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10 
Testing Your Software 

10.0 Introduction 
Developer-level testing is critical to your development lifecycle; it catches potential bugs 
at the earliest moment.  A large number of studies show a rapid escalation in the cost of 
fixing issues as time in a project progresses.  Catch the bugs early, save big amounts of 
money.  Catch the bugs late, lose big amounts of money and sleep as you try to rework 
potentially significant amounts of your system. 

Software testing in the not too distant past was mostly handled in one of the following 
ways:  

·  developers used their debuggers to step through the application (which took way too 
much time and often wasn’t done at all!) 

·  they used the application’s GUI and stepped through a bit of functionality to confirm 
that everything appeared to be working correctly 

·  they relied on scripts or applications to test the user interface of the application.   

These user-interface tests were often extremely brittle in that they were very tightly 
coupled to the functionality driving the interface.  That meant a small change in the 
underlying code often drove large changes in the automation—thereby eliminating any 
efficiency gained from the automation. 

The concept of unit testing, where a separate piece of code exercises a small, specific 
portion of the system under test, has been around for quite some time, but for whatever 
reasons unit testing wasn’t widely practiced in the past.  Fortunately, the concept of unit 
testing has undergone a sea change in the last decade, driven mostly by an ever-growing 
community of developers passionate about finding better ways to create software. 

Unit testing has become the central pillar for an entire genre of software development 
methodologies: Agile development and its many offshoots such as Scrum, XP (Extreme 
Progrmming), and so on.  One approach, interwoven in the other Agile methodologies, 
has such a strong focus on testing that its name includes it: Test-Driven Development. 
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Test-Driven Development (TDD) uses simple, concise tests to exercise specific pieces of 
the system being built.  TDD has developers write the tests before they actually write 
their code, enforcing a mindset of implementing only enough code to get the test passing.  

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

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

Continuing along this line, developers write more small tests, and more small bits of code 
to make the system pass those tests.  Large suites of tests evolve through this process, 
ensuring that the system being built has very high test coverage.  Furthermore, this bank 
of tests serves as a terrific resource for regression testing: make a change to the system 
and re-run the suite of tests.  You know you’ve successfully changed the system if all 
tests pass.  If not, then you’ll know exactly where you need to focus your attention. 

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

Contrast that with the Agile movement’s use of TDD in a design role: Test-Driven 
Design. Architects and lead developers sketch out high-level needs of a system’s 
architecture and overall design, but don’t spend months working that design down to a 
highly granular level.  Instead, they have their teams begin writing tests to gain a better 
understanding of how the system really works, not how it is assumed to work.   

This does not absolve you out of all design responsibilities; you still need a sensible, clear 
approach to your project.  However, you evolve your design as you build your system 
based on the feedback you get from the tests you write. 

Test-Driven Development and the various Agile methodologies are 
well-documented in a large number of first-rate books.  Kent Beck’s 
Test-Driven Development by Example is considered the seminal work 
on the topic, but approaches the topic from the Java standpoint.  James 
Newkirk’s Test-Driven Development in Microsoft .NET is another great 
work if you’re in that environment.  Beck’s Extreme Programming lays 
out the case for adopting XP. 

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

The same community that’s driven the changes in how developers use unit tests has taken 
the lead in creating an enormous number of tools to help you better integrate testing into 
your development lifecycle.  They have created a wide range of test frameworks to 
execute tests; they’ve produced tools to help us see how much of our software is actually 
checked by our unit tests; they’ve developed external tools to execute tests in any number 
of environments; and they’ve come up with innovative ways to automate how we’re able 
to run our tests. 

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

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

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

We’re also covering a number of other tools we think you’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 frameworks in the .NET world.  It has a 
great number of built-in comparisons, and it’s easily wrapped into automated build 
and continuous integration processes.  NUnit has a huge following, so you’re nearly 
certain to find blog posts or online articles pointing out solutions to problems you 
may run into. 

For speeding up writing of NUnit tests in Visual Studio 

NUnit Code Snippets 

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

For testing with tables or rows of data, or handily rolling back database tests 

MbUnit 
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Uses table- and row-based tests, thereby enabling you to pump multiple sets of data 
through one test method. This saves you a lot of effort writing and maintaining 
multiple tests where only the input data changes.  Also provides built-in support for 
database transactions—the framework handles rolling back any database changes 
you’ve made during the testing.  Has many other advanced features and it’s highly 
extensible. 

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

Zanebug 

Enables you to easily run multiple passes of tests and quickly select individual tests 
or fixtures to run.  You’re also able to use Windows Performance Counters to 
monitor system performance while you’re executing your tests. 

For enabling testing collaboration of customers, developers, and testers 

Fitnesse 

Brings your customers into your testing process by having them write test 
specifications.  Customers use a Wiki to define tests with actions, input values, and 
expected results.  Developers write fixtures to implement those tests and tie them to 
the actual system being built.  Testers oversee the process to ensure nothing’s 
missed.  Everything’s clear because everyone’s involved through the entire process. 

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

NCover  

Monitors your unit-test execution and detects which parts of your assemblies and 
source code have been tested.  XML report files are generated and styled with XSL 
stylesheets.  Ties nicely into Continuous Integration [See Chapter 12] processes. 

For manually browsing through coverage reports 

NCoverExplorer 

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

For running and debugging unit tests within Visual Studio 

TestDriven.NET 

Lets you execute and debug your NUnit and MbUnit tests right inside Visual Studio.  
Reports get written to the output window, and in MbUnit’s case opened as an HTML 
report in a separate editor window.  You can also make use of NCover’s 
functionality to get code coverage reports from within Visual Studio. 

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

NMock2 

Enables you to simulate things like databases or web services that you might not 
have access to, or that may be too slow for effective testing.  Lets you decouple from 
these resources and continue development on other parts of your system. 
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For working with strongly typed mock objects, or for mocking classes other than 
interfaces 

Rhino.Mocks  

Enables you to mock non-interface classes, plus it’s strongly typed so you’ll catch 
errors during compile time instead of at runtime.  Rhino’s syntax for working with 
mock objects is different than NMock2’s and may make more sense to some 
developers. 

For testing Windows Forms GUIs 

NUnitForms 

Enables you to drive actions in your Windows Forms applications.  NUnitForms lets 
you test things like field validation or the behavior of controls on your forms.  
Couple this tool with NUnit or MbUnit and you’ve got a powerful set of test tools. 

For creating timing and performance benchmark tests 

NTime 

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

For automating testing of your web-based applications 

Selenium 

Watir 

Both tools let you automate testing of web-based applications by actually driving a 
browser through the application’s pages. Watir is Ruby-based and has deeper support 
for Internet Explorer.  Selenium supports a wide range of browsers, so it’s perfect for 
testing browser compatibility issues on your sites. 

10.1 Unit-Testing Your Code with NUnit 
Creating unit tests for your code is an excellent way to help improve its quality. Unit tests 
also aid in the design of usable classes and APIs. Unit tests provide a set of easy-to-run 
automatic checks on your code that help keep it working as you make changes. NUnit, 
written by Charlie Poole, Mike Two, James Newkirk, and Alexei Vorontsov, is an open 
source tool that allows you to write and run unit tests. NUnit provides an API for creating 
test classes in any .NET language, and both a console and 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.com/tools/27 

Summary A tool for writing and running unit tests in 
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.NET code. 

License Type Zlib/libpng 

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

Supported Frameworks .NET 1.0, 1.1, and 2.0 

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

Getting Started 
NUnit includes a Windows installer that can be downloaded from www.nunit.org. After 
running the installer, create a new class library project in Visual Studio and add a 
reference to nunit.framework.dll to the project. The NUnit dlls are added to the GAC on 
install, but can also be found in C:\Program Files\NUnit 2.2\bin if you installed to the 
default location.  

Using NUnit 
NUnit uses attributes to find and run your tests. The first thing you need to do is tell 
NUnit that a particular class holds test methods. That class 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 class in your project and add the 
[TextFixture]  attribute to it. 

Now that you have a test fixture you have to add tests. A test method in NUnit is a 
public void  method that takes no arguments and has a [Test]  attribute on it. Add a 
class with the [TestFixture]  attribute on it and a method with the [Test]  attribute 
on it and you have a simple test class. It should look something like this: 

using NUnit.Framework; 
 
[TestFixture] 
public class StringUtilitiesTests 
{ 
    [Test] 
    public void ReverseASimpleString() 
    { 
    } 
} 

Of course, an empty test method is not that interesting. You are writing tests to verify that 
your code works the way you expect. The way you do that in NUnit is by asserting 
something. In NUnit you can use the methods on the Assert  class to check if two 
things are equal, if an object is null, or just assert that something is true.  

In this case the test is going to check if a method correctly reverses the characters in a 
string. The test method name, ReverseASimpleString() , gives you an idea of 
what is being tested. It is a good practice to write descriptive 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 passed to Assert.AreEqual() is the expected value 
and the second one is the actual value. NUnit uses that information when displaying 
information about assertions that failed. Now that there is a test that does something it 
can be run. 

To run the test you can launch the NUnit GUI and click File->® Open, then browse to the 
dll that contains the test.  The UI should look like Figure 10-1. 

 

Figure 10-1. The NUnit GUI. 

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

 

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

The following tests check a method that counts the number 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 four times. 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 test are now red. Details on why the test case 
failed are shown on the right side of the screen just under the progress bar. In this case 
the test expected 3 characters but the actual result was 4. 

Testing assertions 

NUnit has several built-in assertions. The most common is the Assert.AreEqual()  
method. It has several overloads but mostly takes the 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 displayed if the 
assertion fails. This, along with a well-named test, can provide critical context to a 
failure, particularly when you’re running a large number 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 rned bad value”); 
} 

Now you’ll see “CountCharacters returned bad value” in the NUnit GUI’s message pane 
when the test fails, helping you to more quickly understand exactly where the failure was. 

Another important overload allows you to tell NUnit how many decimal places to use 
when comparing doubles. Checking if two doubles are equal can be tricky. Frequently 
they are equal ten places out and then they are off by one. In most cases you only care 
about the value for a few places, so NUnit provides Assert.AreEqual(double 
expected, double actual, double precision); . NUnit subtracts 
actual  from expected  and throws an AssertionException  if the absolute 
value is greater than precision. 

There are also the basic assertions Assert.IsTrue()  and Assert.IsFalse()  
that both take a Boolean and optionally a message. Similarly 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 an AssertionException . Assert.Fail()  is frequently used in a catch  
block inside a test to provide a nicer message than the exception. 

A less often used but still important assertion is the Assert.AreSame()  method. It 
checks that two objects are truly the same by using Object.ReferenceEquals() . 
The assertion only passes if the two objects are a reference to the same instance. 

NUnit’s 2.4 release (in beta as of this writing) offers a 
CollectionAssert  class for comparing many aspects of 
collections and their contents.  See the documentation at 
www.nunit.org for more information. 

Testing for thrown exceptions 

There are times when you want to test if a method throws an exception. If you have code 
that is intentionally throwing exceptions, for example an 
InvalidArgumentException , you should write tests that check if those exceptions 
are thrown. There are two ways to write this kind of test. The first will be familiar to 
anyone who wrote this test in JUnit, a predecessor to NUnit for the Java language. If you 
have a method to count the number of occurrences of one string in another, you probably 
want to check that neither string is null, and throw an exception if either of them is. You 
can write a test like this 

//One way to test for Exceptions – but not the best  way 
[Test] 
public void CountSubstringsThrowsAnExceptionIfArgum entIsNull() 
{ 
    try 
    { 
        int count = StringUtilities.CountSubstrings ("Mississippi", null); 
        Assert.Fail("No exception was thrown"); 
    } 
    catch (ArgumentNullException ex) 
    { 
        string message = "Value cannot be null.\r\n Parameter name: substring"; 
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        Assert.AreEqual(message, ex.Message); 
    } 
} 

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

NUnit provides an [ExpectedException]  attribute to simplify writing this kind of 
test. The attribute tells NUnit the type of exception and 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.\r\nParameter name: substr ing")] 
public void CountSubstringsThrowsAnExceptionIfArgum entIsNull() 
{ 
    int count = StringUtilities.CountSubstrings("Mi ssissippi", null); 
} 

This makes your intention a lot clearer. The test fails if: 

·  no exception is thrown 

·  an exception is thrown, but not an ArgumentNullException  

·  an ArgumentNullException  is thrown, but it has a different message. 

Initializing and cleaning up objects for testing 

In the real world the objects you want to test are frequently complex, and there is usually 
work to do to get the objects in the right state before your test. There are times you will 
also want to clean things up after each test. NUnit provides attributes for both of these 
cases. The [SetUp]  attribute can be applied to a method to indicate that it should be 
called before each test. Similarly the [TearDown]  attribute identifies a method that 
should be called after each test. The [TearDown]  method will get called even if your 
test fails. Both [SetUp]  and [TearDown]  methods have to be public void   with 
no arguments. 

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

[TestFixture] 
public class FileUtilitiesTests 
{ 
    private const string fileName = "test.txt"; 
 
    [SetUp] 
    public void CreateFile() 
    { 
        using (StreamWriter writer = new StreamWrit er(fileName)) 
        { 
            writer.WriteLine("line 1"); 
            writer.WriteLine("line 2"); 
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        } 
    } 
     
    [Test] 
    public void CountLines() 
    { 
        int lineCount = FileUtilities.CountLines(fi leName); 
        Assert.AreEqual(2, lineCount); 
    } 
     
    [TearDown] 
    public void DeleteFile() 
    { 
        FileInfo info = new FileInfo(fileName); 
        info.Delete(); 
    } 
} 

You may have some setup code that should be called once before any tests run, rather 
than once for each test. You might have similar clean-up or tear-down code. NUnit 
provides attributes for that as well. The [TestFixtureSetUp]  and 
[TestFixtureTearDown]  attributes indicate methods that should be run only once 
per fixture. If a lot of tests are added to the previous example, it might seem a little 
wasteful to create and delete the file for each test. If none of the tests modify the file 
[SetUp]  and [TearDown]  can be safely changed to [TestFixtureSetUp]  and 
[TestFixtureTearDown]  respectively. If you add a test for a method that counts 
the number of letters in the file and change the attributes you end up with 

[TestFixture] 
public class FileUtilitiesTests 
{ 
    private const string fileName = "test.txt"; 
 
    [TestFixtureSetUp] 
    public void CreateFile() 
    { 
        using (StreamWriter writer = new StreamWrit er(fileName)) 
        { 
            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(fileName); 
        Assert.AreEqual(8, letterCount); 
    } 
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    [TestFixtureTearDown] 
    public void DeleteFile() 
    { 
        FileInfo info = new FileInfo(fileName); 
        info.Delete(); 
    } 
} 

NUnit will always run the [TestFixtureSetUp]  method once before any test has 
run, the [SetUp]  method before each test, the [TearDown]  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 problem that may take too long to fix right now, or 
you have a test that is not quite ready for prime time. You can comment out the code for 
the test, or just delete it entirely, but you might not remember to come back and fix the 
problem.  

NUnit has an attribute called [Ignore]  that can be placed at the class or method level. 
It tells NUnit to not run the test but still show it on the screen. NUnit shows ignored tests 
as yellow. The [Ignore]  attribute takes a string as an argument to its constructor that 
indicates the reason the test is being ignored. This keeps reminding you that the test is out 
there waiting to be fixed. If you want to ignore the ReverseASimpleString() test, 
the changed code looks like this: 

[Test] 
[Ignore("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 shows up as yellow in the test tree. The 
progress bar is also yellow, as seen in Figure 10-4. You do not get a green bar if you have 
ignored tests. You only get a green bar if all of your tests are run and they all pass. 
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Figure 10-4. An Ignored Test 

Using hierarchies of test classes to organize your tests 

NUnit finds test fixtures and test methods by looking for certain attributes on a class or 
method. When you use the .NET framework to look for attributes, you can choose to 
search the inheritance hierarchy of classes. NUnit does this, so you can use inheritance in 
building your test fixtures. One common reason for doing so is to build an abstract test 
class to test an interface, then create concrete test fixtures for each implementation of the 
interface. For instance, if you write an ISet  interface with multiple implementations you 
can write your tests against ISet  in an abstract class with an abstract [SetUp]  method. 

[TestFixture] 
public abstract class SetTests 
{ 
    protected ISet set; 
 
    [SetUp] 
    public abstract void CreateSet(); 
 
    [Test] 
    public void SetWithNothingInItHasACountOfZero()  
    { 
        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 each implementation that implements the 
CreateSet()  method. For example, if you write an implementation of ISet that is 
backed by a Hashtable  you can write a test for it like this: 
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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 the HashSetTests  class; everything’s 
implemented in the base class SetTests !  Figure 10-5 shows what the tests look like in 
NUnit’s test runner.   

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

 

Figure 10-5. NUnit’s runner showing tests inherited by HashSetTests 

Making the [SetUp]  method virtual  instead of abstract  will also work. You 
might do this if you have common [SetUp]  code you want to run before any test that 
derives from your base test class but you need the ability to add [SetUp]  code that is 
specific to the derived class. In that case override the [SetUp]  method in the derived 
class and call the base method from your derived class. 

Running Tests from More Than One Assembly 

Large software projects can end up with a lot of tests spread out across multiple 
assemblies. NUnit allows you to load and run tests from more than one assembly. An 
NUnit project is a collection of assemblies. You create a new NUnit project by clicking 
File® New Project in the NUnit GUI, giving your project a name, and saving it. NUnit 
project files end with the .nunit extension. Assemblies are added to the project by 
clicking the Project® Add Assembly menu item and browsing to the assembly you want 
to add. The StringUtilitiesTests  class and the FileUtilitiesTests  class 
are in two different assemblies, but can be added to the same project, as shown in Figure 
10-6. 
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Figure 10-6. An NUnit Project 

Testing Code That Requires Config Files 

It is common to test classes that read configuration data from xml configuration files. 
Normally you put the configuration information in an app.config file or a web.config file. 
In a normal application named myapp.exe, the app.config file gets renamed to 
myapp.exe.config when you compile in Visual Studio. NUnit can read the same file, so 
none of your classes that depend on the configuration information will have to change.  In 
other words, you can use your regular application configuration file to hold connection 
strings and read that same configuration data with your NUnit tests. 

A similar pattern is used to find the configuration file for your tests. If your test assembly 
is called mytests.dll, NUnit looks for a file called mytests.dll.config in the same directory 
as mytests.dll. In Visual Studio 2003 you had to use a post-build step or some other 
process to copy the configuration file to the same place as the assembly. In Visual Studio 
2005 you can now add app.config files to class-library projects, and they will get 
correctly renamed and copied. 

You need to follow a similar convention if you are running tests from multiple assemblies 
in a NUnit project. If you load a project called mytests.nunit NUnit looks for a 
configuration file named mytests.nunit.config. 

Grouping Tests by Custom Criteria 

NUnit will naturally group tests by class, namespace and assembly, but sometimes you 
want more control over the grouping. Perhaps you want to run all of your tests that test 
serialization. It might be impractical to put all of those tests in one class. You could put 
them in the same namespace but that too might be an issue. 

NUnit’s [Category]  attribute can help. You can put the [Category]  attribute on a 
class or a method. The [Category]  attribute takes a string in its constructor. Both the 
NUnit GUI and the NUnit console runner allow you to choose one or more categories to 
run. This allows you to group tests across classes, namespaces and even assemblies. 
Categories can be added to the StringUtilities  tests from the first section to 
indicate that some of the tests are counting tests. If there were tests that counted things 
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spread throughout the code they could all be found and 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 CountCharactersInAString() 
    { 
        int count = StringUtilities.CountCharacters ("Mississippi", 's'); 
        Assert.AreEqual(4, count); 
    } 
     
    [Test] 
    [Category("Counting Tests")] 
    [ExpectedException(typeof(ArgumentNullException ), 
       "Value cannot be null.\r\nParameter name: su bstring")] 
    public void CountSubstringsThrowsAnExceptionIfA rgumentIsNull() 
    { 
        int count = StringUtilities.CountSubstrings ("Mississippi", null); 
    } 
} 

In the NUnit GUI you can click on the Categories tab above 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 category in the Available Categories 
section. To move it to the Selected Categories section, you can select it and click the Add 
button. Only those categories in the Selected Categories section will be run when the Run 
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button is clicked. You also have the option of clicking the Exclude These Categories 
checkbox and then everything but those categories will be run. 

The test tree will also indicate which tests are selected through categories. If you add the 
Counting Tests category to Selected Categories, then switch back to the test tree by 
clicking the Tests tab, you can see in Figure 10-8 that 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 with [Category(“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 checkboxes next to the test nodes in the test tree. 
You can check an arbitrary group of nodes. When you run your test, only those nodes and 
their children will run.  
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In the NUnit project shown earlier in Figure 10-6, suppose you check the 
FileUtilitiesTests  and the ReverseASimpleString  test from 
StringUtilitiesTests . When you click the Run button, only those tests are run. 
The results are shown in Figure 10-10. 

 

Figure 10-10. Selecting Tests With Checkboxes 

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

Extending NUnit with Your Own Asserts 

The assertion portion of the NUnit framework is nothing magical. It really boils 
everything down to a Boolean check and throws an AssertionException  if the 
check fails. It is pretty easy to add your own assertion methods. You just cannot put the 
methods on the Assert  class without changing NUnit’s code. But it does not matter. 
NUnit will react to any AssertionException  the same way regardless of where it 
came from. 

If you are using NUnit prior to the 2.4 beta release, you 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 (int index = 0; index < actual.Count; i ndex++) 
        { 
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            Assert.AreEqual(expected[index], actual [index],  
                "Elements at index {0} are not equa l", index); 
        } 
    } 
} 

NUnit’s latest beta (2.4) includes the CollectionAssert  class for 
comparing collections. 

The method is not on the Assert  class that comes with NUnit but it will still behave as 
if it were. 

Running Tests from the Command Line 

All of the examples have shown the NUnit GUI but NUnit also comes with a command-
line runner called nunit-console.exe. This executable lets you run tests from the command 
line, and also enables build tools like NAnt or MSBuild to wrap your unit tests. It is 
found in the same directory as the nunit-GUI.exe runner. The command line takes the 
format nunit-console testdll | testproject [options] . The nunit-
console can run dlls or NUnit project files. You can also 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 NUnit project from earlier with one ignored 
test. The console runner prints out a ‘.’ for each test it finds, even ignored ones. Ignored 
tests print out an ‘N’ for ‘Not Run’ and failed tests print out an ‘F’. 

Running tests in NAnt 

NAnt also includes support for running NUnit tests through the <nunit2>  task. The 
<nunit2>  task supports all of NUnit’s features. The <nunit2>  task contains a 
<test> element that lists the assemblies you want to test. The task also supports a 
plain text or xml formatting of output. Test output can 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"/> 
      </assemblies> 
      <categories> 
        <include name="Counting Tests"/> 
      </categories> 
    </test> 
  </nunit2> 
</target> 

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

A task to run NUnit tests in MSBuild is available at 
http://msbuildtasks.tigris.org/. MSBuild is Microsoft’s new build 
platform released as part of the .NET Framework version 2.0. 

Wrapping into your continuous integration process 

NUnit also fits right into the continuous integration tool  CruiseControl.NET.  Wrapping 
your tests into CruiseControl.NET ensures that your tests get run each time you run your 
Continuous Integration (CI) process.  This keeps the changes you’re making to the 
system from breaking something someone else is working on.  See the article on 
[CruseControl.NET] for more information on CI. 

After a CI build CruiseControl.NET will pickup the output 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 be found on the nunit-developer mailing list 
on SourceForge. You can subscribe or search the archives by going to 
http://sourceforge.net/projects/nunit and clicking on the Mail link. NUnit’s home site, 
http://nunit.org, contains the documentation and news about the latest release. NUnit is a 
stable application and is actively worked on. NUnit has feature plans for several more 
releases. Future planned features include better extensibility support and support for 
newer .NET language features. 

NUnit in a Nutshell 
NUnit is a widely used and actively supported tool for unit-testing .NET code. It provides 
an API consisting of a set of attributes and assertion methods so you can write tests and 
check your code. NUnit allows developers to write tests using the .NET language that 
they know best. NUnit strives to keep the simple things simple and the complex things 
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accessible by keeping its API as simple as possible, while still providing flexibility to 
developers coding unit tests. 

—Mike Two 

Developer for NUnit 

10.2 Speeding Your Test Development with 
NUnit Code Snippets 

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

[TestFixture] 
public class NUnitTestFixture 
{ 
    [Setup] 
     Public void Setup() 
     { 
 
     } 
} 

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

Fear not, Scott Bellware, a longtime .NET developer and MVP, has come to the rescue 
with NUnit Code Snippets for Visual Studio 2005.  His library of snippets easily installs 
into Visual Studio 2005’s snippet library and gives you the ability to generate significant 
portions of your NUnit code with just a few simple keystrokes. 

Table 10-2. NUnit Code Snippets for Visual Studio 2005 at a Glance 

Tool NUnit Code Snippets for Visual Studio 2005 

Version Covered None given. 

Homepage http://codebetter.com/blogs/scott.bellware/archive/2006/02/28/139446
.aspx 

Power Tools 
Page 

http://www.windevpowertools.com/tools/28 

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

License Type Freeware 

Online 
Resources 

Terrific directions on how to use the snippets at 
http://codebetter.com/blogs/scott.bellware/archive/2006/02/28/139446
.aspx 

Supported 
Frameworks 

NUnit 2.x 
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Related Tools in 
This Book 

NUnit 

Getting Started 
Code snippets are a feature new to Visual Studio 2005, so you won’t be able to take 
advantage of this tool if you’re still working in Visual Studio 2003. 

You don’t need to do anything other than to grab the .vsi at the tool’s homepage, fire up 
the .vsi  file and answer a few questions about where you want the snippets stored.  The 
installer drops all necessary files where they need to go 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 to boost your test code writing productivity. 

Let’s say you’ve just created a new class for use as a test fixture.  Place your cursor on 
the line after the using System;  definition and type unuf  followed by a TAB.  
Those five keystrokes will expand to using NUnit.Framework; .   Making use of 
the tfp , su , and tc  shortcuts will let you set the test fixture’s visibility to public, create 
a fixture Setup method, and create a test case, all in the space of ten keystrokes.   

Even better, Bellware has smartly set up his snippets so your cursor ends up at a logical 
spot after the template expands.  You don’t need to drive your cursor around after 
creating a Setup method because the template will position your cursor on an empty, 
properly indented line between the opening and closing braces.  Bellware makes smart 
use of template literals in the collection, further decreasing the pain of repetitive writing. 

Literals are values in the template which you replace with your own 
choices.  Examples include variables, method names, and parameters.  

Bellware’s library of snippets includes templates for the most frequent NUnit tasks: 

·  Asserts: AreEqual() , AreSame() , IsTrue() , IsFalse() , IsNull() , 
IsNotNull() , and others 

·  Setup and TearDown methods 

·  Test Case (creates a method decorated with the [Test]  attribute) 

·  TestFixtureSetup and TestFixtureTeardown 

Other snippets are included also. 

Every snippet is well-documented at the project’s home 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 templates are literals  

·  it shows you where the cursor will be positioned after the snippet is expanded. 
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Figure 10-12. Documentation showing details of a snippet’s 
implementation 

Getting Support 
Documentation is available at the project’s home page but there is no other support 
available (of course there isn’t much that can go wrong here). 

Nunit Code Snippets in a Nutshell 
Code snippets may not seem earth-shattering to you, but such productivity gains really 
add up over time, and you’ll find yourself amazed at how irritating the lack of snippets 
are should you ever have to work on a system without them.  

10.3 Writing Advanced Unit Tests with 
MbUnit 

Most .NET developers are (or should be!) familiar with NUnit or the Team Systems unit-
test frameworks.  Both these frameworks give developers powerful tools to create, run, 
and manage unit-testing for their software.  However, NUnit has no support for row-
driven testing. And neither framework supports automatically generating large amounts 
of input data when you need to test multiple values in multiple parameters against each 
other. Database testing under NUnit or Team Systems Testing is difficult since you have 
to manage transactions and rollbacks on your own. 

Row-driven testing lets you define a table of input data and expected 
return values.  The testing framework has infrastructure in place to read 
the data and pass it one row at a time through your test methods. 

MbUnit shines in these areas, plus it’s got many other unique features which can ease 
testing pains for developers.  In addition to features mentioned above, MbUnit also gives 
you the ability to run test asserts against arrays, utilize 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.com/tools/29 

Summary Extensible unit-test framework with impressive support for 
data-driven, combinatorial, and other testing types.  Many 
unique features to distinguish it from other test frameworks. 

License Type Custom, derived from zlib/libpng (same as NUnit) 

Online Resources Online Wiki, IRC channel, very active mailing lists 

Supported Frameworks .NET 1.0, 1.1, and 2.0 

Related Tools in This 
Book 

NUnit, TestDriven.NET 

Getting Started 
MbUnit is downloaded as a simple executable from the Downloads link at the tool’s 
homepage.  Run that file and MbUnit will put its Framework, support files, and GUI test 
runner by default in %SYSTEMDRIVE%\Program Files\MbUnit. 

Using MbUnit 
MbUnit has several unique test features that distinguish it from other frameworks.  These 
features include row-based data-driven testing and pairwise (or combinatorial) tests.  
Additionally, MbUnit’s DataFixture  lets you read data from an XML file and easily 
pass it to tests.  The TypeFixture  enables you to quickly write tests against a type and 
pass any number of instances through that test—handy for testing interfaces against 
several implementing classes. 

See the article on NUnit for a description of how test frameworks make 
use of test-fixture classes and test attributes to control test execution. 

Performing data-driven testing 

Border, or boundary, testing has developers throw data at specific points in software.  
Your goal is to use test data that exercises the borders of any decision points in your 
code.  This can quickly create a lot of test data values you’ll need to run through your 
unit tests. 

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

·  Employees can’t work less than 0 hours or more than 80 

·  Hourly employees get time and a half for hours over 40 

·  Salaried employees get normal wages for hours over 40 

The method takes an IEmployee  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 class for 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; 
… 
public double ComputeWages(IEmployee emp, double ho urs) 
{ 
    double wages = 0; 
 
    bool valid = IsHoursValid(hours); //borders 0, 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 normWages + otWages; 
            } 
            else 
            { 
                wages = emp.HourlyRate*hours; 
            } 
        } 
    } 
 
    return wages; 
} 
 
private static bool IsHoursValid(double hours) 
{ 
    if ( (hours < 0) || (hours > MAXHOURS) ) 
    { 
        return false; 
    } 
     
    return true; 
} 

We need to use input values to test just above and just below each of those borders we 
listed above.  From that list we arrive at the following 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 test.  A basic test for this in NUnit might 
look something like the following example.  We create an employee, set some state 
information (the employee’s hourly rate and whether they’re hourly or salary), then call 
the ComputeWages()  method with the employee and the number of hours worked. 

[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 seven different tests, since each unit test 
should test one and only one thing.  All these tests do 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 waste of time. 

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

MbUnit solves this problem by providing the RowTest  attribute, which feeds rows of 
data through a test method.  (Unlike NUnit, test methods in MbUnit are allowed input 
parameters.)  Now we’re able to write one single test and 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) 
//border over max 
[Row(50, 81, 0, ExpectedException = typeof (Argumen tOutOfRangeException))]  
// 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, 0, "Wages /hourly/normal + border + OT"); 
} 

Each Row attribute defines input parameters for the CheckWagesHourly()  test 
method plus expected return values.  The attribute line [Row(33.22, 80, 3322)]  
sets the rate at 33.22, hours at 80, and the expected return for 3322.  Note that we can 
also test that expected exceptions are indeed thrown: [Row(50, 81, 0, 
ExpectedException = typeof (ArgumentOutOfRangeExcep tion))] . 

MbUnit runs this test method once for each Row attribute.  We’ve saved a bit of annoying 
repetitious writing and we’ve greatly improved maintainability of our tests—if something 
changes in the test logic we need only modify one test instead of seven. 

Performing matrix-based tests 

Imagine that we’re working on a method that has three input parameters.  Our analysis of 
the method shows that we need five input data values for each parameter in order to 
properly hit all the borders.  Things get very ugly if we need to test each of those input 
values against each of the other parameter values.  We’re looking at 125 unique rows of 
input data!  (5 * 5 * 5)  That’s a nasty bit of work, even using row-based testing. 

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

Imagine that we’re testing a method that computes withholding values for input rates on 
an employee’s FICA, pension, and insurance information.  Example 10-2 shows how a 
CombinatorialTest would be used to exercise the method under test.  Note a separate 
Factory  is defined for each input parameter.  Each of the test method’s parameters are 
identified with the UsingFactories  attribute, which in turn points back to the 
appropriate Factory  for that parameter. 

Example 10-2. Factories and a CombinatorialTest method 
[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 [TestDriven.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] MBPayrollTests.CheckComputeWithholdings(F ica(123.25),Pension(226.4), 
    Insurance(33.77)) 
[success] MBPayrollTests.CheckComputeWithholdings(F ica(123.25),Pension(226.4), 
    Insurance(235.22)) 
… 
    DATA ELIDED FOR CLARITY 
… 
[success] MBPayrollTests.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/Iterative%20Rose/Presentations/Test %20Tools/JHSCR/Build/ 
JHSCR.Tests.Tests.html 
 
45 passed, 0 failed, 0 skipped, took 3.53 seconds. 

Note that only 45 tests, not 125, were run!  Fear not, MbUnit hasn’t senselessly thrown 
out large portions of your carefully crafted test values.  Rather, MbUnit is making use of 
a very useful testing concept known as pairwise, or all-pairs, testing.   
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A detailed discussion of pairwise testing is beyond this article’s scope, but here’s the 
elevator speech version: any matrix-based set of test data doesn’t need to use the entire 
range of data.  Instead, pairwise testing eliminates entire rows of data where the pairs in 
that row (two sets of pairs per row) have been tested in other rows.   

We can see this by using one data value from the test code in Example 10-2 and looking 
at all the data it would be tested against.  The value 123.25 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 shows that only nine values are checked.  
(The test’s class name has been removed for clarity): 

[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 out 16 rows from this partial example, and 
80 rows from the entire test’s pass, drastically decreasing the time needed to run this one 
test. 

See www.pairwise.org for more details on pairwise testing. 

Testing multiple instances of a type 

MbUnit’s TypeFixture  lets you write a type-based test and test multiple instantiations 
against it.  This is very handy when you want to test behaviors defined in an interface.  
You create a factory that instantiates several different classes implementing an interface, 
and define a TypeFixture  class with some tests. 

For example, we can easily test this simple IEmployee  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 inside one class: 

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 a TypeFixture  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 the test class.  First, the attribute 
[TypeFixture(typeof(IEmployee))]  defines the specific type we’ll be testing, 
IEmployee  in this case.  Secondly, the ProviderFactory  attribute points to the 
class we’re using for a factory and specifies the type we’ll be getting from the Factory  
methods within that provider—EmployeeFactory  and IEmployee , respectively. 

The tests within the MBIEmployeeTests  aren’t anything complex, simply two tests 
checking that setting invalid hourly rates or wage types generates the expected exception. 

Executing this test class results in four tests: output from each Factory  method in the 
EmployeeFactory  class is run through both tests in the MBIEmployeeTests  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:/Data/Iterative%20Rose/Presentations/Test %20Tools/JHSCR/Build/ 
JHSCR.Tests.Tests.html 
 
4 passed, 0 failed, 0 skipped, took 2.41 seconds. 

Using other advanced MbUnit features 

MbUnit has a number of other features to make it attractive to developers.   

Make use of the Rollback  attribute when you’re doing database tests.  The entire test 
method will be wrapped in a COM+ 1.5 transaction.  You don’t need to worry about 
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handling rollbacks yourself—MbUnit will use Enterprise Services to manage all that for 
you. 

Naked Fixtures let you define tests in MbUnit without making use of any attributes, much 
like JUnit in the Java world.  This lets you completely decouple from any specific test 
framework; however, you’ll need to follow some specific naming rules, such as ending 
all test classes with Fixture and ending individual test methods with Test.  

The PerCounter  attribute lets you assert on any values in the Windows Performance 
Counter objects.  This gives you access to testing things like CLR memory thresholds, 
disk IO, or CPU utilization. 

Many other fixtures and attributes unique to MbUnit give 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 database, several active mailing lists, and 
an IRC channel.  Details on these can be found at MbUnit’s homepage  

MBUnit In a Nutshell 
MbUnit has a very active set of mailing lists, and some very enthusiastic supporters in 
various communities.  It’s well-supported through those mailing lists. 

NUnit is a well-known, powerful and flexible test framework, but there are a number of 
things it can’t do.  MbUnit’s great implementation for row-based testing, pairwise 
matrixes, and other unique features should excite many developers who have tried to 
pound square pegs into round holes with other test frameworks.  

10.4 Getting More From Your Tests With 
Zanebug 

Test runners from frameworks such as NUnit or MBUnit do a great job of managing and 
running tests from those environments, but often it’s nice to have more control over 
which tests you want to run.  It’s also nice to be able to get more information from your 
tests’ execution—or even run groups of tests multiple times in one fell swoop. 

Sean McCormack’s Zanebug will let you do just that, plus it gives you a wealth of 
information on how tests are executing.  You’re also able to make use of Windows 
Performance Monitor probes directly from Zanebug; handy if you’re trying to 
troubleshoot performance issues in your software or tests. 

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/tools/29 

Summary Fast test runner with great control over how tests execute.  
Gives tremendous amounts of performance-related data. 

License Type Freeware 

Online Resources Online forum 

Supported Frameworks .NET 1.1 and 2.0.  NUnit currently supported, 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 NUnit 2.1 or 2.2.  

Zanebug comes packaged as a simple executable installer.  Download and run the 
executable with Administrator privileges if you want it installed for all users. 

Using Zanebug 
Run Zanebug from the Start menu, or better yet, add it to your Magic Words list in 
[SlickRun] so you’re able to launch it with a few quick keystrokes.  Your first look at 
Zanebug (Figure 10-13) should impress upon you that this isn’t your father’s test runner 
GUI. 
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Figure 10-13. A wealth of options awaits you from Zanebug’s opening 
screen 

Note the tabs just below the green Percent Passed indicator.  You’ll see you’re able to 
quickly access plenty of different data about tests running.  Zanebug has the normal 
support for viewing tests filtered by failed, passed, or ignored.  You’re also able to view 
content output to the Console or Console.Error streams.  Zanebug goes beyond the norm 
by providing you access to output sent to the Debug or Trace streams in separate 
windows, plus you’re able to view information about assemblies and a test log.  You’re 
also able to access Windows Performance Monitor (perfmon) probes directly within 
Zanebug.  More on that later.  For now, let’s look at how Zanebug gives you great control 
and feedback over test execution. 

NUnit and MBUnit’s test runner GUIs let you select sets of fixtures to run tests on, but 
you’re not able to select individual tests from within different fixtures.  This isn’t a huge 
problem, but it’s very handy in certain situations.  For example, consider if you’re trying 
to compare time savings when using normal test objects versus mocked objects.  It would 
be handy to select specific tests with and without mocked objects and run those together 
to get timing figures. 

Mocked objects are discussed in [NMock2] and [Rhino.Mocks]. 

Assuming that we’ve already written a few tests with and without mock objects 
(BizLogicMock Tests and BizLogic Tests, respectively), we 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 shows how you’re able to select individual 
tests in Zanebug’s test-hierarchy tree in the left pane. 
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Figure 10-14. Selecting individual tests in different fixtures 

We’re also able to make use of Zanebug’s Iteration feature to let us run selected tests 
multiple times.  This will help us determine average test-run times and get a better picture 
of exactly how long the tests are taking.  Click on the Tests node of the tree hierarchy in 
the left pane. The Editor window in the right pane will populate with several different 
fields, one of which is a Repeat pull-down list, currently set to False.  Change that list’s 
value to True, then set the RepeatCount field just below 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 Zanebug will execute your tests.  You’ll see the 
standard green-colored icons (assuming your tests have passed!) on the main screen, but 
the interesting stuff is on the Formatted Results and Passed tabs.  Both tabs break down 
results with specific timing metrics; however, the Formatted Results tab (Figure 10-16) 
groups tests by iteration. 

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

Here we can easily see that tests using the mock objects run much more quickly than our 
live tests—not surprising since we’re completely bypassing the web service and database 
layers of the system under test.  (See articles on [NMock2] and [Rhino.Mocks] for more 
information on mock objects.)  The All tab gives you the same timing results along with 
additional information on memory usage and other statistics.  You’re able to sort each 
column in the All tab, so it’s quite useful for comparisons like ours.  Figure 10-17 shows 
our run sorted by Fixture, again highlighting the difference 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 monitor loads on various parts of your system 
during test execution.  This can help you isolate a particular method that might be poorly 
implemented, causing negative impacts on system resources. 

Use Zanebug’s Perfmon tab to load any of Windows Performance Monitor probes for 
categories you’re interested in.  You’ve got full access to all probes on the local system, 
plus there’s experimental support for remote systems.  Clicking the Load Counters button 
will load all counters on the system named in the Machine Name field.  Select counters as 
desired and run your tests.  You’ll see performance hits at the poll frequency you’ve 
selected.  Figure 10-18 shows Physical Disk metrics being captured during a test run. 

 

Figure 10-18. Monitoring Physical Disk metrics during test execution 

See Also 
NUnit 

Getting Support 
Support for Zanebug is via discussion forums and bug submissions at the tool’s 
homepage. 

Zanebug in a Nutshell 
Zanebug’s additional information and control features make it a very attractive tool for 
regular use as you’re building your system.  Specific timing metrics give you useful 
snapshots on performance, plus you’re able to use it as a tool for isolating potential 
performance-related issues. 
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10.5 Bringing Your Customers into the 
Testing Process with Fitnesse.NET 

Traditional testing processes carry two significant weaknesses.  First, there is a large gap, 
called development, that takes place between what customers ask for and what gets tested 
after development.  It’s not uncommon for customers to look at tested software and say, 
“That’s not what I asked for.”  Second, typical feature specifications require immense 
amounts of effort to maintain because the software and requirements are always in flux.  
Feature-specification documents can be riddled with lies. But tests, because they must 
always pass, will never tell a lie. 

FitNesse is an Acceptance-Testing framework that supports Test-Driven Development.  
Customers specify features in FitNesse before development on these features begins.  
Developers take these specifications and execute them within FitNesse to see if their code 
meets the requirements.  In this manner there is no gap between specification and testing.  
Customers always get what they ask for because their specs are the tests.  FitNesse also 
eliminates the nightmare of maintaining feature specs.  The tests are the specs and since 
they must always pass, they can never get out of date. 

Fitnesse is an acceptance or unit test tool for logic-based methods and 
libraries; it’s not a UI testing tool. 

Table 10-5. FitNesse at a Glance 

Tool  FitNesse 

Version Covered 20050731 

Homepage  http://fitnesse.org 

Power Tools Page: http://www.windevpowertools.com/tools/31 

Summary An Acceptance Testing framework written as a Wiki that 
supports Test Driven Development. 

License Type GPL 

Online Resources http://fitnesse.org, Fit for Developing Software : Framework 
for Integrated Tests by Rick Mugridge and Ward 
Cunningham 

Supported Frameworks Java, .NET, C++, Ruby, Python, Delphi, Perl, Objective-C, 
and many more. 

Related Tools in This 
Book 

FlexWiki, NUnit, MbUnit 

Getting Started 
FitNesse, although it supports a variety of programming language platforms, is written in 
Java.  As of version 20050731, the Java 1.4 (or higher) runtime environment is required 
in order to run FitNesse.  It will run on any version of Windows, Mac OS X, Linux, and 
Unix. 
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The download is just a zip file that you can unzip anywhere.  Within the extracted 
fitnesse directory there is a run.bat file.  Double-click on run.bat to start the FitNesse web 
server. If port 80 is already in use on your computer, you will need to edit the run.bat file, 
adding the –p command-line option, which changes the port that FitNesse uses.  When 
FitNesse successfully starts, you’ll a message similar to 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 a browser and loading the URL 
http://localhost/ (If using an alternate port, the URL would be http://localhost:<port>/).  
Figure 10-19 shows what the page should look like.  This is called the FrontPage of the 
FitNesse wiki.  There is much to talk about here but first, let’s discuss why you should be 
interested in using this Wiki tool. 

Wikis let you organize pages of information, in our case tests, in a clear, hierarchical 
manner.  Fitnesse enables your users or customers to create tests by creating or editing 
Wiki pages.  All your tests will be laid out in an easily navigable site of pages.  

Next we’ll talk about the Edit button in the navigation bar on the left.  When you click 
this button, an edit page appears containing all the content of the FrontPage in a format 
called wiki text.  Wiki text is a simple markup language used to create wiki pages.  When 
you view a wiki page, the wiki text for that page is converted into HTML that looks 
something like Figure 10-19. Anybody who visits this page may add, delete, or modify 
the wiki text. 



O’Reilly Media, Inc.  8/19/2006 

 41 

 

Figure 10-19. FrontPage for freshly installed FitNesse instance 

New pages may be added to the wiki by creating a WikiWord.  Taking at least two 
words, removing the spaces between them, and making the first letter of each word 
capital, creates a WikiWord, for example FrontPage.  Whenever a WikiWord appears in 
the wiki text, it is rendered as a link to the page by the same name.  By simply naming 
new pages, you can extend and grow the wiki as needed. 

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

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

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

!define COMMAND_PATTERN {%m %p} 
!define TEST_RUNNER {dotnet\FitServer.exe} 
!define PATH_SEPARATOR {;} 

Any wiki page that contains these variables is configured for .NET and only for .NET.   
When such a page is executed as a test, FitNesse will see the variables and make use of 
the .NET extensions. Conveniently, child pages inherit variables.  Any page that has a 
parent page configured for .NET is, through variable inheritance, also configured for 
.NET.  This means the entire wiki could be configured for .NET by simply adding these 
variables to the root page (http://localhost:<port>/root). 

Building a Test Project with FitNesse 
It’s time to build a project.  We’re going to build a simple application called ClockIn that 
can be used to keep track of the hours that people work.  As you will see, FitNesse plays 
an integral role in the development process. 

One of the first things we need to do is set up a section of the FitNesse wiki for our work.  
I will create a page called ClockIn that will be the root page for the project wiki and 
acceptance tests.   

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

 

Figure 10-20. Editing a FitNesse page 

Add a new page by adding ClockIn as a WikiWord on the page just under the line ending 
“framework and wiki” as shown below: 

!img-l http://files/images/FitNesseLogoMedium.jpg 
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!1 Welcome to [[FitNesse][FitNesse.FitNesse]]! 
!3 ''The fully integrated standalone acceptance tes ting framework and wiki.'' 
 
!1 Test Pages 
!3 ClockIn 

Click the Save button and you’ll be returned to the main screen, which will now display 
the new headings and a link for ClockIn (Figure 10-21).  Note the question mark after 
ClockIn—this indicates that no page has been created yet for the WikiWord. 

 

Figure 10-21. Welcome to FitNesse 

Navigate to the new page by clicking the question mark after ClockIn.  You’ll be placed 
directly into edit mode for the new page.  Add the following wiki text to the blank page: 

!c !3 A simple program to keep track of hours. 
 
!define COMMAND_PATTERN {%m %p} 
!define TEST_RUNNER {dotnet\FitServer.exe} 
!define PATH_SEPARATOR {;} 
!path dotnet\fit.dll  

The first line is a simple title for the page.  Following that are three lines starting with 
!define.  These variable definitions (COMMAND_PATTERN, TEST_RUNNER, and 
PATH_SEPARATOR) tell FitNesse how to execute tests.  In this particular case they 
point to the .NET extensions that allow us to run our tests against .NET code. The final 
line (!path dotnet\fit.dll) tells FitNesse where to find the code it will execute.  !path 
elements can be added if needed once code is written.   

One thing worth repeating is that we will only need to include these configurations on 
this page.  Child pages inherit variables and path elements.  That means that any page 
anywhere beneath the ClockIn page is automatically configured.  If we later decide to 
change the configuration, we need only change the ClockIn page.  

We’re done with creating this page, so click the Save button to leave editing and save the 
page.  
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Figure 10-22. The initial version of the ClockIn test page 

Testing a user’s login 

With our ClockIn page in place, we can create our first test, or rather, our first 
specification.  Typically it is the “customer” who drives the creation of acceptance tests.  
“Customer” is a loose term for anyone who is responsible for defining the behavior of the 
system.  It may be the actual customer, a business analyst, a subject matter expert, or 
even a tester.  For this exercise, your humble narrator will be the customer.   

A brief explanation of the application is in order.  Figure 10-23 shows a sketch of the one 
and only window of the ClockIn application.  On the left is a login form.  Users will login 
to the system using this form.  On the right is a section for the current user.  When a user 
logs in, their name appears on the right and they are automatically clocked in.  The next 
time the user logs in, they are automatically clocked out 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 first specification will describe how it works.  
On the ClockIn wiki page, we’ll add the following wiki text. 

^TestLogin 
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As you can see, this is a WikiWord.  It creates a link to the new test page we’d like to 
create.  The ^ makes TestLogin a child page of ClockIn.  Prefixing the page name with 
Test, although optional, conveniently adds the test property to the new page.   

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

!c !3 Login: Users of the system login by providing  their username and password. 
 
Add some users to the system. 
!|Users| 
|username|password| 
|wallace|cheese| 
|gromit|nopenguins| 
 
Wallace uses the correct password and successfully logs in. 
!|Login Window| 
|enter|username|wallace| 
|enter|password|cheese| 
|press|Login| 
|check|logged in|yes| 
 
Gromit uses the correct password and successfully l ogs in. 
!|Login Window| 
|enter|username|gromit| 
|enter|password|nopenguins| 
|press|Login| 
|check|logged in|yes|  

The first line is a brief description of the functionally we are specifying.  Below that are 
three annotated tables.  The | syntax is used to build 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, there is a Test button on the left-hand side of the 
page.  Pressing the Test button executes this specification.  If you were to run the test at 
this point, the tables would turn yellow with error messages saying there is no code to 
test, plus several exception messages would be noted since 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 in hand, they know exactly what to do.   
Unlike typical requirements docs or feature specs, this specification is written to show 
exactly how the methods should execute—the inputs and expected outputs are detailed 
exactly as they should work. We know that Gromit should have a successful login when 
he enters a username of “gromit”, a password of “nopenguins” and clicks the Login 
button.  There is no ambiguity, which makes the developers’ job much easier. 

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

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

For brevity’s sake the following example doesn’t show every class.  
You can download the entire Visual Studio solution and complete 
Fitnesse Wiki from the Power Tools Page listed above. 

You’ll also need to update the ClockIn page’s !path reference to include the location of 
the assembly you’re building.  For example, we could edit the existing !path to reflect the 
build location of our application:  

!path C:\MSDevTools\FitNesse.NET\ClockIn\bin\Debug\ ClockIn.dll 

Below is the code for UsersFixture .  Note it extends Fitnesse’s ColumnFixture  
class. 

using fit; 
 
namespace ClockIn     
{ 
    public class UsersFixture : ColumnFixture 
    { 
        public string username; 
        public string password; 
 
        public override void Execute() 
        { 
            //SetupFixture is used to wrap our appl ication’s functionality 
                    //   to let us add users for te sting by calling the 
application’s  
                    //   ClockInContext.AddUser() m ethod. 
            SetupFixture.appContext.AddUser(usernam e, password); 
        } 
    } 
}  

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

The next table, titled “Login Window”, is executed by LoginWindowFixture , which 
is an ActionFixture .  In ActionFixture  tables, every row is an action.  You may 
add any action you want to an ActionFixture , but out of the box it comes with 
Enter , Press , and Check .  That makes them useful for simulating form windows, 
where you Enter text, look at (Check) labels, and Press buttons.  Every action in an 
ActionFixture  table corresponds to a member of the Fixture  class.  Below is the 
code for LoginWindowFixture . 

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 r test.   
         * 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.clockedI nTime.ToString("H:mm"); } 
        } 
 
        public string LogOutTime 
        { 
            get { return SetupFixture.view.clockedO utTime.ToString("H:mm"); } 
        } 
 
        public double HoursWorked 
        { 
            get { return SetupFixture.view.hoursWor ked; } 
        } 
    } 
}   

Before this test will run, we need to add a bit more structure.  What we need is a SetUp 
page.  SetUp and TearDown are pages that have special meaning in FitNesse.  If a SetUp 
page exists in a hierarchy, every test page in the hierarchy will be prefixed with the 
content of SetUp.  The content from TearDown will be added to the end of every test 
page in the hierarchy.  We’ll create a SetUp page, with the following content, as a child 
of the ClockIn page.  First edit the ClockIn page and add the line:  

^SetUp 

Save the changes to the ClockIn page, then navigate to the SetUp page and add the 
following lines, saving after you’re done: 

!|Import| 
|ClockIn| 
 
!|Set up| 
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The first table uses the ImportFixture  included in the framework.  It includes the 
ClockIn  namespace in the search path, which allows us to use “elegant” fixture names 
in our fixture tables.  Without this, we would have to use fully qualified class names in 
the first row of every table.  For example, the second table here would take on the 
following, less readable format. 

!|ClockIn.SetupFixture|  

The SetupFixture , which is of the plain Fixture  flavor, sets up a testable 
environment by instantiating all of the production objects and appropriate mock objects.  
This fixture is added to the solution as another class, and is detected via the !path 
statement above when Fitnesse runs its tests. 

using fit; 
 
namespace ClockIn 
{ 
    public class SetupFixture : Fixture 
    { 
        //ClockInContext provides the application’s  main functionality. 
        //  It’s not shown for brevity’s sake. 
        public static ClockInContext appContext; 
        //MockView holds state data for users 
        //  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 execute the TestLogin page.  Several other 
classes left out of this example still need to be implemented (ClockInContext  and 
MockView , for example).  The test will be green when executed once the developers 
implement the desired functionality and build the solution.(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 Suites by setting a page property on a test page.  
Click the Properties link on the left sidebar and check the Suite box.  Suite, a new link on 
the sidebar, will execute all tests on the current page as well as its children. 

One of the more attractive features of Fitnesse, especially to the users who will be 
specifying tests, is its ability to convert test tables back and forth from Excel.  This is 
particularly useful when tests involve numeric manipulation or the use of formulas.  
Specification authors can work in Excel, then copy a worksheet to a Fitnesse page, and 
convert it via the Spreadsheet to Fitnesse button.  This minimizes the amount of Wiki 
editing users will need to do. 
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Getting Support 
Fitnesse has a very active mail group at http://groups.yahoo.com/group/fitnesse/.  
Additionally, users and developers are welcome to participate in Fitnesse’s direction by 
getting involved at http://fitnesse.org/FitNesseDevelopment.FrontPage. 

Fitnesse in a Nutshell 
Having your customers write test specifications is an important factor in a project’s 
success. Working with Wiki pages is an easy task to learn, and Fitnesse’s support for 
Excel sheets greatly eases any angst customers may feel at first.  Moreover, the customer 
feels involved instead of ignored, and more importantly, the person using the system is 
able to specify exactly how it should behave.  Developers aren’t forced to guess or make 
bad assumptions on what the customer really wanted. 

Fitnesse brings the customer right into the process with an easy tool for them to write 
specifications.  The concepts are clear and easy to understand, and it’s a simple matter for 
a developer to implement the test fixtures necessary to confirm the customer’s 
specifications. 

—Micah Martin 

10.6 Analyzing Unit-Test Coverage with 
NCover 

Unit tests are critical to solid, professional software, but how do you know if you’re 
hitting the key areas of your software with your tests?  Complex algorithms might have 
odd corners that require unique conditions to exercise those paths.  Can you be sure your 
unit tests are setting up conditions properly to travel through all branches? 

NCover is a code-coverage tool that was designed to help answer that question for 
developers. Code-coverage tools monitor a program during execution and report how 
much of the code was executed. 

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

Also, since NCover is operating at the CLR runtime level, it is language-agnostic.  
NCover has been used successfully with C#, VB, and C++ (compiled with the CLR 
option).  Any code that runs on the CLR should work with NCover as long as the 
compiler generates compatible .pdb files (all the Microsoft compilers do).  As of this 
writing, NCover supports all versions of the CLR (1.0, 1.1, 2.0). 

Table 10-6. NCover at a Glance 

Tool NCover 

Version Covered v1.5.4 
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Homepage http://www.ncover.org 

Power Tools Page http://www.windevpowertools.com/tools/32 

Summary Monitors a .NET program while it is 
running and reports which lines of code 
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, MSBuild 

Getting Started 
To setup NCover, simply download the installation program from the NCover web site at 
http://www.ncover.org/.  Note that the install includes a COM .dll that interfaces with the 
.NET runtime.  This means that xcopy deployment will not work with NCover.  If you 
want to install NCover by copying the files from another installation, you must register 
cvrlib.dll with the Windows COM subsystem after you copy the files by running 
regsvr32. 

regsvr32 c:\Program Files\NCover\CvrLib.dll 

Once you complete this step, NCover should be ready to run. 

Using NCover 
To run NCover, execute the NCover.Console.exe program.  NCover.Console.exe will then 
launch the program to be profiled.  Command line-format looks like this: 

NCover.Console.exe [Command [Command Args]] [Option s] 

All options start with a double forward slash, to reduce the chance that there will be a 
conflict between arguments passed to the profiled program and NCover options. 

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

Argument Description 

Command The command that will be executed to kick off the code-
coverage analysis. 

Command Args Any command-line arguments that are not expected by 
NCover.Console are assumed to be arguments intended 
for the profiled application and are passed through. 

//iis This option will start IIS under the code-coverage 
profiler.  This makes it easy to get coverage analysis for a 
web application.  Stop IIS to get your code-coverage data 
(iisreset works well). 

//svc “ServiceName” This option will start a Windows service application 
under the code-coverage profiler.  Stop the service to emit 
code-coverage data. 
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//a “Assembly1;Assembly2” This option specifies the assemblies that NCover should 
analyze.  If this option is not specified, the default action 
is to analyze any assemblies that have debugger symbols 
(.pdb files).  This option must be followed by a 
semicolon-separated list of assembly names.  Note that 
assembly names do not include the file extension (.dll or 
.exe). 

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

//ea “Attribute1;Attribute2” This option specifies a list of attributes that designate 
code that you would like to skip during the analysis.  Any 
methods or classes that have an attribute with one of the 
names specified here will be excluded from the coverage 
analysis. 

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

//x “Coverage file” This option specifies the filename and path for NCover’s 
coverage data file.  The default filename is Coverage.xml 
and it is saved to the working directory. 

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

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

//q This option will cause NCover not to output any log 
information. 

//v This option will cause NCover to output extremely 
verbose log information.  Caution, this option can create 
huge log files in a short amount of time and is only useful 
for debugging. 

Monitoring a program’s execution with NCover 

Let’s start off with an example program to show how NCover actually works.  To assist 
with the explanation, I’ve written a sample program that 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 r("   "); 
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            int num = 0, sum = 0; 
            foreach (string p in parms) 
            { 
                if (!int.TryParse(p, out num)) 
                { 
                    Console.WriteLine("{0} is not a  valid integer", p); 
                    num = 0; 
                } 
                else 
                { 
                    sum += num; 
                    output.AppendFormat("{0} + ", n um); 
                } 
            } 
 
            output.Length -= 2; 
            output.AppendFormat("= {0}", sum); 
            Console.WriteLine(output); 
 
            if (parms.Length > 0 && sum/2 == num) 
                Console.WriteLine("The last number ({0}) is the sum " 
            "of the previous numbers!", 
            num) 
            ; 
        } 
    } 
} 

To build the code above, I’ve placed it in a file named adder.cs. One thing to remember 
is that NCover requires your code to have debug information in order to get code-
coverage information from the program.  Here is the command line that I 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 is built 
as you would build it for release.  The /debug:pdbonly  argument tells the compiler 
to emit debug information into a separate file.  This is a good practice anyway, because it 
assists in debugging problems that you might find at a customer site after your code is 
released.  After running the command above, you should see two additional files in the 
directory, adder.exe and adder.pdb. 

Let’s go ahead and run the adder program and see what the output looks like. 

Command: 

adder 1 2 3 4 5 

Output: 

1 + 2 + 3 + 4 + 5 = 15 

Let’s try another one to test the special case when the last number is equal to the sum of 
the previous numbers. 

Command: 

adder 1 2 3 6 

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 adder program does, let’s show how NCover 
can tell us what code was actually executed.  We will run adder again, but this time we 
will run it under NCover.  The simplest way to do this is to run NCover.Console  and 
pass it the adder command line: 

NCover.Console adder 1 2 3 4 5 

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: 1 2 3 4 5 
Working Directory: 
Assemblies: 
Coverage Xml: Coverage.Xml 
Coverage Log: Coverage.Log 
 
Waiting for profiled application to connect... 
******************* Program Output **************** *** 
   1 + 2 + 3 + 4 + 5 = 15 
***************** End Program Output ************** *** 

As you can see, most of the output is just settings information from NCover.  In the 
program output section you see the output of our adder program.  Of course, this is no 
new information.  The valuable portion of this output is really Coverage.Xml which gives 
us the coverage data to see what was executed.  Here are the contents of the coverage file 
Coverage.Xml for our adder program: 

<?xml version="1.0" encoding="utf-8"?> 
<?xml-stylesheet href="coverage.xsl" type="text/xsl "?> 
<!-- saved from url=(0022)http://www.ncover.org/ -- > 
<coverage> 
  <module name="C:\Dev\NCover\Main\Samples\SimplePa ram\adder.exe" assembly="Adder"> 
    <method name="Main" class="Main.Program"> 
      <seqpnt visitcount="1" line="10" column="13"  
              endline="10" endcolumn="61"  excluded ="false" 
              document="c:\Dev\NCover\Main\Samples\ SimpleParam\Adder.cs" /> 
      <seqpnt visitcount="1" line="11" column="13"  
              endline="11" endcolumn="25" excluded= "false" 
              document="c:\Dev\NCover\Main\Samples\ SimpleParam\Adder.cs" /> 
      <seqpnt visitcount="1" line="11" column="25" 
              endline="11" endcolumn="33" excluded= "false" 
              document="c:\Dev\NCover\Main\Samples\ SimpleParam\Adder.cs" /> 
      <seqpnt visitcount="1" line="12" column="25" 
              endline="12" endcolumn="30" excluded= "false" 
              document="c:\Dev\NCover\Main\Samples\ SimpleParam\Adder.cs" /> 
      <seqpnt visitcount="1" line="16707566" column ="0" 
              endline="16707566" endcolumn="0" excl uded="false" 
              document="c:\Dev\NCover\Main\Samples\ SimpleParam\Adder.cs" /> 
 
      <!-- Some lines removed for brevity --> 
 
      <seqpnt 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 browser that supports XSL, you will see 
something that looks like Figure 10-26. 

 

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

Tracking program flow with sequence points 

NCover actually tracks coverage of sequence points rather than lines of code.  Most of 
the time sequence points directly correspond to lines of code so the difference is usually 
unimportant.  Sequence points are generated by the compiler and stored in PDB files in 
the directory along with the compiled executable.  Debuggers use the sequence point 
information to determine where breakpoints can be set in your program.  Since the 
compiler generates many machine instructions for each line of code, the debugger doesn’t 
know which instructions correspond to code lines.  The sequence points in the program 
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database (pdb) store the mapping between the two.  You will have a sequence point at 
any location where you can set a breakpoint or step the debugger.  This means that you 
might have more than one sequence point in a single line of code if your compiler and 
debugger support stepping into code within a single line.  For this reason, the coverage 
data returns the start and end position on the line for each sequence point. 

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

int num = 0,sum = 0; 

Sequence point 13-25 is the characters int num = 0  and the next sequence point in 
columns 25-33 is the characters sum = 0; .  A debugger would allow you to step 
through each section of the line, and NCover will provide code coverage for each section 
independently.  

Another item of note is the sequence point with the line number 16707566 .  That 
number in decimal corresponds to the hexadecimal number 0x00FEEFEE.  You can 
probably tell by looking at the hex form that the number is a special code.  FEEFEE will 
appear to designate sequence points that describe compiler-generated code that has no 
code line associated with it in the user’s file.  You can safely ignore these lines.   

In our example, the foreach  loop causes the C# compiler to generate additional code 
that the user may not know about.  In this case, the compiler knows how to optimize the 
foreach  loop into a for  loop since we are operating on an array.  The simple 
foreach  loop in our code shown like this: 

foreach (string p in parms) { 
    if (!int.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-generated lines marked in bold 

string[] tempArray = parms; 
for (int n = 0; n < tempArray.Length; n++) { 
    string p = textArray1[n]; 
    if (!int.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 code around foreach , lock , using , 
yield  and others. 
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Integrating NCover into your build process 

Development teams will often integrate NCover into an automated build process.  In this 
next section I’ll give you some tips on how NCover works alongside other tools in your 
development arsenal. 

NAnt integration 

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

<project name="Adder Sample" default="build" basedi r="."> 
 
  <!-- lines removed for brevity --> 
   
  <target name="build"> 
    <csc target="exe" output="Adder.exe" debug="pdb only" optimize="true"> 
      <sources> 
        <include name="Adder.cs"/> 
      </sources> 
    </csc> 
  </target> 
 
  <target name="coverage" depends="build"> 
    <!-- Launch the compiled program under NCover - -> 
    <exec program="ncover.console" 
          basedir="c:\dev\ncover\main\release" 
          workingdir="c:\dev\ncover\main\samples\ad der"> 
      <arg value="Adder"/> 
      <arg value="1"/> 
      <arg value="2"/> 
      <arg value="3"/> 
    </exec> 
  </target>   
</project> 

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

nant coverage 

MSBuild Integration 

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

<Project DefaultTargets="Build"  
         xmlns="http://schemas.microsoft.com/develo per/msbuild/2003"> 
 
  <PropertyGroup> 
    <DebugType>pdbonly</DebugType> 
    <Optimize>true</Optimize> 
    <OutputPath>.</OutputPath> 
  </PropertyGroup> 
 
  <ItemGroup> 
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    <Compile Include="Adder.cs" /> 
  </ItemGroup> 
 
  <Target Name="Coverage" DependsOnTargets="Build">  
    <!-- Launch the compiled program under NCover - -> 
    <Exec Command="c:\dev\ncover\main\release\NCove r.Console.exe Adder 1 2 3" 
          WorkingDirectory="c:\dev\ncover\main\samp les\adder" /> 
  </Target> 
 
  <Import Project="$(MSBuildBinPath)\Microsoft.CSha rp.targets" /> 
</Project> 

This file should be in the same directory as Adder.cs and should be named Adder.csproj.  
To compile the Adder program and run it under NCover use the following command line: 

MSBuild /t:Coverage Adder.csproj 

NUnit Integration 

Although the primary example we’ve seen so far was a command-line application, many 
times NCover is used to profile a set of running unit tests to see which code is being 
exercised (or not exercised) by the tests. 

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

using System; 
 
namespace Main { 
 
    public class Adder { 
 
        public static int GetSum(int[] parms,  
                                 out bool LastNumbe rIsSum) { 
 
            int num = 0, sum = 0; 
            foreach (int p in parms) { 
                num = p; 
                sum += num; 
            } 
 
            LastNumberIsSum = (parms.Length > 0 && sum / 2 == num); 
            return sum; 
        } 
    } 
} 

We’ll write the NUnit test in another class library.  Here are two tests that I 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 lastIsSum; 
            int sum = Adder.GetSum(new int[] { 1, 2 , 3, 4 }, out lastIsSum); 
 
            Debug.Assert(sum == 1 + 2 + 3 + 4); 
            Debug.Assert( !lastIsSum ); 
        } 
 
        [Test,Exclude] 
        public void CheckSums2() { 
 
            bool lastIsSum; 
            int sum = Adder.GetSum(new int[] { 1, 2 , 3 }, out lastIsSum); 
 
            Debug.Assert(sum == 1 + 2 + 3 ); 
            Debug.Assert(lastIsSum); 
        } 
    } 
} 

There are two tests here, CheckSums()  and CheckSums2() .  CheckSums()  
confirms the case where the last number is not the sum of the others, and 
CheckSums2()  tests the other case.  The updated portions of the NAnt build file to 
compile the two dlls and run them under NCover look like this. 

<project name="Adder Sample" default="build" basedi r="."> 
   
  <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. 2.5\bin\Nunit.Framework.dll"/> 
        <include name="AdderFunction.dll" />                  
      </references> 
    </csc> 
  </target> 
 
  <target name="coverage" depends="build"> 
    <!-- Launch the compiled program under NCover w ith Specified Assembly --> 
    <exec program="ncover.console"  
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         basedir="c:\dev\ncover\main\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"/> 
      <arg value="coverage-func.log"/> 
      <arg value="//a" /> 
      <arg value="AdderFunction"/> 
    </exec> 
    <!-- Launch the compiled program under NCover w ith Excluded Attributes --> 
    <exec program="ncover.console"  
         basedir="c:\dev\ncover\main\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"/> 
      <arg value="coverage-ex.log"/> 
      <arg value="//ea"/> 
      <arg value="NUnit.Framework.TestAttribute"/> 
    </exec> 
  </target>   
</project> 

I’ll assume that you are somewhat familiar with NUnit and how it finds tests within our 
dll.  (If not, see Michael Two’s article on [NUnit].) The NCover part is what I want to 
explain at this point.  When running tests, we don’t really care about code coverage of the 
test code itself.  We want to know about the coverage of the code “under test.”  In this 
case, the code under test is the AdderFunction.dll.   

There are a couple of different ways to tell NCover not to monitor some of the code.  The 
first method is by specifying on the NCover command line which dlls should be profiled.  
The first NCover command in the NAnt build file demonstrates this capability.  Here is 
the NCover command line in an easier to read format. 

ncover.console nunit-console addertest.dll //a Adde rFunction 

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

Note: The assembly name that the //a  option expects is the .NET 
assembly name, not the name of the file!  The .NET assembly name is 
the assembly file name without the .dll extension. 
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Figure 10-27. Coverage results for AdderFunction when specifying the 
assembly to profile. 

The second coverage example shows a more flexible way to filter code from coverage.  
NCover supports an attribute exclusion feature that will exclude all classes or methods 
from coverage that have an attribute that is in the specified list.  The example command 
line for this functionality is below. 

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

The //ea  option specifies the list of attributes that NCover will use for exclusion. Figure 
10-28 shows the output of NCover when exclusion is used. 
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Figure 10-28. Coverage output when code is excluded using the 
attribute exclusion feature. 

One thing you will notice about attribute exclusion is that the methods and classes will 
still appear in the output; they are just marked as excluded.  They are also not included in 
the percentages for code coverage.  You could easily edit the coverage.xsl stylesheet to 
remove them from your output if you wish.  

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

See Also 
[NCoverExplorer] 

[NUnit] 
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[MbUnit] 

[TestDriven.NET] 

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

NCover in a Nutshell 
Many people have asked where NCover is going.  Here are some of the features that are 
currently on the NCover roadmap: 

·  Merging of coverage data from multiple runs of NCover 

·  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 much of your code has been executed 
during a particular test run.  If you run NCover during your unit tests, you can get great 
feedback on how much of the code your unit tests actually exercise.   

Keep in mind that the goal of code-coverage analysis is not to drive to 100% code 
coverage.  There is some code where it might not be possible to get 100% coverage in 
your unit tests.  Also, even if your code is 100% covered, that doesn’t mean that there are 
no defects.  Code coverage is best viewed as a health indicator to help you get an 
understanding of how good a job your unit tests are doing.   

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

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

—Peter Waldschmidt 

10.7 Analyzing Your Code Coverage with 
NCoverExplorer 

NCover, Peter Waldschmidt’s handy code-coverage tool, is great for generating metrics 
on which parts of your code base is checked by your unit tests.  However, its output is a 
plain XML file (coverage.XML), which isn’t the most useful format.  To get the most out 
of NCover’s output, we need to relate it interactively to the source code. 
NCoverExplorer, written by Grant Drake of Kiwi Development Ltd, offers several GUI 
and console-based tools for navigating and reporting the coverage results. 
NCoverExplorer allows developers to visualize the source code with visited and unvisited 
lines highlighted, as well as the ability to sort, filter, merge and report on the results.  
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To integrate seamlessly with VisualStudio, this tool is frequently used with 
TestDriven.NET using the Test With Coverage feature, which launches NCoverExplorer 
automatically to display code-coverage results for the selected unit tests. A console 
version is also available, which can be integrated into your CruiseControl.NET 
continuous build cycle via NAnt and MSBuild tasks for lightweight summarized 
coverage reports. 

Table 10-8. NCoverExplorer at a Glance 

Tool NCoverExplorer 

Version Covered 1.3.4 

Homepage http://ncoverexplorer.org/ 

Power Tools Page http://www.windevpowertools.com/tools/33 

Summary GUI tool for viewing, sorting, and filtering source code 
highlighted using NCover coverage XML files. Integrates with 
Visual Studio using TestDriven.NET. Console version can be 
used by automated build and CI processes for merging and 
reporting. 

License Type GPL 

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

Supported 
Frameworks 

.NET 1.0, 1.1, and 2.0 

Related Tools in This 
Book 

NCover, TestDriven.NET 

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

NCoverExplorer is completely dependent on the XML file(s) produced by NCover.  
NCoverExplorer has been tested with NCover versions 1.3.3 and the latest 1.5.x versions. 
NCoverExplorer does not work with NCover 1.4.6a (a deprecated NCover release). 

NCoverExplorer has been bundled with TestDriven.NET 2.0.x since February 2006. 
After installing TestDriven.NET, you will find the NCoverExplorer folder located in 
C:\Program Files\TestDriven.Net 2.0\NCoverExplorer.   

Alternatively, you can download NCoverExplorer as a standalone tool from the 
NCoverExplorer.org website. Simply unzip the NCoverExplorer.zip contents into a folder 
after downloading.  

You can also download NCoverExplorer.Extras.zip containing NAnt and MSBuild tasks 
to utilize NCoverExplorer in your CI process, as described later in this chapter. 
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Using NCoverExplorer 
The most convenient way to generate NCover results is using TestDriven.NET. Simply 
right-click on a unit test, class file or project within Visual Studio and select “Test 
With… Coverage”. This will execute the code while profiling with NCover, creating the 
coverage XML files in the directory C:\Program Files\Document and Settings\[user 
name]\Application Data\Mutant Design\[solution name]  

After the file(s) are created, the NCoverExplorer GUI executable is launched, and you 
can explore the coverage results. 

An alternative to the TestDriven.NET approach is to use the command line or a tool such 
as NAnt to execute NCover. Please refer to the section on NCover for examples. 

Start NCoverExplorer directly without specifying a coverage 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 the coverage.XML file(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 File ®  Recent Files if it is a file you have opened previously. 

·  Drag/drop the coverage file(s) onto the NCoverExplorer GUI. 

·  Use the TestDriven.NET “Test With… Coverage” option. 

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

The left-hand side contains a tree view that expands to reveal the assemblies, classes, and 
methods that were profiled by NCover. After each node name in the tree, you will see (by 
default) the coverage percentage. 

The pane on the top right displays the details of the coverage sequence points for the 
selected class or method. 

The tabbed display in the lower right is a read-only display of the source code for the 
current class file selected. Right-click and choose Edit in Visual Studio to edit this code. 
By default, code that was visited is highlighted with a blue background, and code that 
was not visited is highlighted with a red background. Excluded code will have a grey 
background. These and most other colors can be configured as a set of Themes using 
View ®  Options. 

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

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

Red Partially covered class or method, where coverage is below acceptance. 

Blue Partially covered class or method, where coverage exceeds acceptance. 

Black Fully 100% covered class or method. 

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

An important feature of NCoverExplorer is the ability to exclude certain types of code 
from the coverage results. For instance, it does not normally make sense to include your 
unit-test fixtures in the coverage results. By default, NCover will profile every assembly 
loaded during execution for which it finds a .pdb in the bin folder. 

Coverage exclusions can be specified at the assembly, namespace, and class levels using 
the View ®  Options dialog on the Exclusions tab. By default, two coverage exclusions 
have been predefined to filter out tests or private functionality.  These two are entered as 
masks for assemblies named *.Tests  and namespaces named *.My* .  You can easily 
add to these or replace them with your own. The asterisk (*) wildcard character can be 
useful – for instance the default assembly exclusion *.Tests  will exclude both 
MyApp.Tests.dll and MyApp.Layer.Tests.dll assemblies. 

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

Filtering Coverage 

Two filter options are available to quickly focus your attention on items of interest. 
Filters differ from exclusions in that they do not affect the overall coverage statistics 
when they are applied.  

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

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

Note that NCoverExplorer has the ability to merge multiple coverage files in certain 
circumstances. There are some limitations in that the contents cannot conflict with each 
other – such as a coverage XML file from a previous run where the code has since been 
changed. 

Customizing the test coverage view 

The default coverage tree view displays the percentage coverage after the name of each 
module, namespace, class, and method. Using the View ®  Coverage menu there are 
additional options available. For instance, you can display the number of unvisited 
sequence points—percentages can be misleading in terms of the amount of code not 
covered by your tests. One line not tested in a four-line class (75%) may be less 
significant than 10 lines not tested in a 100-line class (90%). 

You can also choose the Function Coverage view, which allows a primitive form of code 
profiling. This will tell you the number of visits to each method. 

In conjunction with these alternate views you may also find it useful to sort the coverage 
results, using the View ®  Sort By menu. This can help in large projects to visually focus 
on items of most interest, such as those with the least coverage. 
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Generating summary reports of test coverage 

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

·  Performance – xsl transforms on large coverage.XML files can be painfully slow. 

·  Smaller merges into build log XML files for faster rendering by CruiseControl.NET. 

·  Coverage exclusions and thresholds can be specified and highlighted in output. 

·  Ability to merge multiple coverage.XML files into a single report. 

·  Include code metrics such as number of classes, non-comment  lines etc. 

Table 10-9 lists the three report types currently available. 

Table 10-9. NCoverExplorer Report Types 

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

Module/Namespace 
Summary 

Displays a project summary, module summary, and 
namespaces per module. 

Namespace Summary Displays a project summary followed by a list of 
namespaces. 

An example of the Module/Namespace summary report is shown 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 suite is used for batch-driven operations, 
such as in a continuous build process. NCoverExplorer.Console offers two key features: 

·  Generation of XML (or HTML) summary reports for inclusion in the build artifacts. 
These XML reports can be merged into your CruiseControl.NET build log and 
reported using transformations on the Build Report and coverage web pages. 

·  It can fail a continuous build if minimum coverage thresholds have not been reached. 

Integration with NAnt 

There are two ways of writing your NAnt tasks. The first is to use the <exec>  task to 
simply invoke the NCoverExplorer.Console.exe executable. The second is to use a 
custom <ncoverexplorer>  NAnt task (located in the NCoverExplorer.Extras.zip file 
available for download from the www.ncoverexplorer.org website). 

Using the <exec>  task approach can be a little more work, as for complete control you 
must also construct an XML .config file listing all your coverage exclusions and 
thresholds per assembly (although this should hopefully not need regularly updating).   

A minimal example without the .config file is shown below. This generates an XML 
report of module/namespace coverage, and fail the NAnt script (exit code of 3) if the 
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project coverage is less than the specified threshold of 80%. Note that failing a build 
based on coverage thresholds is an optional feature. 

<target name="util.ncoverexplorer.exec"> 
  <exec program="C:\Program Files\NCoverExplorer\NC overExplorer.Console.exe"  
        workingdir="C:\Program Files\NCoverExplorer \" > 
      <arg value="&quot;${build.output.dir}\coverag e.xml&quot;" /> 
      <arg value="/r:3"/>    <!-- Report style of m odule/namespace. --> 
      <arg value="/x" />     <!-- 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="/f" />     <!-- Fail the build if  minimum not reached --> 
  </exec> 
</target> 

For more information about the command-line parameters and specifying a .config file, 
you should refer to the example.build NAnt script located in NCoverExplorer.extras.zip 
and the ConsoleExample.config in your NCoverExplorer installation folder. 

The <ncoverexplorer>  custom NAnt task, on the other hand, allows all of the 
required information to be specified inline within the NAnt .build file.  A more complex 
example, which shows how to merge multiple coverage files matching a pattern and how 
to specify thresholds, is shown below: 

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

The only negative to this approach is that it requires referencing the assembly containing 
this NAnt task (either directly in the script or by placing it in the NAnt bin\tasks\net 
folder). Perhaps one day in the future someone may include it in the NAntContrib project. 

Integration with MSBuild 

A custom MSBuild task has been developed that offers all the same functionality shown 
above in the NAnt task. The source code and example of usage in example.proj are also 
to be found in the NCoverExplorer.Extras.zip file. 
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Integration with CruiseControl.NET 

Many existing developers using CruiseControl.NET and NCover will utilize the built-in 
stylesheets and merge publishers to incorporate coverage results into the web-page 
output. However, on large projects this has a massive disadvantage, as the build logs used 
for rendering web pages end up being many megabytes in size, affecting all page load 
times. 

Using NCoverExplorer to produce an XML summary report, we can instead merge a far 
smaller summary file. This is based on the assumption that you only want summary 
coverage reporting on your build server. To go to source-code level detail it is most 
useful to run the NCoverExplorer GUI for a more interactive experience. 

There are two stylesheets customized for the NCoverExplorer summary report output that 
need to be copied to your CruiseControl.NET xsl templates folder. When configured they 
enhance the Build Report and NCover Report web pages. 

In Figure 10-32 we see the enhanced Build Report page with an NCoverExplorer section 
summarizing the coverage of the project (68%), the specified acceptance threshold 
(80%), a number of code-metric statistics and a failure verdict based on not yet hitting the 
coverage threshold target. 

 

Figure 10-32. CruiseControl.NET Build Report 

The configuration steps required to achieve this are as follows: 

1. Copy the NCoverExplorer.xsl and NCoverExplorerSummary.xsl stylesheets from the 
NCoverExplorer.Extras.zip file into your CruiseControl.Net\webdashboard\xsl 
folder. 
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2. Edit your CruiseControl.Net\webdashboard\dashboard.config file to point to these 
new stylesheets. An example dashboard.config file is included in the zip file. 

3. Modify your CruiseControl.net project file so that it executes your NAnt/MSBuild 
task to generate an XML summary report (by default called CoverageReport.xml) 
and uses the <merge>  publisher to include this in your build-log output. 

When these steps are completed correctly, clicking on the NCover Report link on your 
build server web page should now display the appropriate summary 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 feature requests is available through a 
number of avenues. The most direct is via e-mail to the author: 
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support@ncoverexplorer.org. For the latest news and updates you should visit the 
author’s blog at http://www.kiwidude.com/blog/.  

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

NCoverExplorer in a Nutshell 
NCoverExplorer takes the raw code-coverage abilities of NCover to a whole new level, 
giving developers an intuitive and richly featured interface to fill the missing link back to 
the source code. As part of a test-driven development cycle, it can be used by individual 
developers with TestDriven.NET to ensure a continuous and easily measurable 
improvement in code coverage. It can also be closely integrated into your automated 
build processes to ensure that project-based coverage targets are met and historical 
progress can be tracked across the project lifecycle. 

—Grant Drake 

10.8 Integrating Unit Testing into Visual 
Studio with TestDriven.NET 

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

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

TestDriven.NET also includes features to run “ad-hoc” tests, examine code coverage, and 
integrate with the Team System testing framework. 

Shortly before this book went to press Jamie Cansdale, 
TestDriven.NET’s creator, changed his release model for the tool.  
TestDriven.NET now comes in two commercial variants, Professional 
and Enterprise.  There is still a free version for hobbyist developers, but 
using TestDriven.NET on any commercial project requires you to 
purchase a commercial license.  See the tool’s homepage for more 
details. 

Table 10-10. TestDriven.NET at a Glance 

Tool TestDriven.NET 

Version Covered 2.0.1605 Beta 



O’Reilly Media, Inc.  8/19/2006 

 75 

Homepage http://www.testdriven.net 

Power Tools Page http://www.windevpowertools.com/tools/34 

Summary TestDriven.NET integrates unit testing functionality directly 
into Visual Studio. 

License Type  

Online Resources FAQ, Bug Tracking Database, Blog, Email 

Supported Frameworks 1.0, 1.1, 2.0 

Related Tools in This 
Book 

NCover, NUnit, MbUnit 

Getting Started 
TestDriven.NET supports NUnit and MbUnit unit test frameworks.  You’ll need either 
one of those to write your unit tests in.  TestDriven.NET comes bundled with the 
appropriate version of NCover and NCoverExplorer to create test coverage reports for 
you. 

To get started with TestDriven.NET you simply need to download the latest release from 
www.testdriven.net, unzip the .zip file, and run the included executable. The 
TestDriven.NET add-in will be installed for any installed versions of Visual Studio 
including Visual Studio.NET 2002, Visual Studio.NET 2003, and Visual Studio 2005. 

UsingTestDriven.NET 
Now that TestDriven.NET is installed you simply need to open a project and create a new 
test. TestDriven.NET is compatible with NUnit, MbUnit, and Team System testing. I am 
going to use NUnit in these examples; functionally it works the same with the various 
testing frameworks. Here is a quick sample test I have created: 

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 I would normally need to switch to the NUnit GUI, load my 
assembly, then click the Run button. Using TestDriven.NET I simply need to right-click 
on the test and select Run Test(s) from the TestDriven.NET context menu shown in 
Figure 10-34. 

 

Figure 10-34. TestDriven.NET Context Menu 

TestDriven.NET runs the selected test and then displays the 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 reason in the 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 classes and projects worth of tests can be run 
either by choosing Run Test(s) with the class selected, or by right-clicking on the project 
in the Solution Explorer. 

Debugging with TestDriven.NET 

Being able to run tests directly in Visual Studio is quite valuable. Being able to debug 
those tests is even more valuable. Using TestDriven.NET you just need to add a 
breakpoint to your code, then right-click on the test and choose Test With ®  Debugger, 
as shown in Figure 10-37. 

 

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

Calculating Code Coverage with TestDriven.NET 

Calculating code coverage is usually a task that is performed by a continuous integration 
or build server. The problem is that you don’t find out that you missed a certain branch in 
your code until hours or days later.  It’s much easier if you figure this out while you are 
writing your code and can quickly and easily write another test to get better coverage. An 
easy way to get an instant look at the coverage of your code is to use TestDriven.NET’s 
Test With ®  Coverage feature. If you have Team System installed it will use the built-in 
coverage.  If not, the NCover coverage tool will be used.  (NCover is integrated with 
TestDriven.NET.) To demonstrate, I have written a simple method for concatenating two 
strings: 

public string Concat(string a, string b) 
{ 
    if (a == null || b == null) 
    { 
        return null; 
    } 
 
    return a + b; 
} 

Now I have a test that calls my method, passing in two valid strings: 

[Test] 
public void TestConcat() 
{ 
    Concater concater = new Concater(); 
 
    string newstring = concater.Concat("test ", "st ring"); 
} 

Right-clicking on this test and choosing the Test With ®  Coverage option compiles and 
runs the test, then displays the coverage results shown in Figure 10-5. 

 

Figure 10-38. Coverage Results 

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

The if  statement is a light shade of red, meaning that it was partially run. The darker red 
means that the code was never touched, and the light blue means the code was completely 
covered. With this information we can see that we need to add an additional test passing 
in a null  value to make sure we are completely testing our code. 

If you don’t have Team System installed TestDriven.NET 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 .NET 2.0 that you need to ensure also 
works in .NET 1.1. Microsoft recently released an extension to MSBuild called MSBee 
that allows MSBuild to compile .NET 1.1 applications. TestDriven.NET takes advantage 
of this fact so you can actually build and test your code using 1.1. Of course if you want 
to build your application using 1.1 it can’t include parts of 2.0 that won’t compile like 
new assemblies, generics, partial classes, etc. 

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

Performing ad-hoc testing 

Until now we have been running tests that are actually marked as tests in our application. 
Another feature of TestDriven.NET is that you can do more than just execute tests, you 
can execute any method that doesn’t take any parameters. This means if you want to test 
something quickly but don’t need to write a unit test you can just write a quick method 
and execute it on the spot. For example I could create the following method: 

public void AddCustomer() 
{ 
    CustomerManager.AddCustomer(“Tammy”, “Avery”); 
} 

Then simply right-click on the method and select Run Test(s); the method will be run. 
You can also test using the debugger, which basically means you can jump into the 
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debugger anywhere in your app as long as you write a simple method first. This is also 
very useful for spot-testing private methods that you wouldn’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 bug tracking system accessible via the 
tool’s homepage.  Cansdale also takes e-mail submissions for support requests, plus he’s 
got a very active blog where he talks about TestDriven.NET and other development 
issues. 

In a Nutshell 
TestDriven.NET integrates unit-testing directly into Visual Studio, making it much easier 
to write, execute, and debug unit tests. I can’t imagine practicing test-driven development 
without it.  

10.9 Integrating Mock Objects into Your 
Testing with NMock2 

Developer testing can become very difficult when a project has external dependencies 
such as databases, file systems, web services, or even other class libraries. In order to 
alleviate these dependencies, you can use mock objects to test your own code and reduce 
your reliance on items outside of your direct control. 

NMock2 is a direct port of the latest version of jMock for Java. NMock2 is similar in 
concept, but different in implementation from the original NMock. NMock2 and NMock 
have different syntax, but provide similar mock-object functionality in .NET. NMock2 
and NMock are separately maintained projects (both are being developed and maintained 
by Thoughtworks), but both co-exist in the same SourceForge project space. 

Table 10-11. NMock2 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/tools/35 

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 Pre-Alpha state and did not have a direct 
download available on the NMock2 page on SourceForge. In order to get the current 
version of NMock2, a CVS client can be used to connect to the SourceForge repository to 
download the source for NMock2. 

The version available from SourceForge contains a Visual Studio 2003 solution that will 
build the NMock2 assembly for your project (NMock2.dll). You can also execute the 
NAnt build file to output the assemblies to the build directory. 

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

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

Using NMock2  
Before putting NMock2 to work, it’s helpful to understand the terminology used to 
describe the work of the tool. Here are few key terms and concepts.  

Mockery 

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

Creating a mock object through the Mockery  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 the mock object will 
pretend to implement. For example, if you want to associate a mock object with an 
interface called ISimpleOperations , 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 enumeration of behaviors you expect your 
object to exhibit. For instance, you may expect that a certain method will be called a 
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specified number of times. If you are testing code that uses a command pattern, you 
will likely expect that a common method (such as Execute() ) will be called on an 
implementation. 

The command pattern is a design pattern where an action is represented 
by an object.  The object wraps the action and its parameters and lets 
the object get passed to clients instead of separate actions and 
parameters.  Command patterns are often used in implementing undo 
lists, wizards, queues, etc. 

Syntax for the Expect  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 besides Expect.Once that 
are used to aid in testing your expectations. Some of the other properties are: 
Expect.Never 
Expect.Exactly(<number of times>) 
Expect.AtLeast(<number of times>) 
Expect.AtMost(<number of times>) 

Stubs 

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

The Stub  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 expectations or stubs. Arguments 
define the parameter values that are expected to return specific results from the mock 
object. 

The following statement in NMock2 indicates that when the AddTwoValues()  
method is called with a value of 1 for the first parameter and a value of 2 for the 
second parameter, the mock implementation should return a value of 3. 
Stub.On(myMock).Method("AddTwoValues").With(1, 2).W ill(Return.Value(3)); 
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A variety of argument options exists with NMock2. An expectation or stub can return a 
specified value for the specified arguments listed by .With() , a specified value 
regardless of arguments when you use .WithAnyArguments() , or a specified value 
without any arguments (used when a method does not have any parameters) with 
.WithNoArguments() . 

Verification 

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

Other Concepts 

There are many other capabilities provided by NMock2 that this article will not 
cover. For a full list of available features, see the NMock2.Test and 
NMock2.AcceptanceTests projects included with the NMock2 source distribution. 

Generating a dynamic mock object 

The following example demonstrates the generation of a dynamic mock object. The 
ISimpleOperations  interface defines two methods to be mocked by NMock2.  A 
Mockery object (mock in this example) is instantiated, then its NewMock() method 
is called to create the dynamic mock object. This object is then instructed to return a 
value of 3 when the AddTwoValues()  method is called with the first parameter having 
a value of 1 and the second parameter having a value of 2. Furthermore, the example 
specifies that this method will be called exactly once (Expect.Once ). The 
VerifyAllExpectationsHaveBeenMet() method of the Mockery object 
(mock) is called at the end of the operation to test that the AddTwoValues()  method 
was called correctly: with the parameter values of 1 and 2, exactly once. 

public interface ISimpleOperations 
{ 
    int AddTwoValues(int value1, int value2); 
 
    string SaySomething(); 
} 
 
 
/// <summary> 
/// Validates that the AddTwoValues method was  
/// called with the proper parameters. 
/// </summary> 
[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(1, 2); 
 
    mock.VerifyAllExpectationsHaveBeenMet(); 
} 

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

/// <summary> 
/// Demonstrates a failing test because the AddTwoV alues 
/// method is called twice (and we only expect it t o be 
/// called once). 
/// </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(1, 2); 
 
    mock.VerifyAllExpectationsHaveBeenMet(); 
} 

The last example is similar to the first two, except AddTwoValues() is called with 
unexpected parameter values. In this case an ExpectationException  will also be 
thrown. 

/// <summary> 
/// Demonstrates a failing test because the AddTwoV alues 
/// method is called with unexpected parameters. 
/// </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.VerifyAllExpectationsHaveBeenMet(); 
}  

Using a stub to test code with predefined vaues 

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

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

/// <summary> 
/// Demonstrates the dynamic mock object returning  
/// a value of 3 when the first parameter is 1 and  
/// the second parameter is 2. 
/// </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 object and tells it to return a value of 3 when 
AddTwoValues() is called with any values. 

/// <summary> 
/// Demonstrates the use of WithAnyArguments. The s tub  
/// is instructed to always return 3 regardless of the  
/// values passed in. 
/// </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(1, 2)); 
    Assert.AreEqual(3, myMock.AddTwoValues(1, 1)); 
    Assert.AreEqual(3, myMock.AddTwoValues(123, 123 )); 
} 

The last example creates a dynamic mock object and instructs it to return a string value of 
“Hello!” when the SaySomething()  method is called. The ISimpleOperations 
interface declares that SaySomething() takes no arguments. Accordingly, the code 
instructs SaySomething()  to return the value without any specified arguments. 

/// <summary> 
/// Demonstrates the mocking of a method that does  
/// not have any parameters defined on the interfac e.  
/// There are not any available arguments, so we  
/// don't pass any in. 
/// </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() ); 
} 

Using a dynamic mock object to test an external system 

The typical usage for NMock2 is to generate dynamic mock objects for systems that are 
out of your direct control. In the following example, the code is partitioned into a 
domain-model layer (responsible for business logic), a service-agent layer (responsible 
for connecting with external systems), and test projects for each layer. 

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

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

To start building the application, we will create a class library to contain the domain 
layer, a class library to contain the service agents, and corresponding test projects for 
each layer. The domain layer will contain the objects that we will be working with 
throughout the application, and the service-agent layer 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 application is to determine if a user-supplied zip 
code has an available avalanche report. If the zip code exists in a state that has an 
avalanche report, we will retrieve the avalanche information through an external service 
for the appropriate state. 

The first test we will write will express the intent of the functionality that we intend to 
develop. We simply want to provide a zip code for a state that should have an available 
avalanche report. We will create the test in the NMock2Example.DomainModel.Tests 
project. 

[TestFixture] 
public class Location_Tests 
{ 
    [Test] 
    public void TestLocationHasAvailableAvalancheRe port() 
    { 
        Location locationInColorado = new Location( "80439"); 
        Assert.IsTrue(locationInColorado.HasAvailab leAvalancheReport); 
    } 
} 

After the test is defined, we create the Location  class in the 
NMock2Example.DomainModel project. As we create the Location  class and define 
the HasAvailableAvalancheReport  property, we run into a problem 
implementing the property. Although we have a preliminary list of states that contain 
avalanche reports, we don’t have a way to resolve the state from the provided zip code. 
After thinking for a few minutes about how we can handle this issue, we decide that we 
can use a variety of available web services to resolve a state from the zip code. 

Although we know that we will use a web service to determine the state, we don’t 
necessarily know how that service will be implemented. Rather than stop and wait while 
these details are worked out by another team member, we decide that we can utilize mock 
objects and stub out the web service. 

Our next step is to add an interface to model the service-agent functionality that our 
domain layer will need. We will use this interface when we create the mock objects. We 
can simply generate stubbed-out methods based on the interface and program to the 
interface in our domain layer. 
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The next bit of code we write will be in the NMock2Example.ServiceAgents project. We 
add an interface based on a signature for the service agent that we will implement at a 
later time (when the web service is decided on). Although we don’t know what the web-
service signature will look like, we know that our service-agent layer provides a layer of 
abstraction over our implementation. Due to the additional layer of abstraction, we define 
a reasonable interface for our domain objects to consume. 

public interface ILocationServiceAgent 
{ 
    string GetStateForZipCode(string zipCode); 
} 

After the interface is defined, we can implement the actual LocationServiceAgent  
class that will eventually be responsible for calling into the web service. Since we don’t 
know what the real implementation looks like yet, for now we will just throw an 
exception when the GetStateForZipCode()  method is called. 

public class LocationServiceAgent  : ILocationServiceAgent 
{ 
    public string GetStateForZipCode(string zipCode ) 
    { 
        throw new Exception ( "Not implemented yet." ); 
    } 
} 

Our NMock2Example.ServiceAgents project now consists of the 
ILocationServiceAgent  interface (an interface for our service agent) and the 
LocationServiceAgent  class (the placeholder for the real implementation). 

The Location  class can utilize the concept of dependency injection to make use of the 
new ILocationService  interface. We also need to be sure to set the default 
ILocationService  implementation to be the LocationServiceAgent  so that 
our Location  class will use the real service-agent implementation by default. 

Dependency Injection, sometimes referred to as Inversion of Control, is 
a design pattern used to abstract dependencies between components.  
An example of this might be using a factory to create objects and set 
state values rather than having the objects do that themselves.  See 
[PicoContainer.NET] and [Castle Windsor] for more information on 
dependency injection. 

With the service-agent definition out of the way, we can continue with the 
implementation of the Location  class in the NMock2Example.DomainModel project. 
After the implementation of the HasAvailableAvalancheReport  in the 
Location  class, the class has evolved to use the dependency injection concept. We can 
now take advantage of NMock2 to test the domain layer in isolation. 

public class Location 
{ 
    /// <summary> 
    /// Set the service agent to real implementatio n by 
    /// default. 
    /// </summary> 
    private ILocationServiceAgent _locationServiceA gent =  
        new LocationServiceAgent(); 
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    private string _zipCode = string.Empty; 
 
    /// <summary> 
    /// This property is exposed to allow for the i njection 
    /// of a mock object or alternate implementatio ns. 
    /// </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", "California" }; 
 
            string state =  
                _locationServiceAgent.GetStateForZi pCode(_zipCode); 
 
            return statesWithAvalancheReport.Contai ns(state); 
        } 
    } 
} 

If we run the TestLocationHasAvailableAvalancheReport()  test, we will 
receive an error because we have not injected a mock object into the 
LocationServiceAgent  property of our Location  instance. Therefore, we’ll 
create a new mock object and instruct it to return a state that has an avalanche report 
available. This way, we can test a successful path through the 
HasAvailableAvalancheReport  property. We know that our 
HasAvailableAvalancheReport  property calls the GetStateForZipCode()  
method on the service agent, so we will instruct the GetStateForZipCode()  
method on the mock to return “Colorado” if it is given a zip code value of “80439”. 

Our new test in the NMock2Example.DomainModel.Tests project can use NMock2 to 
create a mock object and return the expected values. Now we can test our Location  
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"); 
 
        locationInColorado.LocationServiceAgent =  
            mockAgent; 
         
        Assert.IsTrue(locationInColorado 
            .HasAvailableAvalancheReport); 
    } 
} 

After the injection of the mock object, our test will now pass. Now that we have all of the 
plumbing in place for using the mock objects, we can write a new test that will test the 
same method for a state that should not have an available avalanche 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 domain logic without a real service-agent 
implementation. We can continue to follow this same pattern 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 page on SourceForge. The Support 
Request area and Forums section of the NMock2 SourceForge project site are available to 
post questions and support requests.  

NMock2 in a Nutshell 
NMock2 provides a way to use mock objects in .NET projects. Mock objects and test-
driven development combine to provide improved design, flexibility, and freedom during 
typical day-to-day programming tasks. In addition to the standard expectation and stub 
concepts, NMock2 can also be used to guide the developer towards decoupling of 
objects. It encourages the removal of many typical barriers and dependencies throughout 
development. 

—Ben Carey 

10.10 Creating Strongly Typed Mocks with 
Rhino.Mocks 

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

Rhino.Mocks by Oren Eini, offers an attractive alternative to the NMock and NMock2 
libraries.  Rhino.Mocks’ model creates strongly typed mock objects, so you’ll get full 
IntelliSense support as you’re coding, plus the IDE and compiler will point out errors 
much more quickly than if you have to wait until runtime to find you’ve mistyped a string 
representing a method name. 

Rhino.Mocks enables you to mock up classes as well as interfaces. It also supports 
calling parameterized constructors.  Rhino.Mocks has a very rich set of constraints you 
can place against expectations, and you can specify that recorded expectations must occur 
in a specific order.  Something of great importance to developers working in the .NET 2.0 
domain is Rhino.Mocks’s support for generic classes and working with generic methods.  
Perhaps best of all, Eini, who posts to his blog via his 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/tools/36 

Summary Solid mock-object library supporting strongly typed 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 
Book 

NMock2 

Getting Started 
Rhino.Mocks will actually enable you to write extensive tests without any other unit 
testing framework; however, for all practicality you’ll need another unit test framework 
such as NUnit or MbUnit to complete your unit testing needs. 

Download Rhino.Mocks from the Downloads link at its homepage.  Installation is a 
simple matter of extracting Rhino.Mocks’s DLL to a suitable folder on your disk.  You’ll 
need to reference the assembly in the project you’re working on to make use of 
Rhino.Mocks.  See Appendix A for details on that step. 

Using  Rhino.Mocks 
Rhino.Mocks follows the same basic pattern of any mocking 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 object, not the mocked object! 

·  Verify that all expected behaviors were met 

Ben Carey’s great article on NMock2 (see "Integrating Mock Objects into Your Testing 
with NMock2") covers many of the concepts of mock objects exceedingly well, so I 
won’t rehash those details.  Instead I’ll focus on what’s unique to Rhino.Mocks. 

Creating strongly typed mock objects  

While there are a number of differences between Rhino.Mocks and NMock2, one of the 
standouts is Rhino’s use of strongly typed mock objects.  This means you don’t have to 
use string parameters when setting up expectations for a mocked object.  With NMock 
you have to pass the Method()  element a string specifying the method to call on the 
mocked object: 

ISimpleOperations myMock = (ISimpleOperations) 
        mock.NewMock(typeof(ISimpleOperations)); 
 
Expect.Once.On(myMock) 
        .Method("AddTwoValues") 
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//remainder elided … 

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

Rhino.Mocks, on the other hand, gives you strongly typed mocked objects via its 
dynamic library.  Expectations are set on the object’s actual method names, which means 
the compiler and IDE will point out errors at a much earlier stage.   

The following snippet shows creation of a mock object and setting expectations on the 
object.  Note we’re working directly with the mocked object. 

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 expectations, and then uses 
repository.ReplayAll()  to notify the repository that we’re done setting 
expectations. 

You also get full access to IntelliSense for resolving type information, as well as picking 
up any documentation provided by the target object’s XML documentation (Figure 10-
41). 

 

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

Testing generic types 

Rhino.Mocks supports generics if you’re working in the .NET 2.0 environment.  This is 
great if you’ve got a generic interface or class for some 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 mocking a class, not an interface.  Many other 
mock implementations only support mocking interfaces.  Second, MyContainer  
doesn’t have a default constructor.  Again, other mock implementations can’t deal with 
this.  Lastly, the property Thing  has been defined as virtual .  Rhino.Mocks can’t 
intercept calls to non-virtual methods. 

Moving on, we have a simple class making use of MyContainer  as a data store.  This 
Worker  class provides a method to manipulate values from the 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 generic MyContainer  class in a test like so: 

[Test] 
public void CheckAddTwoToStoreValuePassesWithMock()  
{ 
    Worker work = new Worker(); 
    MyContainer<int> mockDataStore = repos.CreateMo ck<MyContainer<int>>(); 
     
    //Set 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 expectations on the mockDataStore  object!   
We just use the Expect.Call().PropertyBehavior()  method and 
Rhino.Mocks automatically sets the detailed expectations for us. This simplifies your 
coding and makes the test code easier to read. 

See Also 
NMock2 

NUnit 

MbUnit 

Getting Support 
Documentation and a mailing list are both available as support options for Rhino.Mocks.  
The author maintains an active blog and is available via e-mail for bug reports. 

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

As with any mock toolset, Rhino.Mocks doesn’t negate the need for testing interactions 
with real-world data, but it can certainly speed up development when you need to isolate 
yourself from resources that aren’t always available.  Rhino.Mocks gives you great 
flexibility and has features you won’t find in other mocking libraries. 

10.11 Unit Testing Your GUI With 
NUnitForms 

Unit testing and test-driven development are increasingly used to improve software 
reliability and simplify code design. However, it remains less common for developers to 
write unit tests for the user-interface components of their applications. NUnitForms, 
originally developed by Luke Maxon, makes it easy to test this part of your application. 
The API allows you to interact with your Windows forms and control classes from a unit-
test suite, verifying their proper behavior, state, and 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/tools/37 

Summary NUnitForms makes it easy to write automated unit tests for 
your Windows forms and control classes. 

License Type BSD 
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Online Resources Unit-test examples, Source Code, Forums 

Supported Frameworks .NET 1.1 and 2.0 

Related Tools in This 
Book 

NUnit, NMock 

Getting Started 
NUnitForms is a standalone testing framework.  You don’t need any other test 
framework. 

Downloads are available from the Download link at NUnitForms’ homepage.  
NUnitForms is available in both a source and binary version. To use the binaries, simply 
run the installer or copy the supplied dll files into your project’s library directory.  Your 
unit-test project needs a reference to NUnitForms.dll. Then you can write and execute 
unit tests in the usual way. 

Here is an example of running unit tests with NUnitForms from a NAnt build script. Note 
the use of the /thread  parameter to nunit-console.exe. Some types of NUnitForms tests 
will not run properly without it. 

 
<target name="test"> 
    <exec program="${nunit.dir}\nunit-console.exe" 
          commandline="${bin.dir}\NUnitForms.Test.d ll /thread" 
    /> 
</target> 

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

The first and most common usage scenario involves writing a test for the glue or wiring 
code in a Form or User Control  class. With this type of test, you can exercise the 
event handlers and data-binding code in the Form or User Control  without directly 
testing the individual Control  component implementations themselves. This is most 
useful for development projects that are wiring together third-party or Framework 
controls. In these cases, there is little need for a developer to unit-test the control’s 
implementation. It is more likely for developers to want to test their own code. 

The second type of test is used by a developer in the opposite situation. In this scenario, a 
developer is producing his/her own custom controls and needs to verify that those 
controls respond properly to low-level mouse or keyboard events. Sometimes it is also 
useful to verify that the control paints itself correctly on the screen. During this type of 
test, the mouse is manipulated in order to send events into a form. Additionally, screen 
captures can be compared to previously saved image files.  

These are heavier tests and executing them is more intrusive on the build and test process. 
For example, only one suite of these tests can be running at a time on the machine, and 
the developer should not be doing anything else during the test run that will disrupt the 
mouse movement. Because of these drawbacks, this type of test is intended and preferred 
for the author of custom controls, rather than for the consumers of those controls. 
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Much of this chapter will be dedicated to examples and explanations of the first type of 
test, but a simple example and explanation of the second type will be included toward the 
end. 

Testing a simple form with controls 

The NUnitForms project is distributed with unit tests that demonstrate and verify all of its 
behavior. One of the simplest tests will serve as the first example.  Imagine a very simple 
form that includes a Button  and a text Label . When the Form is created, the Label  
has a Text  property value of “0” (zero). On each button press, the label’s Text  property 
value should be incremented in order to count how many times the button was pressed. 

Example 10-3 shows the NUnitForms test that will verify the 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 this should look very familiar.  It uses the 
[TestFixture]  and [Test]  attributes from NUnit to identify fixtures and individual 
tests. 

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

Do not use the NUnit [Setup]  attribute when extending the base 
class. The base class uses this for its own initialization method.  
Instead, override the base class’s Setup()  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 convenient way. 
NUnitForms includes numerous other tester classes for specific controls like the 
TextBoxTester, and the more generic ControlTester  class permits access to any 
other controls that are not directly supported by NUnitForms. The library is extensible, so 
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it is also possible to create subclasses of ControlTester  and easily add appropriate 
support for other controls that a developer uses frequently. 

The constructor for the ControlTester  classes allows the test to dynamically locate a 
Control  on any displayed Form according to its Name property. Overloaded 
constructors help to find controls on specific forms or to find controls when the Name 
property is not unique, but the example usage here is the most common. If the control is 
nested inside of other controls, a dot-delimited path can be used to uniquely identify it.  
NUnitForms only requires enough of the path to uniquely identify the control. For 
example, myPanel1.myControl1.myButton1  is a valid control identifier, but if 
there are no other controls with the name myButton1  then myButton1  is sufficient, 
even if the control is nested within those other controls. 

When this test runs, it does not actually manipulate the mouse or keyboard in order to 
click the button.  Instead, the Framework uses reflection to locate the Button  and to 
raise its Click  event directly. This causes any registered listeners to be invoked.  

In this way, the unit test has verified that the method is registered to listen to the Click  
event and that it operates correctly when it is invoked. It is not actually testing the 
Windows message pump or the implementation of the Framework’s Button  class. Also, 
it is not testing that the Label  class knows how to paint its Text  property correctly, but 
only that the property is set.  

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

Here is another example, this time demonstrating the use of NMock to test a GUI 
independently of its controller class. 

[TestFixture] 
 public class FormTest : NUnitFormTest 
 { 
     private Mock controller; 
 
     public override void Setup() 
     { 
         //Create a mock controller 
        controller = new DynamicMock(typeof(IAppCon troller)); 
         new AppForm((IAppController) controller.Mo ckInstance).Show(); 
     } 
 
     [Test] 
     public void CountButtonShouldInvokeControllerC ount() 
     { 
        //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”); //or dataBox.Text  = “My Data”; 
        submitButton.Click(); 
        //Verify that the controller receieved the correct data 
        controller.Verify(); 
     } 
} 
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The AppForm being tested here is supplied with an IAppController  class through 
its constructor. This is a nice pattern because it allows the UI test to mock out the 
controller, simplifying and speeding up the test run. A typical application has a lot of 
asynchronous method calls, and unit testing those is often cumbersome. Without mock 
objects, making these tests fast usually requires thread synchronization code in the unit 
test and application. While this is not too difficult, it is simpler and preferred to mock out 
the controller in this type of test and then just verify that the call was made. Leave the 
thread creation to the controller and keep the UI class (and testing it) as simple as 
possible. 

This test verifies the following implementation details of the form.  

1. The Form has a constructor that specifies an IAppController.  

2. It has a text box named dataBox . 

3. It has a button named submitButton . 

4. If a string is entered into the dataBox  control and the submit  button is clicked, 
the controller’s submit()  method is invoked with the string as a parameter. 

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

1. Properties are accessed or modified with a string-based indexer for the property 
name. For example: label[“Text”]  is a read / write property if label  is the 
name of a ControlTester . 

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

3. Events can be raised directly from the control by invoking the FireEvent  method 
on ControlTester . The event name and EventArgs  need to be specified in 
that case. 

On another note, NUnitForms also includes a limited recorder application that can 
generate some unit-test code by observing a user’s interaction with a form. A right-click 
menu is added to each control, providing a way to easily assert the value of properties in 
the recorded test. As of this writing, the recorder application only generates tests that 
interact with the supported controls in limited ways. While the recorder infrastructure is 
extensible and can support additional control types with limited code, it is probably not 
worth the effort yet. Tests of this sort are still written 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 whether a custom control responds properly to 
mouse events. Remember that developers probably would not write this type of test 
(using the MouseController  class) unless they are developing a custom control and 
need to verify its response to low-level mouse events. For testing code that responds to an 
event on the control, it is enough to raise that event directly from a simpler test as shown 
above.  
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The MouseController  supports a wide variety of behavior including setting the 
position of the mouse, pressing or releasing any buttons, hovering, clicking, double-
clicking, dragging, or using modifier keys like ctrl , 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 () 
     { 
        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 to the MouseDown and MouseUp 
events, and that it invokes the DrawLine()  method on the IDrawingController  
class appropriately. 

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

Starting in version 2.0, a developer can compare the Form or Control screen capture 
to a previously captured image by invoking the CompareControlCapture(string 
filePath)  method at any point during the test run. This may be useful for automated 
testing of the painting code in custom control classes. 

See Also 
NUnit 

NMock2,  

NUnitASP 

Getting Support 
The tool is supported through the SourceForge project forums. Version 1.3 supports the 
.NET Framework version 1.1 and has been stable for some time. Version 2.0 is currently 



O’Reilly Media, Inc.  8/19/2006 

 101 

being developed in order to support .NET Framework 2.0 controls and add additional 
features such as the screen-capture ability. There is typically a response to questions 
posted on the forums within a day or two. Contributions of source are always welcome, 
and the project has grown with the help of many individuals. 

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

Unit testing an application’s code does a lot to encourage clean separation of class 
responsibilities. Nowhere is this more often ignored than in the user-interface. If an entire 
application resides in the code-behind sections of a group of form classes with lots of 
thread creation, static dependencies, and asynchronous event handling, it will still be very 
difficult to unit-test.  

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

—Luke Maxon 

10.12 Creating Performance Benchmark Tests 
With NTime 

Let’s get one thing straight before jumping into NTime, a handy performance 
benchmarking tool written by Adam Slosarski: performance benchmarking is a difficult 
thing to get right, and you can easily get distracted and fixated with over-optimization.  
Developers, leads, and architects concerned with performance measuring need to have a 
good grip on where and how to go about such measuring.  Steve McConnell’s Code 
Complete, 2nd ed. has a wealth of great information on how and when to worry about 
optimization. 

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

NTime isn’t a profiler; you’ll need to look to other tools for that.  NTime is simply a 
quick way to set time or performance boundaries on your software so that you can flag 
potential problem areas. 

Table 10-14. NTime at a Glance 
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Tool  NTime 

Version 
Covered 

1.0.2 

Homepage  http://www.gotdotnet.com/workspaces/workspace.aspx?id=4567739d-
b65a-48dc-ab27-812443caaa9f 

Power Tools 
Page  

http://www.windevpowertools.com/tools/38 

Summary  NTime is an easy framework to get simple timing statistics for your 
software to identity potential problem areas. 

License Type  Open.  Must note alterations, must acknowledge NTime if it’s 
included in a product. 

Online 
Resources  

Code Project article: 
http://www.codeproject.com/dotnet/NTime.asp#xx1080069xx 

Supported 
Frameworks 

1.x, 2.0 

Related Tools in 
This Book 

NUnit, MbUnit 

Performance and Optimization Strategy 
Be smart about what you put performance tests on, and be smart about how you 
use metrics and failures from these tests.  Study after study from software 
engineering legends like McConnell and Martin Fowler have pointed out the 
problem in spending too much time on performance statistics. 

Additionally, the complexity of environments can cause splitting headaches 
when trying to determine performance thresholds—and then try and negotiate 
those differences with your management and customers! 

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

Think of NTime as a tripwire in your system’s development.  Don’t spend your 
time spreading timing tests across your entire code base.  Rather, look for 
architectural key points that could have significant impacts on system 
performance.  Hit those sweet spots with timing tests and use them as 
benchmarks as you’re developing.  You’ll be able to quickly detect if changes to 
the system have impacted the timing tests. 

You should consider rolling your NTime tests into any automated build or 
continuous integration processes you have.  Look to have these tests run on your 
build/CI system so that you’re not seeing timing failures due to differences 
between several different developer workstations. 
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Getting Started 
You can download NTime from the Releases section of its GotDotNet workspace.  You 
don’t need any other testing frameworks because NTime is a standalone framework—but 
of course you’ll be limited to writing only timing tests. 

NTime’s distribution comes with an MSI installer that you’ll need to run with Admin 
privileges.  NTime’s Framework, GUI, and source are installed all at once. 

Using NTime 
Implementing tests with NTime is extremely simple, especially if you’re familiar with 
NUnit, MBUnit, or any other unit-test framework that makes use of attributes to control 
test-class execution.  A handy feature of NTime is that you’re able to mark up existing 
NUnit tests with NTime attributes and run timing checks on tests you’ve already built.  

NTime test classes follow the same structure as NUnit or MBUnit classes: the class itself 
is decorated with a TimerFixture  attribute, setup and teardown attributes are 
available for both fixtures and tests, and each test method is decorated with unique 
attributes. 

Testing time duration calls for use of the TimerDurationTest  attribute, which takes 
a duration parameter and optionally an NTime.Framework.TimePeriod  object.  
The latter specifies the type of periods you’re evaluating such as seconds, milliseconds, 
or minutes. A simple duration check of a business logic 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 executes in 50 microseconds or less, otherwise it 
fails.  (You can’t set more than one threshold such as low, medium, high.) 

Multi-threaded environments are supported as well—simply define the attribute with an 
additional parameter for the number of concurrent threads that you want calling the 
method.  NTime does all the thread management, creating multiple threads and launching 
them against your test method. 

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

[TimerHitCountTest(25, Threads = 3, Unit = TimePeri od.Second)] 
public void CheckHitCountsIsMailExtant() 
{ 
    BusinessLogic biz = new BusinessLogic(); 
    biz.IsEmailExtant("Fake@bogus.com"); 
} 

This test passes if it can be invoked at least 25 times per second.  Note NTime will run 
this test using three threads. 
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Windows performance monitor probes can also be utilized in NTime tests via the 
TimerCounterTest  attribute.  This attribute’s signature is as follows 

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

The CategoryName , CounterName , and InstanceName  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 Memory.  CounterName  is the specific metric within that class, such as 
Pages/sec or % Processor Time. If you’re using a category that offers multiple groups of 
counters, such as for processors or hard disks, you’ll also need to include the instance 
name to specify the exact group of stats such as processor 0, hard disk 1, or the _Total 
summation. 

The easiest way to find the correct names for these items is to open up the Performance 
snap-in from the Administrative Tools application.  Select to add new counters via the 
toolbar icon, Ctrl-I, or the graph’s context menu.   

Figure 10-42 shows this dialog opened.  The Category parameter corresponds to the name 
in the Performance object drop-down.  The Counter name is displayed in the select 
counters list box, and the InstanceName parameter corresponds to items in the select 
instances list box. 

 

Figure 10-42. Counter objects in Performance Monitor’s Add dialog 
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TimerCounterTest  methods need to exercise the system for at least one second in 
order to gather statistics.  You may need to loop execution of a method call to ensure 
you’re gathering enough data.  The following example tests 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 (int i = 0; i < 100; i++) 
    { 
        results = biz.GetEventRegistrants(); 
    } 
} 

NTime’s GUI works much the same as NUnit’s or MBUnit’s.  Load an assembly in the 
GUI and execute tests.  Passing tests are marked green, failed red, and ignored or 
inconclusive tests yellow. 

Output from these three tests is shown in Figure 10-43. 

 

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

Support 
NTime’s support is via a message board on its GotDotNet homepage. 
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NTime In a Nutshell 
NTime isn’t a performance benchmarking profiler.  Rather it’s a very handy tool for 
setting performance borders on your applications as they’re testing.  Smart use of this 
tool can ensure you’re not missing performance expectations for your customers. 

10.13 Automating Web Application Testing 
with Selenium Core 

Automating web-application testing is a difficult chore.  Far too many applications have 
been poorly designed with business or program logic wrapped into the web application’s 
presentation layer, making it impossible to test these pieces of software via other tools 
such as NUnit.  Besides, NUnit and other frameworks are unit-testing tools.  How does a 
developer create automated acceptance tests to verify a system’s correct functionality?  

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

Table 10-15. Selenium at a Glance 

Tool Selenium 

Version Covered 0.7 

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

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

Summary Automate web testing, including browser-
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 iframes to drive the automated testing, a 
variety of platforms and browsers are officially supported by the tool. The following 
platforms and browsers are officially supported on Windows: 

·  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 source to support new browser releases. 
Selenium also supports a variety of Mac and Linux browsers. 

The Selenium Family of Tools 
Selenium has a variety of projects related to the core Selenium engine. The 
additional tools all provide similar functionality, but have a number of different 
implementations and extended capabilities.  For a list of all available products 
and their capabilities see the “Which Selenium Tool Should I Use?” page 
located on the Selenium wiki at 
http://wiki.openqa.org/pages/viewpage.action?pageId=763. 

This article focuses on Selenium Core. 

Selenium Core contains a collection of files that need to exist on the same web server as 
the web application that will be tested. To install Selenium Core for IIS, simply download 
and unzip the latest distribution and copy the contents to a virtual directory or web site on 
the machine that is hosting the web application that will be tested.  

After the files have been copied to the desired location, open the browser and navigate to 
the location where Selenium was installed (for example: 
http://localhost/selenium/index.HTML).  After loading the index page, select the Selenium 
TestSuite link to navigate to the tests for Selenium. To verify that the Selenium files are 
loaded correctly on your system, select the Run option and press the All button to run the 
automated functional tests for Selenium. If all tests pass then Selenium is installed 
correctly and the tool is ready to be configured to test your web application. 
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Figure 10-44. The Selenium test suite 

Using Selenium  
Before diving into Selenium, it’s helpful to familiarize yourself with the terms used 
throughout the Selenium documentation. This section provides a listing of the terms used 
commonly in the documentation and referenced in the example. 

Commands 

A command is an instruction to Selenium. The commands are located in the first 
column of the Selenium table format. The three types of commands include actions, 
accessors, and assertions.  

Actions 

Actions are interactions that are performed on an application. Actions are typically 
instructions to click buttons, enter text, select values, and wait for a page to load.  

Accessors 

Accessors are commands that result in the storing of values. Accessors always start 
with the text “store” (such as storeSelected, storeTitle, 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 during interaction with the web application. 
Assertions always start with the text “assert”, “verify”, or “waitFor.” 

Selenese 

Selenese is specific HTML markup used to create Selenium tests. Selenese consists 
of a table containing a description, commands, and arguments for instructing 
Selenium on how to interact with the web application under test. 

Creating a Selenium test suite 

Selenium Core uses a test-suite file to identify the tests available for a web application.  
Tests are individual files containing HTML tables describing the commands and 
arguments used to drive the tests for a web application.  

The test suite and the individual tests need to be located on the same web server as the 
application that will be tested. In the following example, the tests have been included 
within the web-application project. It is also possible to locate the tests within the 
directory where Selenium is installed. 

In the example scenario, we are tasked with automating the testing for the login 
capabilities of a web application. The tests that need to 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 named TestInvalidLogin.HTML. The steps that 
need to be performed for testing an invalid login include: 

·  Navigate to the application’s Login.aspx page 

·  Type in an invalid username 

·  Type in an invalid password 

·  Click the login button 

·  Verify that the page contains the text “Your login attempt was not successful.” 

To create the test, we insert a three-column table into the TestInvalidLogin.HTML page 
and provide rows containing the commands and respective arguments 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 describing the test for the users of the 
application. The first row of a table is ignored by Selenium.  

The second row of the table indicates that the browser should navigate to the login.aspx 
page at the specified path. The third and fourth rows of the table show an action (type), a 
control that action should happen to, and the text that should be input.  Line three 
indicates the text “foo” should be typed into the control with an id of 
ctl00_cpMainContent_lgnLogin_UserName , and line four indicates the text 
“bar” should be typed into the control with an id of 
ctl00_cpMainContent_lgnLogin_Password .  

The fifth row of the table indicates that the control with an id of 
ctl00_cpMainContent_lgnLogin_LoginButton  should be clicked and the 
browser should wait until the page is returned to proceed. The last row indicates that the 
test should verify that the text “Your login attempt was not successful.” is contained in 
the page. 

Writing a valid login test 

Testing a valid login is similar to testing the invalid login outlined in the previous 
section. We will create the test in a file named TestValidLogin.HTML. The additional 
steps needed for the new test are: 

·  Insertion of valid data (a username of Employee1 and a password of Employee1!) 

·  Verification that the invalid login text is not in 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 that this test performs the following actions: 

·  Opens a URL 

·  Clicks the LogonStatus link on the page and waits for the next page to appear 

·  Enters a username and password 

·  Clicks the Logon button and waits for the next page to appear 

·  Checks that the logon unsuccessful text does not appear 

·  Checks that the text Logout does appear 

·  Clicks the LogonStatus link to log out of the system 

The additional steps to logout of the system are needed to keep our test suite in a 
consistent state. If the valid login test did not log off the system, the next test would start 
with Employee1 logged in. 

Writing a test suite 

Without a test-suite page, Selenium will not know the tests to execute. A test suite is 
simply a page containing the links to the individual test files that we have previously 
created. We will name the test suite TestSuite.HTML and provide the links to the 
TestInvalidLogin.HTML file and the TestValidLogin.HTML file. 

 

Figure 10-47.  The test suite 

Running a test suite 

The first step in executing the tests is to navigate to the TestRunner.HTML file in the 
Selenium core directory (for example: 
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http://localhost/selenium/core/TestRunner.HTML). In the upper left-hand frame, enter the 
path to the test-suite file, and click the Go button to load the individual tests into the 
harness. In the upper right-hand frame, select the Run 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 indicating the number of tests (individual 
test-tables) and the number of commands (individual verifications) that passed and failed. 

Additional Selenium functionality 

This example demonstrated the testing of the ASP.NET Login control. The example 
showed the verification of error text, the entry of text, and simple screen interaction. 
There are many more capabilities that exist with Selenium, including the use of 
accessors, an extensive library of actions, a variety of methods for locating elements, and 
the use of regular expressions for validations. 

Selenium also includes capabilities to enhance the interaction with the testing tools, such 
as: 

the ability to post results to a specified URL (to support continuous integration and 
the storage of test results) 
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the ability to execute individual tests or to execute commands in a step-by-step 
manner 

the inclusion of a log with multiple verbosity options 

the ability to inspect the document object model hierarchy of a test page. 

See Also 
[Watir 

Fitnesse.NET 

NUnitASP] 

Getting Support 
Selenium’s homepage has several routes available for support.  There are active forums 
discussing Selenium’s use, a bug tracker for reporting and tracking issues, and a Wiki 
which serves as a great FAQ and documentation on many aspects of the Selenium tools. 

Selenium in a Nutshell 
Selenium allows for automating browser and functional testing from the user interface of 
web applications. The broad browser support allows for the testing of multiple browsers 
and platforms from the viewpoint of the users of your application. In addition to the 
general automation support, Selenium also provides a capability for publishing test 
results and for integrating with a continuous integration environment. 

—Ben Carey 

10.14 Driving Your Web Applications 
Automatically with Watir 

Imagine creating a Web-based application.  You want to know if it works from the users’ 
point of view before you deploy it, so you put it through its paces manually.  You click 
links, you fill in fields on forms, you press buttons.  Then you make a change to the 
application, and you realize you have to do all that verification again.   

Manually testing the same things over and over again can be mind-numbingly repetitive.  
It’s also error-prone: the more pressed you are for time, the more likely you are to skip 
tests.  But if you don’t test, there’s the risk that any change may have introduced serious 
bugs.  The alternative most organizations adopt is to automate at least some of their tests. 

But automating tests presents its own set of challenges.  You must find a way to drive the 
application and verify results.  Commercial tools are expensive and tend to emphasize 
record-and-playback, resulting in fragile tests that can take more time to maintain than it 
would take to execute the tests manually.  Many open source solutions involve bypassing 
the browser, leading to the risk that the client-side logic is not truly being tested end-to-
end in a production-like environment. 
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Watir, an open source Ruby library, solves this by directly driving the browser.  When 
used with the Ruby module Test::Unit  (analogous to jUnit), it provides a robust and 
powerful solution for automating Web tests. 

See the For More Information section at the end of this chapter for 
resources on learning more about Ruby. 

Table 10-16. Watir at a Glance 

Tool  Watir 

Version Covered 1.4.1 

Homepage  http://www.openqa.org/watir/ 

Power Tools Page  http://www.windevpowertools.com/tools/40 

Summary  A Ruby library for end-to-end automated testing of Web 
applications through the browser. 

License Type  Apache 2.0 

Online Resources  Watir has an active mailing list and Wiki for support.  Both 
can be reached from the project’s homepage.  

Related Tools in This 
Book 

Selenium 

Getting Started 
As of version 1.4.1 Watir only works with IE on Windows.  Watir’s upcoming version 
2.0 will work with Firefox and Mozilla on Macs and Linux.   

To set up Watir you’ll need to first install Ruby.  See http://rubyforge.org/projects/ruby/ 
or the “one-click Ruby Installer” at http://rubyforge.org/projects/rubyinstaller/.  After that 
you need to install the Watir gem by typing gem install watir  at the command 
line.  The gem installer will automatically find and install the latest version of Watir.  

You’re now ready to start writing and executing Watir tests. 

Using Watir  
The fastest way to learn about what Watir can do is to use Ruby’s IRB, an interactive 
prompt, to execute Watir commands. 

Run the IRB from the Ruby bin directory, usually C:\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 Watir library.  Type: 

require 'watir' 

Next, we want to include the Ruby Watir module in our current context so we can 
reference the Watir classes and methods easily.  Type: 

include Watir 

Note the difference in capitalization and quotes between the require  and include  
statements. This is because the require  statement is referring to the name of the file, 
while the include  statement is referring to the Module declared in the file. 

Now launch an instance of IE using Watir.  Type: 

ie = IE.new 

Navigate to your application under test.  For this example, 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 page.  Try 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 which field is which using the flash  
command: 

ie.text_field(:name, "j_username").flash 

Or we can put our cursor on the field we want to see and then use the show_active  
method: 

ie.show_active 

Finally, we can set the values for our fields and submit the form: 

ie.text_field(:name, "j_username").set("admin") 
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ie.text_field(:name, "j_password").set("password") 
ie.form(:name, "loginForm").submit 

If a page has frames, you can see the contents of a frame by using the frame method and 
specifying the frame’s name like this: 

ie.frame("banner").show_all_objects 

You can use any of the show_*  methods on a frame. 

Creating a Watir test script 

Experimenting in the IRB will help you learn Watir and Ruby syntax, but it will not 
result in reusable test scripts.  To create a script, open your editor of choice and create a 
file with an .rb  extension.  For example, we could create a file, login_test.rb , 
with the basic commands we’ve used so far: 

require 'watir' 
include Watir 
ie = IE.new 
ie.goto("http://localhost:8080/admin/") 
ie.text_field(:name, "j_username").set("admin") 
ie.text_field(:name, "j_password").set("password") 
ie.form(:name, "loginForm").submit 

However, this does not verify anything yet.  We need an additional module in order to 
assert on results and run our scripts as tests: Test::Unit .  You may have already 
guessed that we need to load the library first.  Use the command: 

require ‘test/unit’ 

Now we can create individual tests as methods within a test 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, "j_username").set("admin")  
    ie.text_field(:name, "j_password").set("passwor d")  
    ie.form(:name, "loginForm").submit 
    assert(ie.frame("banner").button(:value, "Log O ut").exists?) 
  end 
 
end 

Note the def  and end  statements.  This is Ruby syntax for declaring functions 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 beginning with test_ .  
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Improving your test scripts using  Ruby 

Watir is simply a Ruby library.  The syntax—def , end , class , etc.—is pure Ruby.  
The assert  statements and test-execution behavior comes from Test::Unit .  Watir 
simply provides a means of driving IE through its COM interface.   

The result is a very flexible, powerful solution.  Anything you can do in Ruby, you can 
do in your test scripts.  Ruby is a fully object-oriented language.  As the wild popularity 
of Ruby on Rails demonstrates, Ruby is being widely adopted, and it is a powerful 
general-use language. 

To illustrate how we might tap into the power of Ruby to improve our test scripts, 
consider our valid login test.  This test is just the first of several login tests we might want 
to execute, and it does something that we will have to do many times over: log in.  We 
can extract a method for logging in and parameterize it.  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, "j_username").set(name) 
    @ie.text_field(:name, "j_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 of ie  in the above code.  That declares the variable ie  as an instance 
attribute, and enables both the test method and the helper login method to access the 
attribute.  Without the @ character ie  would be a local variable. 

You may notice even more problems with the code above.  For example, it does not 
handle the case where the admin user is already logged in.  Furthermore, the test does not 
clean up after itself.  The answer is to write more Ruby code and use the Test::Unit  
setup  and teardown  methods to make the test more robust.  However, it’s outside the 
scope of this short article to demonstrate that. 

Running scripts from the command line 

To run any given script from the command line, simply call 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 results to the command window so you can 
examine them later. 
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If you’d like test-result reports that are more like JUnit reports, see the Ruby Test Report 
project at http://rubyforge.org/projects/test-report/ 

See Also 
[Selenium] 

Getting Support 
A FAQ, Wiki, and mailing lists are all available via Watir’s homepage. 

Watir in a Nutshell 
Watir gives you great power to automate your web-application testing.  Because Watir is 
driving the browser, you’re even able to do advanced testing of browser-specific data 
such as session variables and cookies. 

Watir is a simple,  elegant way to improve your product’s quality through improved 
testing. 

—Elisabeth Hendrickson 

10.15 For More Information 
Two critical books on testing have already mentioned in this chapter: 

Test-Driven Development by Example by Kent Beck (Addison-Wesley, 2002, ISBN 
0321146530) 

Test-Driven Development in Microsoft .NET by James Newkirk and Alexi 
Vorontsov (Microsoft Press, 2004, ISBN 0735619484) 

Another great work from Pragmatic Bookshelf: 

Pragmatic Unit Testing in C# with NUnit, Second Edition, by Dave Thomas, Andy 
Hunt (Pragmatic Bookshelf, 2006, ISBN 0-9776166-7-3) 

If you’re interested in Watir and want to learn more about Ruby: 

Programming Ruby, Second Edition The Pragmatic Programmer's Guide, Second 
Edition, by Dave Thomas (Pragmatic Bookshelf, 2004, 0-9745140-5-5) 

Some great websites for testing-related information: 

www.refactoring.com 

www.openqa.org 


