� �f�R�f�Œ�:� �f�R�f�Œ�����f�R�f�Œ�;�6

        _color = color;

        return this;

    }

���������‰�ª���R�<����� �ë�Œ�����ª�<�R���:�;�6

        return new Car(_brand, _engine, _color)

    }

}





210���_���'�H�V�L�J�Q���9�–�–�������&�R�Q�Q�D�V�F�H�Q�F�H

Let's see an example, assuming for simplicity our message handler queues the messages 
internally after receiving them:

�8�¶���–�¢�E�<�Ç�¢�ª�Œ���9

�‰�ª���R�<�������R�ë�–�–���©���Œ�Á�<�������ª�–�p���–�–�ë�0���M�ë�]���R���Œ�1�©�7�f�ª�R���6

    var messageHandler = new MessageHandler();

    [Test]

    public void ReceiveMessages(){

        var expectedMessage = new TestMessage();

�����������������©���]���p���–�–�ë�0���¶�f�R�]�¢���0�Œ�ë�¢�<�f�]�¶���–�¢���ª�–�:���Ç�‰�����¢�����p���–�–�ë�0���;�/

        Thread.Sleep(1000);

�����������������Á�ë�Œ���Œ�������<�Á�����p���–�–�ë�0�����r���[���–�–�ë�0���M�ë�]���R���Œ�*�¡���ë���f�ë�–�¢�p���–�–�ë�0���:�;�/

        Assert.That(receivedMessage, Is.Equal(expectedMessage))

    }

}

Between sending the message and reading it, we need to wait some arbitrary amount 
of time. If we don't wait, we will check for the message before it gets received, and our 
test cannot pass. Timing here is crucial. We can't escape this. But can we do something 
better?

Well, if we remember that time is money , we can.

We can optimize it so that we do not always depend on an arbitrary amount of it. Let's 
see an alternative snippet:

�8�¶���–�¢�E�<�Ç�¢�ª�Œ���9

�‰�ª���R�<�������R�ë�–�–���©���Œ�Á�<�������ª�–�p���–�–�ë�0���M�ë�]���R���Œ�1�©�7�f�ª�R���6

    var awaiter = new AutoResetEvent(false);

    var messageHandler = new MessageHandler();

���������[���–�–�ë�0���M�ë�]���R���Œ�*�{�]�r���Â�p���–�–�ë�0�����n�r���:�;�r�t�ë�Â�ë�<�¢���Œ�*�©���¢�:�;�/

    [Test]

    public void ReceiveMessages(){
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Let's see a simple example (and let's forget about thread safety):

public class GlobalCounter{

    int count = 0;

    public void Increment(){

�������������������f�ª�]�¢�n�n�/

    }

    public int CurrentCount(){

        return count;

    }

}

public class Controller{

    GlobalCounter _counter;

    public Controller(GlobalCounter counter){

        _counter = counter;

    }

    public ActionResult Home(){

        _counter.Increment();

    }

}

Such an implementation works correctly if and only if the controllers share the same 
instance of GlobalCounter. In this case, a better solution would be using some external 
persistence mechanism so that the counter would just send a command for the 
increment without relying on a shared state.
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Part I

�7�K�H���E�X�L�O�G�L�Q�J���K�D�V���D���W�R�W�D�O���R�I�����Y�H�����R�R�U�V�����L�Q�F�O�X�G�L�Q�J���W�K�H���E�D�V�H�P�H�Q�W���D�Q�G���W�K�H���J�U�R�X�Q�G�����R�R�U�����7�K�H��
�H�O�H�Y�D�W�R�U���F�D�Q���E�H���F�D�O�O�H�G���D�W���D�Q�\�����R�R�U���R�Q�O�\���Z�K�H�Q���L�W���L�V���Q�R�W���L�Q���X�V�H���Y�L�D���R�Q�H���F�D�O�O���E�X�W�W�R�Q��

�*�L�Y�H�Q���W�K�H���H�O�H�Y�D�W�R�U���L�V���S�R�V�L�W�L�R�Q�H�G���R�Q���W�K�H���J�U�R�X�Q�G�����R�R�U��

�:�K�H�Q���W�K�H�U�H���L�V���D���F�D�O�O���I�U�R�P�����R�R�U�������W�R���J�R���W�R���W�K�H���E�D�V�H�P�H�Q�W

�$�Q�G���W�K�H�U�H���L�V���D���F�D�O�O���I�U�R�P���W�K�H���J�U�R�X�Q�G�����R�R�U���W�R���J�R���W�R���W�K�H���E�D�V�H�P�H�Q�W

�$�Q�G���W�K�H�U�H���L�V���D���F�D�O�O���I�U�R�P�����R�R�U�������W�R���J�R���W�R���W�K�H���E�D�V�H�P�H�Q�W

�$�Q�G���W�K�H�U�H���L�V���D���F�D�O�O���I�U�R�P�����R�R�U�������W�R���J�R���W�R�����R�R�U����

�7�K�H�Q���W�K�H���G�R�R�U�V���V�K�R�X�O�G���R�S�H�Q���D�W�����R�R�U���������E�D�V�H�P�H�Q�W�����J�U�R�X�Q�G�����E�D�V�H�P�H�Q�W�������R�R�U��������
�E�D�V�H�P�H�Q�W�������R�R�U���������D�Q�G�����R�R�U�������L�Q���W�K�L�V���R�U�G�H�U

Part II

The elevator is not fast enough, so as an experiment to speed it up, the idea is to allow 
the elevator to queue the requests and optimize the trips.

�7�K�H���H�O�H�Y�D�W�R�U���F�D�Q���Q�R�Z���T�X�H�X�H���W�K�H���V�W�R�S���U�H�T�X�H�V�W�V���I�U�R�P���W�K�H�����R�R�U�V���D�Q�G���F�R�O�O�H�F�W���S�H�R�S�O�H��
along the way, but cannot change direction once it's started until all calls in the same 
�G�L�U�H�F�W�L�R�Q���K�D�Y�H���E�H�H�Q���I�X�O���O�O�H�G��

�*�L�Y�H�Q���W�K�H���H�O�H�Y�D�W�R�U���L�V���S�R�V�L�W�L�R�Q�H�G���R�Q���W�K�H���J�U�R�X�Q�G�����R�R�U��

�:�K�H�Q���W�K�H�U�H���L�V���D���F�D�O�O���I�U�R�P�����R�R�U�������W�R���J�R���W�R���W�K�H���E�D�V�H�P�H�Q�W

�$�Q�G���W�K�H�U�H���L�V���D���F�D�O�O���I�U�R�P���W�K�H���J�U�R�X�Q�G�����R�R�U���W�R���J�R���W�R���W�K�H���E�D�V�H�P�H�Q�W

�$�Q�G���W�K�H�U�H���L�V���D���F�D�O�O���I�U�R�P�����R�R�U�������W�R���J�R���W�R���W�K�H���E�D�V�H�P�H�Q�W

�$�Q�G���W�K�H�U�H���L�V���D���F�D�O�O���I�U�R�P�����R�R�U�������W�R���J�R���W�R�����R�R�U����

�7�K�H�Q���W�K�H���G�R�R�U�V���V�K�R�X�O�G���R�S�H�Q���D�W�����R�R�U�����������R�R�U���������W�K�H���J�U�R�X�Q�G�����R�R�U�����W�K�H���E�D�V�H�P�H�Q�W����
���R�R�U���������D�Q�G�����R�R�U���������L�Q���W�K�L�V���R�U�G�H�U��

Nonfunctional requirement: The total time spent in the process of Part II should be 
less than the time spent with the algorithm of Part I.







https://martinfowler.com/bliki/BeckDesignRules.html
https://martinfowler.com/bliki/BeckDesignRules.html
http://www.jbrains.ca/permalink/the-four-elements-of-simple-design
http://www.jbrains.ca/permalink/the-four-elements-of-simple-design
http://arlobelshee.com/good-naming-is-a-process-not-a-single-step
http://arlobelshee.com/good-naming-is-a-process-not-a-single-step
http://blog.thecodewhisperer.com/2013/12/07/putting-an-age-old-battle-to-rest
http://blog.thecodewhisperer.com/2013/12/07/putting-an-age-old-battle-to-rest
https://www.infoq.com/presentations/Simple-Made-Easy
https://www.infoq.com/presentations/Simple-Made-Easy
http://c2.com/cgi/wiki?XpSimplicityRules
https://leanpub.com/4rulesofsimpledesign
https://leanpub.com/4rulesofsimpledesign






"We know the past but cannot control it. We control the future but cannot know it."

-Claude Shannon

This Claude Shannon quote is controversial and usually generates interesting 
conversations. The main observation is this: we don't really have full control of the 
future. That's actually a meaningful observation if we consider the latter portion of the 
quote about the future at a higher philosophical level (our inability to change the past 
being much less debatable).

What if we apply the latter portion of the quote to software development? Theoretically, 
in software development, we fully control the future, in that it's the way we are going to 
write the next piece of code. And the amount of control we have is proportional to how 
much we understand and how effectively we can act on the code base. In your code, 
the control you can have over your future is deeply connected to how you have been 
building in the past.

Conclusion

15
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You could also argue (also controversially) that it's not absolutely correct to say we 
cannot control the past. What is refactoring, if not improving the code written in 
the past? That's another reason for refactoring as soon as possible, without delaying 
to a future moment – to keep the current state of the code in its best shape. Even 
refactoring itself will be much easier by enabling a positive feedback loop in your 
development effectiveness.

Eric Evans, in his epic Domain-Driven Design  book, writes:

The returns for refactoring are not linear. Usually there is a marginal return for a small 
�U�H�W�X�U�Q���D�Q�G���W�K�H���V�P�D�O�O���L�P�S�U�R�Y�H�P�H�Q�W�V���D�G�G���X�S�����7�K�H�\�����J�K�W���H�Q�W�U�R�S�\���D�Q�G���W�K�H�\���D�U�H���W�K�H���I�U�R�Q�W�O�L�Q�H��
protection against a fossilized legacy. But some of the most important insights come 
abruptly and send a shock through the project . [...]

Often, though, continuous refactoring prepares the way for something less orderly. 
�(�D�F�K���U�H���Q�H�P�H�Q�W���R�I���F�R�G�H���D�Q�G���P�R�G�H�O���J�L�Y�H�V���G�H�Y�H�O�R�S�H�U�V���D���F�O�H�D�U�H�U���Y�L�H�Z�����7�K�L�V���F�O�D�U�L�W�\��
creates the potential for a breakthrough insights. [...] This sort of breakthrough is not a 
technique; it is an event.

�)�L�J�X�U�H���������������*�R�R�G���G�H�V�L�J�Q���D�Q�G���E�D�G���G�H�V�L�J�Q�����U�H�I�D�F�W�R�U�L�Q�J���L�P�S�D�F�W���R�Y�H�U���W�L�P�H

So, in the long run, development effectiveness (understanding and acting quickly and 
effectively on a software system) depends on design. That is what really gives us the 
keys for controlling the future; the better the design, the more the control. That's why 
we focus so much on it.
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        invoiceProcessor.ProcessInvoice(orderId, customerId, categoryId, 
itemIds);

        ...

    }

}

Look at this code from the point of view of coupling and cohesion. How does it 
look? Not really good, right? We have a long list of parameters that clearly make the 
method coupling score pretty high for the Execute method in the OrderFlow class, the 
ProcessInvoice method in the InvoiceProcessor class, and the ProcessOrder method in 
the OrderProcessor class. This is a classic example of data coupling.

The same Execute method also has cohesion problems because it generates order IDs 
�L�Q�W�H�U�Q�D�O�O�\�����7�K�H���P�D�L�Q���E�H�K�D�Y�L�R�U���R�I���W�K�L�V���P�H�W�K�R�G���F�O�D�V�V���L�V���W�R���R�U�F�K�H�V�W�U�D�W�H���W�K�H���R�U�G�H�U�����R�Z��
(as its name suggests), not to generate order IDs. This is also a single-responsibility 
violation.

If we instead look from a point of view of Code Smells, we can call this a classic example 
of long parameter list code smell.

Finally, from the connascence perspective, it is an example of Connascence of Position 
(CoP).

Let's see what happens if we refactor this code, trying to improve it:

�‰�ª���R�<�������R�ë�–�–���{�Œ�����Œ�E�R�f�Â

{

    public void Execute(Order order)

    {

        order.Process();

�����������������<�]�Á�f�<�����ž�Œ�f�����–�–�f�Œ�*�ž�Œ�f�����–�–�R�]�Á�f�<�����E�f�Œ�:�f�Œ�����Œ�;�/

        ...

    }

}

�,�V���W�K�L�V���Y�H�U�V�L�R�Q���E�H�W�W�H�U�"���,�W���O�R�R�N�V���G�H���Q�L�W�H�O�\���P�R�U�H���U�H�D�G�D�E�O�H�����E�X�W���K�R�Z���D�E�R�X�W���F�R�X�S�O�L�Q�J���D�Q�G��
cohesion?

From the point of view of coupling and cohesion, we removed the data coupling by 
introducing a more cohesive Order class, which drastically reduces the coupling score of 
this method. Moving the behavior closer to the data in the Order class also enhanced the 
cohesion of this code.
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From the code smell aspect, we have removed the long parameter list smell.

Finally, we have also removed CoP for three classes: OrderFlow, Order and Invoice.

Fixing cohesion had an effect on coupling and connascence. Fixing coupling had an 
effect on cohesion and connascence. Fixing connascence had an effect on coupling and 
cohesion. It's as if they are all the same force!

Cohesion, coupling, connascence, the SOLID principles, and code smells are different 
manifestations of the same thing, and they are deeply connected. This is similar 
to electromagnetism, where there is always an interrelation between electric and 
�P�D�J�Q�H�W�L�F�����H�O�G�V��

Rules and principles help you before you write the code. Smells, cohesion, coupling, and 
connascence give you feedback on the design after the code is written.

Figure 15.3: Left: metrics and analytics for feedback; right: rules and principles for guidance
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Outside-in is a development mindset, focused by default on the business view, bridging 
the gap between the two worlds naturally. This mindset derives from the Outside-In 
TDD approach, also called London School  or Mockist. It is an alternative approach to 
Test-Driven Design  (TDD�������O�H�D�G�L�Q�J���X�V���W�R�����U�V�W���F�R�Q�V�L�G�H�U���D���S�R�L�Q�W���R�I���Y�L�H�Z���H�[�W�H�U�Q�D�O���R�I���R�X�U��
class, starting with the design of the public interface. This, in turn, forces the developer 
�W�R���S�X�W���K�L�P�V�H�O�I���L�Q���W�K�H���V�K�R�H�V���R�I���W�K�H���X�V�H�U�����F�R�Q�V�L�G�H�U�L�Q�J���W�K�D�W���S�H�U�V�R�Q�
�V���Q�H�H�G�V�����U�V�W��

The beauty of this technique, in accordance with the Alan Kay quote at the beginning 
of the lesson, resides in the servant approach  afforded by the focus on the functionality 
provided to the world outside the class, rather than its internals. This has many 
�E�H�Q�H���W�V��

•	 �,�W���Q�D�W�X�U�D�O�O�\�����W�V���Z�L�W�K���D���E�X�V�L�Q�H�V�V�����U�V�W���Y�L�H�Z�����X�V�L�Q�J���E�X�V�L�Q�H�V�V���I�X�Q�F�W�L�R�Q�D�O�L�W�\���W�R���G�U�L�Y�H���W�K�H��
internal growth of the system.

•	 It naturally addresses YAGNI (You Aren't Going to Need It), since nothing would 
be developed if not explicitly required by the business.

•	 It naturally minimizes entropy, because its focus on the public interface leads to 
the simplest way to communicate with the outside world, hiding the complexity of 
the internals.

•	 It naturally encourages expressivity, readability, clean code, and simple design, 
because the focus on public interfaces lends itself to immediate feedback on 
design and readability.

All of these points can also be achieved by using classic TDD, but it requires more 
effort from the software developer and does not come as naturally as in the outside-in 
approach.
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In engineering and its various sub-disciplines, acceptance testing is a test conducted 
�W�R���G�H�W�H�U�P�L�Q�H���L�I���W�K�H���U�H�T�X�L�U�H�P�H�Q�W�V���R�I���D���V�S�H�F�L���F�D�W�L�R�Q���R�U���F�R�Q�W�U�D�F�W���D�U�H���P�H�W�����,�W���P�D�\���L�Q�Y�R�O�Y�H��
chemical tests, physical tests, or performance tests.

– Wikipedia

The ISTQB (�,�Q�W�H�U�Q�D�W�L�R�Q�D�O���6�R�I�W�Z�D�U�H���7�H�V�W�L�Q�J���4�X�D�O�L���F�D�W�L�R�Q�V���%�R�D�U�G�����G�H���Q�H�V���D�F�F�H�S�W�D�Q�F�H��
tests in the context of software design as follows:

Formal testing with respect to user needs, requirements, and business processes conducted 
�W�R���G�H�W�H�U�P�L�Q�H���Z�K�H�W�K�H�U���R�U���Q�R�W���D���V�\�V�W�H�P���V�D�W�L�V���H�V���W�K�H���D�F�F�H�S�W�D�Q�F�H���F�U�L�W�H�U�L�D���D�Q�G���W�R���H�Q�D�E�O�H���W�K�H��
user, customers or other authorized entity to determine whether or not to accept the 
system.

�×���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���6�R�I�W�Z�D�U�H���7�H�V�W�L�Q�J���4�X�D�O�L���F�D�W�L�R�Q�V���%�R�D�U�G

Note

�–�Q�W�H�U�Q�D�W�L�R�Q�D�O���6�R�I�W�Z�D�U�H���7�H�V�W�L�Q�J���4�X�D�O�L�4�F�D�W�L�R�Q�V���%�R�D�U�G�����–�6�7�4�%���*�O�R�V�V�D�U�\�����K�W�W�S������
�J�O�R�V�V�D�U�\���L�V�W�T�E���R�U�J���V�H�D�U�F�K����

�$�F�F�H�S�W�D�Q�F�H���W�H�V�W�V���D�U�H���W�K�H���I�R�U�P�D�O�L�]�D�W�L�R�Q���R�I���D�Q���D�F�F�H�S�W�D�Q�F�H���F�U�L�W�H�U�L�D�����G�H���Q�H�G���E�\���,�6�7�4�%���D�V��
follows:

The criteria that a component or system must satisfy in order to be accepted by a user, 
customer, or other authorized entity.

�×���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���6�R�I�W�Z�D�U�H���7�H�V�W�L�Q�J���4�X�D�O�L���F�D�W�L�R�Q�V���%�R�D�U�G

Note

�–�Q�W�H�U�Q�D�W�L�R�Q�D�O���6�R�I�W�Z�D�U�H���7�H�V�W�L�Q�J���4�X�D�O�L�4�F�D�W�L�R�Q�V���%�R�D�U�G�����–�6�7�4�%���*�O�R�V�V�D�U�\�����K�W�W�S������
�J�O�R�V�V�D�U�\���L�V�W�T�E���R�U�J���V�H�D�U�F�K����

�$�F�F�H�S�W�D�Q�F�H���F�U�L�W�H�U�L�D���G�H���Q�H�V��what needs to be done�����D�Q�G���D�F�F�H�S�W�D�Q�F�H���W�H�V�W�V���G�H���Q�H��how it 
should be done.

Acceptance tests are organized similar to the arrange-act-assert sections of a unit test. 
However, in acceptance tests, these sections are usually known as give-when-then: 
given some context, when  some action is carried out, then a set of consequences should 
happen.





http://docs.fitnesse.org






254���_���2�X�W�V�L�G�H���–�Q���'�H�Y�H�O�R�S�P�H�Q�W

The outside-in mindset works as follows:

•	 From the outside to the inside

•	 From high-level responsibilities to low-level details

•	 From the main goal, to the steps to reach it

•	 From strategic to tactical

•	 �)�R�O�O�R�Z�L�Q�J���W�K�H���G�H�S�H�Q�G�H�Q�F�\�����R�Z

Let's go over a quick example. Imagine we are building a microwave oven class. The 
�R�X�W�V�L�G�H���L�Q�����R�Z���V�W�D�U�W�V���Z�L�W�K���W�K�H���V�N�H�W�F�K�L�Q�J���R�I���W�K�H���F�O�D�V�V���Z�H���D�U�H���J�R�L�Q�J���W�R���E�X�L�O�G�����U�V�W�����Z�K�L�F�K��
in this case is the MicrowaveOven class. Let's leave tests aside for a moment and use 
instead the Main method to start, at the outermost boundary:

public void Main(){

  var oven = new MicrowaveOven();

}

At this point, we don't have the implementation of the class yet, so the IDE shows 
it highlighted in red. But if we prompt the suggestions, one of them says something 
like, create type MicrowaveOven. Let's select it and let it do the magic. Now we have 
something like this:

public void Main(){

  var oven = new MicrowaveOven();

}

public class MicrowaveOven(){

}
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At this point, we can move the MicrowaveOven���F�O�D�V�V���W�R���L�W�V���R�Z�Q�����O�H�����R�U���F�D�U�U�\���R�Q���L�Q���W�K�H��
�V�D�P�H�����O�H���D�Q�G���G�H�O�D�\���W�K�L�V���R�S�H�U�D�W�L�R�Q���O�D�W�H�U�����7�R���P�R�Y�H���R�Q�����Q�R�Z���Z�H���Q�H�H�G���W�R���L�P�S�O�H�P�H�Q�W���W�K�H��
Cook method. First, we sketch it:

public void Main(){

  var oven = new MicrowaveOven();

�����f�Á���]�*� �f�f�O�:�ä�;�/

}

public class MicrowaveOven(){

}

The IDE will show it in red again, because it is not implemented. Let's open its 
Suggestions Helper . We now see one of the options saying create Method. Let's select it 
and rename the parameter to minutes. We would have something like this:

public void Main(){

  var oven = new MicrowaveOven();

�����f�Á���]�*� �f�f�O�:�ä�;�/

}

public class MicrowaveOven(){

  public void Cook(int minutes){

    throw new System.NotImplementedException();

  }

}
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We have now sketched the MicrowaveOven public interface. We put ourselves in the 
�V�K�R�H�V���R�I���W�K�H���X�V�H�U�����U�V�W���D�Q�G���V�W�D�U�W�H�G���W�K�H���L�P�S�O�H�P�H�Q�W�D�W�L�R�Q���I�U�R�P���W�K�H���R�X�W�V�L�G�H�����7�K�H���P�D�L�Q���J�R�D�O��
of this approach is making sure that the public interface is intuitive to use; that is, it is 
immediately understandable for whoever will use it in the future.

Next, we can step inside its own level of abstraction by implementing the Cook method.

Inside that method, we now realize that we need to do just one thing; switch the 
microwave generator on for the number of minutes stated in the method. So, we need a 
collaborator, and here we have two choices:

1.	 We can create a strong dependency and let the oven be responsible for it.

OR

2.	 We can inject it so we could change it at runtime and test the generator in 
isolation.

�/�H�W�
�V���J�R���Z�L�W�K���W�K�H�����U�V�W���R�S�W�L�R�Q���I�R�U���V�L�P�S�O�L�F�L�W�\���D�Q�G���V�H�H���K�R�Z���W�K�H�����R�Z���F�D�U�U�L�H�V���R�Q���X�V�L�Q�J���D�Q��
IGenerateMicrowaves  interface.

public class MicrowaveOven(){

  private IGenerateMicrowaves _microwaveGenerator = new MicrowaveGenerator();

  public void Cook(int minutes){

    throw new System.NotImplementedException();

  }

}

We now have two red items in the new line of code: the IGenerateMicorwaves interface 
and the concrete MicrowavesGenerator. Let's use the suggestions again, beginning 
from the interface. Here the create interface suggestion is straightforward, and we can 
afterward move on the concrete and use again the create type. The IDE is quite smart in 
this situation, already making the type inherit from the interface:

public class MicrowaveGenerator : IGenerateMicrowaves

{

}
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public interface IGenerateMicrowaves

{

}

Let's leave these empty and keep focusing on our MicrowaveOven class; we still have an 
ugly throw���W�K�H�U�H���W�R���U�H�P�R�Y�H�����1�R�Z���Z�H���F�D�Q�����Q�D�O�O�\���W�H�O�O���W�K�H���J�H�Q�H�U�D�W�R�U���W�R���V�Z�L�W�F�K���L�W�V�H�O�I���R�Q�����D�V��
we were planning! We start again by sketching its public interface:

public class MicrowaveOven(){

  private IGenerateMicrowaves _microwaveGenerator = new MicrowaveGenerator();

  public void Cook(int minutes){

���������1�[�<���Œ�f�Â�ë�Á���F���]���Œ�ë�¢�f�Œ�*�©�Â�<�¢���7�{�]�E�f�Œ�:�[�<�]�ª�¢���–�;�/

  }

}

The method, as usual, is highlighted red. Let's open the automatic suggestion and 
select the option to create the IGenerateMicrowaves.SwitchOn method and rename the 
parameter to minutes. Voilà! The interface now becomes:

public interface IGenerateMicrowaves

{

�����Á�f�<�����©�Â�<�¢���7�{�]�E�f�Œ�:�<�]�¢���[�<�]�ª�¢���–�;�/

}

We can see something else turning red now: the MicrowaveGenerator class marked 
with the problem of not implementing the IGenerateMicrowaves interface, because it is 
obviously missing that method. But we have the handy suggestion to implement missing 
members, which will add the method automatically:

public class MicrowaveGenerator : IGenerateMicrowaves

{

�����‰�ª���R�<�����Á�f�<�����©�Â�<�¢���7�{�]�E�f�Œ�:�<�]�¢���[�<�]�ª�¢���–�;

  {

    throw new System.NotImplementedException();

  }

}
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�)�L�J�X�U�H���������������2�X�W�V�L�G�H���–�Q���7�'�'���5�R�Z

�,�Q���W�K�H���S�U�H�Y�L�R�X�V���G�L�D�J�U�D�P�����Z�H���W�U�L�H�G���W�R���F�D�S�W�X�U�H���W�K�H�����R�Z���R�I���V�R�I�W�Z�D�U�H���J�U�R�Z�W�K���X�V�L�Q�J��
Outside-In TDD. As with classic TDD, we start by writing a test, but now we 
immediately try to sketch a collaborator and write the assertion around that 
collaboration. Once we have a passing test, we can either move inside and use the same 
�V�W�U�D�W�H�J�\���Z�L�W�K���W�K�H���F�R�O�O�D�E�R�U�D�W�R�U�����W�K�D�W���Q�R�Z���E�H�F�R�P�H�V���W�K�H���Q�H�Z���W�H�V�W���V�X�E�M�H�F�W�����D�Q�G�����Q�G���L�W�V��
�F�R�O�O�D�E�R�U�D�W�R�U���V�������R�U���Z�H�����Q�G���R�W�K�H�U���F�R�O�O�D�E�R�U�D�W�R�U�V���I�R�U���W�K�H���F�X�U�U�H�Q�W���F�R�P�S�R�Q�H�Q�W���D�Q�G���X�V�H���W�K�H��
same strategy.
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�������������Á�ë�Œ���–�7�f�‰�‰�<�]�0� �ë�Œ�¢���r���]���Â���p�f���O�u�©�7�f�‰�‰�<�]�0� �ë�Œ�¢�t�:�;�/

      var shoppingCartController = new ShoppingCartController(shoppingCart);

�������������–�7�f�‰�‰�<�]�0� �ë�Œ�¢� �f�]�¢�Œ�f�R�R���Œ�*�ž�f�–�¢�:��� �ª�–�¢�f�[���Œ�R�'�$�������f�f�O�R���$����� �ª�ë�]�¢�<�¢�È�;�/

�������������–�7�f�‰�‰�<�]�0� �ë�Œ�¢�*�Ô���Œ�<�/�È�*�������:��� �ª�–�¢�f�[���Œ�R���$�������f�f�O�R�'�$����� �ª�ë�]�¢�<�¢�È�;�*�Õ�ë�–� �ë�R�R�����:�;�/

  }

}

The next test uses the same strategy, but we are now testing the shopping cart and its 
collaboration with the discount calculator.

class ShoppingCartShould

{

  [Test]

  void add_product_to_shopping_cart_with_discount_for_gold_customers()

  {

�������������Á�ë�Œ�������f�f�O�R�����r���à�á�â�ã�ä�/

�������������Á�ë�Œ����� �ª�–�¢�f�[���Œ�R�����r���ä�ã�â�á�à�/

      var AQuantity = 1;

�������������Á�ë�Œ�����<�–���f�ª�]�¢� �ë�R���ª�R�ë�¢�f�Œ���r���]���Â���p�f���O�u�'�<�–���f�ª�]�¢� �ë�R���ª�R�ë�¢�f�Œ�t�:�;�/

�������������Á�ë�Œ���Œ���‰�f�–�<�¢�f�Œ�È���r���]���Â���p�f���O�u�©�7�f�‰�‰�<�]�0� �ë�Œ�¢�¡���‰�f�–�<�¢�f�Œ�È�t�:�;�/

      var shoppingCart = new ShoppingCart(discountCalculator, repository);

�������������–�7�f�‰�‰�<�]�0� �ë�Œ�¢�*�������:��� �ª�–�¢�f�[���Œ�R���$�������f�f�O�R�'�$����� �ª�ë�]�¢�<�¢�È�;�/

      discountCalculator.Verify.ApplyDiscount(shoppingCart).WasCalled();

  }

}
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Figure 16.5: The direction of dependencies

The dependencies should follow a direction of movement from what is more likely to 
change, toward what is less likely to change; hence, abstraction should not depend on 
details. The domain should be the pure part of our code, ideally with no dependencies 
to anything else, since it's the least likely to change.

If you think about it, this makes sense; the business logic should be self-containing 
and should work correctly without caring if the information is saved on this or that 
�G�D�W�D�E�D�V�H�����G�L�V�S�O�D�\�H�G���R�Q���W�K�H���Z�H�E�����R�U���L�Q���D���&�6�9�����O�H�����&�K�D�Q�J�L�Q�J���D���Z�H�E�S�D�J�H���W�R���G�L�V�S�O�D�\��
information in an alternative way should be possible without changing the domain, and 
�L�W���K�D�S�S�H�Q�V���Z�D�\���P�R�U�H���R�I�W�H�Q���W�K�D�Q���P�R�G�L���F�D�W�L�R�Q�V���R�I���W�K�H���G�R�P�D�L�Q���L�W�V�H�O�I��

Outside-In naturally follows the same direction of dependencies.





https://en.wikipedia.org/wiki/Colossal_Cave_Adventure
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Taking and dropping items

TAKE collects an item from the environment and puts it in the bag. DROP allows the player 
to leave an item in the environment. Every item can be taken and dropped anywhere, 
and the game has to list the items in the environment just after the main description.

�R�r�©�R�'�-���¶�M�-�����½�R�f�'�R�r�F�*

�Û�{�½�����¡�-���R�r�©�R�'�-���¶�M�-�����½�R�f�'�R�r�F�$�������Õ�-�f�f���M�{�½�©�-���E�{�¡���f���¡�F�-���©�ž�¡�R�r�F�©�*

�¶�M�-�¡�-�����¡�-���©�{�p�-���c�-�Û�©���{�r���¶�M�-���E�f�{�{�¡�*

> TAKE KEYS

KEYS: TAKEN.

> DROP KEYS

KEYS: DROPPED.

Checking BAG

BAG shows a list of items in the bag. The bag can contain only 10 items.

�t�������F

�¶�M�-�������F��� �{�r�¶���R�r�©�#���©�{�p�-���c�-�Û�©�$�������©�Õ�R�©�©���c�r�R�E�-�$������� ���r�'�f�-�����r�'������� �{�p�ž���©�©�*

Using items

USE performs an action with the item if the environment is set up for it, and if the 
player has the item in the bag. The action can result in an extra sentence in the main 
description, such as unlocking a passage toward a hidden location or releasing a new 
item in the location.

> USE KEYS

�¶�M�-���¡�-�'���'�{�{�¡���M���©�����-�-�r���½�r�f�{� �c�-�'�&

> OPEN DOOR

�Û�{�½�����¡�-���R�r�©�R�'�-���¶�M�-���¡�-�'��� �M���p���-�¡�*

Collecting gold

�7�K�H���W�U�H�D�V�X�U�H�V���Z�H���F�D�Q�����Q�G���L�Q���W�K�H���F�D�Y�H���D�U�H���L�Q���W�K�H���I�R�U�P���R�I���J�R�O�G���F�R�L�Q�V�����7�K�H�\���D�U�H���F�R�O�O�H�F�W�H�G��
�D�X�W�R�P�D�W�L�F�D�O�O�\���W�K�H�����U�V�W���W�L�P�H���W�K�H���S�O�D�\�H�U���P�R�Y�H�V���W�R���D���O�R�F�D�W�L�R�Q���Z�L�W�K���J�R�O�G�����R�U���W�K�H�����U�V�W���W�L�P�H��
the player opens an item containing gold. The total amount of gold retrieved can be 
seen in the bag.
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Category 3 problems instead are related to miscommunication between the business 
and the development team, so here we can actually take some actions.

Communication is one of the most important aspects of every organization, and it is 
crucial for the success of projects. As we have seen in the Systems Entropy section in 
the Design Conclusions  lesson, Claude Shannon proved that communication is subject 
to entropy, and it naturally degrades the information at every step. So, handling 
information through too many lines raises the chance of misunderstanding. If you add 
in the lack of a standardized, rigorous and effective format to exchange information, 
we have the main ingredients for a recipe for misunderstanding. Did you ever play the 
telephone game  when you were a kid? The same force is also in play for requirements.

Note

�:�L�N�L�S�H�G�L�D�����&�O�D�X�G�H���6�K�D�Q�Q�R�Q�����K�W�W�S�V�������H�Q���Z�L�N�L�S�H�G�L�D���R�U�J���Z�L�N�L���&�O�D�X�G�H�B�6�K�D�Q�Q�R�Q��

�:�L�N�L�S�H�G�L�D�����$���0�D�W�K�H�P�D�W�L�F�D�O���7�K�H�R�U�\���R�I���&�R�P�P�X�Q�L�F�D�W�L�R�Q�����K�W�W�S�V�������H�Q���Z�L�N�L�S�H�G�L�D���R�U�J��
�Z�L�N�L���$�B�0�D�W�K�H�P�D�W�L�F�D�O�B�7�K�H�R�U�\�B�R�I�B�&�R�P�P�X�Q�L�F�D�W�L�R�Q��

�$�Q�G�����K�W�W�S�V�������H�Q���Z�L�N�L�S�H�G�L�D���R�U�J���Z�L�N�L���&�K�L�Q�H�V�H�B�Z�K�L�V�S�H�U�V��

Figure 17.2: The bugs' impact



http://agilemanifesto.org/principles.html
http://agilemanifesto.org/principles.html
http://anagilemind.net/2017/10/21/lets-take-a-journey-on-writinguser-stories/
http://anagilemind.net/2017/10/21/lets-take-a-journey-on-writinguser-stories/


https://dannorth.net/whats-in-a-story/
https://dannorth.net/whats-in-a-story/
https://www.agileconnection.com/article/three-amigosstrategy-developing-user-stories
https://www.agileconnection.com/article/three-amigosstrategy-developing-user-stories




https://www.goodreads.com/book/show/10288718-specification-by-example
https://www.goodreads.com/book/show/10288718-specification-by-example
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    //and implementations of methods afterward

    private void Given_customer_previously_bought_an_item()

    { ... }

    private void And_I_currently_have_four_items_in_stock()

    { ... }

    private void When_he_returns_the_item_for_a_return()

    { ... }

���������‰�Œ�<�Á�ë�¢�����Á�f�<�����¶�7���]�1�R�1�–�7�f�ª�R���1�7�ë�Á���1�Ù�Á���1�<�¢���[�–�1�<�]�1�–�¢�f���O�:�;

    { ... }

}

�:�H���F�R�X�O�G���X�V�H���D���F�R�O�O�D�E�R�U�D�W�R�U���W�R���N�H�H�S���W�K�H���L�P�S�O�H�P�H�Q�W�D�W�L�R�Q���L�Q���D�Q�R�W�K�H�U�����O�H���D�Q�G���P�D�N�H���L�W��
even more readable:

�‰�ª���R�<�����‰�ë�Œ�¢�<�ë�R�����R�ë�–�–���¡���/�ª�]���©�‰�����<�Ù���ë�¢�<�f�]�–���6

    private readonly RefundContext _ = new RefundContext();

    [Test]

    public void Refunded_items_should_be_returned_to_stock()

    {

        _.Given_customer_previously_bought_an_item();

        _.And_I_currently_have_four_items_in_stock();

        _.When_he_returns_the_item_for_a_return();

�����������������1�*�¶�7���]�1�R�1�–�7�f�ª�R���1�7�ë�Á���1�Ù�Á���1�<�¢���[�–�1�<�]�1�–�¢�f���O�:�;�/

    }

    //more scenarios ...

}

//and implementations of methods in a context class

public class RefundContext

{

    private void Given_customer_previously_bought_an_item()

    { ... }

    private void And_I_currently_have_four_items_in_stock()
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    { ... }

    private void When_he_returns_the_item_for_a_return()

    { ... }

���������‰�Œ�<�Á�ë�¢�����Á�f�<�����¶�7���]�1�R�1�–�7�f�ª�R���1�7�ë�Á���1�Ù�Á���1�<�¢���[�–�1�<�]�1�–�¢�f���O�:�;

    { ... }

}

Here is another brief example without heavyweight dependencies, just using the 
EasyBdd microframework based on one abstract class. It would easily allows the 
previous example to reuse the methods inside the Given/When/Then/And structures:

�‰�ª���R�<�����‰�ë�Œ�¢�<�ë�R�����R�ë�–�–���¡���/�ª�]���©�‰�����<�Ù���ë�¢�<�f�]�–���6

    [Test]

    public void Refunded_items_should_be_returned_to_stock()

    {

        Given(Customer_previously_bought_an_item);

        And(I_currently_have_four_items_in_stock);

        When(He_returns_the_item_for_a_return);

�����������������¶�7���]�:�R�1�–�7�f�ª�R���1�7�ë�Á���1�Ù�Á���1�<�¢���[�–�1�<�]�1�–�¢�f���O�;�/

    }

    //more scenario ...

}

//this partial class contains the implementation

�0�0�Â�����7�<�������¢�7�<�–���<�]���ë�����<�/�/���Œ���]�¢���Ù�R��

�8�¶���–�¢�E�<�Ç�¢�ª�Œ���9

�‰�ª���R�<�����‰�ë�Œ�¢�<�ë�R�����R�ë�–�–���¡���/�ª�]���©�‰�����<�Ù���ë�¢�<�f�]�–���#���������©�‰�����<�Ù���ë�¢�<�f�]�6

    private void Customer_previously_bought_an_item()

    { ... }

    private void I_currently_have_four_items_in_stock()

    { ... }



https://github.com/conso/EasyBdd
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Seeing solitary facts in relation to a general principle is the essence of understanding. 
What is an understanding then? An understanding is a generalized meaning or insight. 
An insight is a basic sense of, or feeling for, relationships; it is a meaning or discernment. 
A tested generalized insight is an understanding; it is a meaning or discernment that 
�R�Q�H���P�D�\���S�U�R���W�D�E�O�\���D�S�S�O�\���W�R���V�H�Y�H�U�D�O���R�U���H�Y�H�Q���P�D�Q�\���V�L�P�L�O�D�U�����E�X�W���Q�R�W���Q�H�F�H�V�V�D�U�L�O�\���L�G�H�Q�W�L�F�D�O����
�V�L�W�X�D�W�L�R�Q�V���R�U���S�U�R�F�H�V�V�H�V�����7�K�H���P�R�V�W���Y�D�O�X�D�E�O�H���L�Q�V�L�J�K�W�V���D�U�H���W�K�R�V�H���F�R�Q���U�P�H�G���E�\���H�Q�R�X�J�K���V�L�P�L�O�D�U��
cases to be generalized into an understanding.

Note

�3�U�R�I�H�V�V�R�U���<���.�����–�S�����1�D�W�L�R�Q�D�O���8�Q�L�Y�H�U�V�L�W�\���R�I���6�L�Q�J�D�S�R�U�H�����.�Q�R�Z�L�Q�J���L�V���1�R�W���W�K�H���6�D�P�H���D�V��
�8�Q�G�H�U�V�W�D�Q�G�L�Q�J�����:�K�D�W���L�V���8�Q�G�H�U�V�W�D�Q�G�L�Q�J�����K�W�W�S�������Z�Z�Z���F�G�W�O���Q�X�V���H�G�X���V�J���V�X�F�F�H�V�V���V�O������
�K�W�P��

So we can say that knowledge answers the question what  about something, while 
understanding answers the question why. We can know things we don't understand. 
We know facts, but understand ideas. So, understanding explains knowledge. It's on a 
higher level of abstraction (to use software-design terminology).

So, whatever your goal is, think about whether you're going to need intellect, intuition, 
or emotion in order to achieve it. Then design your practice to rewire this part of your 
brain, and get ready for the long journey from knowledge to understanding.

Note

�7�K�H���7�U�X�H���'�L�•�H�U�H�Q�F�H���%�H�W�Z�H�H�Q���.�Q�R�Z�O�H�G�J�H���D�Q�G���8�Q�G�H�U�V�W�D�Q�G�L�Q�J�����&�R�O�L�Q���5�R�E�H�U�W�V�R�Q����
�:�L�O�O�S�R�Z�H�U�H�G���(�Y�R�O�X�W�L�R�Q���K�W�W�S�������Z�Z�Z���Z�L�O�O�S�R�Z�H�U�H�G���F�R���O�H�D�U�Q���N�Q�R�Z�O�H�G�J�H��
�X�Q�G�H�U�V�W�D�Q�G�L�Q�J��

From Ackoff's point of view, to increase our understanding, we need to make an effort 
and push our intellectual boundaries well beyond our small development team and 
even the broader IT department. We should never forget that software development 
teams aren't working for their own goals; they work to be of service to the business. 
Their goal is to build an information system that supports and enables the achievement 
of business goals in a more effective way. So, the larger system that we should really 
comprehend is the whole business. That is what makes the real difference in terms 
of effectiveness, not only for software development but for anyone working for the 
organization.



https://en.wikipedia.org/wiki/Theory_of_constraints
https://en.wikipedia.org/wiki/Theory_of_constraints
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•	 Subordinate everything to the constraint���E�\�����Q�G�L�Q�J���Z�D�\�V���W�R���U�H�G�X�F�H���W�K�H���S�U�H�V�V�X�U�H����
optimizing the systems interacting with it. In the previous stored-procedure 
example, this step would be optimizing the systems calling the stored procedure 
to use it less often, maybe caching some results.

•	 Elevate the constraint is about devoting more resources to it until it's not a 
constraint for the system anymore. In the previous example, this could mean 
scaling the database up or out, or rewriting the system responsible for the 
operation.

•	 At this point, you repeat the process , searching for the next constraint.

�)�L�J�X�U�H���������������7�K�H���4�Y�H���I�R�F�X�V�L�Q�J���V�W�H�S�V���R�I���W�K�H���7�2�&

Note

�7�K�L�V���H�[�D�P�S�O�H���K�D�V���E�H�H�Q���X�V�H�G���Z�L�W�K���U�H�I�H�U�H�Q�F�H���W�R���W�K�H���D�U�W�L�F�O�H���R�I���R�X�U���I�U�L�H�Q�G�����0�D�W�W�K�H�Z��
�%�X�W�W�����W�L�W�O�H�G���+�R�Z���$�S�S�O�\�L�Q�J���7�2�&���+�H�O�S�H�G���8�V���2�S�W�L�P�L�]�H���2�X�U���&�R�G�H�����R�Q���0�D�W�W�K�H�Z���%�X�W�W�
�V��
�E�O�R�J���D�W���K�W�W�S�V�������E�O�R�J���P�D�W�W�K�H�Z�E�X�W�W���F�R�P�������������������������K�R�Z���D�S�S�O�\�L�Q�J���W�K�H�R�U�\���R�I��
�F�R�Q�V�W�U�D�L�Q�W�V���K�H�O�S�H�G�X�V���R�S�W�L�P�L�V�H���R�X�U���F�R�G�H����
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Figure 18.2: 5 Whys

Not all problems have a single root cause, so to uncover multiple root causes, you must 
repeat the method and ask a different sequence of questions each time. This method has no 
�V�S�H�F�L���F���U�X�O�H�V���D�E�R�X�W���Z�K�D�W���O�L�Q�H�V���R�I���T�X�H�V�W�L�R�Q�V���W�R���H�[�S�O�R�U�H���R�U���K�R�Z���O�R�Q�J���W�R���F�R�Q�W�L�Q�X�H���W�K�H���V�H�D�U�F�K��
for additional root causes. Thus, even when the method is closely followed, the outcome 
still depends upon the knowledge and persistence of the people involved.

Note

�:�L�N�L�S�H�G�L�D���������:�K�\�V�����K�W�W�S�V�������H�Q���Z�L�N�L�S�H�G�L�D���R�U�J���Z�L�N�L�����B�:�K�\�V��

It is a critical component of problem-solving training, delivered as part of the induction 
into the Toyota Production System. The architect of the Toyota Production System, 
�7�D�L�L�F�K�L���2�K�Q�R�����V�D�L�G���W�K�D�W���W�K�H�������:�K�\�V���Z�H�U�H�������W�K�H���E�D�V�L�V���R�I���7�R�\�R�W�D�
�V���V�F�L�H�Q�W�L���F���D�S�S�U�R�D�F�K����
�D�Q�G���W�K�D�W�����E�\���U�H�S�H�D�W�L�Q�J���Z�K�\�����Y�H���W�L�P�H�V�����W�K�H���Q�D�W�X�U�H���R�I���W�K�H���S�U�R�E�O�H�P���D�V���Z�H�O�O���D�V���L�W�V���V�R�O�X�W�L�R�Q��
becomes clear." The tool has seen widespread use beyond Toyota, and is now used 
within Kaizen, Lean manufacturing and Six Sigma. In other companies, it appears in 
other forms. Under Ricardo Semler, Semco practices "three whys" and broadens the 
practice to cover goal setting and decision making."

Note

�7�D�L�L�F�K�L���2�K�Q�R�����7�R�\�R�W�D���3�U�R�G�X�F�W�L�R�Q���6�\�V�W�H�P�����%�H�\�R�Q�G���/�D�U�J�H���6�F�D�O�H���3�U�R�G�X�F�W�L�R�Q�����K�W�W�S�V������
�Z�Z�Z���J�R�R�G�U�H�D�G�V���F�R�P���E�R�R�N���V�K�R�Z�����������������7�R�\�R�W�D�B�3�U�R�G�X�F�W�L�R�Q�B�6�\�V�W�H�P��

This technique has proved very useful for us in the past. Sometimes, well before the 
���I�W�K���Z�K�\�����V�R�P�H�W�K�L�Q�J���P�D�J�L�F�D�O���K�D�S�S�H�Q�V�����W�K�H���E�X�V�L�Q�H�V�V���G�R�P�D�L�Q���H�[�S�H�U�W�����D�I�W�H�U���D���P�R�P�H�Q�W��
�R�I���U�H���H�F�W�L�R�Q�����D�Q�V�Z�H�U�V�������7�K�D�W�
�V���D���J�R�R�G���T�X�H�V�W�L�R�Q�����,���G�R�Q�
�W���N�Q�R�Z���L�W���P�\�V�H�O�I�����/�H�W���P�H�����Q�G��
out more..." That is the moment in which we contribute to knowledge crunching, and 
increasing shared understanding.





�%�H�\�R�Q�G���5�H�T�X�L�U�H�P�H�Q�W�V�����.�Q�R�Z�O�H�G�J�H���&�U�X�Q�F�K�L�Q�J���_��301

•	 Impacts: The second branch level of an impact map sets the actors in the 
perspective of our business goal. It answers the following questions: How should 
our actors' behavior change? How can they help us to achieve the goal? How can they 
obstruct or prevent us from succeeding?  These are the impacts that we're trying to 
create.

•	 Deliverables�����2�Q�F�H���Z�H���K�D�Y�H���W�K�H�����U�V�W���W�K�U�H�H���T�X�H�V�W�L�R�Q�V���D�Q�V�Z�H�U�H�G�����Z�H���F�D�Q���W�D�O�N���D�E�R�X�W��
scope. The third branch level of an impact map answers the following question: 
What can we do, as an organization or a delivery team, to support the required 
impacts? These are the deliverables, software features, and organizational 
activities.

Impact mapping helps to reduce waste by preventing scope creep and over-engineered 
solutions. It provides focus for delivery by putting deliverables in the context of impacts 
they are supposed to achieve. It enhances collaboration by creating a big-picture view 
that business sponsors and delivery teams can use for better prioritization and as a 
reference for more meaningful progress monitoring and reporting. Finally, it helps to 
ensure that the right business outcomes are achieved, or that unrealistic projects are 
stopped before they cost too much, by clearly communicating underlying assumptions 
and allowing teams to test them.

Note

�*�R�M�N�R���$�G�]�L�F�����:�K�D�W���L�V���L�P�S�D�F�W���P�D�S�S�L�Q�J�"���K�W�W�S�V�������Z�Z�Z���L�P�S�D�F�W�P�D�S�S�L�Q�J���R�U�J���D�E�R�X�W��
�K�W�P�O��

On many software projects, the developers only get the lower tiers of an impact map – 
what the business thinks they need and how they think the developers should achieve 
�L�W�����:�L�W�K���D�Q���L�P�S�D�F�W���P�D�S�����W�K�R�X�J�K�����\�R�X���F�D�Q���X�Q�Z�L�Q�G���W�K�H�L�U���D�V�V�X�P�S�W�L�R�Q�V���D�Q�G�����Q�G���R�X�W���Z�K�D�W��
they really want to achieve. And then you can use your technical expertise to suggest 
superior alternatives that they would never have thought of.

Note

�6�F�R�W�W���0�L�O�O�H�W�W���D�Q�G���1�L�F�N���7�X�Q�H�����3�D�W�W�H�U�Q�V�����3�U�L�Q�F�L�S�O�H�V�����D�Q�G���3�U�D�F�W�L�F�H�V���R�I���'�R�P�D�L�Q���'�U�L�Y�H�Q��
�'�H�V�L�J�Q�����K�W�W�S�V�������Z�Z�Z���J�R�R�G�U�H�D�G�V���F�R�P���E�R�R�N���V�K�R�Z���������������������S�D�W�W�H�U�Q�V���S�U�L�Q�F�L�S�O�H�V��
�D�Q�G���S�U�D�F�W�L�F�H�V���R�I���G�R�P�D�L�Q���G�U�L�Y�H�Q���G�H�V�L�J�Q��
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While the exercise of creating and updating a canvas is extremely useful for executives 
in order to keep activities and business goals aligned, the outcome of the exercise is 
also very effective for explaining the big picture of the organization to newcomers. The 
information presented is a great starting point for asking meaningful questions of the 
domain experts and participating in the evolution of the business with a deeper insight 
about the vision of its leading team.

�)�L�J�X�U�H���������������%�X�V�L�Q�H�V�V���0�R�G�H�O���&�D�Q�Y�D�V���Z�L�W�K���T�X�H�V�W�L�R�Q�V�����5�R�Z���R�I���P�R�Q�H�\�����D�Q�G���5�R�Z���R�I���Y�D�O�X�H

The Business Model Canvas shows in its center the most important thing to identify for 
any business: the value propositions. It is basically the reason for the business to exist 
– the combination of products and services it provides to its customers and the core 
value that they supply. One way to identify this value is for an owner to specify what 
they want customers to remember about their interaction with the company.

�7�K�H���R�W�K�H�U���S�D�U�W�V���R�I���W�K�H���F�D�Q�Y�D�V���D�U�H���U�H�O�D�W�H�G���W�R���W�K�H���Y�D�O�X�H���S�U�R�S�R�V�L�W�L�R�Q���L�Q���D���I�R�U�P���R�I�����R�Z��

•	 �2�Q���W�R�S�����Z�L�W�K���D���G�L�U�H�F�W�L�R�Q���W�K�D�W���J�R�H�V���I�U�R�P���O�H�I�W���W�R���U�L�J�K�W�����L�V���W�K�H�����R�Z���R�I���Y�D�O�X�H��

•	 At the top left are partnerships , activities, and resources  involved in the creation of 
the value.

•	 At the top right are customer relationships , channels, and customer segments, 
focusing on the delivery of the value .

•	 �2�Q���W�K�H���E�R�W�W�R�P���V�L�G�H���L�V���W�K�H�����R�Z���R�I���P�R�Q�H�\���W�K�D�W���J�R�H�V���L�Q���W�K�H���R�S�S�R�V�L�W�H���G�L�U�H�F�W�L�R�Q�����I�U�R�P��
the right with the revenue structure  to the left with the cost structure.
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So, we now have a way to see the business as a sequence of key activities, and all of 
these activities would be supported by an information system. If this holistic view of 
the organization's activities is missing, what chance is there of creating systems that 
�F�R�P�P�X�Q�L�F�D�W�H���L�Q���K�D�U�P�R�Q�\���Z�L�W�K���H�D�F�K���R�W�K�H�U�����V�P�R�R�W�K�O�\���P�D�S�S�L�Q�J���W�K�H�����R�Z���R�I���Y�D�O�X�H���Z�L�W�K���W�K�H��
���R�Z���R�I���L�Q�I�R�U�P�D�W�L�R�Q�"

If we look at software development from a value stream perspective, rather than simply 
looking at these activities as a process, we can emphasize the creation of customer 
value. As we have learned from Deming, it's all about improving the whole process, not 
just the parts – to minimize waste and ensure the customer gets exactly what they 
asked for.

�7�K�H���D�F�W�L�Y�L�W�L�H�V���R�I���W�K�H�����R�Z���D�U�H���L�Q�G�H�S�H�Q�G�H�Q�W�����E�X�W���L�Q�W�H�U�F�R�Q�Q�H�F�W�H�G�����W�K�L�V���L�V���R�Q�H���R�I���W�K�H��
properties of a Complex System. Each activity performs different tasks in autonomy, 
but feeds information back to other parts of the System that are needed for the chain of 
value to progress to the next stage.

For example, in an ecommerce company selling physical items online, the value stream 
activities include:

•	 Acquiring (physically or remotely) the items to be sold

•	 Describing their physical details (color, qualities, pictures and other information 
useful for their placement on the market)

•	 Assessing and interacting to handle the quantity in stock

•	 Creating and managing the mechanism for customers to browse the catalogue, 
place an order and pay, dispatch the items

In parallel, there's a marketing system to place advertisements, and after the sale is 
done, there will be some customer care functionality. This and all of the above are 
activities of the value stream. They can happen in parallel, and the stream might be 
somewhat complicated, but they can be carried on independently of one another. 
However, they have dependencies; for example, the system in charge of letting 
customers place an order obviously needs to know the stock of the available items—they 
are interconnected.



�9�D�O�X�H���6�W�U�H�D�P�V���D�Q�G���'�R�P�D�L�Q���(�Y�H�Q�W�V���_��309

In order to keep the overall entropy of the information system of the whole 
organization under control, the business must correctly separate and group these 
activities into independent but interconnected subsystems and optimize their 
communication. This is a crucial point. In the world of DDD , these subsystems are 
called bounded contexts.

Figure 18.7: Activities of the value stream mapped into bounded contexts

Each one of these activities produces data, be it newly created data or changed data 
(which, from an event-sourcing point of view, is just a special case of creating new data). 
However, not all of this huge amount of information is relevant to the whole business. 
�0�R�V�W���L�V���U�H�O�H�Y�D�Q�W���M�X�V�W���I�R�U���D���V�S�H�F�L���F���D�F�W�L�Y�L�W�\���R�U���W�D�V�N�����Z�K�L�O�H���R�Q�O�\���V�R�P�H���S�D�U�W�L�F�X�O�D�U���H�Y�H�Q�W�V��
would produce information relevant for the whole organization. These relevant events 
are the key information to focus on in order to optimize the communication between 
subsystems. In the world of DDD, they are called domain events.

For instance, in our previous example considering the activity of describing an item, 
there are many different aspects that must be considered: the brand, the name, the 
short description, and the technical details. Then pictures must be taken, edited, 
and linked to the item, and the available stock should be assessed. These subtasks 
generate and need data to be completed, but the completion of each one of them is not 
relevant outside the bounded context; therefore, its complexity should be completely 
encapsulated inside the bounded context.





�%�R�X�Q�G�H�G���&�R�Q�W�H�[�W�V���D�Q�G���&�R�P�P�X�Q�L�F�D�W�L�R�Q���_��311

This logical, high-level view of the system is more important than the internals because 
�L�W���L�V���W�K�H���N�H�\���W�R���G�R�L�Q�J���W�K�H���U�L�J�K�W���W�K�L�Q�J�����$�Q�G���K�H�U�H�����W�K�H���F�U�X�F�L�D�O���S�R�L�Q�W���L�V�����Q�G�L�Q�J���W�K�H���S�H�U�I�H�F�W��
balance between their independence and their interrelations, determining how they 
should be split. What subtasks should be grouped together to form a bounded context, 
and what should be left on its own?

The answer is that it depends on the overall context—there is no silver bullet here 
either, sorry! But we have principles that can help with the inductive process of making 
decisions. For instance, we can see here the same forces in place that we have seen in 
cohesion and coupling:

•	 Too much cohesion: Keeping every task in one big bounded context would mean 
entangling the system, making it hard to change and scale, similar to the god class 
and divergent change  code smells.

•	 Too much coupling: Splitting every task into its own bounded context would mean 
moving that complexity over the communication between them, generating an 
explosion of dependencies.

Furthermore, the way to achieving independence is not free in a Service-Oriented 
Architecture (SOA ) environment; the infrastructural boundary must be created, 
deployed, maintained and monitored.

You have to choose where to pay the price of complexity. Because DDD is about 
reducing complexity in the software, the outcome is that you pay a price with respect 
to maintaining duplicate models, and possibly duplicate data.

Note

�(�U�L�F���(�Y�D�Q�V�����'�R�P�D�L�Q���'�U�L�Y�H�Q���'�H�V�L�J�Q�����7�D�F�N�O�L�Q�J���&�R�P�S�O�H�[�L�W�\���L�Q���W�K�H���+�H�D�U�W���R�I���6�R�I�W�Z�D�U�H����
�K�W�W�S�V�������Z�Z�Z���J�R�R�G�U�H�D�G�V���F�R�P���E�R�R�N���V�K�R�Z�����������������'�R�P�D�L�Q�B�'�U�L�Y�H�Q�B�'�H�V�L�J�Q��

Here a good compromise can be to delay the implementation of the infrastructural 
boundary until the system requires scaling capabilities. Using the design principles 
explained in the previous section, it is possible to keep the logical separation between 
all the modules without forcing the infrastructure to follow. Additionally, a particular 
focus on the isolation of the data persistence and its access allows us to have a system 
easy to scale without paying the price of the infrastructural complexity until it is 
�M�X�V�W�L���H�G���E�\���E�X�V�L�Q�H�V�V���Q�H�H�G�V��
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Bounded contexts are described in the book Domain-Driven Design  by Eric J. Evans. 
The idea is that developers should be able to understand and update the code of a 
service without knowing anything about the internals of its peer services. Services 
interact with their peers strictly through APIs (and message queues) and thus don't 
share data structures, database schemata, or other internal representations of objects. 
�%�R�X�Q�G�H�G���F�R�Q�W�H�[�W�V���H�Q�V�X�U�H���W�K�D�W���V�H�U�Y�L�F�H�V���D�U�H���F�R�P�S�D�U�W�P�H�Q�W�D�O�L�]�H�G���D�Q�G���K�D�Y�H���Z�H�O�O���G�H���Q�H�G��
interfaces, which also enables easier testing.

Note

�*�H�Q�H���.�L�P�����H�W���D�O�������7�K�H���'�H�Y�2�S�V���+�D�Q�G�E�R�R�N�����+�R�Z���W�R���&�U�H�D�W�H���:�R�U�O�G���&�O�D�V�V���$�J�L�O�L�W�\����
�5�H�O�L�D�E�L�O�L�W�\�����D�Q�G���6�H�F�X�U�L�W�\���L�Q���7�H�F�K�Q�R�O�R�J�\���2�U�J�D�Q�L�]�D�W�L�R�Q�V�����K�W�W�S�V�������Z�Z�Z���J�R�R�G�U�H�D�G�V���F�R�P��
�E�R�R�N���V�K�R�Z���������������������W�K�H���G�H�Y�R�S�V���K�D�Q�G�E�R�R�N��

We agree with Nick Tune when he says that bounded contexts should show three core 
properties to be effective:

•	 Isolation: It must be possible to make changes to different contexts independently, 
without breaking other contexts.

•	 Comprehensibility: They must have an ubiquitous vocabulary and be named after 
it, enabling holistic conversations about them in relation with the business.

•	 Parallelization: They should be able to evolve in parallel with little or no 
coordination.

Note

�1�L�F�N���7�X�Q�H�����6�W�U�D�W�H�J�L�F���'�R�P�D�L�Q���'�U�L�Y�H�Q���'�H�V�L�J�Q�����:�K�D�W���D�U�H���W�K�H�������Y�L�U�W�X�H�V���R�I���P�R�G�X�O�D�U�L�W�\��
�D�Q�G���K�R�Z���G�R���\�R�X���D�F�K�L�H�Y�H���W�K�H�P���Z�L�W�K���6�W�U�D�W�H�J�L�F���'�'�'�"���K�W�W�S�������Z�Z�Z���Q�W�F�R�G�L�Q�J���F�R���X�N��
�V�S�H�D�N�L�Q�J���W�D�O�N�V���V�W�U�D�W�H�J�L�F���G�R�P�D�L�Q���G�U�L�Y�H�Q���G�H�V�L�J�Q���D�J�L�O�H�������������V�D�Q���G�L�H�J�R���D�X�J�X�V�W������������

These three properties have the potential to minimize entropy and allow scalability.







�%�R�X�Q�G�H�G���&�R�Q�W�H�[�W�V���D�Q�G���&�R�P�P�X�Q�L�F�D�W�L�R�Q���_��315

Given the consequences of the CAP theorem, working in conditions of eventual 
consistency has been proven a key advantage in distributed systems in terms of 
resilience, scaling, and performance. This is an ideal situation for commands to happen 
�L�Q�V�L�G�H���D�V�\�Q�F�K�U�R�Q�R�X�V���F�R�P�P�X�Q�L�F�D�W�L�R�Q���L�Q���D�����U�H���D�Q�G���I�R�U�J�H�W���P�R�G�H�����7�K�H�\���P�L�J�K�W���Q�H�H�G���P�R�U�H��
time to execute than queries and are often consequences of events, thus they are a very 
�J�R�R�G�����W��

Note

�:�L�N�L�S�H�G�L�D�����>�7�@�K�H���&�$�3���W�K�H�R�U�H�P���L�P�S�O�L�H�V���W�K�D�W���L�Q���W�K�H���S�U�H�V�H�Q�F�H���R�I���D���Q�H�W�Z�R�U�N���S�D�U�W�L�W�L�R�Q����
�\�R�X���K�D�Y�H���W�R���F�K�R�R�V�H���E�H�W�Z�H�H�Q���F�R�Q�V�L�V�W�H�Q�F�\���D�Q�G���D�Y�D�L�O�D�E�L�O�L�W�\�����K�W�W�S�V�������H�Q���Z�L�N�L�S�H�G�L�D���R�U�J��
�Z�L�N�L���&�$�3�B�W�K�H�R�U�H�P�����7�K�H���&�$�3���W�K�H�R�U�H�P���L�V���U�H�O�H�Y�D�Q�W���E�H�F�D�X�V�H���W�K�H���Q�D�W�X�U�H���R�I���W�K�H���Z�H�E���L�V��
�G�L�•�H�U�H�Q�W���I�U�R�P���O�R�F�D�O���Q�H�W�Z�R�U�N�L�Q�J���D�Q�G���P�R�U�H���V�L�P�L�O�D�U���W�R���Q�H�W�Z�R�U�N���S�D�U�W�L�W�L�R�Q�L�Q�J�����W�K�X�V���W�K�H��
�F�K�R�L�F�H���E�H�W�Z�H�H�Q���F�R�Q�V�L�V�W�H�Q�F�\���D�Q�G���D�Y�D�L�O�D�E�L�O�L�W�\���L�V���V�R�P�H�W�K�L�Q�J���W�R���F�R�Q�V�L�G�H�U���L�Q���R�X�U���Z�H�E��
�G�H�Y�H�O�R�S�P�H�Q�W��

Here it is important to pinpoint the difference between events and commands:

•	 The event���L�V���W�K�H���W�U�L�J�J�H�U�����W�K�H���Q�R�W�L���F�D�W�L�R�Q���W�K�D�W��something relevant has happened at a 
systemic level. It should contain the minimum information possible to identify itself 
(ideally, it is just a matter of its type and the IDs of the entities involved).

•	 The command is executed as the consequence of an event, and that which was 
responsible for raising the event might not even be aware of the command 
happening. If the command needs more data to execute, it can leverage 
synchronous communication and query the read model via an API to complete the 
information necessary. This is very important because it keeps the dependencies 
to the message itself to a minimum, which, in a publish/subscribe system, might 
be a one-to-many relationship. In this way, we move the dependency to the read 
models, which are much easier to change and expand and can have a greater 
granularity, breaking down the one-to-many relationship.
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•	 Patterns, Principles, and Practices of Domain-Driven Design, Scott Millett and 
Nick Tune: https://www.goodreads.com/book/show/25531393-patterns-
principles-and-practices-of-domain-driven-design.

•	 The Phoenix Project: A Novel About IT, DevOps, and Helping Your Business Win, 
Gene Kim, Kevin Behr, George Spafford: https://www.goodreads.com/book/
show/17255186-the-phoenix-project.

•	 Running Lean: Iterate from Plan A to a Plan That Works, Ash Maurya: https://www.
goodreads.com/book/show/13078769-running-lean.

•	 The Systems Bible: The Beginner's Guide to Systems Large and Small: Being the 
Third Edition of Systemantics, John Gall: https://www.goodreads.com/book/
show/583785.The_Systems_Bible.

•	 Theory of Constraints, Eliyahu M. Goldratt: https://www.goodreads.com/book/
show/582174.Theory_of_Constraints.

•	 Theory of Constraints Handbook, F. Cox III,  John G. Schleier Jr.: https://www.
goodreads.com/book/show/8361069-theory-of-constraints-handbook.

•	 User Story Mapping: Discover the Whole Story, Build the Right Product, Jeff 
Patton: https://www.goodreads.com/book/show/22221112-user-story-mapping.

•	 Value Stream Mapping: How to Visualize Work and Align Leadership for 
Organizational Transformation, Karen Martin and Mike Osterling: https://www.
goodreads.com/book/show/20456190-value-stream-mapping.
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For example, a few days after joining one of the most exciting Italian startups at the 
time, I was invited for lunch by Max, who was an important man on the Board. We had 
already exchanged some words before, and I was pleasantly surprised to see how down-
to-earth he was. The dialogue was enjoyable, and I immediately had good feelings about 
him.

Over some pasta, the dialogue moved to sports – an Italian classic.

"I do like football," I said.

"What football team do you support?"

"Fiorentina."

That didn't go down too well, since he was for Juventus – historically the worst rival of 
Fiorentina. But we were laughing about it.

He suddenly asked me a tricky question, "Since you love football as much as I do, let's 
see whether you know this: what's the lineup of the last Italian World Cup winning 
team?"

Without hesitation, I began, "Zoff, Gentile, Cabrini, Scirea, Collovati, Oriali..."

Note

�7�K�L�V���V�W�R�U�\���R�F�F�X�U�U�H�G���E�H�I�R�U�H�������������Z�K�H�Q���–�W�D�O�\���Z�R�Q���W�K�H���O�D�V�W���:�R�U�O�G���&�X�S�����7�K�H���S�U�H�Y�L�R�X�V��
�R�Q�H���U�H�I�H�U�U�H�G���W�R���L�Q���W�K�H���V�W�R�U�\���L�V���W�K�H���R�Q�H���R�I������������

He couldn't believe his ears and joked, "Are you sure you're a developer? The CTO must 
have missed something! Do you know that I have never yet found a developer claiming 
he loves football and even knows about it?"

We laughed again. Then, he asked me, "Do you play or have played any sport?"

I explained a bit of my story: "When I was a kid, I played roller hockey 
semiprofessionally for 12 years for the junior team in my town, which happens to be in 
the major Italian league. We even won the Italian championship in 1986. I gave it up only 
when I enrolled at the university...."

I could sense he was intrigued and had a reason for the odd questions. He said, "You 
know, this is something I often ask to my interviewees because I believe that the key 
quality for the people I hire is being a good team player. In my experience, I have 
observed that those who have played team sports and love them also tend to have an 
outstanding approach with regard to professional teams."
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8.	 Agile processes promote sustainable development. The sponsors, developers, 
�D�Q�G���X�V�H�U�V���V�K�R�X�O�G���E�H���D�E�O�H���W�R���P�D�L�Q�W�D�L�Q���D���F�R�Q�V�W�D�Q�W���S�D�F�H���L�Q�G�H���Q�L�W�H�O�\��

9.	 Continuous attention to technical excellence and good design enhances agility.

10.	Simplicity – the art of maximizing the amount of work not done – is essential.

11.	The best architectures, requirements, and designs emerge from self-organizing 
teams.

12.	�$�W���U�H�J�X�O�D�U���L�Q�W�H�U�Y�D�O�V�����W�K�H���W�H�D�P���U�H���H�F�W�V���R�Q���K�R�Z���W�R���E�H�F�R�P�H���P�R�U�H���S�U�R�G�X�F�W�L�Y�H�����D�Q�G��
then tunes and adjusts its behavior accordingly.
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The concept of PopcornFlow, created by Claudio Perrone exploits these changing 
patterns, essentially making the collective consciousness of the system aware of them 
through visualization. This consciousness empowers the folks working in the system 
with these changes so they can actively make conscious decisions about them through 
experimentation and learning. Coupled with an iterative way of feedback, this results 
in experiments that enable collective learning, triggering a chain reaction of initiatives 
and ideas because teams feel that they own their destiny and can objectively view the 
�F�R�Q�V�H�T�X�H�Q�F�H�V���R�I���W�K�H�L�U���Z�L�O�O�L�Q�J�Q�H�V�V���W�R���P�R�Y�H���L�Q���D���V�S�H�F�L���F���G�L�U�H�F�W�L�R�Q��

From this point of view, PopcornFlow introduces, sustains, and accelerates continuous 
innovation and change, promoting ultra-rapid experimentation to help support the 
decision-making process under uncertainty. It consists of two parts: an iterative 
decision cycle based on seven visualizable steps, and a set of principles:

�)�L�J�X�U�H���������������3�R�S�F�R�U�Q���5�R�Z
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Figure 23.2: The room setup before the workshop

�7�K�H���Z�R�U�N�V�K�R�S���F�R�Q�V�L�V�W�V���R�I���X�V�L�Q�J���G�R�P�D�L�Q���H�Y�H�Q�W�V���D�Q�G���W�K�H�L�U���W�H�P�S�R�U�D�O�����R�Z���W�R���E�X�L�O�G���D���P�R�G�H�O��
of the current shared understanding of the business. Each actor contributes to the 
part of the system he knows the most, which is always interrelated with other parts. At 
the end of the workshop, everything will be organized together in a coherent timeline 
stream, providing a detailed model of the current system.

After sorting out the logistics, the most important thing for a successful workshop is 
having the right people involved. Essentially, there are two kinds of people that are 
particularly interesting to have in the room: the ones who care and will ask questions, 
and the ones who know and will provide answers.

Caring about the problems, diversity in background, and a positive, inquisitive attitude 
are crucial. In fact, EventStorming provides a solid background for meaningful 
conversations across silo boundaries and an adaptable format that allows collaboration 
across multiple disciplines. This means that business experts, Lean experts, service 
designers, and software developers could all be part of the same conversation.
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The goal of the workshop is set in the beginning: “We are going to explore the business 
process as a whole by placing all the relevant events along a timeline. We’ll highlight 
ideas, risks, and opportunities along the way. Consider the following diagram:

Figure 23.3: Building the narrative of the business

�7�K�H���S�U�R�F�H�V�V���V�W�D�U�W�V���Z�L�W�K���W�K�H���L�G�H�Q�W�L���F�D�W�L�R�Q���R�I���W�K�H�����R�Z���R�I���G�R�P�D�L�Q���H�Y�H�Q�W�V�����U�H�S�U�H�V�H�Q�W�H�G��
by orange post-its and a name. Events are written in past tense (the order submitted, 
�S�D�\�P�H�Q�W���W�D�N�H�Q�����D�Q�G���V�R���R�Q�������7�K�L�V���W�H�P�S�R�U�D�O�����R�Z���I�R�U�P�V���W�K�H���Q�D�U�U�D�W�L�Y�H���R�I���W�K�H���E�X�V�L�Q�H�V�V�����D�Q�G��
the events will be the building blocks of the business-related storytelling.

The model then gets enriched with the source of the events (user interactions 
triggering commands, external systems, and temporal triggers or automatic ones 
as a consequence of other events), the read models helping user decisions, and the 
policies describing the “aftermath” of an event, under the form of other commands to 
be triggered. Then, the discovery carries on, letting aggregates emerge as the central 
entities responsible for executing some of the commands and raising the relevant 
events. Any of these different elements of the model will have a different color to better 
identify the different concepts and to highlight them on the timeline:













https://github.com/cyber-dojo-retired/start-points-exercises
https://github.com/cyber-dojo-retired/start-points-exercises












370���_���6�D�P�S�O�H���6�R�O�X�W�L�R�Q�V

    public void ConvertNumberToRoman(int number, string expected)

    {

        var romanNumeral = new RomanConverter().Convert(number);

        Assert.That(romanNumeral, Is.EqualTo(expected));

    }

}

�:�H���V�W�D�U�W���W�K�H���L�P�S�O�H�P�H�Q�W�D�W�L�R�Q���X�V�L�Q�J���W�K�H�����U�V�W���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�����W�K�D�W���L�V�����Q�R���F�R�G�H���W�R���Q�L�O��

// 1 nil

public class RomanConverter

{

    public string Convert(int number)

    {

        return null;

    }

}

�7�K�H�����U�V�W���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q���L�V���Q�R�W���H�Q�R�X�J�K���W�R���P�D�N�H���W�K�H���W�H�V�W���S�D�V�V�����V�R���Z�H���D�S�S�O�\���W�K�H���V�H�F�R�Q�G��
transformation: nil to constant. This is enough to make the test pass, so we stop 
evolving the code until we have a failing test:

// 2 nil -> constant

public class RomanConverter

{

    public string Convert(int number)

    {

�����������������Œ���¢�ª�Œ�]���H�R�I�/

    }

}

We add a new failing test:

�8�¶���–�¢�E�<�Ç�¢�ª�Œ���9

public class RomanConverterShould

{

���������8�¶���–�¢� �ë�–���:�à�$���H�R�I�;�9

���������8�¶���–�¢� �ë�–���:�á�$���H�R�R�I�;�9
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    public void ConvertNumberToRoman(int number, string expected)

    {

        var romanNumeral = new RomanConverter().Convert(number);

        Assert.That(romanNumeral, Is.EqualTo(expected));

    }

}

�7�K�H���Q�H�[�W���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�����F�R�Q�V�W�D�Q�W���W�R���Y�D�U�L�D�E�O�H�����L�V���Q�R�W���V�X�I���F�L�H�Q�W���W�R���P�D�N�H���W�K�H���W�H�V�W���S�D�V�V����
�7�K�H���Q�H�[�W���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�����V�W�D�W�H�P�H�Q�W���W�R���V�W�D�W�H�P�H�Q�W�V�����L�V���D�O�V�R���Q�R�W���V�X�I���F�L�H�Q�W���W�R���P�D�N�H���W�K�H��
test pass.

Note

�7�K�L�V���L�V���Q�R�W���V�W�U�L�F�W�O�\���W�U�X�H�����W�K�H�U�H���L�V���D���F�R�Q�V�W�U�X�F�W�R�U���R�I���D���V�W�U�L�Q�J���W�K�D�W���U�H�S�H�D�W�V���D���F�K�D�U�����:�H��
�F�R�X�O�G���K�D�Y�H���X�V�H�G���L�W���K�H�U�H�����E�X�W���Z�H���G�H�F�L�G�H�G���Q�R�W���W�R�����$�S�S�O�\�L�Q�J���W�K�H���Q�H�[�W���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q����
�X�Q�F�R�Q�G�L�W�L�R�Q�D�O���W�R���F�R�Q�G�L�W�L�R�Q�D�O�����L�V���V�X�]�F�L�H�Q�W���W�R���P�D�N�H���W�K�H���W�H�V�W���S�D�V�V��

// 6 unconditional -> conditional

public class RomanConverter

{

    public string Convert(int number)

    {

�����������������Á�ë�Œ���Œ���–�ª�R�¢���r���H�R�I�/

        if (number >= 1)

        {

�������������������������Œ���–�ª�R�¢���n�r���H�R�I�/

        }

        return result;

    }

}
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We add a new failing test:

���8�¶���–�¢�E�<�Ç�¢�ª�Œ���9

public class RomanConverterShould

{

���������8�¶���–�¢� �ë�–���:�à�$���H�R�I�;�9

���������8�¶���–�¢� �ë�–���:�á�$���H�R�R�I�;�9

���������8�¶���–�¢� �ë�–���:�â�$���H�R�R�R�I�;�9

    public void ConvertNumberToRoman(int number, string expected)

    {

        var romanNumeral = new RomanConverter().Convert(number);

        Assert.That(romanNumeral, Is.EqualTo(expected));

    }

}

Adding another conditional will make the test pass, but cause duplication:

public class RomanConverter

{

    public string Convert(int number)

    {

�����������������Á�ë�Œ���Œ���–�ª�R�¢���r���H�R�I�/

        if (number > 1)

        {

�������������������������Œ���–�ª�R�¢���n�r���H�R�I�/

        }

        if (number > 2)

        {

�������������������������Œ���–�ª�R�¢���n�r���H�R�I�/

        }

        return result;

    }

}
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Applying the next transformation, variable to array, removes the duplication:

// 7 variable -> array

public class RomanConverter

{

���������‰�ª���R�<�����–�¢�ë�¢�<�����Œ���ë���f�]�R�È���–�¢�Œ�<�]�0�8�9���¡���–�ª�R�¢�–���r���6���H�R�I�$���H�R�R�I�$���H�R�R�R�I���7�/

    public string Convert(int number)

    {

        return Results[number - 1];

    }

}

We add a new failing test:

�8�¶���–�¢�E�<�Ç�¢�ª�Œ���9

public class RomanConverterShould

{

���������8�¶���–�¢� �ë�–���:�à�$���H�R�I�;�9

���������8�¶���–�¢� �ë�–���:�á�$���H�R�R�I�;�9

���������8�¶���–�¢� �ë�–���:�â�$���H�R�R�R�I�;�9

���������8�¶���–�¢� �ë�–���:�ã�$���H�R�Ô�I�;�9

    public void ConvertNumberToRoman(int number, string expected)

    {

        var romanNumeral = new RomanConverter().Convert(number);

        Assert.That(romanNumeral, Is.EqualTo(expected));

    }

}

To make the test pass, we don’t need to apply the next transformation. We can make the 
test pass by adding a new element to the array:

// no transformation

public class RomanConverter

{

���������‰�ª���R�<�����–�¢�ë�¢�<�����Œ���ë���f�]�R�È���–�¢�Œ�<�]�0�8�9���¡���–�ª�R�¢�–���r���6���H�R�I�$���H�R�R�I�$���H�R�R�R�I�$���H�R�Ô�I���7�/
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    public string Convert(int number)

    {

        return Results[number - 1];

    }

}

While adding a new element to the array was enough to make the test pass, we now 
spot some duplication on character I. By applying the next transformation, statement 
to tail recursion, we can get rid of this duplication. Since we are trying to follow the 
transformation table, we applied the array to the container (in this case, we used a 
collection container) transformation before the tail recursion:

// 8 array -> collection

public class RomanConverter

{

���������‰�ª���R�<�����–�¢�ë�¢�<�����Œ���ë���f�]�R�È���R�'�<���¢�<�f�]�ë�Œ�È�u�<�]�¢�$���–�¢�Œ�<�]�0�t���¡���–�ª�R�¢�–���r

�����������������]���Â���'�<���¢�<�f�]�ë�Œ�È�u�<�]�¢�$���–�¢�Œ�<�]�0�t

        {

�������������������������6�à�$���H�R�I�7�$

�������������������������6�á�$���H�R�R�I�7�$

�������������������������6�â�$���H�R�R�R�I�7�$

�������������������������6�ã�$���H�R�Ô�I�7�$

        };

    public string Convert(int number)

    {

        return Results[number];

    }

}

�0�0���è���–�¢�ë�¢���[���]�¢���@�t���¢�ë�<�R���Œ�����ª�Œ�–�<�f�]

public class RomanConverter

{

���������‰�ª���R�<�����–�¢�ë�¢�<�����Œ���ë���f�]�R�È���R�'�<���¢�<�f�]�ë�Œ�È�u�<�]�¢�$���–�¢�Œ�<�]�0�t���¡���–�ª�R�¢�–���r���]���Â��
�'�<���¢�<�f�]�ë�Œ�È�u�<�]�¢�$���–�¢�Œ�<�]�0�t
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    {

�����������������6�à�$���H�R�I�7�$

�����������������6�ã�$���H�R�Ô�I�7�$

    };

    public string Convert(int number)

    {

        if (Results.ContainsKey(number))

        {

            return Results[number];

        }

�����������������Œ���¢�ª�Œ�]���¡���–�ª�R�¢�–�8�à�9���n��� �f�]�Á���Œ�¢�:�]�ª�[�����Œ���@���à�;�/

    }

}

We add a few more failing tests, but as the last transformation was still allowing us to 
make tests pass, we waited until we had a duplication to refactor:

���8�¶���–�¢�E�<�Ç�¢�ª�Œ���9

public class RomanConverterShould

{

���������8�¶���–�¢� �ë�–���:�à�$���H�R�I�;�9

���������8�¶���–�¢� �ë�–���:�á�$���H�R�R�I�;�9

���������8�¶���–�¢� �ë�–���:�â�$���H�R�R�R�I�;�9

���������8�¶���–�¢� �ë�–���:�ã�$���H�R�Ô�I�;�9

���������8�¶���–�¢� �ë�–���:�ä�$���H�Ô�I�;�9

���������8�¶���–�¢� �ë�–���:�å�$���H�Ô�R�I�;�9

���������8�¶���–�¢� �ë�–���:�æ�$���H�Ô�R�R�I�;�9

���������8�¶���–�¢� �ë�–���:�ç�$���H�Ô�R�R�R�I�;�9

    public void ConvertNumberToRoman(int number, string expected)

    {



376���_���6�D�P�S�O�H���6�R�O�X�W�L�R�Q�V

        var romanNumeral = new RomanConverter().Convert(number);

        Assert.That(romanNumeral, Is.EqualTo(expected));

    }

}

No other transformations are required. Simply adding new values to the dictionary 
allowed us to make the tests pass, but we can now spot the duplication, which is again 
around character I:

public class RomanConverter

{

���������‰�ª���R�<�����–�¢�ë�¢�<�����Œ���ë���f�]�R�È���R�'�<���¢�<�f�]�ë�Œ�È�u�<�]�¢�$���–�¢�Œ�<�]�0�t���¡���–�ª�R�¢�–���r

���������]���Â���'�<���¢�<�f�]�ë�Œ�È�u�<�]�¢�$���–�¢�Œ�<�]�0�t

    {

�����������������6�à�$���H�R�I�7�$

�����������������6�ã�$���H�R�Ô�I�7�$

�����������������6�ä�$���H�Ô�I�7�$

�����������������6�å�$���H�Ô�R�I�7�$

�����������������6�æ�$���H�Ô�R�R�I�7�$

�����������������6�ç�$���H�Ô�R�R�R�I�7�$

    };

    public string Convert(int number)

    {

        if (Results.ContainsKey(number))

        {

            return Results[number];

        }

�����������������Œ���¢�ª�Œ�]���¡���–�ª�R�¢�–�8�à�9���n��� �f�]�Á���Œ�¢�:�]�ª�[�����Œ���@���à�;�/

    }

}
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�7�R�����[���W�K�H���G�X�S�O�L�F�D�W�L�R�Q�����Z�H���D�J�D�L�Q���D�S�S�O�\���W�K�H���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q���V�W�D�W�H�P�H�Q�W���W�R���W�D�L�O���U�H�F�X�U�V�L�R�Q����
We don’t yet need to move to the next transformation:

�0�0���è���–�¢�ë�¢���[���]�¢���@�t���¢�ë�<�R���Œ�����ª�Œ�–�<�f�]

public class RomanConverter

{

���������‰�ª���R�<�����–�¢�ë�¢�<�����Œ���ë���f�]�R�È���R�'�<���¢�<�f�]�ë�Œ�È�u�<�]�¢�$���–�¢�Œ�<�]�0�t���¡���–�ª�R�¢�–���r

���������]���Â���'�<���¢�<�f�]�ë�Œ�È�u�<�]�¢�$���–�¢�Œ�<�]�0�t

    {

�����������������6�à�$���H�R�I�7�$

�����������������6�ã�$���H�R�Ô�I�7�$

�����������������6�ä�$���H�Ô�I�7�$

    };

    public string Convert(int number)

    {

        if (Results.ContainsKey(number))

        {

            return Results[number];

        }

�����������������<�/���:�]�ª�[�����Œ���t���ä�;

        {

���������������������������f�]�–�¢���–�¢�Œ�<�]�0���Œ���–�ª�R�¢���r���H�Ô�I�/

�������������������������Œ���¢�ª�Œ�]���Œ���–�ª�R�¢���n��� �f�]�Á���Œ�¢�:�]�ª�[�����Œ���@���ä�;�/

        }

�����������������Œ���¢�ª�Œ�]���¡���–�ª�R�¢�–�8�à�9���n��� �f�]�Á���Œ�¢�:�]�ª�[�����Œ���@���à�;�/

    }

}
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Again, we add more failing tests, and again the last transformation is still making tests 
pass:

���8�¶���–�¢�E�<�Ç�¢�ª�Œ���9

public class RomanConverterShould

{

���������8�¶���–�¢� �ë�–���:�à�$���H�R�I�;�9

���������8�¶���–�¢� �ë�–���:�á�$���H�R�R�I�;�9

���������8�¶���–�¢� �ë�–���:�â�$���H�R�R�R�I�;�9

���������8�¶���–�¢� �ë�–���:�ã�$���H�R�Ô�I�;�9

���������8�¶���–�¢� �ë�–���:�ä�$���H�Ô�I�;�9

���������8�¶���–�¢� �ë�–���:�å�$���H�Ô�R�I�;�9

���������8�¶���–�¢� �ë�–���:�æ�$���H�Ô�R�R�I�;�9

���������8�¶���–�¢� �ë�–���:�ç�$���H�Ô�R�R�R�I�;�9

���������8�¶���–�¢� �ë�–���:�è�$���H�R�Ú�I�;�9

���������8�¶���–�¢� �ë�–���:�à�ß�$���H�Ú�I�;�9

���������8�¶���–�¢� �ë�–���:�ã�ß�$���H�Ú�f�I�;�9

���������8�¶���–�¢� �ë�–���:�ã�ã�$���H�Ú�f�R�Ô�I�;�9

    public void ConvertNumberToRoman(int number, string expected)

    {

        var romanNumeral = new RomanConverter().Convert(number);

        Assert.That(romanNumeral, Is.EqualTo(expected));

    }

}

// Wait for patterns to emerge

public class RomanConverter

{

���������‰�ª���R�<�����–�¢�ë�¢�<�����Œ���ë���f�]�R�È���R�'�<���¢�<�f�]�ë�Œ�È�u�<�]�¢�$���–�¢�Œ�<�]�0�t���¡���–�ª�R�¢�–���r

�����������������]���Â���'�<���¢�<�f�]�ë�Œ�È�u�<�]�¢�$���–�¢�Œ�<�]�0�t

        {

�������������������������6�à�$���H�R�I�7�$

�������������������������6�ã�$���H�R�Ô�I�7�$
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�������������������������6�ä�$���H�Ô�I�7�$

�������������������������6�è�$���H�R�Ú�I�7�$

�������������������������6�à�ß�$���H�Ú�I�7�$

�������������������������6�ã�ß�$���H�Ú�f�I�7�$

        };

    public string Convert(int number)

    {

        if (Results.ContainsKey(number))

        {

            return Results[number];

        }

�����������������<�/���:�]�ª�[�����Œ���t���ã�ß�;

        {

���������������������������f�]�–�¢���–�¢�Œ�<�]�0���Œ���–�ª�R�¢���r���H�Ú�f�I�/

�������������������������Œ���¢�ª�Œ�]���Œ���–�ª�R�¢���n��� �f�]�Á���Œ�¢�:�]�ª�[�����Œ���@���ã�ß�;�/

        }

        if (number > 10)

        {

���������������������������f�]�–�¢���–�¢�Œ�<�]�0���Œ���–�ª�R�¢���r���H�Ú�I�/

�������������������������Œ���¢�ª�Œ�]���Œ���–�ª�R�¢���n��� �f�]�Á���Œ�¢�:�]�ª�[�����Œ���@���à�ß�;�/

        }

�����������������<�/���:�]�ª�[�����Œ���t���ä�;

        {

���������������������������f�]�–�¢���–�¢�Œ�<�]�0���Œ���–�ª�R�¢���r���H�Ô�I�/

�������������������������Œ���¢�ª�Œ�]���Œ���–�ª�R�¢���n��� �f�]�Á���Œ�¢�:�]�ª�[�����Œ���@���ä�;�/

        }
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�����������������Œ���¢�ª�Œ�]���¡���–�ª�R�¢�–�8�à�9���n��� �f�]�Á���Œ�¢�:�]�ª�[�����Œ���@���à�;�/

    }

}

We spot duplication around if statements, so we refactor the code to the next 
transformation. if to while. This gets rid of the if statement duplication, but we now 
have the while statement duplication:

// 10 if -> while

public class RomanConverter

{

���������‰�ª���R�<�����–�¢�ë�¢�<�����Œ���ë���f�]�R�È���R�'�<���¢�<�f�]�ë�Œ�È�u�<�]�¢�$���–�¢�Œ�<�]�0�t���¡���–�ª�R�¢�–���r

�����������������]���Â���'�<���¢�<�f�]�ë�Œ�È�u�<�]�¢�$���–�¢�Œ�<�]�0�t

        {

�������������������������6�à�$���H�R�I�7�$

�������������������������6�ã�$���H�R�Ô�I�7�$

�������������������������6�ä�$���H�Ô�I�7�$

�������������������������6�è�$���H�R�Ú�I�7�$

�������������������������6�à�ß�$���H�Ú�I�7�$

�������������������������6�ã�ß�$���H�Ú�f�I�7�$

        };

    public string Convert(int number)

    {

        if (Results.ContainsKey(number))

        {

            return Results[number];

        }

        string result = string.Empty;

�����������������Â�7�<�R�����:�]�ª�[�����Œ���t�r���ã�ß�;

        {
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�������������������������Œ���–�ª�R�¢���n�r���H�Ú�f�I�/

�������������������������]�ª�[�����Œ���@�r���ã�ß�/

        }

        while (number >= 10)

        {

�������������������������Œ���–�ª�R�¢���n�r���H�Ú�I�/

            number -= 10;

        }

�����������������Â�7�<�R�����:�]�ª�[�����Œ���t�r���ä�;

        {

�������������������������Œ���–�ª�R�¢���n�r���H�Ô�I�/

�������������������������]�ª�[�����Œ���@�r���ä�/

        }

�����������������Â�7�<�R�����:�]�ª�[�����Œ���t�r���ã�;

        {

�������������������������Œ���–�ª�R�¢���n�r���H�R�Ô�I�/

�������������������������]�ª�[�����Œ���@�r���ã�/

        }

        while (number >= 1)

        {

�������������������������Œ���–�ª�R�¢���n�r���H�R�I�/

            number -= 1;

        }

        return result;

    }

}
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We apply the same if to while transformation to the remaining if statement, and this 
allows us to get rid of the duplicated while statements. In order for this to work, it’s 
more convenient to have the dictionary reversed, so we also do this:

// 10 if -> while. We used a foreach in place of a while loop since it is a 
simpler contruct in C#

public class RomanConverter

{

���������‰�ª���R�<�����–�¢�ë�¢�<�����Œ���ë���f�]�R�È���R�'�<���¢�<�f�]�ë�Œ�È�u�<�]�¢�$���–�¢�Œ�<�]�0�t���[�ë�‰�‰�<�]�0�–���r

�����������������]���Â���'�<���¢�<�f�]�ë�Œ�È�u�<�]�¢�$���–�¢�Œ�<�]�0�t

        {

�������������������������6�ã�ß�$���H�Ú�f�I�7�$

�������������������������6�à�ß�$���H�Ú�I�7�$

�������������������������6�è�$���H�R�Ú�I�7�$

�������������������������6�ä�$���H�Ô�I�7�$

�������������������������6�ã�$���H�R�Ô�I�7�$

�������������������������6�à�$���H�R�I�7�$

        };

    public string Convert(int number)

    {

        string result = string.Empty;

        foreach(var mapping in mappings)

        {

            while (number >= mapping.Key)

            {

���������������������������������Œ���–�ª�R�¢���n�r���[�ë�‰�‰�<�]�0�*�Ô�ë�R�ª���/

                number -= mapping.Key;

            }

        }
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        return result;

    }

}

�:�H���D�G�G���P�R�U�H���I�D�L�O�L�Q�J���W�H�V�W�V�����E�X�W���W�K�H���O�D�V�W���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q���L�V���V�X�I���F�L�H�Q�W���W�R���P�D�N�H���D�O�O���Q�H�Z��
tests pass. We cannot think of any more failing tests, and this implies we are done. We 
refactor the code to make it more readable, and we are done. We decided to refactor 
the outer while loop to a foreach���O�R�R�S���V�L�Q�F�H���L�W���V�L�P�S�O�L���H�V���W�K�H���F�R�G�H��

�7�K�L�V���L�V���D�Q���H�[�D�P�S�O�H���R�I���Z�K�H�U�H���\�R�X���F�D�Q���V�W�D�U�W���F�K�D�Q�J�L�Q�J���W�K�H���W�D�E�O�H���W�R���E�H�W�W�H�U�����W���W�K�H���O�D�Q�J�X�D�J�H��
you work with. In this case, you replace the while loop transformation with a foreach 
transformation:

�0�0���Ù�]�ë�R���–�f�R�ª�¢�<�f�]

�8�¶���–�¢�E�<�Ç�¢�ª�Œ���9

public class RomanConverterShould

{

���������8�¶���–�¢� �ë�–���:�à�$���H�R�I�;�9

���������8�¶���–�¢� �ë�–���:�á�$���H�R�R�I�;�9

���������8�¶���–�¢� �ë�–���:�â�$���H�R�R�R�I�;�9

���������8�¶���–�¢� �ë�–���:�ã�$���H�R�Ô�I�;�9

���������8�¶���–�¢� �ë�–���:�ä�$���H�Ô�I�;�9

���������8�¶���–�¢� �ë�–���:�å�$���H�Ô�R�I�;�9

���������8�¶���–�¢� �ë�–���:�æ�$���H�Ô�R�R�I�;�9

���������8�¶���–�¢� �ë�–���:�ç�$���H�Ô�R�R�R�I�;�9

���������8�¶���–�¢� �ë�–���:�è�$���H�R�Ú�I�;�9

���������8�¶���–�¢� �ë�–���:�à�ß�$���H�Ú�I�;�9

���������8�¶���–�¢� �ë�–���:�ã�ß�$���H�Ú�f�I�;�9

���������8�¶���–�¢� �ë�–���:�ä�ß�$���H�f�I�;�9

���������8�¶���–�¢� �ë�–���:�è�ß�$���H�Ú� �I�;�9

���������8�¶���–�¢� �ë�–���:�à�ß�ß�$���H� �I�;�9

���������8�¶���–�¢� �ë�–���:�ã�ß�ß�$���H� �'�I�;�9

���������8�¶���–�¢� �ë�–���:�ä�ß�ß�$���H�'�I�;�9

���������8�¶���–�¢� �ë�–���:�è�ß�ß�$���H� �p�I�;�9
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���������8�¶���–�¢� �ë�–���:�à�ß�ß�ß�$���H�p�I�;�9

���������8�¶���–�¢� �ë�–���:�ç�ã�å�$���H�'� � � �Ú�f�Ô�R�I�;�9

���������8�¶���–�¢� �ë�–���:�à�è�è�è�$���H�p� �p�Ú� �R�Ú�I�;�9

���������8�¶���–�¢� �ë�–���:�á�ß�ß�ç�$���H�p�p�Ô�R�R�R�I�;�9

    public void ConvertNumberToRoman(int number, string expected)

    {

        var romanNumeral = new RomanConverter().Convert(number);

        Assert.That(romanNumeral, Is.EqualTo(expected));

    }

}

public class RomanConverter

{

���������‰�ª���R�<�����–�¢�ë�¢�<�����Œ���ë���f�]�R�È���R�'�<���¢�<�f�]�ë�Œ�È�u�<�]�¢�$���–�¢�Œ�<�]�0�t���ë�Œ�ë���<���–�¶�f�¡�f�[�ë�]�–���r

�������������������������]���Â���'�<���¢�<�f�]�ë�Œ�È�u�<�]�¢�$���–�¢�Œ�<�]�0�t

            {

���������������������������������6�à�ß�ß�ß�$���H�p�I�7�$

���������������������������������6�è�ß�ß�$���H� �p�I�7�$

���������������������������������6�ä�ß�ß�$���H�'�I�7�$

���������������������������������6�ã�ß�ß�$���H� �'�I�7�$

���������������������������������6�à�ß�ß�$���H� �I�7�$

���������������������������������6�è�ß�$���H�Ú� �I�7�$

���������������������������������6�ä�ß�$���H�Ú�f�I�7�$

���������������������������������6�ã�ß�$���H�Ú�f�I�7�$

���������������������������������6�à�ß�$���H�Ú�I�7�$

���������������������������������6�è�$���H�R�Ú�I�7�$

���������������������������������6�ä�$���H�Ô�I�7�$

���������������������������������6�ã�$���H�R�Ô�I�7�$

���������������������������������6�à�$���H�R�I�7�$

            };
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enum Position {

�����������ë�–�����¢�f�‰�f���/�¢

    case topMiddle

}

���R�ë�–�–�����f�ë�Œ�����6

    var playedPositions: [Position] = []

    func append(position: Position) throws {

        if playedPositions.contains(position) {

            throw TicTacToeError.invalidPosition

        }

        playedPositions.append(position)

    }

}

class Game {

    var lastPlayer: Player = .o

���������R���¢�����f�ë�Œ���#�����f�ë�Œ�����r�����f�ë�Œ���:�;

    func play(player: Player, position: Position) throws {

        if lastPlayer == player {

            throw TicTacToeError.invalidPlayer

        }

        lastPlayer = player

        try board.append(position: position)

    }

}
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class TicTacToeTests: XCTestCase {

    let game: Game = Game()

���������/�ª�]�����¢���–�¢�1�¢�7�ë�¢�F�ë�[���'�f���–�r�f�¢���R�R�f�Â�ž�R�ë�È���Œ�{�¶�f�ž�R�ë�È�E�<�Œ�–�¢�:�;���6

�����������������Ú� �¶���–�–���Œ�¢�¶�7�Œ�f�Â�–�-�Œ�Œ�f�Œ�:�¢�Œ�È���0�ë�[���*�‰�R�ë�È�:�‰�R�ë�È���Œ�#���*�f�$���‰�f�–�<�¢�<�f�]�#���*�¢�f�‰�f���/�¢�;�;��
{ error in

            XCTAssertEqual(error as? TicTacToeError, .invalidPlayer)

        }

    }

    func test_thatGameDoesNotAllowPlayerXToPlayTwice() {

�����������������Ú� �¶���–�–���Œ�¢�r�f�¶�7�Œ�f�Â�:�¢�Œ�È���0�ë�[���*�‰�R�ë�È�:�‰�R�ë�È���Œ�#���*�Ç�$���‰�f�–�<�¢�<�f�]�#���*�¢�f�‰�f���/�¢�;�;

        XCTAssertThrowsError(try game.play(player: .x, position: .topMiddle)) 
{ error in

            XCTAssertEqual(error as? TicTacToeError, .invalidPlayer)

        }

    }

    func test_thatGameDoesNotAllowPlayersToPlayInPreviousPlayedPosition() {

�����������������Ú� �¶���–�–���Œ�¢�r�f�¶�7�Œ�f�Â�:�¢�Œ�È���0�ë�[���*�‰�R�ë�È�:�‰�R�ë�È���Œ�#���*�Ç�$���‰�f�–�<�¢�<�f�]�#���*�¢�f�‰�f���/�¢�;�;

�����������������Ú� �¶���–�–���Œ�¢�¶�7�Œ�f�Â�–�-�Œ�Œ�f�Œ�:�¢�Œ�È���0�ë�[���*�‰�R�ë�È�:�‰�R�ë�È���Œ�#���*�f�$���‰�f�–�<�¢�<�f�]�#���*�¢�f�‰�f���/�¢�;�;��
{ error in

            XCTAssertEqual(error as? TicTacToeError, .invalidPosition)

        }

    }

    func test_thatGameDoesNotAllowPlayersToPlayInAnyPreviousPlayedPosition() 
{

�����������������Ú� �¶���–�–���Œ�¢�r�f�¶�7�Œ�f�Â�:�¢�Œ�È���0�ë�[���*�‰�R�ë�È�:�‰�R�ë�È���Œ�#���*�Ç�$���‰�f�–�<�¢�<�f�]�#���*�¢�f�‰�f���/�¢�;�;

        XCTAssertNoThrow(try game.play(player: .o, position: .topMiddle))

�����������������Ú� �¶���–�–���Œ�¢�¶�7�Œ�f�Â�–�-�Œ�Œ�f�Œ�:�¢�Œ�È���0�ë�[���*�‰�R�ë�È�:�‰�R�ë�È���Œ�#���*�Ç�$���‰�f�–�<�¢�<�f�]�#���*�¢�f�‰�f���/�¢�;�;��
{ error in

            XCTAssertEqual(error as? TicTacToeError, .invalidPosition)
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