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Foreword
 
Kent Beck

One of the dilemmas posed by the move to shorter and shorter release cycles is
how to release more software in less time—and continue releasing indefinitely.
A new perspective is necessary to resolve this dilemma. More than a shift in
techniques is needed.

Growing Object-Oriented Software, Guided by Tests presents such a new per-
spective. What if software wasn’t “made,” like we make a paper airplane—finish
folding it and fly it away? What if, instead, we treated software more like a
valuable, productive plant, to be nurtured, pruned, harvested, fertilized, and
watered? Traditional farmers know how to keep plants productive for decades
or even centuries. How would software development be different if we treated
our programs the same way?

I am most impressed by how this book presents both the philosophy and
mechanics of such a shift in perspective. It is written by practitioners who
code—and teach others to code—well. From it you can learn both how to program
to sustain productivity and how to look at your programs anew.

The style of test-driven development presented here is different from what I
practice. I can’t yet articulate the difference, but I have learned from the clear,
confident presentation of the authors’ techniques. The diversity of dialects has
given me a new source of ideas to further refine my own development. Growing
Object-Oriented Software, Guided by Tests, presents a coherent, consistent system
of development, where different techniques support each other.

I invite you to read Growing Object-Oriented Software, Guided by Tests,
to follow along with the examples, to learn how the authors think about
programming and how they program. The experience will enrich your software
development style, help you program—and, just as important, see your programs
differently.
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Preface

 
What Is This Book About?

This book is a practical guide to the best way we’ve found to write object-oriented
software: test-driven development (TDD). It describes the processes we follow,
the design principles we strive for, and the tools we use. It’s founded on our
decades of experience, working with and learning from some of the best
programmers in the world.

Within the book, we address some of the questions and confusions we see
coming up on project after project. How do I fit test-driven development into a
software project? Where do I start? Why should I write both unit and end-to-end
tests? What does it mean for tests to “drive” development? How do I test difficult
feature X?

This book is also very much about design and the way our approach to design
informs our approach to TDD. If there’s one thing we’ve learned, it’s that test-
driven development works best when taken as a whole. We’ve seen teams that
can do the raw practices (writing and running tests) but struggle with the result
because they haven’t also adopted the deeper processes that lie behind it.

Why “Growing” Object-Oriented Software?

We used the term “growing” because it gives a sense of how we develop incre-
mentally. We have something working at all times, making sure that the code is
always as well-structured as possible and thoroughly tested. Nothing else seems
to be as effective at delivering systems that work. As John Gall wrote in [Gall03],
“A complex system that works is invariably found to have evolved from a simple
system that works.”

“Growing” also hints at the biological quality we see in good software, the
sense of coherence at every level of structure. It ties into our approach to object
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orientation which follows Alan Kay’s1 concept of objects being similar to
biological cells that send each other messages.

Why “Guided” by Tests?

We write tests first because we find that it helps us write better code. Writing a
test first forces us to clarify our intentions, and we don’t start the next piece of
work until we have an unambiguous description of what it should do. The process
of writing a test first helps us see when a design is too rigid or unfocused. Then,
when we want to follow through and fix a design flaw, the tests give us a safety
net of regression coverage.

We use the term “guided” because the technique still requires skill and
experience. We found test-driven development to be an effective design support
tool—once we’d learned how to develop incrementally and to “listen to the tests.”
Like any serious design activity, TDD requires understanding and sustained effort
to work.

We’ve seen teams that write tests and code at about the same time (and even
teams that write the tests first) where the code is a mess and the tests just raise
the cost of maintenance. They’d made a start but hadn’t yet learned that the trick,
as the title of the book suggests, is to let the tests guide development. Use the
contents of the tests to stay focused on making progress and feedback from
the tests to raise the quality of the system.

What about Mock Objects?

Our original motivation for writing the book was to finally explain the technique
of using mock objects,2 which we often see misunderstood. As we got deeper
into writing, we realized that our community’s discovery and use of mock objects
was actually an expression of our approach to writing software; it’s part of a
larger picture.

In the course of the book, we will show how the mock objects technique works,
using the jMock library. More specifically, we’ll show where it fits into the TDD
process and how it makes sense in the context of object-oriented development.

Who Is This Book For?

We wrote this book for the “informed reader.” It’s intended for developers
with professional experience who probably have at least looked at test-driven

1. Alan Kay was one of the authors of Smalltalk and coined the term “object-oriented.”
2. Mock objects are substitute implementations for testing how an object interacts with

its neighbors.
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development. When writing, we imagined we were explaining techniques to a
colleague who hadn’t come across them before.

To make room for the deeper material we wanted to cover, we’ve assumed
some knowledge of the basic concepts and tools; there are other books that
provide a good introduction to TDD.

Is This a Java Book?

We use the Java programming language throughout because it’s common enough
that we expect our readers to be able at least to understand the examples. That
said, the book is really about a set of techniques that are applicable to any
object-oriented environment.

If you’re not using Java, there are equivalents of testing and mocking libraries
we use (JUnit and jMock) in many other languages, including C#, Ruby, Python,
Smalltalk, Objective-C, and (impressively) C++. There are even versions for
more distant languages such as Scala. There are also other testing and mocking
frameworks in Java.

Why Should You Listen to Us?

This book distills our experiences over a couple of decades, including nearly ten
years of test-driven development. During that time, we have used TDD in a wide
range of projects: large message-oriented enterprise-integration systems with an
interactive web front-end backed by multiprocessor compute grids; tiny embedded
systems that must run in tens of kilobytes of memory; free games used as adver-
tising for business-critical systems; and back-end middleware and network services
to highly interactive graphical desktop applications. In addition, we’ve written
about and taught this material at events and companies across the world.

We’ve also benefited from the experience of our colleagues in the TDD
community based in London. We’ve spent many hours during and after work
having our ideas challenged and honed. We’re grateful for the opportunity to
work with such lively (and argumentative) colleagues.

What Is in This Book?

The book has six parts:
Part I, “Introduction,” is a high-level introduction to test-driven development,

mock objects, and object-oriented design within the context of a software devel-
opment project. We also introduce some of the testing frameworks we use in the
rest of the book. Even if you’re already familiar with TDD, we stilll recommend
reading through Chapters 1 and 2 since they describe our approach to software
development. If you’re familiar with JUnit and jMock, you might want to skip
the rest of the introduction.

xixPreface



Part II, “The Process of Test-Driven Development,” describes the process of
TDD, showing how to get started and how to keep development moving. We
dig into the relationship between our test-driven approach and object-oriented
programming, showing how the principles of the two techniques support each
other. Finally, we discuss how to work with external code. This part describes
the concepts, the next part puts them to work.

Part III, “A Worked Example,” is an extended example that gives a flavor of
how we develop an object-oriented application in a test-driven manner. Along
the way, we discuss the trade-offs and motivations for the decisions we take.
We’ve made this quite a long example, because we want to show how some
features of TDD become more significant as the code starts to scale up.

Part IV, “Sustainable Test-Driven Development,” describes some practices that
keep a system maintainable. We’re very careful these days about keeping a
codebase clean and expressive, because we’ve learned over the years the costs of
letting things slip. This part describes some of the practices we’ve adopted and
explains why we do them.

Part V, “Advanced Topics,” looks at areas where TDD is more difficult:
complex test data, persistence, and concurrency. We show how we deal with
these issues and how this affects the design of the code and tests.

Finally, the appendices include some supporting material on jMock and
Hamcrest.

What Is Not in This Book?

This is a technical book. We’ve left out all the other topics that make a project
succeed, such as team organization, requirements management, and product
design. Adopting an incremental test-driven approach to development obviously
has a close relationship with how a project is run. TDD enables some new
activities, such as frequent delivery, and it can be crippled by organizational
circumstances, such as an early design freeze or team stakeholders that don’t
communicate. Again, there are plenty of other books to cover these topics.
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Chapter 2

Test-Driven Development with
Objects

Music is the space between the notes.

—Claude Debussy

A Web of Objects

Object-oriented design focuses more on the communication between objects than
on the objects themselves. As Alan Kay [Kay98] wrote:

The big idea is “messaging” […] The key in making great and growable systems is
much more to design how its modules communicate rather than what their internal
properties and behaviors should be.

An object communicates by messages: It receives messages from other objects
and reacts by sending messages to other objects as well as, perhaps, returning a
value or exception to the original sender. An object has a method of handling
every type of message that it understands and, in most cases, encapsulates some
internal state that it uses to coordinate its communication with other objects.

An object-oriented system is a web of collaborating objects. A system is built
by creating objects and plugging them together so that they can send messages
to one another. The behavior of the system is an emergent property of the
composition of the objects—the choice of objects and how they are connected
(Figure 2.1).

This lets us change the behavior of the system by changing the composition of
its objects—adding and removing instances, plugging different combinations
together—rather than writing procedural code. The code we write to manage
this composition is a declarative definition of the how the web of objects will
behave. It’s easier to change the system’s behavior because we can focus on what
we want it to do, not how.

Values and Objects

When designing a system, it’s important to distinguish between values that
model unchanging quantities or measurements, and objects that have an identity,
might change state over time, and model computational processes. In the
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Figure 2.1 A web of objects

object-oriented languages that most of us use, the confusion is that both concepts
are implemented by the same language construct: classes.

Values are immutable instances that model fixed quantities. They have no in-
dividual identity, so two value instances are effectively the same if they have the
same state. This means that it makes no sense to compare the identity of two
values; doing so can cause some subtle bugs—think of the different ways of
comparing two copies of new Integer(999). That’s why we’re taught to use
string1.equals(string2) in Java rather than string1 == string2.

Objects, on the other hand, use mutable state to model their behavior over
time. Two objects of the same type have separate identities even if they have ex-
actly the same state now, because their states can diverge if they receive different
messages in the future.

In practice, this means that we split our system into two “worlds”: values,
which are treated functionally, and objects, which implement the stateful behavior
of the system. In Part III, you’ll see how our coding style varies depending on
which world we’re working in.

In this book, we will use the term object to refer only to instances with identity,
state, and processing—not values. There doesn’t appear to be another accepted
term that isn’t overloaded with other meanings (such as entity and process).

Follow the Messages

We can benefit from this high-level, declarative approach only if our objects are
designed to be easily pluggable. In practice, this means that they follow common
communication patterns and that the dependencies between them are made ex-
plicit. A communication pattern is a set of rules that govern how a group of ob-
jects talk to each other: the roles they play, what messages they can send and
when, and so on. In languages like Java, we identify object roles with (abstract)
interfaces, rather than (concrete) classes—although interfaces don’t define
everything we need to say.

Chapter 2 Test-Driven Development with Objects14



In our view, the domain model is in these communication patterns, because
they are what gives meaning to the universe of possible relationships between
the objects. Thinking of a system in terms of its dynamic, communication structure
is a significant mental shift from the static classification that most of us learn
when being introduced to objects. The domain model isn’t even obviously visible
because the communication patterns are not explicitly represented in the program-
ming languages we get to work with. We hope to show, in this book, how tests
and mock objects help us see the communication between our objects more
clearly.

Here’s a small example of how focusing on the communication between objects
guides design.

In a video game, the objects in play might include: actors, such as the player
and the enemies; scenery, which the player flies over; obstacles, which the
player can crash into; and effects, such as explosions and smoke. There are also
scripts spawning objects behind the scenes as the game progresses.

This is a good classification of the game objects from the players’ point of view
because it supports the decisions they need to make when playing the game—when
interacting with the game from outside. This is not, however, a useful classification
for the implementers of the game. The game engine has to display objects that
are visible, tell objects that are animated about the passing of time, detect colli-
sions between objects that are physical, and delegate decisions about what to do
when physical objects collide to collision resolvers.

Figure 2.2 Roles and objects in a video game

As you can see in Figure 2.2, the two views, one from the game engine and
one from the implementation of the in-play objects, are not the same. An Obstacle,
for example, is Visible and Physical, while a Script is a Collision Resolver and
Animated but not Visible. The objects in the game play different roles depending
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on what the engine needs from them at the time. This mismatch between static
classification and dynamic communication means that we’re unlikely to come
up with a tidy class hierarchy for the game objects that will also suit the needs
of the engine.

At best, a class hierarchy represents one dimension of an application, providing
a mechanism for sharing implementation details between objects; for example,
we might have a base class to implement the common features of frame-based
animation. At worst, we’ve seen too many codebases (including our own) that
suffer complexity and duplication from using one mechanism to represent multiple
concepts.

Roles, Responsibilities, Collaborators

We try to think about objects in terms of roles, responsibilities, and collaborators,
as best described by Wirfs-Brock and McKean in [Wirfs-Brock03]. An object is an
implementation of one or more roles; a role is a set of related responsibilities;
and a responsibility is an obligation to perform a task or know information. A
collaboration is an interaction of objects or roles (or both).

Sometimes we step away from the keyboard and use an informal design technique
that Wirfs-Brock and McKean describe, called CRC cards (Candidates, Responsi-
bilities, Collaborators). The idea is to use low-tech index cards to explore the po-
tential object structure of an application, or a part of it. These index cards allow
us to experiment with structure without getting stuck in detail or becoming too
attached to an early solution.

Figure 2.3 CRC card for a video game

Chapter 2 Test-Driven Development with Objects16



Tell, Don’t Ask

We have objects sending each other messages, so what do they say? Our experi-
ence is that the calling object should describe what it wants in terms of the role
that its neighbor plays, and let the called object decide how to make that happen.
This is commonly known as the “Tell, Don’t Ask” style or, more formally, the
Law of Demeter. Objects make their decisions based only on the information
they hold internally or that which came with the triggering message; they avoid
navigating to other objects to make things happen. Followed consistently, this
style produces more flexible code because it’s easy to swap objects that play the
same role. The caller sees nothing of their internal structure or the structure of
the rest of the system behind the role interface.

When we don’t follow the style, we can end up with what’s known as “train
wreck” code, where a series of getters is chained together like the carriages in a
train. Here’s one case we found on the Internet:

((EditSaveCustomizer) master.getModelisable()
  .getDockablePanel()
    .getCustomizer())
      .getSaveItem().setEnabled(Boolean.FALSE.booleanValue());

After some head scratching, we realized what this fragment was meant to say:

master.allowSavingOfCustomisations();

This wraps all that implementation detail up behind a single call. The client of
master no longer needs to know anything about the types in the chain. We’ve
reduced the risk that a design change might cause ripples in remote parts of the
codebase.

As well as hiding information, there’s a more subtle benefit from “Tell, Don’t
Ask.” It forces us to make explicit and so name the interactions between objects,
rather than leaving them implicit in the chain of getters. The shorter version
above is much clearer about what it’s for, not just how it happens to be
implemented.

But Sometimes Ask

Of course we don’t “tell” everything;1 we “ask” when getting information from
values and collections, or when using a factory to create new objects. Occasion-
ally, we also ask objects about their state when searching or filtering, but we still
want to maintain expressiveness and avoid “train wrecks.”

For example (to continue with the metaphor), if we naively wanted to spread
reserved seats out across the whole of a train, we might start with something like:

1. Although that’s an interesting exercise to try, to stretch your technique.
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public class Train {
  private final List<Carriage> carriages […]
  private int percentReservedBarrier = 70;

  public void reserveSeats(ReservationRequest request) {
    for (Carriage carriage : carriages) {
      if (carriage.getSeats().getPercentReserved() < percentReservedBarrier) {
        request.reserveSeatsIn(carriage);
        return;
      }
    }
    request.cannotFindSeats();
  }
}

We shouldn’t expose the internal structure of Carriage to implement this, not
least because there may be different types of carriages within a train. Instead, we
should ask the question we really want answered, instead of asking for the
information to help us figure out the answer ourselves:

public void reserveSeats(ReservationRequest request) {
  for (Carriage carriage : carriages) {
    if (carriage.hasSeatsAvailableWithin(percentReservedBarrier)) {
      request.reserveSeatsIn(carriage);
      return;
    }
  }
  request.cannotFindSeats();
} 

Adding a query method moves the behavior to the most appropriate object,
gives it an explanatory name, and makes it easier to test.

We try to be sparing with queries on objects (as opposed to values) because
they can allow information to “leak” out of the object, making the system a little
bit more rigid. At a minimum, we make a point of writing queries that describe
the intention of the calling object, not just the implementation.

Unit-Testing the Collaborating Objects

We appear to have painted ourselves into a corner. We’re insisting on focused
objects that send commands to each other and don’t expose any way to query
their state, so it looks like we have nothing available to assert in a unit test. For
example, in Figure 2.4, the circled object will send messages to one or more of
its three neighbors when invoked. How can we test that it does so correctly
without exposing any of its internal state?

One option is to replace the target object’s neighbors in a test with substitutes,
or mock objects, as in Figure 2.5. We can specify how we expect the target object
to communicate with its mock neighbors for a triggering event; we call these
specifications expectations. During the test, the mock objects assert that they

Chapter 2 Test-Driven Development with Objects18



Figure 2.4 Unit-testing an object in isolation

Figure 2.5 Testing an object with mock objects

have been called as expected; they also implement any stubbed behavior needed
to make the rest of the test work.

With this infrastructure in place, we can change the way we approach TDD.
Figure 2.5 implies that we’re just trying to test the target object and that we al-
ready know what its neighbors look like. In practice, however, those collaborators
don’t need to exist when we’re writing a unit test. We can use the test to help us
tease out the supporting roles our object needs, defined as Java interfaces, and
fill in real implementations as we develop the rest of the system. We call this in-
terface discovery; you’ll see an example when we extract an AuctionEventListener
in Chapter 12.

Support for TDD with Mock Objects

To support this style of test-driven programming, we need to create mock in-
stances of the neighboring objects, define expectations on how they’re called and
then check them, and implement any stub behavior we need to get through the
test. In practice, the runtime structure of a test with mock objects usually looks
like Figure 2.6.
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Figure 2.6 Testing an object with mock objects

We use the term mockery2 for the object that holds the context of a test, creates
mock objects, and manages expectations and stubbing for the test. We’ll show
the practice throughout Part III, so we’ll just touch on the basics here. The
essential structure of a test is:

• Create any required mock objects.

• Create any real objects, including the target object.

• Specify how you expect the mock objects to be called by the target object.

• Call the triggering method(s) on the target object.

• Assert that any resulting values are valid and that all the expected calls have
been made.

The unit test makes explicit the relationship between the target object and its
environment. It creates all the objects in the cluster and makes assertions about
the interactions between the target object and its collaborators. We can code this
infrastructure by hand or, these days, use one of the multiple mock object
frameworks that are available in many languages. The important point, as we
stress repeatedly throughout this book, is to make clear the intention of every
test, distinguishing between the tested functionality, the supporting infrastructure,
and the object structure.

2. This is a pun by Ivan Moore that we adopted in a fit of whimsy.
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ComponentDriver, 90
“composite simpler than the sum of its

parts,” 53–54, 60, 62
concurrency, 301–306, 309, 313–316
connect(), Smack, 100
connection(), 100
Connextra, 330–332
constants, 255
constructors

bloated, 238–242
real behavior in, 195

container-managed transactions, 293
containsTotalSalesFor(), 264
context independence, 54–57, 233, 305
CountDownLatch class, 194
coupling, 11–12
CRC cards, 16, 186, 333
createChat(), Smack, 129
Crystal Clear, 1
currentPrice(), 118–120, 123, 141,

162–163
currentTimeMillis(), java.lang.System,

230
customer tests. See acceptance tests

D
DAO (Data Access Object), 297
database tests. See persistence tests
DatabaseCleaner class, 291–292
databases

cleaning up before testing, 290–292
operations with active transactions in, 300

data-driven tests, 24
date manipulation, 230–233
“debug hell,” 267
Decorator pattern, 168, 300
Defect exception, 165
dependencies, 52–53, 126

breaking in unit tests, 233
explicit, 14
hidden, 273
implicit, 57, 232–233
knowing about, 231
loops of, 117, 129, 192
mocking, 58
on user interface components, 113
quantity of, 57, 241–242, 273
scoping, 62
using compiler for navigating, 225

dependency injections, 330

deployment, 4, 9
automated, 35–37
from the start of a project, 31
importance for testing, 32

describeMismatch(), Hamcrest, 343–345
describeTo(), Hamcrest, 343–345
design

changing, 172
clarifying, 235
feedback on, 6
quality of, 273

DeterministicExecutor class, 303–304
development

from inputs to outputs, 43, 61
incremental, 4, 36, 73, 79, 136, 201, 303
iterative, 4
of user interface, 183
working compromises during, 90, 95

disconnect(), Smack, 111
disconnectWhenUICloses(), 111, 179
domain model, 15, 48, 59, 71, 290
domain types, 213, 262, 269
domain-specific language, embedded in Java,

332
“Don’t Repeat Yourself” principle, 248
duplication, 262–264, 273, 275
Dynamock library, 332

E
Eclipse development environment, 119
encapsulation, 49–50, 55
end-to-end tests, 8–10

asynchronous, 87
brittleness of, 87
early, 32–33
failing, 87
for event-based systems, 87
for existing systems, 33, 37
on synchronization, 313
running, 11
simulating input and output events, 43
slowness of, 87, 300

EntityManager class, 279, 297, 299
EntityManagerFactory class, 279
EntityTransaction class, 279
equal(), jMock, 340
equals(), java.lang.Object, 154
equalTo(), Hamcrest, 322
error messages. See failure messages
event-based systems, 86–87
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events, 78
external, 71, 326–327
listening for, 316–317, 323–325
processed in sequence, 325–326

exactly(), jMock, 338
exceptions, 22

catching, 253–254
on hidden threads, 302
runtime, 165
with helpful messages, 330

Executor interface, 303, 305
“Expect Unexpected Changes” principle, 45
Expectation jMock class, 64
ExpectationCounter jMock class, 330
expectations, 18, 27, 64–66, 146, 254–255,

277–279, 338
blocks of, 337, 339
checking after test’s body, 271
clear descriptions of, 25
narrowness of, 255, 277–283
order of, 128, 282, 341–342
quantity of, 242–244, 252
specifying actions to perform, 341

Expectations jMock class, 66, 337, 340
ExpectationSet jMock class, 330
ExpectationValue jMock class, 330
expectFailureWithMessage(), 222
expectSniperToFailWhenItIs(), 219, 253

F
failed(), 219
failure messages, 268–269, 276

clearness of, 42
self-explanatory, 24–25, 343

failures, 41
detecting, 217–218
diagnostics for, 267–273, 297, 302–307,

332
displaying, 218–219
handling, 215–226
messages about, 255
recording, 221–225, 291
writing down while developing, 41

FakeAuctionServer class, 86, 89, 92–95,
107–110, 120, 176, 194, 254, 276

FeatureMatcher Hamcrest class, 162, 178
feedback, 4, 229, 233

from automated deployment, 35–36
incremental, 300

loops of, 4–5, 8, 40
on design, 6, 299
on failure cases, 41
on implementations, 6
rapid, 317

Findbugs, 313
fixtures, 23
functional tests. See acceptance tests

G
garbage collection, 23, 91, 101, 192–194
getBody(), Smack, 222
getColumnCount(), Swing, 158
getValueAt(), Swing, 158

H
Hamcrest library, 21, 24–25, 95, 268, 274,

296, 322, 333, 340, 343–345
hasColumnTitles(), 169
hasEnoughColumns(), 156–157
hashCode(), java.lang.Object, 154
hasProperty(), Hamcrest, 178
hasReceivedBid(), 106–107
hasReceivedJoinRequestFrom(), 109, 176
hasReceivedJoinRequestFromSniper(),

106–108
hasShownSniperHasWon(), 323
hasShownSniperIsBidding(), 106, 110
hasShownSniperIsLosing(), 206–207
hasShownSniperIsWinning(), 140, 176, 323
hasTitle(), 169
helper methods, 7, 51, 66, 162, 166, 210,

226, 253, 263, 280
naming, 51, 162

Hibernate, 48, 289, 294
HTTP (HyperText Transfer Protocol), 81

I
IDEs

filling in missing methods on request, 119
navigation in, 114

IETF (Internet Engineering Task Force), 77
ignoring(), jMock, 145, 278–279, 339
ignoringAuction(), 219
IllegalArgumentException, 22
implementations

feedback on, 6
independent of context, 244
null, 130, 136, 180, 218
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index cards
for technical tasks to be addressed, 41
for to-do lists, 80–81, 103, 120–121,

130–131, 148, 171, 182, 201,
211–212, 225

information hiding, 49, 55–56
initializers, 23
inSequence(), jMock, 338, 341
instanses, 237–238
integration tests, 9–10, 186–188

and threads, 71
difficult to code, 44
for adapters, 70
for persistence implementations, 300
passing, 40
speed of, 300

IntelliJ IDEA, 119, 250
interface discovery, 19
interfaces, 14, 58, 61

callback, 71
implementing, 63–64
mocking, 235
naming, 63–64, 237, 297
narrowness of, 63
pulling, 61, 63
refactoring, 63–64
relationships with, 63
segregating, 236

invocations
allowed, 27, 146
constrained, 342
counting, 338–339
expected, 27, 146
number of, 27
order of, 279–282, 341

invokeAndWait(), Swing, 100, 180
invokeLater(), Swing, 100
isForSameItemAs(), 181
isSatisfied(), WindowLicker, 320–321
Item class, 209–211, 213
iteration zero, 83, 102

J
Jabber. See XMPP
Java programming language, 21

arrays in, 177
collections in, 179
logging framework in, 223
method overloading in, 261
package loops in, 191
synchronization errors in, 313

syntax noise of, 253
using compiler to navigate dependencies,

225
Java EE (Java Platform, Enterprise Edition),

293–294, 301
Java Servlet API, 330
JAXB (Java API for XML Binding), 289
JButton Swing component, 185
JDBC (Java Database Connectivity), 294
JDO (Java Data Objects), 289
JFormattedTextField Swing component, 208
JFrame Swing component, 96
JFrameDriver WindowLicker class, 91
JIDs (Jabber IDs), 77, 197
JLabel Swing component, 150
jMock library, 24–27, 274, 332

allowances in, 146
double braces in, 337
expectations in, 25, 64–66, 146
extensions to, 162
generating messages in, 345
states in, 145
using for stress tests, 307
verifying mock objects in, 24
version 2, 21, 25–27, 333, 335–342

JMS (Java Messaging Service), 292
JMSTransactor class, 292
joinAuction(), 100, 131–132, 142,

180–182, 187–188, 192, 208
JPA (Java Persistence API), 279, 289, 294

persistence identifiers in, 295
JTA (Java Transaction API), 292
JTable Swing component, 52, 149–157, 170
JTATransactor class, 292–293
JTextField Swing component, 185
JUnit library, 84, 274, 332–333

generating messages in, 345
new instances for each test in, 22, 117
version 4.5, 24
version 4.6, 21, 335

JUnit4Mockery jMock class, 336

L
Law of Demeter. See “Tell, Don’t Ask”

principle
Lisp programming language, 66
literals. See values
locks, 302, 318
log files, 221–225, 291

cleaning up before testing, 221
generating, 223
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Logger class, 223–224, 237
logging, 233–235

amount of, 235
diagnostic, 233–235
isolated in a separate class, 226

LoggingXMPPFailureReporter class, 223–224
LTSA tool, 302, 313

M
Main class, 91, 101, 108, 117–118, 123, 126,

132–134, 142, 168, 178–180, 183, 185,
188–203

matchmaker role of, 191
main(), 91, 96
MainWindow class, 96, 100, 113, 134, 151,

156, 166–167, 185–187, 199, 208–209
MainWindowTest class, 186, 209
makeControls(), 184–185
Mars Climate Orbiter disaster, 59
Matcher interface, 25, 268, 343–345
matchers, 24–25, 95, 155, 157, 276, 322,

339–340
combining, 24
custom, 25, 178, 296, 340, 343–345
reversing, 24
stateless, 344

Matchers Hamcrest class, 340
matches(), Hamcrest, 343
meetings, 4
MessageHandler class, 217
MessageListener interface, 93–94, 99,

112–115, 129, 219
messages, 13, 17

between objects, 50, 58
creating and checking in the same

construct, 109
parsing, 118–120
See also failure messages

methods, 13
calling, 65

order of, 128
expected, 339–340
factory, 257–258, 260–261
getter, 329–330
grouping together, 176
ignoring, 279
naming, 86, 173, 250
overloading, 261
side effects of, 51
“sugar,” 65–66

testing, 43
See also helper methods

MissingValueException, 218
mock objects, 18–20, 25–27

creating, 336
for third-party code, 69–71, 157, 300
history of, 329–333
invocation order of, 279–282
naming, 336
to visualize protocols, 58, 61

mockery, 20, 25
Mockery jMock class, 26, 64, 66, 307, 336
mocking

adjustments, 58
classes, 223–224, 235–237
dependencies, 58
interfaces, 235
notifications, 58
peers, 58
returned types, 279
third-party code, 237
values, 237–238

Moon program, 41
multithreading. See threads

N
.Net, 22, 232
“Never Pass Null between Objects”

principle, 274
never(), jMock, 339
NMock library, 332
not(), Hamcrest, 24, 340
notifications, 52–53, 126, 192

capturing, 318–320
mocking, 58
order of, 280
recording, 324

notifiesAuctionClosedWhenCloseMessage-

Received(), 114
notifiesAuctionFailedWhenBadMessage-

Received(), 217
notifiesAuctionFailedWhenEventType-

Missing(), 218
notifiesBidDetailsWhenCurrentPrice-

MessageReceivedFromOtherBidder(),
141

notifiesBidDetailsWhenCurrentPrice-

MessageReceivedFromSniper(), 141
notToBeGCd field, 101, 179, 197, 200, 203
NullPointerException, 53, 274
NUnit library, 22, 117, 332
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O
object mother pattern, 257–258
object-oriented programming, 13, 329
objects

abstraction level of, 57
bringing out relationships between, 236
collaborating, 18–20, 52–53, 58, 60–62,

186
communicating, 13–14, 50, 58, 244–245
composite, 53–54
context-independent, 54–55, 233
created by builders, 259–260
difficult to decouple, 273
mutable, 14

sharing references to, 50
naming, 62, 244
null, 22, 115, 130, 242
observable invariants with respect to

concurrency of, 306
passive, 311–312
persistent, 298–299
simplifying, 55
single responsibility of, 51–52
states of, 13, 59, 145–146, 281–283, 299,

306, 342
subordinate, 254, 291–292, 311
tracer, 270–271
validity of, 53
vs. values, 13–14, 51, 59
web of, 13, 64–65

oneOf(), jMock, 278, 337–338
Openfire, 86, 89, 95
ORM (Object/Relational Mapping), 289,

297, 299

P
packages

loops of, 191
single responsibility of, 52

pair programming, 4
patterns, naming after, 297
peers, 50

mocking, 58
types of, 52–53

persistence tests, 289–300
and transactions, 292–294
cleaning up at the start, 291
failure diagnostics in, 297
isolating from one another, 290–292
round-trip, 297–300
slowness of, 300

Poller class, 320–321
polling for changes, 317, 320–321, 323–325
PortfolioListener interface, 199
ports, 48
“ports and adapters” architecture, 48, 201,

284, 297
PriceSource enumeration, 141, 148
Probe interface, 320–322
probing a system, 315, 320–322
processMessage(), Smack, 114–115,

135–136, 217, 219
production environment, 95
programming styles, 51
progress measuring, 4, 40
PropertyMatcher Hamcrest class, 178

Q
queries, 278

R
receivesAMessageMatching(), 108
redesign, 7
refactoring, 5–7

code difficult to test, 44–45
importance of, during TDD, 225–226
incremental, 202
writing down while developing, 41

reference types, 269
regression suites, 6, 40
regression tests, 5
releases, 4, 9

planning, 81
to a production system, 35

removeMessageListener(), Smack, 220
reportPrice(), 106–107, 176
reportsInvalidMessage(), 216, 221
reportsLostIfAuctionClosesImmediately(),

145
reportsLostIfAuctionClosesWhenBidding(),

146
repository pattern, 297
resetLogging(), 223
responsibilities, 16, 171, 220, 222

quantity of, 61, 240–241, 332
See also “single responsibility” principle

reverting changes, 267
rock climbing, 202
roles, 16
rollback(), 279
rolling back, 267
Ruby programming language, 331
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Rule annotation, 24
RuntimeException, 255, 277
runUntilIdle(), 304
@RunWith annotation, 23, 26, 336

S
safelyAddItemToModel(), 180, 188
same(), jMock, 340
sample(), WindowLicker, 320–321
scheduled activities, 326–327
Scrum projects, 1
SelfDescribing interface, 343
sendInvalidMessageContaining(), 216
Sequence jMock class, 341–342
sequences, 279–282, 341–342
servlets, 301, 311
setImposteriser(), jMock, 223
setStatusText(), 166
[Setup] methods, 22
showsSniperHasFailed(), 216
showsSniperHasWonAuction(), 140, 176
showsSniperStatus(), 91–92
“single responsibility” principle, 51–52, 113,

123, 125, 220, 222
SingleMessageListener class, 93–94,

107–108
singleton pattern, 50, 230
Smack library, 86

exceptions in, 217
threads in, 93, 301

Smalltalk programming language
cascade, 258, 330, 332
programming style compared to Java, 330

Sniper application. See Auction Sniper
Sniper class, 62
sniperAdded(), 203
sniperBidding(), 126–128, 155, 160–162
SniperCollector class, 62, 198–199, 245
sniperForItem(), 198
SniperLauncher class, 62, 197–199, 210
SniperListener interface, 124–126, 133,

154–155, 163–164, 168
sniperLost(), 125, 147, 164
sniperMakesAHigherBidButLoses(), 139
SniperPortfolio class, 199–203
sniperReportsInvalidAuctionMessageAnd-

StopsRespondingToEvents(), 216
SniperSnapshot class, 159–164, 173,

180–181, 198–199, 211, 219, 278

SnipersTableModel class, 149, 151–152, 156,
166, 168, 170–171, 180–182, 185,
197–201, 207

SniperState class, 155, 158–161, 207, 216,
278

sniperStateChanged(), 156–164, 278
SniperStateDisplayer class, 133, 147, 155,

167–168
sniperWinning(), 143, 162–163
sniperWinsAnAuctionByBiddingHigher(),

139
sniperWon(), 147, 164
Spring, 294
startBiddingFor(), 184
startBiddingIn(), 177
startBiddingWithStopPrice(), 206–207
startSellingItem(), 92, 176
startSniper(), 183–184
startsWith(), Hamcrest, 343–345
state machines, 279–282, 342
state transition diagrams, 212
States jMock class, 146, 198, 281–283
static analysis tools, 313
stop price, 80, 205–213
stress tests, 306–313

failing, 308–309, 313
on event processing order, 326
on passive objects, 311–312
running in different environments, 313

strings
checking if starts with a given prefix,

343–345
comparing, 14
vs. domain types, 213, 262, 269

StringStartsWithMatcher Hamcrest class,
345

stubs, 84, 243, 277, 339
success cases, 41
Swing

manipulating features in, 90
testing, 86–87
threads in, 123, 133, 180, 301

SwingThreadSniperListener interface, 168,
197, 199

Synchroniser jMock class, 307–308,
312–313

synchronizations, 301–314
errors in, 302
testing, 302, 306–310, 313
vs. assertions, 326
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system
application model of, 48
changing behavior of, 48, 55
concurrency architecture of, 301–302
maintainability of, 47
public drawings of, during development,

34
returning to initial state after a test, 323
simplifying, 112

system tests. See acceptance tests

T
tableChanged(), Swing, 157, 181
TableModel class, 149, 168–171
TableModelEvent class, 157, 180–181
TableModelListener class, 156–157
task runners, 303
TDD (Test-Driven Development), 1, 5, 229

cycle of, 6, 39–45, 271–272
for existing systems, 37
golden rule of, 6
kick-starting, 31–37
sustainable, 227–285

[TearDown] methods, 22
“Tell, Don’t Ask” principle, 17, 54, 245
template methods, 344
test data builders, 238, 258–259

calling within transactions, 300
combining, 261, 300
creating similar objects with, 259–260
lists of, 298–299
removing duplication with, 262–264
wrapping up in factory methods, 261

test runner, 23–24
JMock, 26
Parameterized, 24

“test smells,” 229, 235, 248
benefits of listening to, 244–246

@Test annotation, 22
TestDox convention, 249–250
Test-Driven Development. See TDD
tests

against fake services, 84, 88, 93
against real services, 32, 88, 93
asynchronous, 315–327
at the beginning of a project, 36, 41
brittleness of, 229, 255, 257, 273
cleaning up, 245, 248, 273
decoupling from tested objects, 278
dependencies in, 275
explicit constraints in, 280

failing, 267–273
flexibility of, 273–285
flickering, 317
focused, 273, 277, 279, 279
for late integration, 36
hierarchy of, 9–10
maintaining, 247, 273–274
naming, 44, 248–250, 252, 264, 268, 326
readability of, 247–257, 273, 280
repeatability of, 23
runaway, 322–323
running, 6
sampling, 316–317, 320–325
self-explanatory, 274–275
separate packages for, 114
size of, 45, 268
states of, 283
synchronizing, 301–314, 317

with background threads, 312–313
tightly coupled, 273
triggering detectable behavior, 325
writing, 6

backwards, 252
in a standard form, 251–252

See also acceptance tests, end-to-end tests,
integration tests, persistence tests,
unit tests

textFor(), 166
“the simplest thing that could possibly

work,” 41
then(), jMock, 281–282, 338, 342
third-party code, 69–72

abstractions over, 10
mocking, 69–71, 157, 237, 300
patching, 69
testing integration with, 186–188, 289
value types from, 71

Thor Automagic, 12
threads, 71, 301–315

scheduling, 313
three-point contact, 202
time boxes, 4
Timeout class, 318, 322
timeouts, 230, 312–313, 316–318
timestamps, 276
toString(), java.lang.Object, 154
tracer object, 270–271
“train wreck” code, 17, 50–51, 65
transaction management, 294
transactors, 292–293
translate(), 217
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translatorFor(), 220, 226, 253
TypeSafeMatcher<String> Hamcrest class,

344

U
unit tests, 4, 9

against static global objects, 234
and threads, 301–314
at the beginning of a project, 43
breaking dependencies in, 233
brittleness of, 245
difficult to code, 44
failing, 8
isolating from each other, 22, 117
length of, 245–246
limiting scope of, 57
naming, 114, 141
on behavior, not methods, 43
on collaborating objects, 18–20
on synchronization, 302, 306–310, 313
passing, 40
readability of, 245–246
simplifying, 62
speed of, 300, 312
structure of, 335–342
writing, 11

Unix, 66
User Experience community, 81, 212
user interface

configuring through, 242
dependencies on, 113
handling user requests, 186
support logging in, 233
working on parallel to development, 183,

212
UserRequestListener interface, 186–188,

208–209, 213

V
value types, 59–60, 141

from third-party code, 71
helper, 59
naming, 173
placeholder, 59, 209
public final fields in, 154
vs. values, 59
with generics, 136

valueIn(), 166–167
ValueMatcherProbe WindowLicker class, 187

values, 255–256
comparing, 22
expected, 127
immutable, 50, 59
mocking, 237–238
mutable, 50
obviously canned, 270
self-describing, 269, 285
side effects of, 51
vs. objects, 13–14, 51, 59

variables, 255–256
global, 50
naming, 209, 330

W
waitForAnotherAuctionEvent(), 216
waitUntil(), 326
walking skeleton, 32–37

for Auction Sniper, 79, 83–88
when(), jMock, 281–282, 338, 342
whenAuctionClosed(), 164–165
will(), jMock, 338, 341
WindowAdapter class, 134
WindowLicker library, 24, 86–87, 186–187,

254, 316
controlling Swing components in, 90–91
error messages in, 96

with(), jMock, 339–340
overloaded, 261

X
XmlMarshaller class, 284–285
XmlMarshallerTest class, 284
XMPP (eXtensible Messaging and Presence

Protocol), 76–77, 105, 203
messages in, 301
reliability of, 81
security of, 81

XMPP message brokers, 84, 86, 95
XMPPAuction class, 62, 131–132, 192–197,

203, 224
XMPPAuctionException, 224
XMPPAuctionHouse class, 62, 196–197, 203,

224
XMPPConnection class, 195–197
XMPPException, 130
XMPPFailureReporter class, 222–223, 226
XP (Extreme Programming), 1, 41, 331
XStream, 289
XTC (London Extreme Tuesday Club), 331
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