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Testing Your Software

10.0Introduction

Developer-level testing is critical to your devetognt lifecycle; it catches potential bugs
at the earliest moment. A large number of studiesw a rapid escalation in the cost of
fixing issues as time in a project progresses.clC#ie bugs early, save big amounts of
money. Catch the bugs late, lose big amounts afey@nd sleep as you try to rework
potentially significant amounts of your system.

Software testing in the not too distant past wastiwdandled in one of the following
ways:

developers used their debuggers to step throughppiécation (which took way too
much time and often wasn’t done at all')

they used the application’s GUI and stepped thraugh of functionality to confirm
that everything appeared to be working correctly

they relied on scripts or applications to testuker interface of the application.

These user-interface tests were often extremelglebiin that they were very tightly

coupled to the functionality driving the interfacelhat meant a small change in the
underlying code often drove large changes in theraation—thereby eliminating any

efficiency gained from the automation.

The concept of unit testing, where a separate piéasode exercises a small, specific
portion of the system under test, has been aroonddite some time, but for whatever
reasons unit testing wasn't widely practiced in plast. Fortunately, the concept of unit
testing has undergone a sea change in the lasieledaven mostly by an ever-growing
community of developers passionate about findirtteb&vays to create software.

Unit testing has becomiée central pillar for an entire genre of software elepment
methodologies: Agile development and its many affgh such as Scrum, XP (Extreme
Progrmming), and so on. One approach, interwonetihé other Agile methodologies,
has such a strong focus on testing that its nasiedas it: Test-Driven Development.
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Test-Driven Development (TDD) uses simple, conbtésts to exercise specific pieces of
the system being built. TDD has developers wtie testsbefore they actually write
their code, enforcing a mindset of implementingyaough code to get the test passing.

Consider a payroll method. The method takes agténgn hourly rate and the number of
hours worked and returns the wages based on thpsiési A test for this would invoke
the method with specific values for the rate andriavorked, and would only pass if the
proper wages value was returned. This test cahdagght of as a specification for how
the method should work. Any code being written nmmastet that specification. Whatever
causes the test to pass must therefore meet theareent for the task being worked on.

The developer first writes the test described abthen writes just enough code to make
the test pass. No extra fluff is added, no attertpthink ahead to what might be needed
later—only enough code to make the test pass. Kedeps the developer tightly focused
on creating simple, clear, maintainable code, anaiéll-described by one of the Agile
tenets: YAGNI (You Ain't Gonna Need It). YAGNI ematically insists on avoiding
spending time and effort writing things above aergidnd what you need right now.

Continuing along this line, developers write mongalf tests, and more small bits of code
to make the system pass those tests. Large sfitiests evolve through this process,
ensuring that the system being built has very hégh coverage. Furthermore, this bank
of tests serves as a terrific resource for regoast@sting: make a change to the system
and re-run the suite of tests. You know you'vecsssfully changed the system if all
tests pass. If not, then you'll know exactly whgoe need to focus your attention.

This approach has also fundamentally changed hoeladigers and architects design
systems. Another tenet of Agile is to avoid Big Bimnt Design (BUFD), which tries to
predict an entire system'’s behavior down to a ttdevel. Much effort gets expended
on BUFD, only to find that initial assumptions abaystem behavior were incorrect
when developers actually start implementing thatgte

Contrast that with the Agile movement's use of TDa design role: Test-Driven
Design Architects and lead developers sketch out higbhlleneeds of a system’s
architecture and overall design, but don’t spenchtim® working that design down to a
highly granular level. Instead, they have theamis begin writing tests to gain a better
understanding of how the systeaally works, not how it isssumedo work.

This doeshot absolve you out of all design responsibilitiesy ytill need a sensible, clear
approach to your project. However, you evolve ydesign as you build your system
based on the feedback you get from the tests yda.wr

Test-Driven Development and the various Agile mdtiogies are
well-documented in a large number of first-rate kso Kent Beck’s
Test-Driven Development by Examjdeconsidered the seminal work
on the topic, but approaches the topic from the J&ndpoint. James
Newkirk's iSTanother great
work if you're in that environment. BeckBxtreme Programmintays
out the case for adopting XP.

This sea change of using unit tests for developrhastrequired a similar sea change in
the tools developers use to work with unit tests. the past, developers often had to
create their own unit test frameworks handling gtheng from comparing numerous
types to creating test reports. More tools neddduk created to run those tests, and the
need for different types of tests was constantlgwgng. All this took significant
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amounts of time to create and maintain, and thiskweas usually duplicated by a huge
number of development teams around the world.

The same community that’s driven the changes in ievelopers use unit tests has taken
the lead in creating an enormous number of toolsetp you better integrate testing into

your development lifecycle. They have created dewiange of test frameworks to

execute tests; they've produced tools to help ashsev much of our software is actually

checked by our unit tests; they’'ve developed exieionls to execute tests in any number
of environments; and they’'ve come up with innovativays to automate how we’re able

to run our tests.

That last point is a critical one: the ability tatamatically execute tests means that we're
able to have a standardized, repeatable, structorecess for checking the software
we're writing. This means we're not relying onthe, manual processes for testing;
we're able to rely on tools to bang away at outvgafe and check the same things again
and again as we continue our development.

Furthermore, these same testing tools let us cetatelardized processes and approaches
that we can duplicate from project to project. Wde take the test environment from one
project and implement it on the next project wittmaimum of fuss and rework. This
gives us a familiar environment for future projeasad lets us get working on them in
very short order. We're boosting our productivitydawe’re increasing our software’s
quality.

The tools we're covering in this chapter have beelected to help you at every point of
the development cycle where you need to addreiageswWe’ll show you tools which
help you write tests faster in Visual Studio (NUGitde Snippets), let you write your unit
tests (NUnit and MbUnit), and run tests more effitly and with more flexibility
(TestDriven.NET and Zanebug).

We're also covering a number of other tools we khypu'll find indispensable in your
test-related tasks.

The Tools

For writing unit tests of your software
NUnit

NUnit is the seasoned veteran of unit-test framé&ean the .NET world. It has a
great number of built-in comparisons, and it's lasirapped into automated build
and continuous integration processes. NUnit hlagge following, so you're nearly
certain to find blog posts or online articles poigtout solutions to problems you
may run into.

For speeding up writing of NUnit tests in Visual Sudio
NUnit Code Snippets

Uses Visual Studio’s support for code snippets laetalyou write substantial blocks
of test-fixture code with just a few keystrokes.

For testing with tables or rows of data, or handilyrolling back database tests
MbUnit
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Uses table- and row-based tests, thereby enabtingo/ pump multiple sets of data
through one test method. This saves you a lot fafrtefvriting and maintaining
multiple tests where only the input data chang&ko provides built-in support for
database transactions—the framework handles roblimck any database changes
you've made during the testing. Has many otheranded features and it's highly
extensible.

For exercising more control over your unit tests ad getting more information from
them

Zanebug

Enables you to easily run multiple passes of tasts quickly select individual tests
or fixtures to run. You're also able to use WindoWwerformance Counters to
monitor system performance while you're executingrytests.

For enabling testing collaboration of customers, deslopers, and testers
Fitnesse

Brings your customers into your testing process hHaving them write test
specifications. Customers use a Wiki to defingéstegth actions, input values, and
expected results. Developers write fixtures tolenment those tests and tie them to
the actual system being built. Testers overseeptioeess to ensure nothing’s
missed. Everything’s clear because everyone’shvegbthrough the entire process.

For analyzing how much of your software’s source ae is exercised by your unit
tests

NCover

Monitors your unit-test execution and detects whaehts of your assemblies and
source code have been tested. XML report filesgarerated and styled with XSL
stylesheets. Ties nicely into Continuous IntegrafiSee Chapter 12] processes.

For manually browsing through coverage reports
NCoverExplorer

Gives you a clear GUI interface that combines cagerresults with the ability to
dive down to specific portions of source code—whate highlighted to show
coverage status.

For running and debugging unit tests within VisualStudio
TestDriven.NET

Lets you execute and debug your NUnit and MbUrststeight inside Visual Studio.

Reports get written to the output window, and inUiit's case opened as an HTML
report in a separate editor window. You can alsakenuse of NCover's

functionality to get code coverage reports fromhwitVisual Studio.

For simulating resources you might not have access, or which may be slow to use
NMock2

Enables you to simulate things like databases dr sevices that you might not
have access to, or that may be too slow for effedgsting. Lets you decouple from
these resources and continue development on odinesr gf your system.
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For working with strongly typed mock objects, or fa mocking classes other than
interfaces

Rhino.Mocks

Enables you to mock non-interface classes, plgssifongly typed so you’'ll catch
errors during compile time instead of at runtimiehino’s syntax for working with
mock objects is different than NMock2’s and may makore sense to some
developers.

For testing Windows Forms GUIs
NUnitForms

Enables you to drive actions in your Windows Foapplications. NUnitForms lets
you test things like field validation or the behaviof controls on your forms.
Couple this tool with NUnit or MbUnit and you've ga powerful set of test tools.

For creating timing and performance benchmark tests
NTime

Gives you the ability to create benchmarks or tiipvtests on specific portions of
your system. You can set timing and performancestiolds, and you can access
Windows Performance counters for use as thresholds.

For automating testing of your web-based applicatins
Selenium
Watir

Both tools let you automate testing of web-basegdliegtions by actually driving a
browser through the application’s pages. WatirudyRrbased and has deeper support
for Internet Explorer. Selenium supports a widegeaof browsers, so it's perfect for
testing browser compatibility issues on your sites.

10.1Unit-Testing Your Code with NUnit

Creating unit tests for your code is an excelleay wo help improve its quality. Unit tests
also aid in the design of usable classes and ARig.tests provide a set of easy-to-run
automatic checks on your code that help keep ikinmgras you make changes. NUnit,
written by Charlie Poole, Mike Two, James Newkiakd Alexei Vorontsov, is an open
source tool that allows you to write and run uegts. NUnit provides an API for creating
test classes in any .NET language, and both a asa GUI runner for running your
tests.

Table 10-1. NUnit at a Glance

Tool NUnit

Version Covered 2.2

Homepage www.nunit.org

Power Tools Page http://www.windevpowertools.comi&27
Summary A tool for writing and running unit tests|i
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.NET code.

License Type Zlib/libpng

Online Resources Mailing lists, online forums, &dible
wealth of blog posts, articles, and books.

Supported Frameworks .NET 1.0, 1.1, and 2.0

Related Tools in This Book MBUnit, TestDriven.NE[T,
CruiseControl.NET, NMock2
Rhino.Mocks

Getting Started

NUnit includes a Windows installer that can be dmaded fromwww.nunit.org After
running the installer, create a new class librargjert in Visual Studio and add a
reference towunit.framework.dll to the project. The NUnit dlls are added to the G&C
install, but can also be found ix\Program Files\NUnit 2.2\birif you installed to the
default location.

Using NUnit

NUnit uses attributes to find and run your testle Tirst thing you need to do is tell
NUnit that a particular class holds test methodstTlass is called a test fixture; you use
the [TestFixture] attribute to identify it to NUnit[TestFixture] classes have
to be public classes. Simply create a new classydar project and add the
[TextFixture] attribute to it.

Now that you have a test fixture you have to addsteA test method in NUnit is a
public void method that takes no arguments and hd@st] attribute on it. Add a
class with thdTestFixture] attribute on it and a method with tfieest]  attribute
on it and you have a simple test class. It shauddt something like this:

using NUnit.Framework;

[TestFixture]
public class StringUtilitiesTests

{
[Test]
public void ReverseASimpleString()
{
}

}

Of course, an empty test method is not that intiexg@sYou are writing tests to verify that
your code works the way you expect. The way youthdd in NUnit is by asserting
something. In NUnit you can use the methods onAhksert class to check if two
things are equal, if an object is null, or justeasthat something is true.

In this case the test is going to check if a metbodectly reverses the characters in a

string. The test method namBgverseASimpleString() , gives you an idea of
what is being tested. It is a good practice toendiéscriptive method names for tests.
[Test]

public void ReverseASimpleString()
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string actual = StringUtilities.Reverse("backwa rds");
Assert. AreEqual("sdrawkcab", actual);
}
Notice that the first argument passedAtssert.AreEqual() is the expected value

and the second one is the actual value. NUnit tisasinformation when displaying
information about assertions that failed. Now tthegre is a test that does something it
can be run.

To run the test you can launch the NUnit GUI arickdFile->® Open, then browse to the
dll that contains the test. The Ul should loolelkigure 10-1.

I TestingWithNUnit.dll - NUnit — O] x|
File ‘“iew Project Tools Help
Bun Stop: C:%PawerT oolshTestingwithNUnith T estingba/ithk U nit. dll
StringUtilitiesTests
D ReverseASimpleString |
Enars and Failures I Tests Mot Run | Console.Enor | Console. Out
|
>
4 I »
=i
4 | |
Dlearall | Check Faied _'Ll
K| 3
Feloaded Test Cases: 1 ‘ | ‘ 4
7

Figure 10-1. The NUnit GUI.

The left side of the NUnit GUI shows a tree ofd@llyour tests. There will be a node for
each assembly, namespace, test fixture, and tésting the Run button runs the test and
displays the results, as shown in Figure 10-2.

8 TestingwithNUnit.dil - NUnit (=]}
File ¥iew Project Tools Help

Tests ICategories'
=- D. C\PowerTools\TestingWithMUnitiTesting'w
B- D. StringUtilitiesTests
- O® ReverseaSimpleString

-
4 I L3
=
4 | |
Clear All | Check Failed st
L 3
Completed Test Cases: 1 Tests Run: 1 Failures : 0 Time : 0.015625 4
7

Figure 10-2. A Successful Test
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The progress bar under the Run button is greentltandhodes in the test tree are also
green. That means all of the tests passed. Yowsearin the tree view on the left that
NUnit promotes the status to higher nodes in tke.tif all tests succeed, as in Figure 10-
2, NUnit propagates the success status, and tten gnelicator, up the tree. If any test
fails, the test fixture node and any nodes higlpetuun red.

The following tests check a method that counts hkenber of times the specified
character appears in the input string.

[Test]
public void CountCharactersinAString()

{

int count = StringUtilities.CountCharacters("Mi ssissippi”, 's);
Assert. AreEqual(3, count);

}

The test fails because ‘s’ is in Mississippi fomneds. Figure 10-3 shows what the NUnit
GUI looks like when both tests are run.

Figure 10-3. A Failed Test

The progress bar and the node for the failed teshaw red. Details on why the test case
failed are shown on the right side of the scree junder the progress bar. In this case
the test expected 3 characters but the actualtneasl4.

Testing assertions

NUnit has several built-in assertions. The most mom is theAssert.AreEqual()

method. It has several overloads but mostly takede t form
Assert.AreEqual(object  expected, object  actual); or
Assert.AreEqual(object expected, object actual, str ing

message); The message parameter is some useful text that is displayedhéf
assertion fails. This, along with a well-named ,testn provide critical context to a
failure, particularly when you're running a largember of tests.

We can show this using our previous test example:

[Test]
public void CountCharactersinAString()
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{
int count = StringUtilities.CountCharacters("Mi ssissippi”, 's);
Assert. AreEqual(3, count, “CountCharacters retu rmed bad value”);

}

Now you'll see “CountCharacters returned bad valnethe NUnit GUI's message pane
when the test fails, helping you to more quicklylerstand exactly where the failure was.

Another important overload allows you to tell NUhibw many decimal places to use
when comparing doubles. Checking if two doubleseqeal can be tricky. Frequently
they are equal ten places out and then they arbyotfne. In most cases you only care
about the value for a few places, so NUnit providesert. AreEqual(double

expected, double actual, double precision); . NUnit subtracts
actual from expected and throws anAssertionException if the absolute
value is greater than precision.

There are also the basic assertidissert.IsTrue() and Assert.IsFalse()

that both take a Boolean and optionally a messa8amilarly there are
Assert.IsNotNull() and Assert.IsNull() . Most basic of all is the
Assert.Fail(string message) method. It does not check anything, it just
throws anAssertionException . Assert.Fail() is frequently used in @atch

block inside a test to provide a nicer message tihamxception.

A less often used but still important assertiotthis Assert.AreSame() method. It
checks that two objects are truly the same by uSibgct.ReferenceEquals()
The assertion only passes if the two objects aedesence to the same instance.

NUnit's 2.4 release (in beta as of this writing) feo§ a
CollectionAssert class for comparing many aspects of
collections and their contents. See the documentatat
www.nunit.orgfor more information.

Testing for thrown exceptions

There are times when you want to test if a methoows an exception. If you have code
that is intentionally throwing exceptions, for exam an
InvalidArgumentException , you should write tests that check if those exoegt
are thrown. There are two ways to write this kifdest. The first will be familiar to
anyone who wrote this test in JUnit, a predecessdtUnit for the Java language. If you
have a method to count the number of occurrences®ftring in another, you probably
want to check that neither string is null, and tih@n exception if either of them is. You
can write a test like this

/IOne way to test for Exceptions — but not the best way
[Test]
public void CountSubstringsThrowsAnExceptionlfArgum entlsNull()
{
fry
int count = StringUtilities.CountSubstrings ("Mississippi", null);

Assert.Fail("No exception was thrown");

catch (ArgumentNullException ex)

string message = "Value cannot be null.\\n Parameter name: substring";
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Assert. AreEqual(message, ex.Message);

}
}

Notice the Assert.Fail() inside thetry block. That line will not be hit if the
exception is thrown. Since you expect an excepitois, a failure if you reach that line.
Also notice that the message of the exception élodd in thecatch block. That is a
lot of lines of code to check something simple.

NUnit provides ar[ExpectedException] attribute to simplify writing this kind of
test. The attribute tells NUnit the type of exceptand the message that is expected. The
previous test can be simplified to:

/[The best way to test for expected exceptions
[Test]
[ExpectedException(typeof(ArgumentNullException),
"Value cannot be null\nnParameter name: substr ing")]
public void CountSubstringsThrowsAnExceptionlfArgum entlsNull()
{
int count = StringUtilities. CountSubstrings("Mi ssissippi", null);
}

This makes your intention a lot clearer. The tessfif:

no exception is thrown
an exception is thrown, but not AngumentNullException
anArgumentNullException is thrown, but it has a different message.

Initializing and cleaning up objects for testing

In the real world the objects you want to testfeequently complex, and there is usually
work to do to get the objects in the right statéole your test. There are times you will
also want to clean things up after each test. Nprovides attributes for both of these
cases. ThéSetUp] attribute can be applied to a method to indich#t it should be
called before each test. Similarly theearDown] attribute identifies a method that
should be called after each test. ThearDown] method will get called even if your
test fails. BotiSetUp] and[TearDown] methods have to heublic void with

no arguments.

Tests that deal with files or database connectamesgood examples of tests that can
benefit from setup and tear-down methods. The Wotlg example is a test fixture that
tests a class for counting lines in a text fileeTBetUp] method creates the file and
the[TearDown] method deletes it.

[TestFixture]
public class FileUtilitiesTests

{

private const string fleName = "test.txt";

[SetUp]
public void CreateFile()

{

using (StreamWriter writer = new StreamWrit er(fleName))

writer.WriteLine("line 1");
writer.WriteLine('line 2");

10
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}
}

[Test]

public void CountLines()

int lineCount = FileUtilities.CountLines(fi leName);
Assert.AreEqual(2, lineCount);

[TearDown]
public void DeleteFile()

Filelnfo info = new FileInfo(fleName);
info.Delete();

}

}

You may have some setup code that should be called before any tests run, rather
than once for each test. You might have similaamiap or tear-down code. NUnit
provides attributes for that as well. ThdTestFixtureSetUp] and
[TestFixtureTearDown] attributes indicate methods that should be ruty omice
per fixture. If a lot of tests are added to thevjres example, it might seem a little
wasteful to create and delete the file for each tésone of the tests modify the file

[SetUp] and[TearDown] can be safely changed [destFixtureSetUp] and
[TestFixtureTearDown] respectively. If you add a test for a method ttaints
the number of letters in the file and change thébates you end up with

[TestFixture]

public class FileUtilitiesTests

{

private const string fileName = "test.txt";

[TestFixtureSetUp]
public void CreateFile()

using (StreamWriter writer = new StreamWrit er(fleName))

writer.WriteLine("line 1");
writer. WriteLine("line 2");
}
}

[Test]

public void CountLines()

{
int lineCount = FileUtilities.CountLines(fi leName);
Assert. AreEqual(2, lineCount);

}

[Test]
public void CountLetters()

{
int letterCount = FileUtilities.CountLetter s(fleName);
Assert.AreEqual(8, letterCount);

11
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[TestFixtureTearDown)]
public void DeleteFile()

Filelnfo info = new FileInfo(fleName);
info.Delete();

}
}

NUnit will always run the[TestFixtureSetUp] method once before any test has
run, the[SetUp] method before each test, tfi;earDown] method after each test
and the [TestFixtureTearDown] once after  the last  test.
[TestFixtureSetUp] and[TestFixtureTearDown] will get run even if only
one test in the fixture was selected.

Disabling and tracking problem tests

There are times that a test is causing a problatmtiay take too long to fix right now, or
you have a test that is not quite ready for prirmet You can comment out the code for
the test, or just delete it entirely, but you miglbt remember to come back and fix the
problem.

NUnit has an attribute callgthnore]  that can be placed at the class or method level.
It tells NUnit to not run the test but still shotwoin the screen. NUnit shows ignored tests
as yellow. Thelgnore]  attribute takes a string as an argument to itstcoctor that
indicates the reason the test is being ignoreds Kéeps reminding you that the test is out
there waiting to be fixed. If you want to ignore fReverseASimpleString() test,

the changed code looks like this:

[Test]
[lgnore("Come back to this soon")]
public void ReverseASimpleString()

{
string actual = StringUtilities.Reverse("backwa rds");

Assert. AreEqual("sdrawkcab", actual);

When the test is run through the NUnit GUI, it sisouwp as yellow in the test tree. The
progress bar is also yellow, as seen in Figure.2¥sd do not get a green bar if you have
ignored tests. You only get a green bar if all ofiytests are run and they all pass.

12
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Figure 10-4. An Ignored Test

Using hierarchies of test classes to organize yoteasts

NUnit finds test fixtures and test methods by legkfor certain attributes on a class or
method. When you use the .NET framework to look dtiributes, you can choose to
search the inheritance hierarchy of classes. Ndb®t this, so you can use inheritance in
building your test fixtures. One common reasondoing so is to build an abstract test
class to test an interface, then create concrstdixéures for each implementation of the
interface. For instance, if you write &et interface with multiple implementations you
can write your tests again§iet in an abstract class with an abstif&sttUp] method.

[TestFixture]
public abstract class SetTests

{

protected ISet set;

[SetUp]
public abstract void CreateSet();

[Test]
public void SetWithNothingInltHasACountOfZero()

Assert.AreEqual(0, set.Count);

[Test]
public void SetDoesNotAllowDuplicates()
{

set. Add("one");

set.Add("one");

Assert. AreEqual(1, set.Count);

}

You can then add a concrete test class for eacleingmtation that implements the
CreateSet() method. For example, if you write an implementataf [ISet  that is
backed by alashtable you can write a test for it like this:

13
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public class HashSetTests : SetTests

public override void CreateSet()

{

set = new HashSet();

}
}

You don’t even need to specify any tests in HeshSetTests class; everything’s
implemented in the base claSstTests ! Figure 10-5 shows what the tests look like in
NUnit’s test runner.

You might notice that théTestFixture] attribute is on the base class and not the
derived class. It does not matter where it godsrg as it ends up somewhere. You can
even put it in both places.

Figure 10-5. NUnit's runner showing tests inheritegHashSetTests

Making the[SetUp] methodvirtual instead ofabstract  will also work. You
might do this if you have commd®etUp] code you want to run before any test that
derives from your base test class but you neealilgy to add[SetUp] code that is
specific to the derived class. In that case overtite[SetUp] method in the derived
class and call the base method from your derivasiscl

Running Tests from More Than One Assembly

Large software projects can end up with a lot oftgespread out across multiple
assemblies. NUnit allows you to load and run tésisn more than one assembly. An
NUnit project is a collection of assemblies. Yoeate a new NUnit project by clicking
File® New Project in the NUnit GUI, giving your projectnr@me, and saving it. NUnit
project files end with the .nunit extension. Asséeth are added to the project by
clicking the Projed® Add Assembly menu item and browsing to the assemblywant

to add. TheStringUtilitiesTests class and thé&ileUtilitiesTests class
are in two different assemblies, but can be addetié same project, as shown in Figure
10-6.

14
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Figure 10-6. An NUnit Project

Testing Code That Requires Config Files

It is common to test classes that read configunatiata from xml configuration files.
Normally you put the configuration information in app.configfile or aweb.confidfile.

In a normal application namediyapp.exg the app.config file gets renamed to
myapp.exe.confiwhen you compile in Visual Studio. NUnit can rehd same file, so
none of your classes that depend on the configurétiformation will have to change. In
other words, you can use your regular applicationfiguration file to hold connection
strings and read that same configuration data yatlr NUnit tests.

A similar pattern is used to find the configuratiie for your tests. If your test assembly
is calledmytests.d|INUnit looks for a file callednytests.dll.confign the same directory
as mytests.dll In Visual Studio 2003 you had to use a post-bsielp or some other
process to copy the configuration file to the sataee as the assembly. In Visual Studio
2005 you can now adépp.configfiles to class-library projects, and they will get
correctly renamed and copied.

You need to follow a similar convention if you atening tests from multiple assemblies
in a NUnit project. If you load a project calledytests.nunitNUnit looks for a
configuration file namedytests.nunit.config

Grouping Tests by Custom Criteria

NUnit will naturally group tests by class, namespatd assembly, but sometimes you
want more control over the grouping. Perhaps yontwa run all of your tests that test

serialization. It might be impractical to put afl those tests in one class. You could put
them in the same namespace but that too might Issae.

NUnit's [Category] attribute can help. You can put tfi@ategory]  attribute on a
class or a method. TH€ategory]  attribute takes a string in its constructor. Bthith
NUnit GUI and the NUnit console runner allow youdmoose one or more categories to
run. This allows you to group tests across classamespaces and even assemblies.
Categories can be added to tB&ingUtilities tests from the first section to
indicate that some of the tests are counting téfSthere were tests that counted things
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spread throughout the code they could all be foamdl run at once. Here are the tests
with [Category]  attributes added:

[TestFixture]
public class StringUtilitiesTests

{
[Test]
public void ReverseASimpleString()

string actual = StringUtilities.Reverse("ba ckwards");
Assert. AreEqual(“sdrawkcab", actual);

}

[Test]

[Category(“"Counting Tests")]

public void CountCharactersIinAString()

{
int count = StringUtilities.CountCharacters ("Mississippi", 's);
Assert.AreEqual(4, count);

[Test]
[Category("Counting Tests")]
[ExpectedException(typeof(ArgumentNullException )
"Value cannot be null.\\nParameter name: su bstring")]
public void CountSubstringsThrowsAnExceptionIfA rgumentIsNull()
{
int count = StringUtilities.CountSubstrings ("Mississippi", null);
}
}

In the NUnit GUI you can click on the Categorieb @bove the test tree to see the
categories and select which ones to run.

Figure 10-7. The Category Picker

In Figure 10-7 you can see the Counting Tests oayen the Available Categories
section. To move it to the Selected Categories@mecfou can select it and click the Add
button. Only those categories in the Selected ©@aiteg section will be run when the Run
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button is clicked. You also have the option of kiligy the Exclude These Categories
checkbox and then everything but those categorniédevrun.

The test tree will also indicate which tests aleced through categories. If you add the
Counting Tests category to Selected Categories) fwdtch back to the test tree by
clicking the Tests tab, you can see in Figure 1B tests that will not be run are
highlighted.

Figure 10-8. The Test Tree With Categories

If you click Run, only the two tests marked witfCategory(“Counting
Tests”)]  will be run, as you can see in Figure 10-9.

Figure 10-9. Running With Categories

Another way to group tests is to use the checkboresto the test nodes in the test tree.
You can check an arbitrary group of nodes. Whenryouwyour test, only those nodes and
their children will run.
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In the NUnit project shown earlier in Figure 10-8uppose you check the
FileUtilitiesTests and the ReverseASimpleString test from
StringUtilitiesTests . When you click the Run button, only those tesesran.
The results are shown in Figure 10-10.

Figure 10-10. Selecting Tests With Checkboxes

The Clear All button on the bottom right clearsdflithe check boxes. The Check Failed
button next to it checks the check boxes of anlgdaiests and clears all the other check
boxes. This can come in handy when you want tanesnly the failed tests.

Extending NUnit with Your Own Asserts

The assertion portion of the NUnit framework is hing magical. It really boils
everything down to a Boolean check and throwsAasertionException if the
check fails. It is pretty easy to add your own efse methods. You just cannot put the
methods on thé\ssert class without changing NUnit's code. But it doed matter.
NUnit will react to anyAssertionException the same way regardless of where it
came from.

If you are using NUnit prior to the 2.4 beta reksagu can create your own assertion to
check if two lists are equal like this

public class ListAssert

{
public static void AreEqual(IList expected, ILi st actual)

{

if (expected == null)
Assert.IsNull(actual);
}

else

Assert.IsNotNull(actual);

Assert.AreEqual(expected.Count, actual.Coun t, "List counts do not match");
for (intindex = 0; index < actual.Count; i ndex++)
{
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Assert. AreEqual(expected[index], actual [index],
"Elements at index {0} are not equa I, index);
}
}
}
NUnit's latest beta (2.4) includes ti@ollectionAssert class for

comparing collections.

The method is not on thiessert class that comes with NUnit but it will still beleas
if it were.

Running Tests from the Command Line

All of the examples have shown the NUnit GUI but MifLalso comes with a command-
line runner calledhunit-console.exeThis executable lets you run tests from the comina
line, and also enables build tools like NAnt or M&B to wrap your unit tests. It is

found in the same directory as thenit-GUl.exerunner. The command line takes the

format nunit-console testdll | testproject [options] . The nunit-
console can run dlls or NUnit project files. Yownaaso include or exclude categories by
using the /include="category” or /exclude="category” options

respectively.

Figure 10-11. The Console Runner

Figure 10-11 shows the output of running the Nipniject from earlier with one ignored
test. The console runner prints out a ‘.’ for eta&dt it finds, even ignored ones. Ignored
tests print out an ‘N’ for ‘Not Run’ and failed tegprint out an ‘F'.

Running tests in NAnt

NAnt also includes support for running NUnit tegiisough the<nunit2> task. The
<nunit2> task supports all of NUnit's features. Thaunit2> task contains a
<test> element that lists the assemblies you want to st task also supports a
plain text or xml formatting of output. Test outman also be written to a file.

<target name="test">
<nunit2>
<formatter type="Plain" />
<test>
<assemblies>
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<include name="TestingWithNUnit\TestingWith NUnit.dll'/>
<include name="FileTests\FileTests.dll'/>
<lassemblies>
<categories>
<include name="Counting Tests"/>
</categories>
<ftest>
</nunit2>
<ftarget>

The<test> element also supports<aategories>  child element that allows you to
include or exclude categories.

A task to run NUnit tests in MSBuild is availablet a
http://msbuildtasks.tigris.org/ MSBuild is Microsoft's new build
platform released as part of the .NET Frameworkioer2.0.

Wrapping into your continuous integration process

NUnit also fits right into the continuous integmatitool CruiseControl.NET. Wrapping

your tests into CruiseControl.NET ensures that ytests get run each time you run your
Continuous Integration (CI) process. This keeps thanges you're making to the
system from breaking something someone else is ingribn. See the article on

[CruseControl.NET] for more information on CI.

After a Cl build CruiseControl.NET will pickup theutput of the<nunit2> task if you
use the<formatter type="Xml"/> tag.

See Also

[MbUnit]
[Fitnesse.NET]
[CruiseControl.NET]
[NANt]

Getting Support

NUnit has an active user community that can bedaamthe nunit-developer mailing list
on SourceForge. You can subscribe or search thenivasc by going to
http://sourceforge.net/projects/nurand clicking on the Mail link. NUnit's home site,
http://nunit.org contains the documentation and news about thstlatlease. NUnit is a
stable application and is actively worked on. NUmais feature plans for several more
releases. Future planned features include bettemsibility support and support for
newer .NET language features.

NUnit in a Nutshell

NUnit is a widely used and actively supported timolunit-testing .NET code. It provides

an API consisting of a set of attributes and agserhethods so you can write tests and
check your code. NUnit allows developers to wrist$ using the .NET language that
they know best. NUnit strives to keep the simpl@gh simple and the complex things
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accessible by keeping its API as simple as possithde still providing flexibility to
developers coding unit tests.

—Mike Two
Developer for NUnit

10.2Speeding Your Test Development with
NUnit Code Snippets

OK, so we all agree unit tests are a great thivMg all agree that writing repetitive text is
boring and unproductive. It's silly to continuallyrite short pieces of code like the
skeleton below for a test-fixture class when tleat ts the same pattern for every fixture
you create.

[TestFixture]
public class NUnitTestFixture

[Setup]
Public void Setup()

{
}

}

Snippet creation in Visual Studio 2005 is rathessfrating and much more complicated
than it should be. You're forced to deal with rfML or work with a tool like Snippy to
more or less kludge something together.

Fear not, Scott Bellware, a longtime .NET develoged MVP, has come to the rescue
with NUnit Code Snippets for Visual Studio 2005is Hbrary of snippets easily installs

into Visual Studio 2005’s snippet library and giwesi the ability to generate significant
portions of your NUnit code with just a few simpdeystrokes.

Table 10-2. NUnit Code Snippets for Visual Studio®at a Glance

Tool NUnit Code Snippets for Visual Studio 2005

Version Covered None given.

Homepage http://codebetter.com/blogs/scott.bellware/arct#i086/02/28/139448
.aspx

Power Tools| http://www.windevpowertools.com/tools/28

Page

Summary Save significant time by using a few kejsts to generate
annoyingly repetitive, commonplace NUnit code.

License Type Freeware

Online Terrific  directions on how to use the snippets |at

Resources http://codebetter.com/blogs/scott.bellware/arct#i086/02/28/139448
.aspx

Supported NUnit 2.x

Frameworks
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Related Tools in NUnit
This Book

Getting Started

Code snippets are a feature new to Visual Studi@62680 you won't be able to take
advantage of this tool if you're still working inidtial Studio 2003.

You don't need to do anything other than to grab .trsi at the tool's homepage, fire up
the.vsi file and answer a few questions about where yout Wee snippets stored. The
installer drops all necessary files where they needjo and gets all the details of
registering snippets done for you.

Using NUnit Code Snippets for Visual Studio 2005

Once the snippets are installed you're ready tesbgour test code writing productivity.

Let's say you've just created a new class for usa #est fixture. Place your cursor on
the line after theusing System; definition and typeunuf followed by a TAB.
Those five keystrokes will expand tsing NUnit.Framework; . Making use of
thetfp , su, andtc shortcuts will let you set the test fixture’s Wigity to public, create

a fixture Setup method, and create a test casm, thié space of ten keystrokes.

Even better, Bellware has smartly set up his sigpe your cursor ends up at a logical
spot after the template expands. You don't needirtee your cursor around after
creating a Setup method because the template wdltipn your cursor on an empty,
properly indented line between the opening andimdpbraces. Bellware makes smart
use of template literals in the collection, furtidecreasing the pain of repetitive writing.

Literals are values in the template which you replavith your own
choices. Examples include variables, method naaresparameters.

Bellware’s library of snippets includes templatesthe most frequent NUnit tasks:

AssertsAreEqual() , AreSame() , IsTrue() ,IsFalse() ,IsNull() ,
IsNotNull() , and others

Setup and TearDown methods
Test Case (creates a method decorated witfirgst]  attribute)
TestFixtureSetup and TestFixtureTeardown

Other snippets are included also.

Every snippet is well-documented at the projectmb page. Bellware’s documentation
offers several useful features:

it shows before and after code

it calls out the snippet shortcut

it highlights exactly which portions of the temm@atare literals

it shows you where the cursor will be positione@rathe snippet is expanded.
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Figure 10-12. Documentation showing details of ggat’s
implementation

Getting Support

Documentation is available at the project's homegepaut there is no other support
available (of course there isn’'t much that can gong here).

Nunit Code Snippets in a Nutshell

Code snippets may not seem earth-shattering to lyatusuch productivity gains really
add up over time, and you'll find yourself amazecdaw irritating the lack of snippets
are should you ever have to work on a system wittiem.

10.3Writing Advanced Unit Tests with
MbUnit

Most .NET developers are (or should be!) familiathviNUnit or the Team Systems unit-
test frameworks. Both these frameworks give depeie powerful tools to create, run,
and manage unit-testing for their software. HoweWUnit has no support for row-

driven testing. And neither framework supports edtically generating large amounts
of input data when you need to test multiple valuemultiple parameters against each
other. Database testing under NUnit or Team Sysfeessing is difficult since you have

to manage transactions and rollbacks on your own.

Row-driventesting lets you define a table of input data amgdected
return values. The testing framework has infrastme in place to read
the data and pass it one row at a time through tgsirmethods.

MbUnit shines in these areas, plus it's got marheotunique features which can ease
testing pains for developers. In addition to feedumentioned above, MbUnit also gives
you the ability to run test asserts against arragibze reflection in your tests, and even
read in data from XML files.

Table 10-3. MbUnit at a Glance

Tool MbUnit
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Version Covered 2.3

Homepage www.MbUnit.org

Power Tools Page http://www.windevpowertools.comi&29

Summary Extensible unit-test framework with impresssupport for

data-driven, combinatorial, and other testing typésany
unique features to distinguish it from other teatfeworks.

License Type Custom, derived from zlib/libpng (saaseNUnit)
Online Resources Online Wiki, IRC channel, verynactnailing lists
Supported Frameworks .NET 1.0, 1.1, and 2.0

Related Tools in This NUnit, TestDriven.NET

Book

Getting Started

MbUnit is downloaded as a simple executable from Brownloads link at the tool’s
homepage. Run that file and MbUnit will put itsaRrework, support files, and GUI test
runner by default ifoSYSTEMDRIVE%\Program Files\MbUnit

Using MbUnit

MbUnit has several unique test features that djsish it from other frameworks. These
features include row-based data-driven testing pamwise (or combinatorial) tests.
Additionally, MbUnit's DataFixture  lets you read data from an XML file and easily
pass it to tests. TheypeFixture  enables you to quickly write tests against a gpe
pass any number of instances through that test—yhémdtesting interfaces against
several implementing classes.

See the article on NUnit for a description of h@sttframeworks make
use of test-fixture classes and test attributestirol test execution.

Performing data-driven testing

Border, or boundary, testing has developers thrata éit specific points in software.
Your goal is to use test data that exercises thiddos of any decision points in your
code. This can quickly create a lot of test dathues you'll need to run through your
unit tests.

Example 10-1 below is a method that computes wéayesourly and salaried employees
while also calculating overtime figures. A helpeethod determines if the number of
hours worked are valid. We need to deal with sdthiags in this method:

Employees can't work less than 0 hours or more 8tan

Hourly employees get time and a half for hours aMer

Salaried employees get normal wages for hours 40er
The method takes demployee object as a parameter:

public interface IEmployee

{
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string FName { get; set; }
string LName { get; set; }
double HourlyRate { get; set; }
string WageType { get; set; }

}

We'll avoid showing the implementation of this dafr brevity's sake—the interface
above shows the gist of the functionality.

Example 10-1. Code to compute wages
public static readonly double MAXHOURS = 80;

|-f).L.Jb|iC double ComputeWages(IEmployee emp, double ho urs)
{
double wages =0;
bool valid = IsHoursValid(hours); //borders O, 80
if (! valid)
throw new ArgumentOutOfRangeException("Hour s must be between 0 and " +
MAXHOURS);
}
else

if (hours <= 40) //border 40, 41

wages = emp.HourlyRate*hours;

}
else
if emp.WageType == Employee.WageTypes. HOURLY)
{
double normWages = 40*emp.HourlyRat e
double otWages = ((hours - 40)*(emp .HourlyRate*OTRATIO));
return norm\Wages + otWages;
}
else
{
wages = emp.HourlyRate*hours;
}
}
}
return wages,

}

private static bool IsHoursValid(double hours)
if ( (hours < 0) || (hours > MAXHOURS) )

return false;

}

retumn true;

}

We need to use input values to test just abovejastdelow each of those borders we
listed above. From that list we arrive at thedaling test values we’ll need:
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0, 80 (Minimum hours, maximum hours)

-1, 81 (Below min hours, over max hours)

1 (Non-zero value for valid hours)

40, 41 (Below overtime threshold, over threshold)

We've got seven different values we need to téstbasic test for this in NUnit might
look something like the following example. We deean employee, set some state
information (the employee’s hourly rate and whetthey’re hourly or salary), then call
the ComputeWages() method with the employee and the number of hourked.

[Test]
public void CheckHourWagesHourlyNormalBorder()
{
double rate = 33.22;
IEmployee pers = TestFactory.CreateDefaultPerso n();
/HOURLY is from an enum of allowable types
pers.WageType = Employee.WageTypes.HOURLY;
pers.HourlyRate = rate;

double hours = 40;
Payroll pay = new Payroll();
double wages = pay.ComputeWages(pers, hours);

Assert. AreEqual(rate * hours, wages, "Wages/hou rly/normal");

}

Hitting all the border values means writing seveffeckent tests, since each unit test
should test one and only one thing. All thesestést the same basic thing: run a set of
data through the&ComputeWage() method. It's silly to write the same thing seven
times since it increases maintenance and is a wéasitae.

We could write a loop to feed values through thgrplh method and
call Assert() on each returned value, but failures in early @alu
would stop execution of the test, blocking lateituf@s. We might
miss inter-related failures.

MbUnit solves this problem by providing thi&owTest attribute, which feeds rows of

data through a test method. (Unlike NUnit, testhods in MbUnit are allowed input

parameters.) Now we’re able to write one singkt #nd pass all our border values
through it in one fell swoop:

[RowTest()]

[Row(33.22, 80, 3322)] //border top

[Row(33.22, 40, 33.22 * 40)] // under o/t hours NO TE THE EXPECTED FIGURE
[Row(33.22, 41, 1378.63)] //over o/t hours

[Row(33.22, 1, 33.22)] // border bottom

[Row(33.22, 0, 0)] // border bottom (zero)

/Iborder over max
[Row(50, 81, 0, ExpectedException = typeof (Argumen tOutOfRangeException))]
/I border under min
[Row(50, -1, 0, ExpectedException = typeof (Argumen tOutOfRangeException))]
public void CheckWagesHourly(double rate, double ho urs, double wagesExpected)
{

IEmployee pers = TestFactory.CreateDefaultPerso n();

pers.WageType = Employee. WageTypes.HOURLY;
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pers.HourlyRate = rate;

Payroll pay = new Payroll();
double wages = pay.ComputeWages(pers, hours);

Assert. AreEqual(wagesExpected, wages, O, "Wages /hourly/normal + border + OT");
}

Each Row attribute defines input parameters for tbéeckWagesHourly() test
method plus expected return values. The attribnge[Row(33.22, 80, 3322)]

sets the rate at 33.22, hours at 80, and the eegheeturn for 3322. Note that we can
also test that expected exceptions are indeed thrg®ow(50, 81, O,
ExpectedException = typeof (ArgumentOutOfRangeExcep tion))]

MbUnit runs this test method once for ea&thwattribute. We've saved a bit of annoying
repetitious writing and we’ve greatly improved ntainability of our tests—if something
changes in the test logic we need only modify @s¢ instead of seven.

Performing matrix-based tests

Imagine that we’re working on a method that hasdtinput parameters. Our analysis of
the method shows that we need five input data safoe each parameter in order to
properly hit all the borders. Things get very uilyve need to test each of those input
values against each of the other parameter vallsre looking at 125 unique rows of

input data! (5*5 *5) That's a nasty bit of ikpleven using row-based testing.

Thankfully MbUnit provides theCombinatorialTest type for just this scenario.
Instead of writing out 125 rows of input values axgbected returns we can simply build
a data factory for each parameter, then pass vaft@ws those factories to a
CombinatorialTest type method. MbUnit will handle running each datlue
against all the others.

Imagine that we're testing a method that computitshwelding values for input rates on

an employee’s FICA, pension, and insurance infoianat Example 10-2 shows how a

CombinatorialTest would be used to exercise thehatetunder test. Note a separate
Factory is defined for each input parameter. Each oftéise method's parameters are
identified with the UsingFactories attribute, which in turn points back to the
appropriaté-actory for that parameter.

Example 10-2. Factories and a Combinatorial Testhoet

[Factory(typeof(double))]

public IEnumerable<double> Fica()

{
yield return 123.25;
yield return 99.20;
yield return 150.60;
yield return 22.33;
yield return 224.70;

}

[Factory(typeof(double))]

public IEnumerable<double> Pension()

{
yield return 226.40;
yield return 124.55;
yield return 35.0;
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yield return 99.23;
yield return 110.20;

}

[Factory(typeof(double))]

public IEnumerable<double> Insurance()

{
yield return 33.77,
yield return 235.22;
yield return 168.20;
yield return 77.33;
yield return 111.22;

}

[CombinatorialTest]

public void CheckComputeWithholdings(
[UsingFactories("Fica")] double fica,
[UsingFactories("Pension™)] double pension,
[UsingFactories("Insurance™)] double insura nce)

Payroll pay = new Payroll();
double expected = fica + pension + insurance;

double actual = pay.ComputeWithholdings(fica, p ension, insurance);
Assert. AreEqual(expected, actual);

Running this test in Visual Studio using the [Ta®iBn.NET] plugin, we see the
following in the output window:

- Test started: Assembly: JHSCR.Tests.dll -— -

Test Execution

Exploring JHSCR.Tests, Version=1.0.0.0, Culture=neu tral, PublicKeyToken=null

MbUnit 1.0.2232.25376 Addin

Found 45 tests

[success] MBPayroll Tests.CheckComputeWithholdings(F ica(123.25),Pension(226.4),
Insurance(33.77))

[success] MBPayroll Tests.CheckComputeWithholdings(F ica(123.25),Pension(226.4),
Insurance(235.22))

" DATAELIDED FOR CLARITY

[success] MBPayrolTests.CheckComputeWithholdings(F ica(22.33),Pension(110.2),
Insurance(111.22))

[success] MBPayrollTests.CheckComputeWithholdings(F ica(224.7),Pension(110.2),
Insurance(111.22))

[reports] generating HTML report

TestResults:

file:///D:/Data/lterative%20Rose/Presentations/Test %20Tools/JHSCR/Build/

JHSCR.Tests.Tests.html

45 passed, 0 failed, 0 skipped, took 3.53 seconds.

Note that only45 tests, not 125, were run! Fear not, MbUnit haseiiselessly thrown
out large portions of your carefully crafted teatues. Rather, MbUnit is making use of
a very useful testing concept known as pairwis&|lgpairs, testing.
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A detailed discussion of pairwise testing is beyadhid article’s scope, but here’s the

elevator speech version: any matrix-based setstfdata doesn’t need to use the entire
range of data. Instead, pairwise testing elimmatatire rows of data where the pairs in
that row (two sets of pairs per row) have beeretest other rows.

We can see this by using one data value from ttectale in Example 10-2 and looking

at all the data it would be tested against. THeevd23.25 from the Fica factory would

be hit against 25 other data values:
123.25 226.40 33.77
123.25 226.40 235.22
123.25 226.40 168.20
123.25 226.40 77.33
123.25 226.40 111.22
123.25 124.55 33.77
123.25 124.55 235.22
123.25 124.55 168.20
123.25 124.55 77.33
123.25 124.55 111.22
123.25 35.00 33.77
123.25 35.00 235.22
123.25 35.00 168.20
123.25 35.00 77.33
123.25 35.00 111.22
123.25 99.23 33.77
123.25 99.23 235.22
123.25 99.23 168.20
123.25 99.23 77.33
123.25 99.23 111.22
123.25 110.20 33.77
123.25 110.20 235.22
123.25 110.20 168.20
123.25 110.20 77.33
123.25 110.20 111.22

Instead, the actual test output from this code shthat only nine values are checked.
(The test’s class hame has been removed for glarity

[success] (Fica(123.25),Pension(226.4),Insurance(33 77))
[success] (Fica(123.25),Pension(226.4),Insurance(23 5.22))
[success] (Fica(123.25),Pension(226.4),Insurance(16 8.2)
[success] (Fica(123.25),Pension(226.4),Insurance(77 .33))
[success] (Fica(123.25),Pension(226.4),Insurance(11 1.22))
[success] (Fica(123.25),Pension(124.55),Insurance(2 35.22))
[success] (Fica(123.25),Pension(35),Insurance(168.2 )
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[success] (Fica(123.25),Pension(99.23),Insurance(77 .33))
[success] (Fica(123.25),Pension(110.2),Insurance(11 1.22))

MbUnit's aggressive algorithm has scrubbed outdlsrfrom this partial example, and
80 rows from the entire test’s pass, drasticallgrelasing the time needed to run this one
test.

Seewww.pairwise.orgfor more details on pairwise testing.

Testing multiple instances of a type

MbUnit's TypeFixture  lets you write a type-based test and test multipdéantiations
against it. This is very handy when you want tst teehaviors defined in an interface.
You create a factory that instantiates severaédbfit classes implementing an interface,
and define &ypeFixture  class with some tests.

For example, we can easily test this simpleiployee interface:

public interface IEmployee

string FName { get; set; }
string LName { get; set; }
double HourlyRate { get; set; }
string WageType { get; set; }

}

First we need to create a couple factories insideaass:

public class EmployeeFactory
{
[Factory]
public SalariedEmployee BasicSalaried
{
get
{ . .
return new SalariedEmployee("FirstName™
"LastName",
50,
Employee.WageT ypes.SALARY);
}
}

[Factory]
public SalariedEmployee BasicHourly
{
get
{
return new SalariedEmployee("FirstName™
"LastName",
50,
Employee.WageT ypes.HOURLY);

Now we define @ypeFixture  class to run the tests.
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[TypeFixture(typeof(IEmployee))]
[ProviderFactory(typeof(EmployeeFactory), typeof(IE mployee))]
public class MBIEmployeeTests

{
[Test]
[ExpectedException(typeof(ArgumentOutOfRangeExc eption), "Rate less than zero")]
public void CheckRateFailsUnderZero(IEmployee e mp)
{
emp.HourlyRate = -20;

}

[Test]
[ExpectedException(typeof(ArgumentOutOfRangeExc eption), "Invalid wage type!")]
public void CheckBadWageTypeFails(IEmployee emp
{
emp.WageType ="Bogus!";
}

}

There are several things to take note of in tha t#ass. First, the attribute
[TypeFixture(typeof(IEmployee))] defines the specific type we’ll be testing,
IEmployee in this case. Secondly, th&oviderFactory attribute points to the
class we're using for a factory and specifies thpetwe’ll be getting from th&actory
methods within that providerEmployeeFactory  andlEmployee , respectively.

The tests within thé/IBIEmployeeTests aren’t anything complex, simply two tests
checking that setting invalid hourly rates or wagmes generates the expected exception.

Executing this test class results in four testépouufrom each-actory method in the
EmployeeFactory  class is run through both tests in ti8IEmployeeTests test
fixture.

Results from TestDriven’s output looks like this:
- Test started: Assembly: JHSCR.Tests.dll -— -

Test Execution

Exploring JHSCR.Tests, Version=1.0.0.0, Culture=neu tral, PublicKeyToken=null
MbUnit 1.0.2232.25376 Addin

Found 4 tests

[success] MBIEmployeeTests.EmployeeFactory.BasicSal aried.CheckRateFailsUnderZero
[success] MBIEmployeeTests.EmployeeFactory.BasicSal aried.CheckBadWageTypeFails
[success] MBIEmployeeTests.EmployeeFactory.BasicHou rly.CheckRateFailsUnderZero
[success] MBIEmployeeTests.EmployeeFactory.BasicHou rly.CheckBadWageTypeFails
[reports] generating HTML report

TestResults:

file:///D:/Datallterative%20Rose/Presentations/Test %20Tools/JHSCR/Build/
JHSCR.Tests.Tests.html

4 passed, 0 failed, O skipped, took 2.41 seconds.
Using other advanced MbUnit features
MbUnit has a number of other features to maketidetive to developers.

Make use of th&ollback attribute when you're doing database tests. Thieeetest
method will be wrapped in a COM+ 1.5 transactioviou don't need to worry about
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handling rollbacks yourself—MbUnit will use Enteig® Services to manage all that for
you.

Naked Fixtures let you define tests in MbUnit withonaking use of any attributes, much
like JUnit in the Java world. This lets you complg decouple from any specific test
framework; however, you'll need to follow some sffiecnaming rules, such as ending
all test classes withixture and ending individual test methods withst

The PerCounter attribute lets you assert on any values in thed®ivse Performance
Counter objects. This gives you access to tegtimgs like CLR memory thresholds,
disk 10, or CPU utilization.

Many other fixtures and attributes unique to MbUgiite developers a great set of tools
to solve challenging test issues.

See Also

NUnit
Fitnesse.NET
CruiseControl.NET

Getting Support

Support for MbUnit includes an issue tracking datd) several active mailing lists, and
an IRC channel. Details on these can be foundihit’'s homepage

MBUnit In a Nutshell

MbUnit has a very active set of mailing lists, aswme very enthusiastic supporters in
various communities. It's well-supported througbhse mailing lists.

NUnit is a well-known, powerful and flexible tesafmework, but there are a number of
things it can't do. MbUnit's great implementatidar row-based testing, pairwise
matrixes, and other unique features should excimyndevelopers who have tried to
pound square pegs into round holes with otherftasteworks.

10.4Getting More From Your Tests With
Zanebug

Test runners from frameworks such as NUnit or MBUiai a great job of managing and
running tests from those environments, but oftén nice to have more control over
which tests you want to run. It's also nice todixe to get more information from your
tests’ execution—or even run groups of tests mialtipnes in one fell swoop.

Sean McCormack’s Zanebug will let you do just thays it gives you a wealth of
information on how tests are executing. You'reoadéble to make use of Windows
Performance Monitor probes directly from Zanebugndy if you're trying to
troubleshoot performance issues in your softwaress.

Table 10-4. Zanebug at a Glance
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Tool

Zanebug

Version Covered

1.6.0b

Homepage

www.adapdev.com

Power Tools Page

http://www.windevpowertools.com&?9

Summary

Fast test runner with great control ovev kests execute|.
Gives tremendous amounts of performance-relatetl dat

License Type

Freeware

Online Resources

Online forum

Supported Frameworks

.NET 1.1 and 2.0. NUnit edlyesupported, MBUnit
support planned in near-term future.

Related Tools in This Book

NUnit, MBUnit

Getting Started

Zanebug works with NUnit tests, so you'll need NLIhil or 2.2.

Zanebug comes packaged as a simple executabldldnstaDownload and run the
executable with Administrator privileges if you watninstalled for all users.

Using Zanebug

Run Zanebug from the Start menu, or better yet, iadd your Magic Words list in
[SlickRun] so you're able to launch it with a fewigk keystrokes. Your first look at
Zanebug (Figure 10-13) should impress upon youtthiatisn’t your father’s test runner

GUI.
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Figure 10-13. A wealth of options awaits you froan@bug’s opening
screen

Note the tabs just below the green Percent Passkchtor. You'll see you're able to
quickly access plenty of different data about testsning. Zanebug has the normal
support for viewing tests filtered by failed, pagser ignored. You're also able to view
content output to the Console or Console.Erroastie Zanebug goes beyond the norm
by providing you access to output sent to the Debuglrace streams in separate
windows, plus you're able to view information ab@ssemblies and a test log. You're
also able to access Windows Performance Monitorfrfma) probes directly within
Zanebug. More on that later. For now, let's l@akow Zanebug gives you great control
and feedback over test execution.

NUnit and MBUnit's test runner GUIs let you selsets of fixtures to run tests on, but
you're not able to select individual tests fromhirit different fixtures. This isn’t a huge
problem, but it's very handy in certain situatiorfSor example, consider if you're trying
to compare time savings when using normal testotdjeersus mocked objects. It would
be handy to select specific tests with and withnotked objects and run those together
to get timing figures.

Mocked objects are discussed in [NMock2] and [Rhvtaxks].

Assuming that we've already written a few testshwand without mock objects
(BizLogicMock Tests and BizLogic Tests, respectyelwe can quickly make this
comparison by loading our test assembly with File Add Assembly (Ctrl-A) and
browsing to our test assembly. Figure 10-14 shioows you're able to select individual
tests in Zanebug’s test-hierarchy tree in thegdafte.
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Figure 10-14. Selecting individual tests in differéxtures

We're also able to make use of Zanebug's Iterafeature to let us run selected tests
multiple times. This will help us determine averdgst-run times and get a better picture
of exactly how long the tests are taking. Clicktbe Tests node of the tree hierarchy in
the left pane. The Editor window in the right pamél populate with several different
fields, one of which is a Repeat pull-down listrremtly set to False. Change that list's
value to True, then set the RepeatCount fieldjasiw it to 10.
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Figure 10-15. Configuring repeat runs of tests

We're now set to run these two tests ten times.each

Click the Run button at the top left and Zanebuly @iecute your tests. You'll see the
standard green-colored icons (assuming your tests passed!) on the main screen, but
the interesting stuff is on the Formatted Resutid Bassed tabs. Both tabs break down
results with specific timing metrics; however, thermatted Results tab (Figure 10-16)
groups tests by iteration.

Note the first iteration time for the BizLogic Tedixture is much higher than the next
two iterations. This impact is from the JIT andRCheeding to spin up to execute the
fixture—and exactly why we chose to run severahiiens for our tests.
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Figure 10-16. Test results with metrics

Here we can easily see that tests using the moekctstrun much more quickly than our
live tests—not surprising since we're completelpassing the web service and database
layers of the system under test. (See articlegNdock2] and [Rhino.Mocks] for more
information on mock objects.) The All tab givesuythhe same timing results along with
additional information on memory usage and othatistcs. You're able to sort each
column in the All tab, so it's quite useful for cparisons like ours. Figure 10-17 shows
our run sorted by Fixture, again highlighting thffedence between tests using mocked
objects versus real ones.

Figure 10-17. Sorting passed tests by Fixture
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Zanebug is also helpful if you're trying to monitoads on various parts of your system
during test execution. This can help you isolapadicular method that might be poorly
implemented, causing negative impacts on systeauress.

Use Zanebug’'s Perfmon tab to load any of WindowdoPmance Monitor probes for
categories you're interested in. You've got fultass to all probes on the local system,
plus there’sxperimentakupport for remote systems. Clicking the Load 1@ets button
will load all counters on the system named in thecne Name field. Select counters as
desired and run your tests. You'll see performahitge at the poll frequency you've
selected. Figure 10-18 shows Physical Disk meb&ing captured during a test run.

Figure 10-18. Monitoring Physical Disk metrics dugitest execution

See Also
NUnit

Getting Support

Support for Zanebug is via discussion forums ang Isubmissions at the tool's
homepage.

Zanebug in a Nutshell

Zanebug's additional information and control featumake it a very attractive tool for
regular use as you're building your system. Spedifning metrics give you useful
shapshots on performance, plus you're able to uises ia tool for isolating potential
performance-related issues.
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10.5Bringing Your Customers into the
Testing Process with Fitnesse.NET

Traditional testing processes carry two significaraknesses. First, there is a large gap,
called development, that takes place between wistbmers ask for and what gets tested
after development. It's not uncommon for custonterkok at tested software and say,
“That’s not what | asked for.” Second, typical ti@& specifications require immense
amounts of effort to maintain because the softveane requirements are always in flux.
Feature-specification documents can be riddled Vigth But tests, because they must
always pass, will never tell a lie.

FitNesse is an Acceptance-Testing framework thppsers Test-Driven Development.
Customers specify features in FitNesse before deweént on these features begins.
Developers take these specifications and execata thithin FitNesse to see if their code
meets the requirements. In this manner there gapobetween specification and testing.
Customers always get what they ask for because speics are the tests. FitNesse also
eliminates the nightmare of maintaining featurecspeThe tests are the specs and since
they must always pass, they can never get outtef da

Fitnesse is an acceptance or unit test tool foiclbgsed methods and
libraries; it's not a Ul testing tool.

Table 10-5. FitNesse at a Glance

Tool FitNesse

Version Covered 20050731

Homepage http://ffitnesse.org

Power Tools Page: http://www.windevpowertools.cool4/31

Summary An Acceptance Testing framework writtenaa®Viki that
supports Test Driven Development.

License Type GPL

Online Resources http://fithesse.orgFit for Developing Software : Framewotk
for Integrated Testsby Rick Mugridge and Ward
Cunningham

Supported Frameworks Java, .NET, C++, Ruby, Pytbatphi, Perl, Objective-C|,
and many more.

Related Tools in This FlexWiki, NUnit, MbUnit

Book

Getting Started

FitNesse, although it supports a variety of progréang language platforms, is written in
Java. As of version 20050731, the Java 1.4 (dndrgruntime environment is required
in order to run FitNesse. It will run on any versiof Windows, Mac OS X, Linux, and
Unix.
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The download is just a zip file that you can unaipywhere. Within the extracted
fitnessedirectory there is a file. Double-click on to start the FitNesse web
server. If port 80 is already in use on your corapugou will need to edit the file,
adding the —p command-line option, which changesptbrt that FitNesse uses. When
FitNesse successfully starts, you'll a messagelairtu the following.

FitNesse (20060220) Started...

port: 8081

root page: fitnesse.wiki.FileSystemPage at FitNesseRoot
logger: none

authenticator: ~ fitnesse.authentication.Prom iscuousAuthenticator
html page factory: fitnesse.html.HtmlPageFactor y

page version expiration set to 14 days.

Using FitNesse

Once started, you may use FitNesse by opening avseroand loading the URL
http://localhost/(If using an alternate port, the URL would bip://localhost:<porty/
Figure 10-19 shows what the page should look likais is called the FrontPage of the
FitNesse wiki. There is much to talk about hereflvst, let's discuss why you should be
interested in using this Wiki tool.

Wikis let you organize pages of information, in aase tests, in a clear, hierarchical
manner. Fitnesse enables your users or customengate tests by creating or editing
Wiki pages. All your tests will be laid out in @asily navigable site of pages.

Next we'll talk about the Edit button in the naviga bar on the left. When you click
this button, an edit page appears containing allcthntent of the FrontPage in a format
calledwiki text Wiki text is a simple markup language used &ate wiki pages. When
you view a wiki page, the wiki text for that page donverted into HTML that looks
something like Figure 10-19. Anybody who visitsstipiage may add, delete, or modify
the wiki text.
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Figure 10-19. FrontPage for freshly installed Fithée instance

New pages may be added to the wiki by creating &Wbrd. Taking at least two
words, removing the spaces between them, and makiedirst letter of each word
capital, creates a Wikiword, for example FrontPalj¢henever a Wikiword appears in
the wiki text, it is rendered as a link to the pdgethe same name. By simply naming
new pages, you can extend and grow the wiki aseteed

A unique aspect of FitNesse is that it allows theation of pages within pages. In many
ways it is like the directory structure of your ogiing system where every wiki page is a
directory. The wiki path FitNesse.UserGuide tebsthat the page UserGuide exists with
the FitNesse page. The ability to create these dmmge structures is useful for
organization and other reasons discussed later.

To learn more about wikis, vidittp://en.wikipedia.org/wiki/Wiki
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Configuring FitNesse for .NET

FitNesse may be used with any programming langulagaever you must configure it
for each language. For .NET, three variables mestefined by using the following wiki
text:

Idefine COMMAND_PATTERN {%m %p}
ldefine TEST_RUNNER {dotnet\FitServer.exe}
ldefine PATH_SEPARATOR {;}

Any wiki page that contains these variables is iguméd for .NET and only for .NET.
When such a page is executed as a test, FitNedissewithe variables and make use of
the .NET extensions. Conveniently, child pages ribh@riables. Any page that has a
parent page configured for .NET is, through vaeabiheritance, also configured for
.NET. This means the entire wiki could be confeguifor .NET by simply adding these
variables to the root pagkt{p://localhost:<port>/rodt

Building a Test Project with FitNesse

It's time to build a project. We're going to buiddsimple application called Clocklin that
can be used to keep track of the hours that peeptk. As you will see, FitNesse plays
an integral role in the development process.

One of the first things we need to do is set updaisn of the FitNesse wiki for our work.
| will create a page called Clockin that will beethoot page for the project wiki and
acceptance tests.

Create the page by clicking the Edit link from themepage shown in Figure 10-19.
You'll see the standard editing page as shown guiféi 10-20.

Figure 10-20. Editing a FitNesse page

Add a new page by adding Clockin as a WikiwWord leapage just under the line ending
“framework and wiki” as shown below:

| limg- http:/ffles/images/FitNesseLogoMedium.jpg
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11 Welcome to [[FitNesse][FitNesse. FitNesse]]!
13 "The fully integrated standalone acceptance tes ting framework and wiki."

11 Test Pages
13 Clockin

Click the Save button and you'll be returned to th&in screen, which will now display
the new headings and a link for Clockin (Figure21l)- Note the question mark after
Clockin—this indicates that no page has been adeagefor the WikiWword.

Figure 10-21. Welcome to FitNesse

Navigate to the new page by clicking the questi@rknafter Clockin. You'll be placed
directly into edit mode for the new page. Add thiéowing wiki text to the blank page:

Ic 13 A simple program to keep track of hours.

Idefine COMMAND_PATTERN {%m %p}
ldefine TEST_RUNNER {dotnet\FitServer.exe}
ldefine PATH_SEPARATOR {;}

Ipath dotnet\fit.dll

The first line is a simple title for the page. IBaling that are three lines starting with
ldefine  These variable definitions (COMMAND_PATTERN, TESRUNNER, and
PATH_SEPARATOR) tell FitNesse how to execute tesks.this particular case they
point to the .NET extensions that allow us to rum tests against .NET code. The final
line (path dotnet\fit.dlj tells FitNesse where to find the code it will ente. !path
elements can be added if needed once code ismritte

One thing worth repeating is that we will only naedinclude these configurations on
this page. Child pages inherit variables and pé¢iments. That means that any page
anywhere beneath the Clockin page is automaticahfigured. If we later decide to
change the configuration, we need only change thekt page.

We're done with creating this page, so click thgeShutton to leave editing and save the
page.
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Figure 10-22. The initial version of the Clocklist@age
Testing a user’s login

With our Clockin page in place, we can create aust ftest, or rather, our first
specification. Typically it is the “customer” whilsives the creation of acceptance tests.
“Customer” is a loose term for anyone who is regie for defining the behavior of the
system. It may be the actual customer, a busiapalyst, a subject matter expert, or
even a tester. For this exercise, your humbleat@rmill be the customer.

A brief explanation of the application is in orddfigure 10-23 shows a sketch of the one
and only window of the Clockin application. On tké is a login form. Users will login
to the system using this form. On the right i®etien for the current user. When a user
logs in, their name appears on the right and timeyaatomatically clocked in. The next
time the user logs in, they are automatically ctmtlout and the number of hours since
they clocked in is displayed.

Figure 10-23. Sketch of the ClockIn application

Since logging in is such a central piece, our fstcification will describe how it works.
On the Clockin wiki page, we’'ll add the followinghkitext.

| "TestLogin
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As you can see, this is a WikiWord. It createsn to the new test page we’d like to
create. The ™ makes TestLogin a child page of Idfoc Prefixing the page name with
Test although optional, conveniently adds the tespprty to the new page.

After you save the changes, a ? appears aftefTthstLogin Clicking on it takes us to
the edit screen for the TestLogin page. Here wecipehe behavior of Login
functionality. Here is the wiki text used.

Ic 13 Login: Users of the system login by providing their username and password.

Add some users to the system.
l|Users|

|username|password|
|wallace|cheese|
|gromitjnopenguins|

Wallace uses the correct password and successfully logsin.
l|Login Window|

|enterjusernamejwallace|

|enter|password|cheese|

|press|Login|

|check|logged injyes|

Gromit uses the correct password and successfully | ogs in.
l|Login Window|

|enter|username|gromit|

|enter|password|nopenguins|

|press|Login|

|check|logged inyes|

The first line is a brief description of the furarially we are specifying. Below that are
three annotated tables. The | syntax is useditd tables. The resulting web page is
shown in Figure 10-24.
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Figure 10-24. Login specification

Because this page has the Test property, ther@ éstabutton on the left-hand side of the
page. Pressing the Test button executes thisfimeicn. If you were to run the test at
this point, the tables would turn yellow with ernmessages saying there is no code to
test, plus several exception messages would bel satee the unwritten classes can't be
found. This is where the developers take over.

Creating the login test

Now that the developers have a FitNesse test iml,hérey know exactly what to do.

Unlike typical requirements docs or feature spdlis, specification is written to show

exactly how the methods should execute—the inpuots expected outputs are detailed
exactly as they should work. We know that Gromiidtd have a successful login when
he enters a username of “gromit”, a password ofpémguins” and clicks the Login

button. There is no ambiguity, which makes theettgyers’ job much easier.

Developers will look at this test and they may réael plain text to get a feel for what's
going on. But the meat of FitNesse tests is thieta When executed, everything on the
page is ignored except the tables. Looking afiteetable, we see that the first row says
Users. This tells us that we need a Fixture calleersor UsersFixture
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A Fixture is a .NET class that acts as glue betwherests and the application. They are
trivial code that reads the tables and makes dallthe application. Fitnesse.NET
provides several basic Fixture types that you ekienyour application’s source code.
These Fixtures correspond to different table stmest you create on the Wiki pages.

The example we're using is working with column-oted tables, so we’'ll extend from a
ColumnFixture to create our tests. We do this by adding a ndassc
UserFixture  to our project or solution.

For brevity’'s sake the following example doesn’bwhevery class.
You can download the entire Visual Studio solutiamd complete
Fitnesse Wiki from the Power Tools Page listed &bov

You'll also need to update the Clockin pag#isth reference to include the location of
the assembly you're building. For example, we dadit the existingpath to reflect the
build location of our application:

| Ipath C:\MSDevTools\FitNesse.NET\Clockin\oin\Debug) Clockin.dll
Below is the code fotJsersFixture . Note it extends Fitnesse®lumnFixture
class.
using fit;
namespace Clockin

public class UsersFixture : ColumnFixture

{
public string username;
public string password;

public override void Execute()

/ISetupFixture is used to wrap our appl ication’s functionality
/I tolet us add users for te sting by calling the
application’s
/I ClockinContext. AddUser() m ethod.
SetupFixture.appContext. AddUser(usernam e, password);
}
}
}

When using &olumnFixture , every column in the table corresponds to a meraber
the Fixture. In this case, every row of the tali# insert a value into both the
username and password member variables, and then célkecute() . The
Execute() method adds users to the system.

The next table, titled “Login Window”, is executbgl LoginWindowFixture , which

is anActionFixture . In ActionFixture tables, every row is an action. You may
add any action you want to akctionFixture , but out of the box it comes with
Enter , Press , andCheck. That makes them useful for simulating form wingo
where youEnter text, look at Checll labels, andPressbuttons. Every action in an
ActionFixture table corresponds to a member of Eeture  class. Below is the
code forLoginWindowFixture

| using fit;
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namespace Clockin

public class LoginWindowFixture : ActionFixture

{

public string username;
public string password;
public bool loggedin;

public LoginWindowFixture()

{
actor = this;
}
* SetupFixture is used in the followin g methods to wrap functionality
* provided by the application unde rtest.
* This lets our tests do things like
* log users in or get various data on a user without us having to
* duplicate that infrastructure in our tests.

*
public void Login()
{

loggedin = SetupFixture.appContext.Logi n(username, password);
}
public string LogInTime

get { return SetupFixture.view.clockedl nTime.ToString("H:mm"); }
}

public string LogOutTime

get { return SetupFixture.view.clockedO utTime.ToString("H:mm"); }

public double HoursWorked

get { return SetupFixture.view.hours\Wor ked; }

}

}

Before this test will run, we need to add a bit enstructure. What we need is a SetUp
page. SetUp and TearDown are pages that haveaspgganing in FitNesse. If a SetUp
page exists in a hierarchy, every test page inhibearchy will be prefixed with the
content of SetUp. The content from TearDown w#l &dded to the end of every test
page in the hierarchy. We'll create a SetUp pagth the following content, as a child
of the Clockin page. First edit the Clockin page add the line:

| "SetUp

Save the changes to the Clockin page, then navigatee SetUp page and add the
following lines, saving after you're done:

1import|
|Clockin|

l|Set up|
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The first table uses thienportFixture included in the framework. It includes the
Clockin  namespace in the search path, which allows usd¢d'elegant” fixture names
in our fixture tables. Without this, we would hateeuse fully qualified class names in
the first row of every table. For example, theoset table here would take on the
following, less readable format.

| !|Clockin.SetupFixture]

The SetupFixture , which is of the plainFixture  flavor, sets up a testable
environment by instantiating all of the productioinjects and appropriate mock objects.
This fixture is added to the solution as anothexrsgl and is detected via theath
statement above when Fitnesse runs its tests.

using fit;
namespace Clockin

public class SetupFixture : Fixture
{
/IClockinContext provides the application’s main functionality.
/I It's not shown for brevity’s sake.
public static ClockinContext appContext;
/IMockView holds state data for users
/I It's not shown for brevity’s sake.
public static MockView view;

public override void DoTable(Parse table)

{

view = new MockView();
appContext = new ClockinContext(view);

}

}

At this point, there is enough structure to exedbhi TestLogin page. Several other
classes left out of this example still need to mplemented ClockinContext and
MockView , for example). The test will be green when exedutnce the developers
implement the desired functionality and build thé&uson.(Figure 10-25)
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Figure 10-25. TestLogin specification passing

Saving Time with Fitnesse

Fitnesse allows you to wrap tests up into Suitesdifing a page property on a test page.
Click the Properties link on the left sidebar ahéak the Suite box. Suite, a new link on
the sidebar, will execute all tests on the curpage as well as its children.

One of the more attractive features of Fitnesspeaally to the users who will be
specifying tests, is its ability to convert tesbles back and forth from Excel. This is
particularly useful when tests involve numeric npat@tion or the use of formulas.
Specification authors can work in Excel, then capworksheet to a Fithesse page, and
convert it via the Spreadsheet to Fithesse buttdhis minimizes the amount of Wiki
editing users will need to do.
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Getting Support

Fitnesse has a very active mail group Htp://groups.yahoo.com/group/fitnesse/
Additionally, users and developers are welcomeadigpate in Fitnesse’s direction by
getting involved ahttp://fitnesse.org/FitNesseDevelopment.FrontPage

Fitnesse in a Nutshell

Having your customers write test specificationsars important factor in a project's

success. Working with Wiki pages is an easy tasleann, and Fitnesse’s support for
Excel sheets greatly eases any angst customerseelagt first. Moreover, the customer
feels involved instead of ignored, and more impaiya the person using the system is
able to specify exactly how it should behave. Dawers aren't forced to guess or make
bad assumptions on what the custorseily wanted.

Fitnesse brings the customer right into the proeg#is an easy tool for them to write
specifications. The concepts are clear and easgderstand, and it's a simple matter for
a developer to implement the test fixtures necgsgar confirm the customer’s
specifications.

—Micah Martin

10.6 Analyzing Unit-Test Coverage with
NCover

Unit tests are critical to solid, professional safte, but how do you know if you're
hitting the key areas of your software with yowst#® Complex algorithms might have
odd corners that require unique conditions to @zerthose paths. Can you be sure your
unit tests are setting up conditions properly &vet through all branches?

NCover is a code-coverage tool that was designetietp answer that question for
developers. Code-coverage tools monitor a progranmgl execution and report how
much of the code was executed.

Most code-coverage tools add extra instrumentatmae to your project's source-code
files in order to capture this information. NCovsrunique in that it requires only the
.pdb debug files generated by the .NET compilers ineporitd get code-coverage data.
This means that NCover can be run on your produactiode without modification.
NCover dynamically generates the IL needed to cblmverage data at runtime and
injects this code into the running program.

Also, since NCover is operating at the CLR runtitegel, it is language-agnostic.
NCover has been used successfully with C#, VB, @rg (compiled with the CLR
option). Any code that runs on the CLR should warith NCover as long as the
compiler generates compatibledb files (all the Microsoft compilers do). As of hi
writing, NCover supports all versions of the CLR0O(11.1, 2.0).

Table 10-6. NCover at a Glance

Tool NCover

Version Covered vl.5.4
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Homepage http://www.ncover.org
Power Tools Page http://www.windevpowertools.comi32
Summary Monitors a .NET program while it [is

running and reports which lines of coge
were executed and which were not.

License Type Freeware

Online Resources Online forum, mailing list
Supported Frameworks .NET 1.0,1.1,and 2.0
Related Tools in This Book NCoverExplorer, NAnt, Bisld

Getting Started

To setup NCover, simply download the installatisaggam from the NCover web site at
http://www.ncover.org/ Note that the install includes a COWI that interfaces with the
.NET runtime. This means that xcopy deployment mdlt work with NCover. If you
want to install NCover by copying the files fromoéimer installation, you must register
cvrlib.dll with the Windows COM subsystem after you copy fhes by running
regsvr32.

| regsvr32 c:\Program Files\NCoven\CvrLib.dll

Once you complete this step, NCover should be réadyn.

Using NCover

To run NCover, execute theCover.Console.exgrogram. NCover.Console.exwill then
launch the program to be profiled. Command lineviat looks like this:

| NCover.Console.exe [Command [Command Args]] [Option s]
All options start with a double forward slash, &mluce the chance that there will be a
conflict between arguments passed to the profitediam and NCover options.

Table 10-7. NCover.Console command-line arguments

Argument Description

Command The command that will be executed to kitkhe code-
coverage analysis.

Command Args Any command-line arguments that ateempected by
NCover.Console are assumed to be arguments intgnded
for the profiled application and are passed through

Iliis This option will start IS under the code-@rage
profiler. This makes it easy to get coverage agsialfor a
web application. Stop IIS to get your code-coverdgta
(iisresetworks well).

/Isvc “ServiceName” This option will start a Windswservice application
under the code-coverage profiler. Stop the senaamit
code-coverage data.
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/la “Assemblyl;Assembly2’] This option specifies thgsemblies that NCover should
analyze. If this option is not specified, the d#tfaction
is to analyze any assemblies that have debuggebaign
(.pdb files). This option must be followed by |a
semicolon-separated list of assembly names. Nue|t
assembly names do not include the file extensidih ¢r

.exe).

-

/lw “Directory Name” This option specifies the ditery that will be used as the
working directory when the profiled application |is
launched. If this option is not specified, the aléf
working directory is used.

/lea “Attributel;Attribute2” | This option specifiea list of attributes that designate
code that you would like to skip during the anadysAny
methods or classes that have an attribute withobribe
names specified here will be excluded from the cagye
analysis.

/N “Log File” This option specifies the filenamea@ path for NCover’s
log file. The default log filename is Coverage.logd it
is saved to the working directory.

/Ix “Coverage file” This option specifies the fileme and path for NCoverls
coverage data file. The default filename is Cogeraml
and it is saved to the working directory.

/s “Settings File” This option will take the seitis that were specified fa
this run of NCover and save them to a file. Tlatisgs
file can be used with the //r option.

=

/Ir “Settings File” This option will load settingsr the current NCover run
from the settings file.

Ilq This option will cause NCover not to output alog
information.

IIv This option will cause NCover to output extrdyne

verbose log information. Caution, this option canate
huge log files in a short amount of time and isyardeful
for debugging.

Monitoring a program’s execution with NCover

Let's start off with an example program to show hid®over actually works. To assist
with the explanation, I've written a sample progrérat adds numbers presented on the
command line. Here is the example code.

using System;
using System.Text;

namespace Main
public class Program

public static void Main(string[] parms)

StringBuilder output = new StringBuilde " ");
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intnum =0, sum =0;
foreach (string p in parms)

if (lint. TryParse(p, out num))
{

Console.WriteLine("{0} is not a valid integer", p);
num =0;
}
else
{
sum += num;
output.AppendFormat(*{0} +", n umy;

}

output.Length =2;
output.AppendFormat('={0}", sum);
Console.WriteLine(output);

if (parms.Length > 0 && sum/2 == num)

Console.WriteLine("The last number ({0} isthe sum ™
"of the previous numbers!”,
num)
}
}
}
To build the code above, I've placed it in a filenmed 5 One thing to remember

is that NCover requires your code to have debugrimation in order to get code-
coverage information from the program. Here isdbmmand line that | used to compile
this code with debug symbols.

| csc adder.cs /debug- /optimize+ /debug:pdbonly

The/debug- and/optimize+  options turn off debug mode, so the program it bui
as you would build it for release. Théebug:pdbonly argument tells the compiler
to emit debug information into a separate file.isTih a good practice anyway, because it
assists in debugging problems that you might fihe @austomer site after your code is
released. After running the command above, yowlshsee two additional files in the
directory, and

Let's go ahead and run the adder program and satttd output looks like.

Command:
| adder12345
Output:
|1+2+3+4+5=15

Let's try another one to test the special case wherast number is equal to the sum of
the previous numbers.

Command:
| adder1236

Output:
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1+2+3+6=12
The last number (6) is the sum of the previous numb ers!

OK, now that you have an idea of what the addegnamm does, let's show how NCover
can tell us what code was actually executed. Wilerwi adder again, but this time we
will run it under NCover. The simplest way to dhistis to runNCover.Console  and
pass it the adder command line:

| NCover.Console adder 12345

The output looks like this:

NCover.Console v1.5.4 - Code Coverage Analysis for .NET - http://ncover.org
Copyright (c) 2004-2005 Peter Waldschmidt

Command: adder

Command Args: 12345
Working Directory:
Assemblies:

Coverage Xml: Coverage.Xml
Coverage Log: Coverage.Log

Waiting for profiled application to connect...

sk PrOGra QUL *neo: ook
1+2+3+4+5=15
sk £ Program OUtpUL #eeeeeeeen: ook

As you can see, most of the output is just settinfsrmation from NCover. In the
program output section you see the output of odieagrogram. Of course, this is no
new information. The valuable portion of this auitgs really which gives
us the coverage data to see what was executeca arethe contents of the coverage file
Coverage.Xmfor our adder program:

<?xml version="1.0" encoding="utf-8"?>

<?xml-stylesheet href="coverage.xsl" type="text/xsl ">
<I-- saved from url=(0022)http:/Amww.ncover.org/ - >
<coverage>
<module name="C:\DeWNCover\Main\Samples\SimplePa ram\adder.exe" assembly="Adder">

<method name="Main" class="Main.Program">
<segpnt visitcount="1" line="10" column="13"

endline="10" endcolumn="61" excluded ="false"

document="c:\DeV\NCover\Main\Samples\ SimpleParam\Adder.cs" />
<segpnt visitcount="1" line="11" column="13"

endline="11" endcolumn="25" excluded= "false”

document="c:\DeV\NCover\Main\Samples\ SimpleParam\Adder.cs" />
<segpnt visitcount="1" line="11" column="25"

endline="11" endcolumn="33" excluded= "false”

document="c:\DeV\NCover\Main\Samples\ SimpleParam\Adder.cs" />
<segpnt visitcount="1" line="12" column="25"

endline="12" endcolumn="30" excluded= "false”

document="c:\DeV\NCover\Main\Samples\ SimpleParam\Adder.cs" />
<segpnt visitcount="1" line="16707566" column ="0"

endline="16707566" endcolumn="0" excl uded="false"

document="c:\DeV\NCover\Main\Samples\ SimpleParam\Adder.cs" />

<I-- Some lines removed for brevity -->

<segpnt visitcount="1" line="28" column="3"
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endline="28" endcolumn="4" excluded=" false"
document="c:\DeV\NCover\Main\Samples\ SimpleParam\Adder.cs" />
</method>
</module>
</coverage>

If you open the coverage file with a web browseattsupports XSL, you will see
something that looks like Figure 10-26.

Figure 10-26. NCover output from run of Adder praxgr.

Tracking program flow with sequence points

NCover actually tracks coverage of sequence poatter than lines of code. Most of
the time sequence points directly correspond tesliof code so the difference is usually
unimportant. Sequence points are generated bgahpiler and stored in PDB files in
the directory along with the compiled executableebuggers use the sequence point
information to determine where breakpoints can éeis your program. Since the
compiler generates many machine instructions fohéiae of code, the debugger doesn’t
know which instructions correspond to code lind$he sequence points in the program
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database (pdb) store the mapping between the tau will have a sequence point at
any location where you can set a breakpoint or gtepdebugger. This means that you
might have more than one sequence point in a simgdeof code if your compiler and
debugger support stepping into code within a sitigke For this reason, the coverage
data returns the start and end position on theftineach sequence point.

For an example of multiple sequence points per, lioek at line 11 in Figure 10-26
above. Line 11 in our source code was the twestants

| int num =0,sum=0;

Sequence point 13-25 is the charactetsium = 0 and the next sequence point in
columns 25-33 is the charactessm = 0; . A debugger would allow you to step
through each section of the line, and NCover wiliyide code coverage for each section
independently.

Another item of note is the sequence point with line number16707566 . That
number in decimal corresponds to the hexadecimaibesn OXOOFEEFEE. You can
probably tell by looking at the hex form that thember is a special code. FEEFEE wiill
appear to designate sequence points that desaibpiler-generated code that has no
code line associated with it in the user’s fileouYcan safely ignore these lines.

In our example, théoreach loop causes the C# compiler to generate additioodé
that the user may not know about. In this casectimpiler knows how to optimize the
foreach loop into afor loop since we are operating on an array. The Isimp
foreach loop in our code shown like this:

foreach (string p in parms) {
if (lint. TryParse(p, out num)) {
Console.WriteLine("{0} is not a valid integer " p);
num=0;
}else {
sum += num;
output. AppendFormat(*{0} + ", num);
}
}

turns into this listing with the compiler-generatetes marked in bold

string[] tempArray = parms;
for (int n = 0; n < tempArray.Length; n++) {
string p = textArray1[n];
if (lint. TryParse(p, out num)) {
Console.WriteLine("{0} is not a valid integer " p);
num=0;
}else {
sum += num;
output. AppendFormat(*{0} + ", num);
}

}

You will find that the C# compiler generates codeuad foreach , lock , using ,
yield and others.
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Integrating NCover into your build process

Development teams will often integrate NCover iatbautomated build process. In this
next section I'll give you some tips on how NCowvesrks alongside other tools in your
development arsenal.

NAnNt integration

NCover can be run from within a NAnt build scrigging the<exec/> task. Here is a
partial example of a NAnt build file for compilirthe Adder program and then running it
under coverage.

<project name="Adder Sample" default="build" basedi r="">
<!I-- lines removed for brevity -->

<target name="build">
<csc target="exe" output="Adder.exe" debug="pdb only" optimize="true">
<sources>
<include name="Adder.cs"/>
</sources>
<lcsc>
<ftarget>

<target name="coverage" depends="build">
<I-- Launch the compiled program under NCover - >
<exec program="ncover.console"
basedir="c:\dev\ncovernmain\release"
workingdir="c:\devincover\main\samples\ad der">
<arg value="Adder"/>
<arg value="1"/>
<arg value="2"/>
<arg value="3"/>
</exec>
<ftarget>
</project>

Simply place this XML into the same directory witie Adder.cs sample and name it
Adder.Build. If NAnt is in your path, then the fimlving command line will build your
program and run code coverage.

| nant coverage

MSBuild Integration

The .NET Framework version 2.0 includes MSBuildpal for command-line building
that is very similar to NAnt. Here is a sample M8 project file that will build
and run it under NCover.

<Project DefaultTargets="Build"
xmins="http://schemas.microsoft.com/develo per/msbuild/2003">

<PropertyGroup>
<DebugType>pdbonly</DebugType>
<Optimize>true</Optimize>
<OutputPath>.</OutputPath>
</PropertyGroup>

<ltemGroup>
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<Compile Include="Adder.cs" />
</ltemGroup>
<Target Name="Coverage" DependsOnTargets="Build">
<I-- Launch the compiled program under NCover - >
<Exec Command="c:\dev\ncover\main\release\NCove r.Console.exe Adder 12 3"
WorkingDirectory="c:\dev\incover\main\samp les\adder" />
</Target>
<Import Project="$(MSBuildBinPath)\Microsoft. CSha rp.targets” />
</Project>
This file should be in the same directory/as and should be nameid

To compile the Adder program and run it under NCause the following command I|ne
| MSBuild /t:Coverage Adder.csproj

NUnit Integration

Although the primary example we've seen so far wa®mmand-line application, many
times NCover is used to profile a set of runningt tests to see which code is being
exercised (or not exercised) by the tests.

To show NCover with NUnit, the Adder example hasrbeewritten as a function in a
class library. Here is the new version of the Addection.

using System;
namespace Main {
public class Adder {

public static int GetSum(int[] parms,
out bool LastNumbe risSum) {

intnum =0, sum=0;
foreach (int p in parms) {
num =p;
sum += num;

}

LastNumberlsSum = (parms.Length > 0 && sum/ 2 ==num);
return sum;

}
}

}

We'll write the NUnit test in another class libraryere are two tests that | have written
for the Adder function.

using System;

using System.Diagnostics;
using NUnit.Framework;
namespace Main {

public class ExcludeAttribute : Attribute {}

[TestFixture]
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public class AdderTests {

[Test]
public void CheckSums() {

bool lastlsSum;
int sum = Adder.GetSum(new int[] { 1, 2

Debug.Assert(sum==1+2 + 3 + 4);
Debug.Assert( llastisSum );
}

[Test,Exclude]
public void CheckSums2() {

bool lastlsSum;
int sum = Adder.GetSum(new int[] { 1, 2

Debug.Assert(sum==1+2+3);
Debug.Assert(lastisSum);
}
}

}

, 3,4}, out lastlsSum);

, 3}, out lastlsSum);

There are two tests her€heckSums() and CheckSums2() . CheckSums()

confirms the case where the last number

is not shen of the others, and

CheckSums2() tests the other case. The updated portions ofNthet build file to

compile the two dlls and run them under NCover bk this.

<target name="build">
<csc target="library"
output="adderfunction.dll"
debug="pdbonly"
optimize="true">
<sources>
<include name="AdderFunction.cs"/>
</sources>
</csc>
<csc target="library"
output="addertest.dll"
debug="pdbonly"
optimize="true">
<sources>
<include name="AdderTest.cs"/>
</sources>
<references>
<include
name="C:\Program Files\NUnit-Net-2.0 2.
<include name="AdderFunction.dll" />
</references>
</csc>
<ftarget>

<target name="coverage" depends="build">

<exec program="ncover.console"

<project name="Adder Sample" default="build" basedi

<!I-- Launch the compiled program under NCover w

="

2.5\bin\Nunit.Framework.dll"/>

ith Specified Assembly —>
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basedir="c:\devincovermain\release"
workingdir="c:\dev\ncover\main\samples\add ernunittest">
<arg value="nunit-console"/>
<arg value="addertest.dll'/>
<arg value="//x"/>
<arg value="coverage-func.xml"/>
<arg value="/l"l>
<arg value="coverage-func.log"/>
<arg value="//a" />
<arg value="AdderFunction"/>
</exec>
<!I-- Launch the compiled program under NCover w ith Excluded Attributes -->
<exec program="ncover.console"
basedir="c:\devincovermain\release"
workingdir="c:\dev\ncover\main\samples\add ernunittest">
<arg value="nunit-console"/>
<arg value="addertest.dll'/>
<arg value="//x"/>
<arg value="coverage-ex.xml"/>
<arg value="/l"l>
<arg value="coverage-ex.log'/>
<arg value="//ea"/>
<arg value="NUnit.Framework.TestAttribute"/>
</exec>
<ftarget>
</project>

I'll assume that you are somewhat familiar with Nfuand how it finds tests within our
dil. (If not, see Michael Two's article on [NUni{f]The NCover part is what | want to
explain at this point. When running tests, we tloglly care about code coverage of the
test code itself. We want to know about the cogeraf the code “under test.” In this
case, the code under test is thelerFunction.dll

There are a couple of different ways to tell NCowetr to monitor some of the code. The
first method is by specifying on the NCover comméind which dlls should be profiled.
The first NCover command in the NAnt build file denstrates this capability. Here is
the NCover command line in an easier to read farmat

| ncover.console nunit-console addertest.dil //a Adde rFunction

The //a parameter tells NCover to only profile kaderFunction assembly. If you look
at the coverage results in Figure 10-27, you willyosee the code that is in the
AdderFunction.dlfile.

Note: The assembly name that thie option expects is the .NET
assembly name, not the name of the filel The .ME3embly name is
the assembly file name without the .dll extension.
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Figure 10-27. Coverage results for AdderFunctiorewlspecifying the
assembly to profile.

The second coverage example shows a more flexibletw filter code from coverage.
NCover supports an attribute exclusion feature tiitexclude all classes or methods
from coverage that have an attribute that is ingecified list. The example command
line for this functionality is below.

| ncover.console nunit-console addertest.dll //ea NUn it. Framework. TestAttribute

The//lea option specifies the list of attributes that NCowal use for exclusion. Figure
10-28 shows the output of NCover when exclusiaumsisd.
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Figure 10-28. Coverage output when code is exclucag the
attribute exclusion feature.

One thing you will notice about attribute exclusienthat the methods and classes will
still appear in the output; they are just marke@aduded. They are also not included in
the percentages for code coverage. You couldyeadit thecoverage.xsstylesheet to
remove them from your output if you wish.

You must pass the full class name (including thenespace and
“Attribute” suffix) to NCover in the/ea option. Just passing/éa
Test “ will not work.

See Also

[NCoverExplorer]
[NUnif]
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[MbUnit]
[TestDriven.NET]

Getting Support

NCover has an active set of forums at its homepegeparate forums are available for
bug reports, suggestions, and general help.

NCover in a Nutshell

Many people have asked where NCover is going. ldezesome of the features that are
currently on the NCover roadmap:

Merging of coverage data from multiple runs of N€ov
Code-performance profiling (function timing, etc...)
Branch coverage in addition to statement coverage
Better HTML output including the source code.

NCover is a powerful tool for determining how mueshyour code has been executed
during a particular test run. If you run NCoveridg your unit tests, you can get great
feedback on how much of the code your unit tedisadly exercise.

Keep in mind that the goal of code-coverage anslysinot to drive to 100% code
coverage. There is some code where it might ngtdssible to get 100% coverage in
your unit tests. Also, even if your code is 1008%ared, that doesn’t mean that there are
no defects. Code coverage is best viewed as ahhelicator to help you get an
understanding of how good a job your unit testsdaiag.

The two primary benefits of code coverage are toageunderstanding of how much of
the code your tests are covering (70-80% is a gmad) and to highlight which sections
of code are never executed during the test rundeGbat is never executed may be a
good candidate for refactoring or removal.

Using NCover during your development process heglps create appropriately tested
software and increase your product’s quality.

—Peter Waldschmidt

10.7Analyzing Your Code Coverage with
NCoverExplorer

NCover, Peter Waldschmidt's handy code-coveragé te@reat for generating metrics
on which parts of your code base is checked by voitrtests. However, its output is a
plain XML file (coverage.XM), which isn't the most useful format. To get thest out
of NCover's output, we need to relate it interaglyv to the source code.
NCoverExplorer, written by Grant Drake of Kiwi Ddepment Ltd, offers several GUI
and console-based tools for navigating and repprtithe coverage results.
NCoverExplorer allows developers to visualize therse code with visited and unvisited
lines highlighted, as well as the ability to sdiiter, merge and report on the results.
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To integrate seamlessly with VisualStudio, this Itos frequently used with
TestDriven.NET using the Test With Coverage featudeich launches NCoverExplorer
automatically to display code-coverage results tfar selected unit tests. A console
version is also available, which can be integratatb your CruiseControl.NET
continuous build cycle via NAnt and MSBuild tasksr flightweight summarized
coverage reports.

Table 10-8. NCoverExplorer at a Glance

Tool NCoverExplorer

Version Covered 134

Homepage http://ncoverexplorer.org/

Power Tools Page http://www.windevpowertools.com&(33

Summary GUI tool for viewing, sorting, and filtegnsource code

highlighted using NCover coverage XML files. Intatgs with
Visual Studio using TestDriven.NET. Console vers@am be
used by automated build and CI processes for mgrgimd

reporting.

License Type GPL

Online Resources NCoverExplorer.Extras.zip for NAand MSBuild tasks and
CC.NET stylesheets.

Supported .NET 1.0, 1.1, and 2.0

Frameworks

Related Tools in This NCover, TestDriven.NET

Book

Getting Started

NCoverExplorer runs on 32-bit Windows platforms twiny version of the Microsoft
.NET Framework installed. Source-code files dispthywith coverage highlighting
include C# and Visual Basic. C++ code is displayéth line-level coverage only (a
current limitation of the NCover output).

NCoverExplorer is completely dependent on the XMle($§) produced by NCover.
NCoverExplorer has been tested with NCover versioBS3 and the latest 1.5.x versions.
NCoverExplorer does not work with NCover 1.4.6aéprecated NCover release).

NCoverExplorer has been bundled with TestDriven.NED.x since February 2006.
After installing TestDriven.NET, you will find th&lCoverExplorer folder located in

Alternatively, you can download NCoverExplorer asstndalone tool from the
NCoverExplorer.orgvebsite. Simply unzip the contents into a folder
after downloading.

You can also downloadCoverExplorer.Extras.zigontaining NAnt and MSBuild tasks
to utilize NCoverExplorer in your Cl process, asaéed later in this chapter.
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Using NCoverExplorer

The most convenient way to generate NCover resultsing TestDriven.NET. Simply
right-click on a unit test, class file or projecithin Visual Studio and select “Test
With... Coverage”. This will execute the code whil®fiing with NCover, creating the
coverage XML files in the directory:\Program Files\Document and Settings\[user
name]\Application Data\Mutant Design\[solution ngme

After the file(s) are created, the NCoverExplorddl@&xecutable is launched, and you
can explore the coverage results.

An alternative to the TestDriven.NET approach isise the command line or a tool such
as NAnt to execute NCover. Please refer to théameon NCover for examples.

Start NCoverExplorer directly without specifyingcaverage file and you will see a
screen such as the one shown in Figure 10-29:

Figure 10-29. NCoverExplorer Opening Screen

You should now open theoverage.XMLfile(s) that you have generated by using
NCover. To do this you have a number of options:

Choose File® Open and select the coverage file(s) in the dialog
Choose Fil®® Recent Files if it is a file you have opened poeely.
Drag/drop the coverage file(s) onto the NCoverEsgri@sUI.
Use the TestDriven.NET “Test With... Coverage” option

After selecting the coverage file to open your saorwill look like Figure 10-30:
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Figure 10-30. Coverage File Opened

The left-hand side contains a tree view that expdadeveal the assemblies, classes, and
methods that were profiled by NCover. After eactlenaame in the tree, you will see (by
default) the coverage percentage.

The pane on the top right displays the detailshef ¢overage sequence points for the
selected class or method.

The tabbed display in the lower right is a readyadibplay of the source code for the
current class file selected. Right-click and choBsgé in Visual Studio to edit this code.

By default, code that was visited is highlightedhaéa blue background, and code that
was not visited is highlighted with a red backgrdu&xcluded code will have a grey

background. These and most other colors can begewatl as a set of Themes using
View ® Options.

On your screen you may notice a number of differerg-node colors in use representing
certain values of coverage. By default the coloesas follows:

Grey | Zero coverage of this class or method, or ugled intentionally from the
coverage results.

Red Partially covered class or method, where cgeeimbelow acceptance.

Blue | Partially covered class or method, where cayerexceeds acceptance.

Black | Fully 100% covered class or method.

The acceptance threshold is an optional value yemu @onfigure to help you focus
visually on the less well-covered areas. Thisghotd can either be a percentage (the
default is 95%) or a number of unvisited lines. ikeing 100% coverage across all your
classes is normally unrealistic. You can changetliheshold values using the Vie®r
Options dialog on the Coverage Options tab.
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Excluding portions of the coverage

An important feature of NCoverExplorer is the alilio exclude certain types of code
from the coverage results. For instance, it dogshoamally make sense to include your
unit-test fixtures in the coverage results. By défaNCover will profile every assembly

loaded during execution for which it finds a .pdtthebin folder.

Coverage exclusions can be specified at the asgemdninespace, and class levels using
the View® Options dialog on the Exclusions tab. By defalp coverage exclusions
have been predefined to filter out tests or prifatectionality. These two are entered as
masks for assemblies namedests and namespaces nantelfly* . You can easily
add to these or replace them with your own. Therisét (*) wildcard character can be
useful — for instance the default assembly exclusidests  will exclude both
MyApp.Tests.dandMyApp.Layer. Tests.ddssemblies.

Excluded code will still be listed in the coveragee view of NCoverExplorer; however,
none of the related coverage statistics are induihethe overall results. You can
interactively exclude code on the fly by right-&iileg on a tree node and choosing
Exclude This From Results (or the toolbar buttorDetete key). In addition, you can
undo an exclusion by choosing Include This In Rssulvhich will recalculate the

coverage totals.

Filtering Coverage

Two filter options are available to quickly focusuw attention on items of interest.
Filters differ from exclusions in that they do raffect the overall coverage statistics
when they are applied.

The Hide All 100% Covered option hides all methadsl classes with 100% coverage.
This is useful when you want to focus on the meshtitht need additional tests to
increase coverage.

The Hide All Unvisited option hides all methods acldsses with 0% coverage. This
option is most useful in conjunction with TestDmvET when you run a single unit
test, where you expect that most of the applicatimste will not be called.

Note that NCoverExplorer has the ability to mergsltiple coverage files in certain
circumstances. There are some limitations in thatdontents cannot conflict with each
other — such as a coverage XML file from a previaus where the code has since been
changed.

Customizing the test coverage view

The default coverage tree view displays the peaggntoverage after the name of each
module, namespace, class, and method. Using the ®@ieCoverage menu there are

additional options available. For instance, you chsplay the number of unvisited

sequence points—percentages can be misleadingrirs tef the amount of code not

covered by your tests. One line not tested in a-lioe class (75%) may be less

significant than 10 lines not tested in a 100-kiess (90%).

You can also choose the Function Coverage viewglwailows a primitive form of code
profiling. This will tell you the number of visite each method.

In conjunction with these alternate views you mbsp dind it useful to sort the coverage
results, using the Vie® Sort By menu. This can help in large projectsisually focus
on items of most interest, such as those withdhstlcoverage.
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Generating summary reports of test coverage

NCoverExplorer has the ability to generate XML ofF ML coverage summary reports.
The XML reports are intended to be used in a cowtirs build process such as with
CruiseControl.NET. Using NCoverExplorer to geneaimmary reports offers a number
of advantages over transforming the NCover covekdge files directly:

Performance — xsl transforms on large coverage.XiMk can be painfully slow.
Smaller merges into build log XML files for fastemdering by CruiseControl.NET.
Coverage exclusions and thresholds can be speaifiddhighlighted in output.
Ability to merge multiple coverage. XML files intosingle report.

Include code metrics such as number of classescooment lines etc.

Table 10-9 lists the three report types curreniBilable.

Table 10-9. NCoverExplorer Report Types

Module Summary Displays a project summary with cage per module
assembly.

Module/Namespace Displays a project summary, module summary, and

Summary namespaces per module.

Namespace Summary Displays a project summary fellovby a list of
namespaces.

An example of the Module/Namespace summary repatidwn in Figure 10-31.
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Figure 10-31. Module/Namespace Summary Report

Integrating NCoverExplorer into your build process

A second executable in the NCoverExplorer suiteised for batch-driven operations,
such as in a continuous build process. NCoverEgplGonsole offers two key features:

Generation of XML (or HTML) summary reports for lasion in the build artifacts.
These XML reports can be merged into your Cruis¢@bNET build log and
reported using transformations on the Build Repad coverage web pages.

It can fail a continuous build if minimum coverateesholds have not been reached.

Integration with NAnt

There are two ways of writing your NAnt tasks. Tiret is to use thecexec> task to
simply invoke the executable. The second is to use a
custom<ncoverexplorer> NAnt task (located in the file
available for download from theww.ncoverexplorer.orgvebsite).

Using the<exec> task approach can be a little more work, as fongete control you
must also construct an XML file listing all your coverage exclusions and
thresholds per assembly (although this should hdiyafot need regularly updating).

A minimal example without the file is shown below. This generates an XML
report of module/namespace coverage, and fail tAatNcript (exit code of 3) if the
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project coverage is less than the specified thidsbb80%. Note that failing a build
based on coverage thresholds is an optional feature

<target name="util.ncoverexplorer.exec">
<exec program="C:\Program Files\NCoverExplorenNC overExplorer.Console.exe"
workingdir="C:\Program Files\NCoverExplorer \">
<arg value="&quot;${build.output.dir\coverag exml&quot;" />
<arg value="/r:3"/> <!-- Report style of m odule/namespace. -->
<arg value="/x"/> <!I- Generates an XML report. -->
<arg value="/e" /> <!--List coverage exc lusions footer. -->
<arg value="/p:MyApplication" /> <!-- Projec t name on report -->
<arg value="/m:80" /> <!-- Satisfactory cove rage threshold -->
<arg value="ff"/> <!-- Fail the build if minimum not reached -->
</exec>
<ftarget>
For more information about the command-line paranseand specifying a file,
you should refer to the NAnt script located iri
and the in your NCoverExplorer installation folder.
The <ncoverexplorer> custom NAnt task, on the other hand, allows allttoé

required information to be specified inline withlthre NAnt .build file. A more complex
example, which shows how to merge multiple coverfdge matching a pattern and how
to specify thresholds, is shown below:

<target name="util.ncoverexplorer.nant">
<ncoverexplorer
program="C:\Progra~1\NCoverExplore\NCoverE xplorer.Console.exe"
projectName="MyApplication"
reportType="3"
outputDir="${build.output.dir\Coverage"
xmIReportName="CoverageReport.xml"
htmlReportName="CoverageReport.html"
showExcluded="True"
satisfactoryCoverage="80" >
<fileset>
<include name="*coverage.xml"/>
<ffileset>
<exclusions>
<exclusion type="Assembly" pattern="*Tests" />
</exclusions>
<moduleThresholds>
<moduleThreshold moduleName="MyAssembly.dll" satisfactoryCoverage="30" />
</moduleThresholds>
</ncoverexplorer>
<ftarget>

The only negative to this approach is that it resgireferencing the assembly containing
this NAnt task (either directly in the script or Ipjacing it in the NAntbin\tasks\net
folder). Perhaps one day in the future someonein@yde it in the NAntContrib project.

Integration with MSBuild

A custom MSBuild task has been developed that ®fdrthe same functionality shown
above in the NAnt task. The source code and exaofplesage in are also
to be found in thé file.
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Integration with CruiseControl.NET

Many existing developers using CruiseControl.NE® &Cover will utilize the built-in
stylesheets and merge publishers to incorporaterage results into the web-page
output. However, on large projects this has a magtisadvantage, as the build logs used
for rendering web pages end up being many megalyteze, affecting all page load
times.

Using NCoverExplorer to produce an XML summary mtpae can instead merge a far
smaller summary file. This is based on the assumptihat you only want summary
coverage reporting on your build server. To go darse-code level detail it is most
useful to run the NCoverExplorer GUI for a moreenaictive experience.

There are two stylesheets customized for the NGoy®orer summary report output that
need to be copied to your CruiseControl.NET xslgktes folder. When configured they
enhance the Build Report and NCover Report webgage

In Figure 10-32 we see the enhanced Build Repayé pdth an NCoverExplorer section
summarizing the coverage of the project (68%), $pecified acceptance threshold
(80%), a number of code-metric statistics and lariverdict based on not yet hitting the
coverage threshold target.

Figure 10-32. CruiseControl.NET Build Report
The configuration steps required to achieve thesaar follows:

1. Copythe and stylesheets from the
file into yourCruiseControl.Net\webdashboard\xsl
folder.
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2. Edit your filejto point to these
new stylesheets. An exampile file is included in the zip file.

3. Modify your CruiseControl.net project file so thiaéxecutes your NAnt/MSBuild
task to generate an XML summary report (by defeailed )
and uses themerge> publisher to include this in your build-log output

When these steps are completed correctly, clickimghe NCover Report link on your
build server web page should now display the apjmtgpsummary report as in Figure
10-33.

Figure 10-33. CruiseControl.NET Coverage Report

See Also

[NCover]
[TestDriven.NET]
[NANt]
[CruiseControl.NET]

Getting Support

Support for NCoverExplorer for bug reports and deatrequests is available through a
number of avenues. The most direct is via e-mail the author:
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support@ncoverexplorer.arg-or the latest news and updates you should vt
author’s blog ahttp://www.kiwidude.com/blog/

In addition, a number of the TestDriven.NET suppptions can be utilized for queries,
such as the Google grouphttp://groups.google.com/group/TestDrivenUsers
Alternatively, a FogBugz database for directly engg new cases is located at
http://support.testdriven.net/

NCoverExplorer in a Nutshell

NCoverExplorer takes the raw code-coverage atsliieNCover to a whole new level,

giving developers an intuitive and richly featuiaterface to fill the missing link back to

the source code. As part of a test-driven develaprogele, it can be used by individual
developers with TestDriven.NET to ensure a contisucand easily measurable
improvement in code coverage. It can also be cjos#kgrated into your automated
build processes to ensure that project-based cgeetargets are met and historical
progress can be tracked across the project lifecycl

—Grant Drake

10.8Integrating Unit Testing into Visual
Studio with TestDriven.NET

The problem with most unit-testing tools is thatttare separate applications and require
quite a bit of switching back and forth between ¢bee you are writing and the tool you
use to test it. This is especially time-consumirigew practicing test-driven development;
you will be switching between your IDE and the iggtGUI multiple times for every
method that you write.

TestDriven.NET is a Visual Studio Add-in that intetgs unit-testing functionality
directly into Visual Studio. No longer will you Herced to switch to another application
to execute your tests—you can run tests and viewlte directly inside Visual Studio.
TestDriven.NET works with NUnit, MbUnit, and the dma System testing built into
Visual Studio Team System editions.

TestDriven.NET also includes features to run “ad*hests, examine code coverage, and
integrate with the Team System testing framework.

Shortly before this book went to press Jamie Cdasda
TestDriven.NET’s creator, changed his release mddelthe tool.
TestDriven.NET now comes in two commercial variamsofessional
and Enterprise. There is still a free versionHobbyist developers, but
using TestDriven.NET on any commercial project fezpiyou to
purchase a commercial license. See the tool's page for more

details.
Table 10-10. TestDriven.NET at a Glance
Tool TestDriven.NET
Version Covered 2.0.1605 Beta
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Homepage http://www.testdriven.net
Power Tools Page http://www.windevpowertools.comi&(34
Summary TestDriven.NET integrates unit testing fiomality directly

into Visual Studio.

License Type

Online Resources FAQ, Bug Tracking Database, Bfoggil

Supported Frameworks 1.0, 1.1, 2.0

Related Tools in This NCover, NUnit, MbUnit
Book

Getting Started

TestDriven.NET supports NUnit and MbUnit unit téstmeworks. You'll need either

one of those to write your unit tests in. TestBritNET comes bundled with the
appropriate version of NCover and NCoverExplorecteate test coverage reports for
you.

To get started with TestDriven.NET you simply neéedlownload the latest release from
www.testdriven.nget unzip the .zip file, and run the included exeblga The
TestDriven.NET add-in will be installed for any faked versions of Visual Studio
including Visual Studio.NET 2002, Visual Studio.NRT03, and Visual Studio 2005.

UsingTestDriven.NET

Now that TestDriven.NET is installed you simply dege open a project and create a new
test. TestDriven.NET is compatible with NUnit, MbitJrand Team System testing. | am
going to use NUnit in these examples; function@llyorks the same with the various
testing frameworks. Here is a quick sample testvetcreated:

using System;

using System.Text;

using System.Runtime.InteropServices;
using NUnit.Framework;

using System.Collections;

namespace TestLibrary

{
[TestFixture]
public class SampleClass

[Test]
public void TestHashtable()

Hashtable ht = new Hashtable();
ht.Add(1, "Test");

Assert. AreEqual(ht[1], "Test");
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To run this simple test | would normally need toitstv to the NUnit GUI, load my
assembly, then click the Run button. Using Test&8niET | simply need to right-click
on the test and select Run Test(s) from the TestRrNET context menu shown in
Figure 10-34.

Figure 10-34. TestDriven.NET Context Menu

TestDriven.NET runs the selected test and theralisghe results in the output window,
as shown in Figure 10-35.

Figure 10-35. TestDriven.NET Test Output

If the test fails, you will see the failure reasonhe output, as shown in Figure 10-36.
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Figure 10-36. Test Failure in Output Window

You can run more than a single test. Entire claasésprojects worth of tests can be run
either by choosing Run Test(s) with the class setewr by right-clicking on the project
in the Solution Explorer.

Debugging with TestDriven.NET

Being able to run tests directly in Visual Studéoquite valuable. Being able to debug
those tests is even more valuable. Using TestDiNEM you just need to add a
breakpoint to your code, then right-click on thsttend choose Test Wi#® Debugger,
as shown in Figure 10-37.

Figure 10-37. Test With... Menu
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TestDriven.NET compiles the project and launches yest with the debugger attached,
causing your breakpoint to get hit. When troublesimy tests it is very useful to attach
to a test without any special steps or hoops tgjthmough.

Calculating Code Coverage with TestDriven.NET

Calculating code coverage is usually a task thaerformed by a continuous integration
or build server. The problem is that you don't fimat that you missed a certain branch in
your code until hours or days later. It's muchierag you figure this out while you are
writing your code and can quickly and easily wat®ther test to get better coverage. An
easy way to get an instant look at the coverageof code is to use TestDriven.NET’s
Test With® Coverage feature. If you have Team System instdlleill use the built-in
coverage. If not, the NCover coverage tool will ised. (NCover is integrated with
TestDriven.NET.) To demonstrate, | have writterinpée method for concatenating two
strings:

public string Concat(string a, string b)
if (@ ==null || b ==null)

return null;

}
return a + b;

}
Now | have a test that calls my method, passirtgvinvalid strings:

[Test]
public void TestConcat()

{

Concater concater = new Concater();

string newstring = concater.Concat("test ", "st rng");

}

Right-clicking on this test and choosing the Testi® Coverage option compiles and
runs the test, then displays the coverage resubiarsin Figure 10-5.

Figure 10-38. Coverage Results

In the coverage results, you can see that a quafrtidre method has been left untested.
Clicking “Show Code Coverage Coloring” highlightsaetly what parts of the code have
not been tested, as illustrated in Figure 10-6.
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Figure 10-39. Coverage highlighting

Theif statement is a light shade of red, meaning thaa partially run. The darker red
means that the code was never touched, and thebliggn means the code was completely
covered. With this information we can see that wechto add an additional test passing
in anull value to make sure we are completely testing odec

If you don't have Team System installed TestDriddET will use NCover and
NCoverExplorer as discussed in [NCoverExplorer].

Testing your code on .NET 1.1

There are times when you are writing code in .NEQ that you need to ensure also
works in .NET 1.1. Microsoft recently released ateasion to MSBuild called MSBee

that allows MSBuild to compile .NET 1.1 applicatoorm estDriven.NET takes advantage
of this fact so you can actually build and testryoode using 1.1. Of course if you want
to build your application using 1.1 it can’t inckighbarts of 2.0 that won't compile like

new assemblies, generics, partial classes, etc.

To compile and run your test in the 1.1 Framewsgtect Test Witt® .NET 1.1. The
code will be compiled and run using the earliemikeavork. Of course this only applies to
Visual Studio 2005; with previous versions of Vis&audio, you are using the .NET 1.1
Framework anyway.

Performing ad-hoc testing

Until now we have been running tests that are dytuzarked as tests in our application.
Another feature of TestDriven.NET is that you canrdore than just execute tests, you
can execute any method that doesn't take any paeasnd his means if you want to test
something quickly but don’t need to write a unittgou can just write a quick method
and execute it on the spot. For example | couldteréhe following method:

public void AddCustomer()
{

CustomerManager.AddCustomer(“Tammy”, “Avery”);

}

Then simply right-click on the method and selechRiest(s); the method will be run.
You can also test using the debugger, which bdgicakans you can jump into the
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debugger anywhere in your app as long as you argémple method first. This is also
very useful for spot-testing private methods that youldn’t normally write a unit test
for.

See Also

Zanebug
NUnit
MbUnit
NCover

NCoverExplorer

Getting Support

TestDriven.NET'’s support consists of a FAQ and bagking system accessible via the
tool's homepage. Cansdale also takes e-mail sgionis for support requests, plus he’s
got a very active blog where he talks about Tes#riNET and other development
issues.

In a Nutshell

TestDriven.NET integrates unit-testing directlyointisual Studio, making it much easier
to write, execute, and debug unit tests. | canddime practicing test-driven development
without it.

10.9Integrating Mock Objects into Your
Testing with NMock?2

Developer testing can become very difficult whepraject has external dependencies
such as databases, file systems, web servicesjeor @her class libraries. In order to
alleviate these dependencies, you can use mocktshjetest your own code and reduce
your reliance on items outside of your direct cohtr

NMock2 is a direct port of the latest version ofgék for Java. NMock?2 is similar in
concept, but different in implementation from thégmal NMock. NMock2 and NMock
have different syntax, but provide similar mocksstij functionality in .NET. NMock2
and NMock are separately maintained projects (hoghbeing developed and maintained
by Thoughtworks), but both co-exist in the samer8eforge project space.

Table 10-11. NMock?2 at a Glance

Tool NMock2

Version Covered Based on source (04/13/2006)

Homepage http://sourceforge.net/projects/nmock2/
Power Tools Page http://www.windevpowertools.com&85
Summary Reduce your testing complexity [by
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simulating (mocking) resources outside
your direct control.

License Type Apache License v2.0

Online Resources SourceForge mailing lists

Supported Frameworks .NET 1.0, .NET 2.0

Related Tools in This Book NUnit
Rhino.Mocks

Getting Started

As of the time of this writing, NMock2 was in a Piadpha state and did not have a direct
download available on the NMock2 page on Sourcefohg order to get the current

version of NMock2, a CVS client can be used to eato the SourceForge repository to
download the source for NMock2.

The version available from SourceForge containssaidl Studio 2003 solution that will
build the NMock2 assembly for your projectii{lock2.dl). You can also execute the
NAnt build file to output the assemblies to ting!d directory.

Alternatively, the CCNetLive site has a list of fisbed builds located at
http://ccnetlive.thoughtworks.com/NMock2-Builds

To include the NMock2 library in your solution, gophe assembly and add a file
reference to any project where you would like te tie library.

Using NMock?2
Before putting NMock2 to work, it's helpful to undgand the terminology used to
describe the work of the tool. Here are few keyneand concepts.

Mockery

The Mockery class allows for the dynamic generation of a mobject. Since a
mock object can be of many types, the newly createdk must be given an
interface to implement. You then cast it to thesiface type. After a mock has been
generated, it can be used to set expectationgecsads, and define behaviors.

Creating a mock object through theckery class follows this general pattern:
Mockery mock = new Mockery();

<interface> myMock = (<interface>) mock.NewMock(typ eof(<interface>));
<interface> is a placeholder for the specific interface that thock object will
pretend to implement. For example, if you want $saiate a mock object with an
interface calledSimpleOperations , you create it with these lines of code:
Mockery mock = new Mockery();
ISimpleOperations myMock =

(ISimpleOperations) mock.NewMock(typeof(ISimpleO perations));

Expectations

Expectations can be thought of as the enumeratidmebaviors you expect your
object to exhibit. For instance, you may expect thaertain method will be called a
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specified number of times. If you are testing ctitlt uses a command pattern, you
will likely expect that a common method (suchEaecute() ) will be called on an
implementation.

The command pattern is a design pattern where teonas represented
by an object. The object wraps the action anghaiameters and lets
the object get passed to clients instead of sepaaations and

parameters. Command patterns are often used itennemting undo

lists, wizards, queues, etc.

Syntax for theExpect class follows this general usage:

Expect.Once.On(<mock>)
.Method(<method>)
With(<parameter(s)>)
Will(Return.Value(<expected return value>)

The Expect class has a number of static properties bedigect.Once  that
are used to aid in testing your expectations. Softiee other properties are:
Expect.Never

Expect.Exactly(<number of times>)

Expect.AtLeast(<number of imes>)
Expect. AtMost(<number of times>)

Stubs

Stubs can be viewed as defining optional behavitiey are useful for defining
return values for specified inputs. Stubs are sintid expectations, but they are valid
regardless of the number of times they are calfea.stub is not called, it will not
cause a test to fail.

TheStub class’s syntax follows the general structure of:

Stub.On(<mock>)
.Method(<method>)
With(<parameter(s)>)
Will(Return.Value(<expected return value>)

Arguments

Arguments are the values that are provided to d@afiens or stubs. Arguments
define the parameter values that are expectedumrspecific results from the mock
object.

The following statement in NMock?2 indicates thatemhthe AddTwoValues()
method is called with a value of 1 for the firstrgnaeter and a value of 2 for the
second parameter, the mock implementation shotildre value of 3.

| Stub.On(myMock).Method("AddTwoValues').With(1, 2).W il(Return.Value(3));
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A variety of argument options exists with NMock2n &xpectation or stub can return a
specified value for the specified arguments listed .With() , a specified value
regardless of arguments when you uAgthAnyArguments() , or a specified value
without any arguments (used when a method doeshawé any parameters) with
.WithNoArguments()

Verification

Verification is the process of determining if alpectations on a mock object have
been met. A call to.VerifyAllExpectationsHaveBeenMet() will
determine if all expectations on the mock objeatehlaeen satisfied. The verification
method is typically placed at the end of the testalidate that the mock object has
been used correctly by the class under test.

Other Concepts

There are many other capabilities provided by NMbctkat this article will not
cover. For a full list of available features, sebe tNMock2.Test and
NMock2.AcceptanceTegigojects included with the NMock2 source distribnt

Generating a dynamic mock object

The following example demonstrates the generatibm alynamic mock object. The
ISimpleOperations interface defines two methods to be mocked by NMocA
Mockery object (nock in this example) is instantiated, thenlitswMock() method

is called to create the dynamic mock object. THigect is then instructed to return a
value of 3 when thdddTwoValues() method is called with the first parameter having
a value of 1 and the second parameter having s wafll2. Furthermore, the example
specifies that this method will be called exactiyce Expect.Once ). The
VerifyAll[ExpectationsHaveBeenMet() method of theMockery object
(mock) is called at the end of the operation to test thaAddTwoValues() method
was called correctly: with the parameter valuet ahd 2, exactly once.

public interface ISimpleOperations
int AddTwoValues(int valuel, int value2);

string SaySomething();
}

Nl <summary>

/Il Validates that the AddTwoValues method was

/Il called with the proper parameters.

NIl </lsummary>

[Test]

public void TestExpectForAddTwoValuesExpectation()

{
Mockery mock = new Mockery();

ISimpleOperations myMock = (ISimpleOperations)
mock.NewMock(typeof(ISimpleOperations));

Expect.Once.On(myMock)
.Method("AddTwoValues")
With(1, 2)
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Will(Return.Value(3));
myMock.AddTwoValues(, 2);

mock.VerifyAllExpectationsHaveBeenMet();

}

The following example is the same as the first, detonstrates what happens when
AddTwoValues() is called twice. We have told the mock to expeciatth
AddTwoValues() will only be called once. This test results in an
ExpectationException being thrown.

Nl <summary>

/Il Demonstrates a failing test because the AddTwoV alues

/ll method is called twice (and we only expectitt obe

/Il called once).

NIl </summary>

[Test]

[ExpectedException(typeof(NMock2.Internal. Expectati onException))]
public void TestExpectForAddTwoValuesExpectationCal ledTooManyTimes()

{
Mockery mock = new Mockery();

ISimpleOperations myMock = (ISimpleOperations)
mock.NewMock(typeof(ISimpleOperations));

Expect.Once
.On(myMock)
.Method("AddTwoValues")
With(1, 2)
Will(Return.Value(3));

myMock.AddTwoValues(1, 2);
myMock.AddTwoValues(, 2);

mock.VerifyAllExpectationsHaveBeenMet();

}
The last example is similar to the first two, excépldTwoValues() is called with
unexpected parameter values. In this cas&xectationException will also be
thrown.

Nl <summary>

/Il Demonstrates a failing test because the AddTwoV alues

/Il method is called with unexpected parameters.

NIl </summary>

[Test]

[ExpectedException(typeof(NMock2.Internal. Expectati onException))]

public void TestExpectForAddTwoValuesExpectationWit hWrongValues()

{

Mockery mock = new Mockery();

ISimpleOperations myMock = (ISimpleOperations)
mock.NewMock(typeof(ISimpleOperations));

Expect.Once
.On(myMock)
.Method("AddTwoValues")
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With(1, 2)
Will(Return.Value(3));

myMock.AddTwoValues(0, 2);

mock.VerifyAlExpectationsHaveBeenMet();
}

Using a stub to test code with predefined vaues

Stubs provide a useful mechanism for returning gterehined values when focusing on
how the code under test interacts with predefingldes. Stubs allow the developer to
define how a dependent object behaves so thatehendlencies of the code being tested
can be controlled. This is especially useful whergternal resource is not yet available.

The following example again shows the generatioa dfnamic mock object that is then
instructed to return a value of 3 when theédTwoValues() method is called with
parameters of 1 and 2.

Nl <summary>

/Il Demonstrates the dynamic mock object returning
/Il avalue of 3 when the first parameter is 1 and

/Il the second parameter is 2.

NIl </summary>

[Test]
public void TestStubForAddTwoValuesWithWith()

{

Mockery mock = new Mockery();

ISimpleOperations myMock = (ISimpleOperations)
mock.NewMock(typeof(ISimpleOperations));

Stub.On(myMock)
.Method("AddTwoValues")
With(1, 2)
Will(Return.Value(3));

Assert. AreEqual(3, myMock. AddTwoValues(1, 2));

The next example creates a dynamic mock objectelwdit to return a value of 3 when
AddTwoValues() is called with any values.

Nl <summary>

/Il Demonstrates the use of WithAnyArguments. The s tub
Il is instructed to always return 3 regardless of the
/Il values passed in.

NIl </summary>

[Test]
public void TestStubForAddTwoValuesWithWithAnyArgum ents()

{

Mockery mock = new Mockery();

ISimpleOperations myMock = (ISimpleOperations)
mock.NewMock(typeof(ISimpleOperations));

Stub.On(myMock)
.Method("AddTwoValues")
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WithAnyArguments()
Will(Return.Value(3));

Assert. AreEqual(3, myMock.AddTwoValues(l, 2));

Assert. AreEqual(3, myMock. AddTwoValues(1, 1));

Assert. AreEqual(3, myMock. AddTwoValues(123, 123 ):;
}

The last example creates a dynamic mock objectrestidicts it to return a string value of
“Hello!” when the SaySomething()  method is called. ThEsimpleOperations
interface declares th&aySomething() takes no arguments. Accordingly, the code
instructsSaySomething()  to return the value without any specified arguraent

Nl <summary>

/Il Demonstrates the mocking of a method that does

/Il not have any parameters defined on the interfac e.

/Il There are not any available arguments, so we

/Il don't pass any in.

NIl </summary>

[Test]

public void TestStubForSaySomethingWithNoArguments( )

{
Mockery mock = new Mockery();

ISimpleOperations myMock = (ISimpleOperations)
mock.NewMock(typeof(ISimpleOperations));

Stub.On(myMock)
.Method("SaySomething")
WithNoArguments()
Will(Return.Value("Hello!));

Assert. AreEqual("Hello!", myMock.SaySomething() )i

Using a dynamic mock object to test an external stem

The typical usage for NMock?2 is to generate dynamdzk objects for systems that are
out of your direct control. In the following exameplthe code is partitioned into a
domain-model layer (responsible for business lggickervice-agent layer (responsible
for connecting with external systems), and tesjquts for each layer.

This example application is modeled as the first pha snow-forecasting application.
This portion of the application will determine ifia@avalanche report is available for a
provided zip code.

The purpose of the example is to test if a stageamaavalanche report available based on
a zip code supplied by the user. Our assumptiahdas we will provide an avalanche
report if the user has entered a zip code for t& $ket has an avalanche forecast. In the
sample, we know the states that have reports &l@jlaut we will rely on a third-party
service to resolve the zip code to a state.

To start building the application, we will createckass library to contain the domain
layer, a class library to contain the service ageahd corresponding test projects for
each layer. The domain layer will contain the otgethat we will be working with
throughout the application, and the service-agayer will contain the code responsible
for communicating with external web services.
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Here is the initial structure of the solution:

Figure 10-40. Solution Structure

The first task to complete in our new applicatisnta determine if a user-supplied zip
code has an available avalanche report. If thecpige exists in a state that has an
avalanche report, we will retrieve the avalancHerimation through an external service
for the appropriate state.

The first test we will write will express the inteof the functionality that we intend to
develop. We simply want to provide a zip code fatate that should have an available
avalanche report. We will create the test in the&ock2Example.DomainModel.Tests
project.

[TestFixture]
public class Location_Tests
[Test]
public void TestLocationHasAvailableAvalancheRe port()
{
Location locationlnColorado = new Location( "80439");
Assert.IsTrue(locationinColorado.HasAvailab leAvalancheReport);
}
}
After the test is defined, we create théocation class in the
NMock2Example.DomainModel project. As we create theation class and define
the HasAvailableAvalancheReport property, we run into a problem

implementing the property. Although we have a pnéiary list of states that contain
avalanche reports, we don't have a way to resdieestate from the provided zip code.
After thinking for a few minutes about how we caamtle this issue, we decide that we
can use a variety of available web services tolvesastate from the zip code.

Although we know that we will use a web serviced®termine the state, we don't
necessarily know how that service will be impleneehntRather than stop and wait while
these details are worked out by another team memigedecide that we can utilize mock
objects and stub out the web service.

Our next step is to add an interface to model #wise-agent functionality that our

domain layer will need. We will use this interfasen we create the mock objects. We
can simply generate stubbed-out methods based erintarface and program to the
interface in our domain layer.
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The next bit of code we write will be in théVlock2Example.ServiceAgerproject. We
add an interface based on a signature for thecgeragent that we will implement at a
later time (when the web service is decided onfhddgh we don’t know what the web-
service signature will look like, we know that aervice-agent layer provides a layer of
abstraction over our implementation. Due to thetauiul layer of abstraction, we define
a reasonable interface for our domain objects tseme.

public interface ILocationServiceAgent

string GetStateForZipCode(string zipCode);
}

After the interface is defined, we can implememt sictual_ocationServiceAgent

class that will eventually be responsible for ecaglinto the web service. Since we don’t
know what the real implementation looks like yedy fhow we will just throw an
exception when th&etStateForZipCode() method is called.

public class LocationServiceAgent :  ILocationServiceAgent
{
public string GetStateForZipCode(string zipCode )
{
throw new Exception  ("Not implemented yet." );
}
}
Our NMock2Example.ServiceAgents project now cossist of the
ILocationServiceAgent interface (an interface for our service agent) dmel
LocationServiceAgent class (the placeholder for the real implementation
The Location class can utilize the concept of dependency ilgedb make use of the
new ILocationService interface. We also need to be sure to set theullefa
ILocationService implementation to be theocationServiceAgent so that

ourLocation class will use the real service-agent implemewnaltiy default.

Dependency Injection, sometimes referred to asriwe of Control, is
a design pattern used to abstract dependencieséetaomponents.
An example of this might be using a factory to teeabjects and set
state values rather than having the objects do ttiehselves. See
[PicoContainer.NET] and [Castle Windsor] for mordormation on
dependency injection.

With the service-agent definition out of the way,e wcan continue with the
implementation of thé.ocation class in the NMock2Example.DomainModel project.
After the implementation of theHasAvailableAvalancheReport in the
Location class, the class has evolved to use the dependgection concept. We can
now take advantage of NMock2 to test the domaieray isolation.

public class Location
{
Nl <summary>
/Il Set the service agent to real implementatio n by
/I default.
M </[summary>
private ILocationServiceAgent _locationServiceA gent=
new LocationServiceAgent();
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private string _zipCode = string.Empty;

Ml <summary>
/Il This property is exposed to allow for the i njection
/Il of a mock object or alternate implementatio ns.
M </[summary>
public ILocationServiceAgent LocationServiceAge nt
{
get
{

return _locationServiceAgent;

}

set

_locationServiceAgent = value;

}
}
public Location(string zipCode)
{
_ZipCode = zipCode;
}
public bool HasAvailableAvalancheReport
{
get
IList<string> statesWithAvalancheReport =
new string(] { "Colorado", "Utah", "Califomia"};
string state =
_locationServiceAgent.GetStateForZi pCode(_zipCode);
return statesWithAvalancheReport.Contai ns(state);
}
}
}
If we run theTestLocationHasAvailableAvalancheReport() test, we will
receive an error because we have not injected akmobject into the
LocationServiceAgent property of ourLocation instance. Therefore, we’ll

create a new mock object and instruct it to retarstate that has an avalanche report
available. This way, we <can test a successful pathrough the
HasAvailableAvalancheReport property. We know that our
HasAvailableAvalancheReport property calls th&setStateForZipCode()

method on the service agent, so we will instrua €hetStateForZipCode()

method on the mock to return “Colorado” if it ivvgh a zip code value of “80439".

Our new test in the NMock2Example.DomainModel. Tgstsject can use NMock2 to
create a mock object and return the expected vaNes we can test ourocation
domain-model class with a deterministic outcome.

[TestFixture]

public class Location_Tests

{
[Test]
public void TestLocationHasAvailableAvalancheRe port()
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{
Mockery mock = new Mockery();

ILocationServiceAgent mockAgent = (ILocatio nServiceAgent)
mock.NewMock(typeof(ILocationServiceAge nt));

Stub.On(mockAgent)
.Method("GetStateForZipCode")
With("80439")
Will(Return.Value("Colorado"));

Location locationinColorado =
new Location("80439");

locationlnColorado.LocationServiceAgent =
mockAgent;

Assert.IsTrue(locationinColorado
.HasAvailableAvalancheReport);
}

}

After the injection of the mock object, our testlwiow pass. Now that we have all of the
plumbing in place for using the mock objects, wa eaite a new test that will test the

same method for a state that should not have adtablaavalanche report.
[Test]

public void TestlocationDoesNotHaveAnAvailableAvala ncheReport()

{

Mockery mock = new Mockery();

ILocationServiceAgent mockAgent = (ILocationSer viceAgent)
mock.NewMock(typeof(ILocationServiceAgent)) ;

Stub.On(mockAgent)
.Method("GetStateForZipCode")
With("96804")
Will(Return.Value("Hawaii"));

Location locationinHawaii =
new Location("96804");

locationinHawaii.LocationServiceAgent =
mockAgent;

Assert.IsFalse(locationinHawaii
.HasAvailableAvalancheReport);

}

We have succeeded in creating and testing our dologic without a real service-agent
implementation. We can continue to follow this sapatern until the third-party web

service is ready to use.

See Also
[NUnit]
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[Rhino.Mocks]

Getting Support

Support for NMock2 can be found on the NMock2 pageSourceForge. The Support
Request area and Forums section of the NMock2 &Borge project site are available to
post questions and support requests.

NMock2 in a Nutshell

NMock2 provides a way to use mock objects in .NE®jgrts. Mock objects and test-
driven development combine to provide improved gigsilexibility, and freedom during
typical day-to-day programming tasks. In additionthie standard expectation and stub
concepts, NMock2 can also be used to guide the lolese towards decoupling of
objects. It encourages the removal of many tydieeatiers and dependencies throughout
development.

—Ben Carey

10.10Creating Strongly Typed Mocks with
Rhino.Mocks

You need to create mock objects to let you decoyple work from external resources,
but you're running into some problems. What do ylouif you need to create mock
objects for classes with no default constructor, adasses with parameterized
constructors? What about generic objects? Whayadodo if you need to explicitly
check the order of methods called on mocked olfecdnd wouldn'’t it be nice if you
could use strongly typed mocked objects so you'dabée to access methods and
properties directly when writing tests, insteacpagsing in strings of names (which, by
the way, aren’t checked at compile time, so you'tkamow you've made a mistake until
you run your tests).

Rhino.Mocks by Oren Eini, offers an attractive aitgive to the NMock and NMock2
libraries. Rhino.Mocks’ model creates stronglydgpmock objects, so you'll get full
IntelliSense support as you're coding, plus the 1@ compiler will point out errors
much more quickly than if you have to wait untihtime to find you've mistyped a string
representing a method name.

Rhino.Mocks enables you to mock up classes as alinterfaces. It also supports
calling parameterized constructors. Rhino.Mocks aavery rich set of constraints you
can place against expectations, and you can spibeifyecorded expectations must occur
in a specific order. Something of great importatcdevelopers working in the .NET 2.0
domain is Rhino.Mocks’s support for generic classed working with generic methods.
Perhaps best of all, Eini, who posts to his blaghis handle Ayende Rahien, has worked
hard to create terrific documentation.

Table 10-12. Rhino.Mocks at a Glance

Tool Rhino.Mocks

Version Covered 2.7.2
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Homepage http://www.ayende.com/projects/rhino-mocks.aspx

Power Tools Page http://www.windevpowertools.com(86

Summary Solid mock-object library supporting stigngyped mock
objects with a host of other handy features.

License Type BSD

Online Resources Mailing list, author’s blog

Supported Frameworks .NET 1.0, 1.1, and 2.0

Related Tools in This NMock?2
Book

Getting Started

Rhino.Mocks will actually enable you to write exsare tests without any other unit
testing framework; however, for all practicalitywt need another unit test framework
such as NUnit or MbUnit to complete your unit tegtneeds.

Download Rhino.Mocks from the Downloads link at temepage. Installation is a
simple matter of extracting Rhino.Mocks’s DLL tsaitable folder on your disk. You'll
need to reference the assembly in the project gowoprking on to make use of
Rhino.Mocks. See Appendix A for details on thapst

Using Rhino.Mocks

Rhino.Mocks follows the same basic pattern of amckmg library. While the syntax
may differ, the steps are the same:

Create a repository to manage mocks

Create a mocked object

Set expected behavior for that mocked object

Run tests on components that use the mocked obj&the mocked object!
Verify that all expected behaviors were met

Ben Carey'’s great article on NMock2 (see "IntegigitMock Objects into Your Testing
with NMock2") covers many of the concepts of modijeats exceedingly well, so |
won't rehash those details. Instead I'll focusvdmat's unique to Rhino.Mocks.

Creating strongly typed mock objects

While there are a number of differences betweem&Mocks and NMock2, one of the
standouts is Rhino’s use of strongly typed mocleots. This means you don’t have to
use string parameters when setting up expectafmna mocked object. With NMock
you have to pass thdethod() element a string specifying the method to callttos
mocked object:

ISimpleOperations myMock = (ISimpleOperations)
mock.NewMock(typeof(ISimpleOperations));

Expect.Once.On(myMock)
.Method("AddTwoValues")
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| /iremainder elided ...

The passed-in string is used via reflection to Inesthe actual target method name, but
that's done at run-time. You goof up the methoth@and you’re not going to find out
about it until you run the test.

Rhino.Mocks, on the other hand, gives you stronylyed mocked objects via its
dynamic library. Expectations are set on the dlfexctual method names, which means
the compiler and IDE will point out errors at a hearlier stage.

The following snippet shows creation of a mock objend setting expectations on the
object. Note we're working directly with the mockebject.

IDataAccess mockDAL =
(IDataAccess) repository.CreateMock(typeof (IDa taAccess));
Expect.Call(mockDAL.IsEmailExtant("Bogus@bogus.com" )).Return(false);
repository.ReplayAll();
This snippet creates the mocked object, sets exg@es, and then uses
repository.ReplayAll() to notify the repository that we're done setting
expectations.

You also get full access to IntelliSense for resgutype information, as well as picking
up any documentation provided by the target olgeXtL documentation (Figure 10-
41).

Figure 10-41. Strongly typed objects help out wiitielliSense and
documentation

Testing generic types

Rhino.Mocks supports generics if you're workingtle .NET 2.0 environment. This is
great if you've got a generic interface or clagssiome service provider, as shown in this
contrived example:

public class MyContainer<T>
private T _thing;

public virtual T Thing

{
get{return _thing; }
set{_thing = value; }
}

}
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Three important points here: first, we're mockinglass, not an interface. Many other
mock implementations only support mocking interface Second,MyContainer
doesn’'t have a default constructor. Again, othecknimplementations can’t deal with
this. Lastly, the propertyhing has been defined agrtual . Rhino.Mocks can't
intercept calls to non-virtual methods.

Moving on, we have a simple class making us&lpfontainer as a data store. This
Worker class provides a method to manipulate values frdahe store
(AddTwoToStoreValue() ).

public class Worker

{

MyContainer<int> dataStore;
public Worker()

dataStore = new MyContainer<int>();

}

public void SetDataStore(MyContainer<int> store )

dataStore = store;

}

public void LoadDataStore(int num)

dataStore.Thing = num;

}

public int AddTwoToStoreValue()

{
return 2 + dataStore.Thing;

}
}

We can mock the generidyContainer class in a test like so:

[Test]
public void CheckAddTwoToStoreValuePassesWithMock()

{

Worker work = new Worker();
MyContainer<int> mockDataStore = repos.CreateMo ck<MyContainer<int>>();

/ISet expectations for MyContainer.Thing proper ty
Expect.Call(mockDataStore.Thing).PropertyBehavi or();
repos.ReplayAll();

work.SetDataStore(mockDataStore);
work.LoadDataStore(2);

Assert.AreEqual(4, work. AddTwoToStoreValue());

repos.VerifyAll();
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Testing Properties

Note that we're not explicitly setting any expetas on thenockDataStore object!
We just use the Expect.Call().PropertyBehavior() method and
Rhino.Mocks automatically sets the detailed exgigta for us. This simplifies your
coding and makes the test code easier to read.

See Also

NMock?2
NUnit
MbUnit

Getting Support

Documentation and a mailing list are both availagesupport options for Rhino.Mocks.
The author maintains an active blog and is avadlaid e-mail for bug reports.

Rhino Mocks In a Nutshell

Rhino.Mocks has a full set of constraints to furtbentrol mocked objects’ behavior, and
it also supports events, delegates, and callbacks.

As with any mock toolset, Rhino.Mocks doesn’t negédie need for testing interactions
with real-world data, but it can certainly speeddgvelopment when you need to isolate
yourself from resources that aren’t always avadablRhino.Mocks gives you great
flexibility and has features you won't find in ottocking libraries.

10.11Unit Testing Your GUI With
NUnitForms

Unit testing and test-driven development are ingiredy used to improve software
reliability and simplify code design. However, @mains less common for developers to
write unit tests for the user-interface componewitgheir applications. NUnitForms,
originally developed by Luke Maxon, makes it easyest this part of your application.
The API allows you to interact with your Windowsrits and control classes from a unit-
test suite, verifying their proper behavior, statieq interactions.

Table 10-13. NUnitForms at a Glance

Tool NUnitForms

Version Covered 1.3, 2.0 beta

Homepage http://nunitforms.sourceforge.net/

Power Tools Page http://www.windevpowertools.com&37

Summary NUnitForms makes it easy to write automatatitests for
your Windows forms and control classes.

License Type BSD
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Online Resources Unit-test examples, Source Canteinfis
Supported Frameworks .NET 1.1 and 2.0

Related Tools in This NUnit, NMock

Book

Getting Started

NUnitForms is a standalone testing framework. Ydon't need any other test
framework.

Downloads are available from the Download link atJritForms’ homepage.
NUnitForms is available in both a source and binasion. To use the binaries, simply
run the installer or copy the supplied dll filesoiryour project’s library directory. Your
unit-test project needs a referenceNtonitForms.dll Then you can write and execute
unit tests in the usual way.

Here is an example of running unit tests withnitFormsfrom aNAntbuild script. Note
the use of théthread parameter tounit-console.exeSome types of NUnitForms tests
will not run properly without it.

<target name="test">
<exec program="${nunit.dir\nunit-console.exe"
commandline="$bin.dirfANUnitForms.Test.d Il thread"”
>
<ftarget>

Using NUnitForms

NUnitForms is a library that can be used in any bemof ways, but two generalized
types of tests will be demonstrated here.

The first and most common usage scenario involuéting a test for the glue or wiring
code in aForm or UserControl  class. With this type of test, you can exercise th
event handlers and data-binding code in Foem or UserControl  without directly
testing the individualControl component implementations themselves. This is most
useful for development projects that are wiring etibgr third-party or Framework
controls. In these cases, there is little needafadeveloper to unit-test the control’'s
implementation. It is more likely for developerswant to test their own code.

The second type of test is used by a developdrwimpposite situation. In this scenario, a
developer is producing his/her own custom contrantsl needs to verify that those
controls respond properly to low-level mouse orbaard events. Sometimes it is also
useful to verify that the control paints itself ceatly on the screen. During this type of
test, the mouse is manipulated in order to sendtsvato a form. Additionally, screen

captures can be compared to previously saved iffilage

These are heavier tests and executing them is imusive on the build and test process.
For example, only one suite of these tests carubeimg at a time on the machine, and
the developer should not be doing anything elsénduhe test run that will disrupt the
mouse movement. Because of these drawbacks, flesofytest is intended and preferred
for the author of custom controls, rather thantlfier consumers of those controls.
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Much of this chapter will be dedicated to exammeas explanations of the first type of
test, but a simple example and explanation of #versd type will be included toward the
end.

Testing a simple form with controls

The NUnitForms project is distributed with unitteethat demonstrate and verify all of its
behavior. One of the simplest tests will servehasfirst example. Imagine a very simple
form that includes &utton and a textabel . When theForm is created, théabel

has alext property value of “0” (zero). On each button préke label’'sText property
value should be incremented in order to count h@mynimes the button was pressed.

Example 10-3 shows the NUnitForms test that witifyehe functionality.

Example 10-3. Example NUnitForms test

[TestFixture]

public class ButtonTest : NUnitFormTest

{
private LabelTester label;
private ButtonTester button;

public override void Setup()

{
new ButtonTestForm().Show();
button = new ButtonTester("myButton"”);
label = new LabelTester("myLabel");

}
[Test]
public void ButtonClick()
{
Assert.AreEqual('0", label. Text);
button.Click();
Assert.AreEqual("1", label. Text);
button.Click();
Assert.AreEqual("2", label. Text);
}
}
If you're at all familiar with NUnit tests then thishould look very familiar. It uses the
[TestFixture] and[Test] attributes from NUnit to identify fixtures and indiual
tests.

A test class can exteridUnitFormTest to provide automatic clean-up of the tested
form. The base class also includes some other helpthods that will be shown later.

Do not use the NUnifSetup] attribute when extending the base
class. The base class uses this for its own iz&iabn method.
Instead, override the base clasS&tup() method as shown here.

ButtonTester and LabelTester classes are provided by NUnitForms so that
Button and Label controls can be tested in a type-safe and conmeniay.
NUnitForms includes numerous other tester classes specific controls like the
TextBoxTester, and the more gene€ontrolTester class permits access to any
other controls that are not directly supported tynNForms. The library is extensible, so
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it is also possible to create subclasseSoitrolTester and easily add appropriate
support for other controls that a developer useguently.

The constructor for th€ontrolTester classes allows the test to dynamically locate a
Control  on any displayedrorm according to itsName property. Overloaded
constructors help to find controls on specific feror to find controls when thdame
property is not unique, but the example usage isetlee most common. If the control is
nested inside of other controls, a dot-delimitethpaan be used to uniquely identify it.
NUnitForms only requires enough of the path to uasly identify the control. For
example,myPanell.myControll.myButtonl is a valid control identifier, but if
there are no other controls with the namgButton1 thenmyButtonl is sufficient,
even if the control is nested within those othertouls.

When this test runs, it does not actually manigutat mouse or keyboard in order to
click the button. Instead, the Framework usescéifin to locate th&utton and to
raise itsClick event directly. This causes any registered listetebe invoked.

In this way, the unit test has verified that thetimod is registered to listen to tk#ick
event and that it operates correctly when it isoked. It is not actually testing the
Windows message pump or the implementation of thenEwork’sButton class. Also,
it is not testing that theabel class knows how to paint ifs&ext property correctly, but
only that the property is set.

Developers using NUnitForms in this way are focgsthe test on their own code,
typically the code-behind portion of the form.

Here is another example, this time demonstratirey ube of NMock to test a GUI
independently of its controller class.

[TestFixture]
public class FormTest : NUnitFormTest

private Mock controller;
public override void Setup()

/ICreate a mock controller

controller = new DynamicMock(typeof(IAppCon troller));

new AppForm((IAppController) controller.Mo ckinstance).Show();
[Test]
public void CountButtonShouldinvokeControllerC ount()

I[Tell the controller what data to expect
controller.Expect("Submit”, “My Data”);

TextBoxTester dataBox = new TextBoxTester(“ dataBox");
ButtonTester submitButton = new ButtonTeste r("submitButton");
dataBox.Enter(“My Data”); /for dataBox.Text =“My Data”;
submitButton.Click();
INerify that the controller receieved the correct data
controller.Verify();

}
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The AppForm being tested here is supplied with l&ppController class through
its constructor. This is a nice pattern becausalldws the Ul test to mock out the
controller, simplifying and speeding up the test.rid typical application has a lot of
asynchronous method calls, and unit testing thesaten cumbersome. Without mock
objects, making these tests fast usually requitessatl synchronization code in the unit
test and application. While this is not too diffiigit is simpler and preferred to mock out
the controller in this type of test and then justify that the call was made. Leave the
thread creation to the controller and keep the ldbs (and testing it) as simple as
possible.

This test verifies the following implementation &l of the form.

1. TheForm has a constructor that specifieslappController.
2. It has a text box namethtaBox .

3. It has a button namexibmitButton
4

If a string is entered into th#ataBox control and thesubmit button is clicked,
the controller'ssubmit()  method is invoked with the string as a parameter.

As mentioned previouslyylUnitFormsdoes not provide tester classes for every control
type. Instead, there is an extensiblentrolTester class that should prove sufficient
for testing any control generically. You can subslaontrolTester or use it directly
from your unit test with the following syntax.

1. Properties are accessed or modified with a stremet indexer for the property
name. For exampléabel[“Text”"] is a read / write property idbel is the
name of &ControlTester

2. Methods can be invoked on a control by callingltheoke()  method on
ControlTester . Thelnvoke method accepts the method name and any
arguments as parameters.

3. Events can be raised directly from the controlroking theFireEvent  method
onControlTester . The event name aritentArgs need to be specified in
that case.

On another note, NUnitForms also includes a limitedorder application that can
generate some unit-test code by observing a usg€gaction with a form. A right-click
menu is added to each control, providing a wayailg assert the value of properties in
the recorded test. As of this writing, the recordeplication only generates tests that
interact with the supported controls in limited wayVhile the recorder infrastructure is
extensible and can support additional control tywéh limited code, it is probably not
worth the effort yet. Tests of this sort are stititten by hand and developers find that
they are more focused.

Testing a custom control with mouse events

Now look at the API that is used in testing whetheustom control responds properly to
mouse events. Remember that developers probablydwmt write this type of test
(using theMouseController class) unless they are developing a custom coatrd!
need to verify its response to low-level mouse &udfor testing code that responds to an
event on the control, it is enough to raise thanedirectly from a simpler test as shown
above.
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The MouseController supports a wide variety of behavior including isgttthe

position of the mouse, pressing or releasing anyobs, hovering, clicking, double-
clicking, dragging, or using modifier keys liketrl , alt , or shift . Here is an
example.

[TestFixture]
public class DrawingTest : NUnitFormTest

private Mock controller;

public override void Setup()

{
controller = new DynamicMock(typeof(IDrawi ngController));
new DrawingForm((IDrawingController) contr oller.Mockinstance).Show();
}
[Test]
public void DragShouldinvokeControllerDrawLine 0
controller.Expect("DrawLine", 10, 20, 30, 4 0);
ControlTester canvas = new ControlTester(‘c anvas”);
using(MouseController mouse = canvas.MouseC ontroller())
{
mouse.Drag(new PointF(10, 20), new Poin tF(30, 40));
}

controller.Verify();

}

This test will verify that the control is listening the MouseDown and MouseUp
events, and that it invokes tiigawLine() method on théDrawingController
class appropriately.

There is also &eyboardController class that provides the ability to simulate any
kind of keyboard input.

Starting in version 2.0, a developer can compagd-tiim or Control ~ screen capture
to a previously captured image by invoking GempareControlCapture(string

filePath) method at any point during the test run. This foayseful for automated
testing of the painting code in custom control st&s

See Also

NUnit
NMock?2,
NUnNitASP

Getting Support

The tool is supported through the SourceForge prdggums. Version 1.3 supports the
.NET Framework version 1.1 and has been stabledore time. Version 2.0 is currently
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being developed in order to support .NET Framewifk controls and add additional
features such as the screen-capture ability. Thetgpically a response to questions
posted on the forums within a day or two. Contiitig of source are always welcome,
and the project has grown with the help of manyiddals.

NUnitForms in a Nutshell

NUnitForms makes it easy to unit-test user-intexfaode, whether it primarily involves
wiring together third-party controls or developiegstom Ul components. It is most
suitable if the code uses unique control nameswshras possible. Like any other code,
user-interface code is easier to test if it is vigditored. You can see the benefit to the
example test’s clarity if there is a controller similar class to mock out, permitting a
developer to test the user interface in isolation.

Unit testing an application’s code does a lot t@oemage clean separation of class
responsibilities. Nowhere is this more often igmbtiean in the user-interface. If an entire
application resides in the code-behind sectiona gfoup of form classes with lots of
thread creation, static dependencies, and asynahsogvent handling, it will still be very
difficult to unit-test.

For now, NUnitForms is not the magic bullet to solthis problem elegantly. In the
future, improved recorder capability and the apilito manipulate a standalone
application in another process may be includedwdting other types of regression,
functional, or performance tests. For now, it withrk best for unit tests where the forms
and user controls can be instantiated, displayed, manipulated much like any other
class that is being unit tested.

—Luke Maxon

10.12Creating Performance Benchmark Tests
With NTime

Let's get one thing straight before jumping into iMi€ a handy performance
benchmarking tool written by Adam Slosarski: periance benchmarking is a difficult
thing to get right, and you can easily get distdcand fixated with over-optimization.
Developers, leads, and architects concerned witfoqpeance measuring need to have a
good grip on where and how to go about such maaguriSteve McConnell’ode
Complete, 2nd echas a wealth of great information on how and wtemworry about
optimization.

Rants and disclaimers aside, NTime lets you eagilie timing tests for your software.
It's very much along the lines of NUnit's look afekl, complete with similar attributes
for marking test fixtures and test methods. NTilees you test against duration or
number of hits to a method, or make use of Wind@esgormance monitor probes.
There’s also a simple GUI for running timing tests.

NTime isn’t a profiler; you'll need to look to othéools for that. NTime is simply a
quick way to set time or performance boundarieyaur software so that you can flag
potential problem areas.

Table 10-14. NTime at a Glance
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Tool NTime

Version 1.0.2

Covered

Homepage http://www.gotdotnet.com/workspaces/workspace.asid567739d-
b65a-48dc-ab27-812443caaadf

Power Tools| http://www.windevpowertools.com/tools/38

Page

Summary NTime is an easy framework to get simjpleng statistics for your

software to identity potential problem areas.

License Type

Open. Must note alterations, mudtnewledge NTime if it's
included in a product.

Online Code Project articlef
Resources http://www.codeproject.com/dotnet/NTime.asp#xx10GMX
Supported 1.x, 2.0

Frameworks

Related Tools in
This Book

NUnit, MbUnit

Performance and Optimization Strategy

Be smart about what you put performance tests mohba smart about how you
use metrics and failures from these tests. Stuthr atudy from software
engineering legends like McConnell and Martin Fowhave pointed out the
problem in spending too much time on performanagstics.

Additionally, the complexity of environments canusa splitting headaches
when trying to determine performance thresholds—goash try and negotiate
those differences with your management and cust&imer

You'll most likely want to look at implementing Nifie for portions of your
software that have explicit performance specifaradi We’'ll see in examples
that business logic-style actions are straightfodwm® test. You might also
examine tying NTime together with other test taslsh as Watir, NUnit.ASP,
or NUnitForms to automate response-time testingiar-interface use cases.

Think of NTime as a tripwire in your system’s dey@inent. Don’t spend your
time spreading timing tests across your entire cbdse. Rather, look for
architectural key points that could have significampacts on system
performance. Hit those sweet spots with timingtsteand use them as
benchmarks as you're developing. You'll be ablguackly detect if changes to
the system have impacted the timing tests.

You should consider rolling your NTime tests intoyaautomated build or
continuous integration processes you have. Lodlate these tests run on your
build/Cl system so that you're not seeing timinguf@s due to differences
between several different developer workstations.
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Getting Started

You can download NTime from the Releases sectioitsoGotDotNet workspace. You
don’t need any other testing frameworks becausendTis a standalone framework—but
of course you'll be limited to writing only timingests.

NTime’s distribution comes with an MSI installerathyou’ll need to run with Admin
privileges. NTime’s Framework, GUI, and source iastalled all at once.

Using NTime

Implementing tests with NTime is extremely simpdspecially if you're familiar with
NUnit, MBUnit, or any other unit-test framework thaakes use of attributes to control
test-class execution. A handy feature of NTiméha you're able to mark up existing
NUnit tests with NTime attributes and run timingecks on tests you've already built.

NTime test classes follow the same structure asitNiriVIBUnit classes: the class itself
is decorated with alimerFixture attribute, setup and teardown attributes are
available for both fixtures and tests, and each testhod is decorated with unique
attributes.

Testing time duration calls for use of thenerDurationTest attribute, which takes
a duration parameter and optionally Bifime.Framework. TimePeriod object.
The latter specifies the type of periods you'releating such as seconds, milliseconds,
or minutes. A simple duration check of a businegcl call looks like this:

[TimerDurationTest(50, Unit = TimePeriod.Millisecon d)]
public void CheckProcessNewAttendee()
{
BusinessLogic biz = new BusinessLogic();
int retVal = biz.ProcessNewAttendee(“First Name
“Last Name”,
“Test.Email@bogus.c om”);

}

This test passes as long as the method execufds nmicroseconds or less, otherwise it
fails. (You can’t set more than one threshold sasfow, medium, high.)

Multi-threaded environments are supported as weallaply define the attribute with an
additional parameter for the number of concurrémedds that you want calling the
method. NTime does all the thread managementticgeaultiple threads and launching
them against your test method.

Hit-count tests measure the number of times a ndettam be run within a specified
timeframe.

[TimerHitCountTest(25, Threads = 3, Unit = TimePeri od.Second)]
public void CheckHitCountslsMailExtant()

{

BusinessLogic biz = new BusinessLogic();
biz.IsEmailExtant("Fake@bogus.com");

}

This test passes if it can be invoked at leastird®g per second. Note NTime will run
this test using three threads.
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Windows performance monitor probes can also beazetll in NTime tests via the
TimerCounterTest  attribute. This attribute’s signature is as foito

[TimerCounterTest("CategoryName", "CounterName", In stanceName = "Instance”,
Threads = int,
MinimumValue = int, MaximumValu e=int)

The CategoryName , CounterName , andinstanceName parameters all come from
the System.Diagnostics.PerformanceCounter class for reading NT-based
performance counters.CategoryName is a broad list of object classes, such as
Processor or MemoryCounterName is the specific metric within that class, such as
Pages/seor % Processor Timdf you're using a category that offers multipleogps of
counters, such as for processors or hard disks|l ydso need to include the instance
name to specify the exact group of stats such asepsor0, hard diskl, or the Total
summation.

The easiest way to find the correct names for tliteses is to open up the Performance
shap-in from the Administrative Tools applicatioselect to add new counters via the
toolbar icon, Ctrl-l, or the graph’s context menu.

Figure 10-42 shows this dialog opened. The Cateparameter corresponds to the name
in the Performance object drop-down. The Countma is displayed in the select

counters list box, and the InstanceName parametgesponds to items in the select
instances list box.

Figure 10-42. Counter objects in Performance Monéé\dd dialog
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TimerCounterTest methods need to exercise the system for at lgastsecond in
order to gather statistics. You may need to loegcation of a method call to ensure
you're gathering enough data. The following exaent@sts to ensure CPU utilization
rates are below 50%.

[TimerCounterTest("Processor", "% Processor Time", InstanceName ="_Total",
MinimumValue = 0, MaximumValue =50)]

public void ProcessorUsage()
{

BusinessLogic biz = new BusinessLogic();

DataSet results;

for (inti =0; i < 100; i++)

{

results = biz.GetEventRegistrants();

}

}

NTime’'s GUI works much the same as NUnit's or MBti Load an assembly in the
GUI and execute tests. Passing tests are markeehgfailed red, and ignored or
inconclusive tests yellow.

Output from these three tests is shown in Figurd3.0

Figure 10-43. Passing tests in NTest's GUI

Support

NTime’s support is via a message board on its GiBohomepage.
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NTime In a Nutshell

NTime isn’t a performance benchmarking profiler.atifier it's a very handy tool for
setting performance borders on your applicationshag’'re testing. Smart use of this
tool can ensure you're not missing performance etgt@ns for your customers.

10.13Automating Web Application Testing
with Selenium Core

Automating web-application testing is a difficuttare. Far too many applications have
been poorly designed with business or program lagapped into the web application’s
presentation layer, making it impossible to tesisthpieces of software via other tools
such as NUnit. Besides, NUnit and other framewaiesunit-testing tools. How does a
developer create automated acceptance tests fg aegystem’s correct functionality?

Selenium can answer this question. Selenium &sting tool that runs in a variety of
browsers to drive web-application testing from tiser interface. Selenium can be used
to automate browser-compatibility testing and tmenate functional testing.

Table 10-15. Selenium at a Glance

Tool Selenium

Version Covered 0.7

Homepage http://www.openga.org/selenium/

Power Tools Page http://www.windevpowertools.com(39

Summary Automate web testing, including browsder-
compatibility and functionality tests.

License Type Apache 2.0

Online Resources Forums, Wiki, Bug Tracker

Supported Frameworks N/A

Related Tools in This Book Watir

Fitnesse.NET

Getting Started

Although Selenium depends on JavaScript and ifraimeBive the automated testing, a
variety of platforms and browsers are officiallypported by the tool. The following
platforms and browsers are officially supported/dimdows:

Internet Explorer 6
Firefox 0.8 to 1.5
Mozilla Suite 1.6+, 1.7+
Seamonkey 1.0

Opera 8
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The Selenium team frequently updates the sourceupport new browser releases.
Selenium also supports a variety of Mac and Lintowsers.

The Selenium Family of Tools

Selenium has a variety of projects related to thee Selenium engine. The
additional tools all provide similar functionalitput have a number of different
implementations and extended capabilities. Fdstaof all available products
and their capabilities see the “Which Selenium T&blould | Use?” page
located on the Selenium wiki at
http://wiki.openqa.org/pages/viewpage.action?pagesd

This article focuses on Selenium Core.

Selenium Core contains a collection of files theg¢dh to exist on the same web server as
the web application that will be tested. To ins&dlenium Core for 1IS, simply download
and unzip the latest distribution and copy the eotst to a virtual directory or web site on
the machine that is hosting the web application withbe tested.

After the files have been copied to the desiredtion, open the browser and navigate to
the location where Selenium was installed (for eplam
http://localhost/selenium/index.HTNLL After loading the index page, select &eenium
TestSuitdink to navigate to the tests for Selenium. Toifyethat the Selenium files are
loaded correctly on your system, select the Ruioognd press the All button to run the
automated functional tests for Selenium. If alltgdepass then Selenium is installed
correctly and the tool is ready to be configuretke&t your web application.
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Figure 10-44. The Selenium test suite

Using Selenium

Before diving into Selenium, it's helpful to fandtize yourself with the terms used
throughout the Selenium documentation. This segifawvides a listing of the terms used
commonly in the documentation and referenced iret@ample.

Commands

A command is an instruction to Selenium. The conusaare located in the first
column of the Selenium table format. The three $ypkcommands include actions,
accessors, and assertions.

Actions

Actions are interactions that are performed on @plieation. Actions are typically
instructions to click buttons, enter text, selegiues, and wait for a page to load.

Accessors

Accessors are commands that result in the storingloes. Accessors always start
with the text “store” (such as storeSelected, Stities etc.). The values stored by
accessors can be used as input to other commands.
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Assertions

Assertions are tests that are performed duringaot®n with the web application.
Assertions always start with the text “assert”,rffyg, or “waitFor.”

Selenese

Selenese is specific HTML markup used to creater@n tests. Selenese consists
of a table containing a description, commands, anguments for instructing
Selenium on how to interact with the web applicatimder test.

Creating a Selenium test suite

Selenium Core uses a test-suite file to identify tibssts available for a web application.
Tests are individual files containing HTML tablegsdribing the commands and
arguments used to drive the tests for a web agjaita

The test suite and the individual tests need ttobated on the same web server as the
application that will be tested. In the followingaenple, the tests have been included
within the web-application project. It is also pb$s to locate the tests within the
directory where Selenium is installed.

In the example scenario, we are tasked with autogathe testing for the login
capabilities of a web application. The tests thegchto be performed on the application
include:

Testing an invalid login
Testing a valid login

Testing an invalid login

To create our first test, we create a file namedtlnvalidLogin.HTML The steps that
need to be performed for testing an invalid logiclude:

Navigate to the applicationisogin.aspxpage

Type in an invalid username

Type in an invalid password

Click the login button

Verify that the page contains the text “Your logitempt was not successful.”

To create the test, we insert a three-column tadttethe TestinvalidLogin.HTMLpage
and provide rows containing the commands and réispearguments that will drive the
test.
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Figure 10-45. Invalid login test

The first row of the table is simply a row desanipithe test for the users of the
application. The first row of a table is ignored ®glenium.

The second row of the table indicates that the besvghould navigate to thegin.aspx
page at the specified path. The third and fourthsrof the table show an actiony({e), a
control that action should happen to, and the that should be input. Line three
indicates the text “foo” should be typed into theontol with an id of
ctl00_cpMainContent_IgnLogin_UserName , and line four indicates the text
“bar” should be  typed into  the control with an id fo
ctl00_cpMainContent_IgnLogin_Password

The fifth row of the table indicates that the cohtrwith an id of
ctlo0_cpMainContent_IgnLogin_LoginButton should be clicked and the
browser should wait until the page is returnedrmcped. The last row indicates that the
test should verify that the text “Your login attetwas not successful.” is contained in
the page.

Writing a valid login test

Testing a valid login is similar to testing the ahd login outlined in the previous
section. We will create the test in a file namegstValidLogin.HTML The additional
steps needed for the new test are:

Insertion of valid data (a username of Employeed apassword of Employeel!)

Verification that the invalid login text is not the web page after the information
has been submitted

Instructions to inform the test to logout
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Figure 10-46. Valid login test
Stepping through Figure 10-46 we can see thatéktgperforms the following actions:

Opens a URL

Clicks the LogonStatus link on the page and waitgHe next page to appear
Enters a username and password

Clicks the Logon button and waits for the next pemgappear

Checks that the logon unsuccessful text dogsppear

Checks that the text Logodbesappear

Clicks the LogonStatus link to log out of the syste

The additional steps to logout of the system areded to keep our test suite in a
consistent state. If the valid login test did ray bff the system, the next test would start
with Employeel logged in.

Writing a test suite

Without a test-suite page, Selenium will not kndwe tests to execute. A test suite is
simply a page containing the links to the individtest files that we have previously
created. We will name the test suitestSuite.HTMLand provide the links to the

TestlnvalidLogin.HTMlfile and theTestValidLogin.HTMlfile.

Figure 10-47. The test suite

Running a test suite

The first step in executing the tests is to naédat the TestRunner.HTML file in the
Selenium core directory (for example:
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http://localhost/selenium/core/TestRunner.HTMIn the upper left-hand frame, enter the
path to the test-suite file, and click the Go butto load the individual tests into the
harness. In the upper right-hand frame, selecRilme option and click the All button to
instruct all commands in all tests to execute.

Figure 10-48. Executing all tests

The right-hand frame will show the summary indiogtthe number of tests (individual
test-tables) and the number of commands (indivigadfications) that passed and failed.

Additional Selenium functionality

This example demonstrated the testing of the ASF.MBgin control. The example
showed the verification of error text, the entrytekt, and simple screen interaction.
There are many more capabilities that exist witHe®am, including the use of
accessors, an extensive library of actions, a tyaaemethods for locating elements, and
the use of regular expressions for validations.

Selenium also includes capabilities to enhancentegaction with the testing tools, such
as:

the ability to post results to a specified URL $tgpport continuous integration and
the storage of test results)
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the ability to execute individual tests or to execeommands in a step-by-step
manner

the inclusion of a log with multiple verbosity ogrtis

the ability to inspect the document object modetdnichy of a test page.

See Also

[Watir
Fitnesse.NET
NUNitASP]

Getting Support

Selenium’s homepage has several routes availablsufiport. There are active forums
discussing Selenium’s use, a bug tracker for rémprand tracking issues, and a Wiki
which serves as a great FAQ and documentation @y spects of the Selenium tools.

Selenium in a Nutshell

Selenium allows for automating browser and funaldasting from the user interface of
web applications. The broad browser support allfawghe testing of multiple browsers
and platforms from the viewpoint of the users ofiiyapplication. In addition to the
general automation support, Selenium also proviaesapability for publishing test
results and for integrating with a continuous iméign environment.

—Ben Carey

10.14Driving Your Web Applications
Automatically with Watir

Imagine creating a Web-based application. You v@khow if it works from the users’
point of view before you deploy it, so you puthtdugh its paces manually. You click
links, you fill in fields on forms, you press butta Then you make a change to the
application, and you realize you have to do alt treification again.

Manually testing the same things over and overragan be mind-numbingly repetitive.
It's also error-prone: the more pressed you ardifoe, the more likely you are to skip
tests. But if you don't test, there’s the risktthay change may have introduced serious
bugs. The alternative most organizations adofat &itomate at least some of their tests.

But automating tests presents its own set of chgdle. You must find a way to drive the
application and verify results. Commercial toote axpensive and tend to emphasize
record-and-playback, resulting in fragile tests tten take more time to maintain than it
would take to execute the tests manually. Manyhagmairce solutions involve bypassing
the browser, leading to the risk that the cliediediogic is not truly being tested end-to-
end in a production-like environment.
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Watir, an open source Ruby library, solves thisdngctly driving the browser. When
used with the Ruby modulgest::Unit (analogous to jUnit), it provides a robust and
powerful solution for automating Web tests.

See the For More Information section at the endhaf chapter for
resources on learning more about Ruby.

Table 10-16. Watir at a Glance

Tool Watir

Version Covered 14.1

Homepage http://www.openqga.org/watir/

Power Tools Page http://www.windevpowertools.cowi4/40

Summary A Ruby library for end-to-end automatedtitg of Web
applications through the browser.

License Type Apache 2.0

Online Resources Watir has an active mailingdistl Wiki for support. Both

can be reached from the project’'s homepage.

Related Tools in This Selenium
Book

Getting Started

As of version 1.4.1 Watir only works with IE on Wiows. Watir's upcoming version
2.0 will work with Firefox and Mozilla on Macs ardnux.

To set up Watir you'll need to first install Rubyseehttp://rubyforge.org/projects/ruby/
or the “one-click Ruby Installer” atttp://rubyforge.org/projects/rubyinstallerAfter that
you need to install the Watir gem by typiggm install watir at the command
line. The gem installer will automatically find dimstall the latest version of Watir.

You're now ready to start writing and executing Wests.

Using Watir
The fastest way to learn about what Watir can dtwisse Ruby’s IRB, an interactive
prompt, to execute Watir commands.

Run the IRB from the Rubin directory, usuallyC:\ruby\bin\irb.bat You will see a
screen that looks like this:
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Figure 10-49. Ruby’s IRB interactive prompt
From here, we must first tell Ruby to load the WHhitirary. Type:
| require ‘watir'

Next, we want to include the Ruby Watir module iar @urrent context so we can
reference the Watir classes and methods easilpe:Ty

| include Watir

Note the difference in capitalization and quotesmen therequire  andinclude
statements. This is because thquire  statement is referring to the name of the file,
while theinclude statement is referring to the Module declaredaftle.

Now launch an instance of IE using Watir. Type:
| ie = IE.new

Navigate to your application under test. For #mwample, we’ll use the Administrator
application for Apache Tomcat:

| ie.goto("http:/localhost:8080/admin/”)

Watir enables us to see what objects are on the. pay typing these commands:

ie.show_forms
ie.show_all_objects
ie.show_tables
ie.show_frames
ie.show_images
ie.show_divs

If you can’'t guess from the page, we can see whigld is which using thélash
command:

| ie.text_field(name, '|_username”).flash

Or we can put our cursor on the field we want te aad then use th&how_active
method:

| ie.show_active
Finally, we can set the values for our fields anlrsit the form:

| ie.text_field(:name, '_username").set("admin")
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ie.text_field(:name, "|_password").set("password")
ie.form(:name, "loginForm"").submit

If a page has frames, you can see the contentdrafree by using the frame method and
specifying the frame’s name like this:

| ieframe("banner”).show_all_objects

You can use any of ttehow_* methods on a frame.

Creating a Watir test script

Experimenting in the IRB will help you learn Watind Ruby syntax, but it will not
result in reusable test scripts. To create a sajpen your editor of choice and create a
file with an.rb extension. For example, we could create a filgin_test.rb ,
with the basic commands we’ve used so far:

require ‘watir'

include Watir

ie = IE.new

ie.goto("http:/Mocalhost:8080/admin/")
ie.text_field(:name, "|_username").set("admin")
ie.text_field(:name, "|_password").set("password")
ie.form(:name, "loginForm").submit

However, this does not verify anything yet. We dem additional module in order to
assert on results and run our scripts as tdstst::Unit . You may have already
guessed that we need to load the library firste the command:

| require ‘test/unit’

Now we can create individual tests as methods withitest class in our file. For
example:

require ‘watir
require ‘test/unit

class TestLogin < Test:Unit:: TestCase
include Watir

def test_valid_admin_login_goes_to_main_page
ie =IE.new
ie.goto("http://localhost:8080/admin/)
ie.text_field(:name, "|_username").set("admin")

ie.text_field(:name, "]_password").set("passwor d")
ie.form(:name, "loginForm").submit
assert(ie.frame("banner”).button(:value, "Log O ut").exists?)
end
end

Note thedef andend statements. This is Ruby syntax for declaringcfiams and
methods. Note also the name of the method: _ test
valid_admin_login_goes_to_main_page . The Test::Unit test runner
executes any method in a test class beginningtesth
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Improving your test scripts using Ruby

Watir is simply a Ruby library. The syntaxdef , end, class , etc.—is pure Ruby.
Theassert statements and test-execution behavior comes fresti:Unit . Watir
simply provides a means of driving IE through itS\Z interface.

The result is a very flexible, powerful solutiolnything you can do in Ruby, you can
do in your test scripts. Ruby is a fully objectemted language. As the wild popularity
of Ruby on Rails demonstrates, Ruby is being widslppted, and it is a powerful
general-use language.

To illustrate how we might tap into the power oflyuto improve our test scripts,
consider our valid login test. This test is just first of several login tests we might want
to execute, and it does something that we will havdo many times over: log in. We
can extract a method for logging in and parametetiz This will simplify writing future
tests:

require ‘watir
require ‘test/unit

class TestLogin < Test:Unit:: TestCase
include Watir

def login(name, password)
@ie = IE.new
@ie.goto("http://localhost:8080/admin/)
@ie.text_field(:name, "|_username").set(hame)
@ie.text_field(:name, "|_password").set(passwor d)
@ie.form(:name, "loginForm").submit
end

def test_valid_admin_login_goes_to_main_page

login("admin”, "password")

assert(@ie.frame("banner”).button(:value, "Log Out").exists?)
end

end

Note the@in front ofie in the above code. That declares the variabl@s an instance
attribute, and enables both the test method anchélyger login method to access the
attribute. Without thé@charactere would be a local variable.

You may notice even more problems with the codevaboFor example, it does not
handle the case where the admin user is alreadyetbmn. Furthermore, the test does not
clean up after itself. The answer is to write mBreby code and use tAest::Unit

setup andteardown methods to make the test more robust. Howevemittside the
scope of this short article to demonstrate that.

Running scripts from the command line

To run any given script from the command line, dimgall the ruby interpreter passing
in the file path as a parameter. For example:

| ruby test_login.rb

This has the advantage of reporting the test e$olthe command window so you can
examine them later.
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If you'd like test-result reports that are moreelikUnit reports, see the Ruby Test Report
project athttp://rubyforge.org/projects/test-report/

See Also

[Selenium]

Getting Support
A FAQ, Wiki, and mailing lists are all availablea/iVatir's homepage.

Watir in a Nutshell

Watir gives you great power to automate your wepliaption testing. Because Watir is
driving the browser, you're even able to do advantesting of browser-specific data
such as session variables and cookies.

Watir is a simple, elegant way to improve your daret’s quality through improved
testing.

—Elisabeth Hendrickson

10.15For More Information

Two critical books on testing have already mentibimethis chapter:

Test-Driven Development by Example by Kent Beck sdn-Wesley, 2002, ISBN
0321146530)

Test-Driven Development in Microsoft .NET by Jaméewkirk and Alexi
Vorontsov (Microsoft Press, 2004, ISBN 0735619484)

Another great work from Pragmatic Bookshelf:

Pragmatic Unit Testing in C# with NUnit, Second tiei, by Dave Thomas, Andy
Hunt (Pragmatic Bookshelf, 2006, ISBN 0-9776166}7-3

If you're interested in Watir and want to learn mabout Ruby:

Programming Ruby, Second Edition The Pragmatic Rragier's Guide, Second
Edition, by Dave Thomas (Pragmatic Bookshelf, 2@B8745140-5-5)

Some great websites for testing-related information
www.refactoring.com

Wwww.openga.org
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