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Directory Structure 

• The course software installs to the root directory 
c:\OIC\NUnitCs. 

− Example programs for each chapter are in named 
subdirectories of chapter directories Chap01, Chap02, and so 
on. 

− A cumulative case study is provided in the directory 
CaseStudy. 

− The Labs directory contains one subdirectory for each lab, 
named after the lab number. Starter code is frequently 
supplied, and answers are provided in the chapter or case study 
directories. 

− The Demos directory is provided for in-class demonstrations 
led by the instructor. 
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Test-Driven Development 

Objectives 

 After completing this unit you will be able to: 

• Explain the principles of test-driven development or 
TDD. 

• Describe the main types of tests pertaining to TDD: 

− Functional tests, also known as customer tests 

− Unit tests, also known as programmer tests 

• Discuss the role of test automation in the development 
process. 

• Outline the principles of simple design. 

• Describe the use of refactoring in improving software 
systems and the role of test automation in support of 
refactoring. 

• Describe the NUnit framework and the NUnit test 
automation tools. 

• Explain the use of TDD in working with legacy code. 
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Test-Driven Development 

• Test-driven development (TDD) calls for writing test 
cases before functional code. 

− You write no functional code until there is a test that fails 
because the function is not present. 

• The test cases embody the requirements that the code 
must satisfy. 

• When all test cases pass, the requirements are met. 

• Both the test cases and the functional code are 
incrementally enhanced, until all the requirements 
are specified in tests that the functional code passes. 

• Functional code is enhanced for two reasons: 

− To satisfy additional requirements 

− To improve the quality and maintainability of the code, a 
process known as refactoring. 

• Passing the suite of tests ensures that refactoring has 
not caused regression. 
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Functional Tests 

• The best known type of tests is functional tests, which 
verify that functional requirements of the end system 
are satisfied. 

− Such tests are also called customer tests or acceptance tests. 

− They are customer-facing tests. 

• Functional tests are run against the actual user 
interface of the running system. 

• Functional tests may either be run manually by 
human testers, or they may be automated. 

• Typical automation is to capture keystrokes and 
mouse movements, which can then be replayed. 

• Various commercial test automation tools exist. 
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Unit Tests 

• Unit tests are tests of specific program components. 

− They are programmer-facing and are also called 
programmer tests. 

• Because there is no specific user interface for 
program components, testing requires some kind of 
test harness. 

− This test harness must either be written specifically for the 
program, or a general purpose test harness may be used. 

• Besides the test harness, specific test cases must be 
written. 

• Because these tests are programmer-facing, it is 
desirable if the tests can be specified in a familiar 
programming language. 

− It is especially desirable if the test cases can be written in the 
same programming language as the functional code. 

• In this course we will write both functional code and 
test code in C#. 
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Test Automation 

• A key success factor in using TDD is a system for test 
automation. 

• Tests must be run frequently after each incremental 
change to the program, and the only way this is 
feasible is for the tests to be automated. 

• There are many commercial and open source test 
automation tools available. 

• A particular effective family of test automation tools 
are the unit test frameworks patterned after the 
original JUnit for Java: 

JUnit Java 

NUnit 
MbUnit 

.NET 

cppUnit C++ 

PHPUnit PHP 

PyUnit Python 

Test::Unit Ruby 

JsUnit JavaScript 
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Rules for TDD 

• Kent Beck, the father of eXtreme Programming (XP), 
suggested two cardinal rules for TDD: 

− Never write any code for which you do not have a failing 
automated test. 

− Avoid all duplicate code. 

• The first rule ensures that you do not write code that 
is not tested. 

− And if you provide tests for all your requirements, the rule 
ensures that you do not write code for something which is not 
a requirement. 

• The second rule is a cardinal principle of good 
software design. 

− Duplicate code leads to inconsistent behavior over a period of 
time, as code is changed in one place but not in a duplicated 
place. 
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Implications of TDD 

• TDD has implications for the development process. 

− You design in an organic manner, and the running code 
provides feedback for your design decisions. 

− As a programmer you write your own tests, because you 
can’t wait for someone in another group to write frequent 
small tests for you. 

− You need rapid response from your development 
environment, in particular a fast compiler and a regression 
test suite. 

− Your design should satisfy the classical desiderata of highly 
cohesive and loosely-coupled components in order to make 
testing easier. Such a design is also easier to maintain. 
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Simple Design 

• Your program should both do no less and no more 
than the requirements demand. 

− No less, because otherwise the program will not meet the 
functional requirements. 

− No more, because extra code imposes both a development 
and a maintenance burden. 

• You may find the following guidelines1 useful: 

− Your code is appropriate for its intended audience. 

− Your code passes all its tests. 

− Your code communicates everything it needs to. 

− Your code has the minimum number of classes that it needs. 

− Your code has the minimum number of methods that it needs. 

                                                 
1 Test-Driven Development in Microsoft .NET by James V. Newkirk and Alexei A. Vorontsov. 
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Refactoring 

• The traditional waterfall approach to software 
development puts a great deal of emphasis on upfront 
design. 

− Sound design is important in any effective methodology, but 
the agile approach emphasizes being responsive to change. 

• The no more principle suggests that you do not make 
your program more general than dictated by its 
current requirements. 

− Future requirements may or may not come along the lines 
you anticipate. 

• The pitfall of incremental changes is that, if not 
skillfully done, the structure of the program may 
gradually fall apart. 

• The remedy is to not only make functional changes, 
but when appropriate to refactor your program. 

− This means to improve the program without changing its 
functionality. 
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Regression Testing 

• A pitfall of refactoring is that you may break 
something. 

− A natural inclination is to follow the adage, “if it’s not 
broken, don’t fix it.” 

• But as we said, incremental changes to a program 
may lead to a deterioration of the program’s quality. 

• So do go ahead and make refactoring improvements 
to your program, but be sure to test thoroughly after 
each change. 

• Run the complete test suite to ensure that there has 
been no regression. 

• As part of program maintenance, whenever you fix a 
bug, add a test to the test suite to test for this bug. 

− Thus your test suite becomes gradually more and more 
robust, and you can have increased confidence that indeed 
your refactoring improvements will not break anything. 
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Test List 

• TDD begins with a test list. 

− A test list is simply a list of tests for a program component or 
feature, expressed in ordinary English. 

• The test list describes the program component’s 
requirements unambiguously. 

• The test list provides a precise definition of the 
completion criteria. 

− The requirements are met when all the tests in the test list 
pass. 
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Red/Green/Refactor 

• You implement the tests in the test list by a process 
that is sometimes called Red/Green/Refactor. 

− You work in small, verifiable steps that provide immediate 
feedback2. 

1. Write the test code. 

2. Compile the test code. It should fail, because there is not yet any 
corresponding functional code. 

3. Implement enough functional code for the test code to compile. 

4. Run the test and see it fail (red). 

5. Implement enough functional code for the test code to pass. 

6. Run the test and see it pass (green). 

7. Refactor for clarity and to eliminate duplication. 

8. Repeat from the top. 

• Working in small steps enables you to immediately 
detect mistakes, and to see where the mistake 
occurred. 

− You will rarely need the debugger! 

                                                 
2 William Wake, Extreme Programming Explored. 
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Using the NUnit Framework 

• The NUnit Framework provides an automated unit 
test facility for .NET languages such as C#. 

• It uses red (with an X) and green (with a check mark) 
to indicate failing and passing tests. 

− The example shows the results of running a test suite for a 
Queue component, where we have not yet implemented the 
Dequeue method. 

− The example is in Chap01\QueueLib\NoDequeue. 
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Testing with NUnit 

• The diagram3 illustrates how programmers typically 
work using NUnit. 

 

1. Write a test case that will fail because functional code is not yet 
implemented (test first). 

2. Run, and you will get red. 

3. Fix the functional code and run again until you get green. 

4. Keep writing test cases that will fail, implement the functional 
code, and get green. 

5. At any point you may refactor for code improvements, and you 
need to make sure that you still get green. 

6. When you can’t think of any more tests, you are done! 

                                                 
3 This diagram is reproduced by permission of the author, Scott Ambler. See 
http://www.agiledata.org/essays/tdd.html.  
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NUnit Test Drive 

• Let’s illustrate TDD with NUnit by a simple example. 

− Don’t worry about the details of using NUnit but focus on the 
conceptual process of TDD. 

• Our program component is a FIFO (first-in, first-out) 
queue. 

− The Count property returns number of elements in queue. 

− New items are inserted at the rear of the queue by the 
Enqueue() method. 

− Items are removed from the front of the queue by the 
Dequeue() method. 

− A method ToArray() returns all the items in the queue, with 
the front item at index 0. 

• We’ll go through the following steps: 

1. Specify a .NET interface and provide a class with a stub 
implementation of the interface. 

2. Create our test list, which is the specification of requirements. 

3. Implement our first test and see it fail. 

4. Implement the test code required to make the first test pass. 

5. Implement the second test and see it fail. 

6. Implement the test code to make the second test pass. 

7. Repeat until all the tests pass. 
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Chapter 2 

NUnit Fundamentals 
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NUnit Fundamentals 

Objectives 

 After completing this unit you will be able to: 

• Describe the general structure of unit tests. 

• Outline the features of the NUnit Framework: 

− Assertions 

− Test Cases 

− Test Fixtures 

− Test Runners 

• Provide for setup and tear down of tests. 

• Use the NUnit GUI test tool both standalone and 
integrated with Visual Studio. 
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Structure of Unit Tests 

• As we saw in Chapter 1, unit tests are tests of specific 
program components. 

• Test code is for internal use only and is separate from 
the production code being tested. 

• Test code is responsible for doing several things: 

1. Set up resources needed for the test. 

2. Call the function or method to be tested. 

3. Verify that the called function behaved as expected. 

4. Clean up after itself. 

− For simple tests, no special setup or cleanup may be required, 
but steps 2 and 3 are always performed. 

EVALUATION COPY

Unauthorized reproduction or distribution is prohibited.



NUnitCs  Chapter 2 

Rev. 4.6 Copyright © 2013 Object Innovations Enterprises, LLC 38 
 All Rights Reserved 

Assertions 

• A central requirement of unit tests is that they must 
be self-verifying. 

− It would be very inefficient to require a separate process or 
human intervention to examine the output of the tests to 
determine whether or not they passed. 

• We need a mechanism to support self-verification. 

• This mechanism is called an assertion. 

− An assertion is a statement that some condition is true, and a 
report will be made if the condition is not true. 

• The notion of assertion is common in many 
programming languages and frameworks. 

• The ANSI C runtime library has an assert() method 
that can be used in the C language. 
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Assert Example 

• A simple example illustrates the C assert() function. 

− See Chap02\CMax\Step1. 

− This example provides unit tests for a findmax() function 
that finds the maximum of three integers. 

// CMax.c 
 
#include <stdio.h> 
#include <assert.h> 
 
int findmax(int x, int y, int z) 
{ 
   int max = x; 
   if (y > x) 
      max = y; 
   if (z > x) 
      max = z; 
   return max; 
} 
 
int main() 
{ 
   assert(findmax(4, 3, 2) == 4); 
   printf("Test 1 passed\n"); 
   assert(findmax(3, 4, 2) == 4); 
   printf("Test 2 passed\n"); 
   assert(findmax(3, 2, 4) == 4); 
   printf("Test 3 passed\n"); 
   assert(findmax(2, 4, 3) == 4); 
   printf("Test 4 passed\n"); 
} 
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Assert Example (Cont’d) 

• The findmax() function has a bug. The first three tests 
pass, but the fourth one fails. 

Test 1 passed 
Test 2 passed 
Test 3 passed 
Assertion failed: findmax(2, 4, 3) == 4, file 
c:\oic\nunitcs\chap02\cmax\step1\c 
max.c, line 24 
 
This application has requested the Runtime to 
terminate it in an unusual way. 
Please contact the application's support team for 
more information. 
 

• Step 2 fixes the bug. 
int findmax(int x, int y, int z) 
{ 
   int max = x; 
   if (y > max) 
      max = y; 
   if (z > max) 
      max = z; 
   return max; 
} 
 

− Here is the output: 

Test 1 passed 
Test 2 passed 
Test 3 passed 
Test 4 passed 
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NUnit Framework 

• Although completely hand-written unit tests using 
only primitive library features are feasible, it is not 
efficient. 

• The NUnit Framework that we introduced in 
Chapter 1 provides many features to simplify writing 
and running unit tests: 

− An Assert class with a variety of methods for testing 
assertion conditions. 

− A custom attribute [Test] to designate a method as a test 
case. 

− A custom attribute [TestFixture] to designate a class that 
encapsulates a group of test methods sharing a common set 
of run-time resources. 

− A test runner that automates the running of all the tests. 
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Lab 2A 

NUnit Tests of Maximum Method 

In this lab, you will develop a C# version of the function to find 
the maximum of three integers. You will then review use of NUnit 
by developing and running test cases. 

 

Detailed instructions are contained in the Lab 2A write-up at the 
end of the chapter. 

Suggested time:  20 minutes 
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NUnit Assert Class 

• The NUnit Framework provides an Assert class with 
a number of static methods. 

− These helper methods can help you determine whether the 
test passed or failed. 

− They record failures (when an assertion is false) and errors 
(when an unexpected exception occurs). 

• Failures and errors are reported through NUnit. 

− You won’t see a system-generated exception message as in a 
failure of the assert() method of the C runtime library. 

− In the nunit.exe tool you will see red with an X displayed, 
plus explanatory text. 

• When a failure or error occurs, the current test 
method is aborted, and execution continues with the 
next method in the test fixture. 
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Assert.AreEqual() 

• There are many overload versions of the AreEqual() 
method. 

Assert.AreEqual(expected, actual) 
Assert.AreEqual(expected, actual, message) 
 

− Typically expected is a hard coded value representing the 
value you expect to see. 

− actual is the value actually produced by the code that you are 
testing. 

− The optional parameter message is a string which will be 
displayed by NUnit upon failure. 

• Any object may be tested for equality. 

− The Equals() method of the Object class will be used for 
comparison. 

− There are special overloads for the built-in data types of int, 
uint, decimal, float, and double. 

− For float and decimal there is an overload available that 
takes a parameter delta that may be used as a tolerance, 
specifying how close to equals the result should be.  

Assert.AreEqual(expected, actual, delta) 
 

• In Visual Studio you can use Intellisense to see all the 
possible overloaded methods. 
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More Assert Methods 

• There are many other Assert methods, which can be 
viewed via Intellisense. 

− Many come in pairs with a Not variant, and there is always 
an optional string message parameter.  

AreNotEqual expected does not equal actual  

IsNull 
IsNotNull 

Given object is null (or is not null) 

AreSame 
AreNotSame 

expected and actual refer (or do not 
refer) to the same object 

IsTrue Given Boolean condition is true 

IsFalse Given Boolean condition is false 

Fail Fail the test immediately 

Greater expected is greater than actual 
(objects implement IComparable) 

Less expected is less than actual 

IsEmpty 
IsNotEmpty 

String or collection is (or is not) 
empty 

Contains expected object is contained in the 
actual collection 

IsInstanceOfType 
IsNotInstanceOfType 

actual object is (or is not) of 
expected type 
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