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OBJECTIVES 

After completing “Test-Driven Development,” you will be able to: 

 Describe test-driven development, or TDD, as a 
development methodology. 

 Identify the potential benefits of TDD, as well as criticisms of 
TDD. 

 Carry out test-driven development of Java components, 
including refactoring throughout the process and to adapt to 
new requirements as they come along. 
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Writing the Test First 

 There is a lot to the practice of test-driven development, or 
TDD, but it starts with a deceptively simple and radical idea:  

Write the test before you write the class. 

 Isn’t this just doing everything backwards? 

 Not necessarily, and developers who take a TDD approach will 
tell you that it brings a number of surprising benefits. 

 For one thing, you actually wind up writing a test! All too often in 
traditional development, testing is planned to occur late in the 
project schedule, and when there are overruns and schedule slips, 
it becomes one of those tasks that never quite gets done. 

 More subtly though, writing the test forces the developer to think 
into the design of the CUT, in ways that OOAD methods don’t. 

 In traditional development, the design of a class usually changes 
considerably after implementation has begun – because all the 
pesky little details of actual usage start to pop up. 

 This is a clumsy way to do business, and it turns out that TDD can 
be more efficient overall, because the test-writing process turns 
up so many of these issues, and by the time you write the CUT 
there are not a lot of false steps left to take. 

 You come to understand the requirements of the CUT much 
better, before starting your implementation. This can also help to 
guard against over-engineering the class. 

 You can also move into and through the implementation process 
with much higher confidence that you’re building what you should 
be building, as well as that what you’re building works. 
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The TDD Cycle 

 In test-driven development, you write a test (or several tests, 
but some cycles really will involve adding one test to the 
existing base) and then build code to pass that test – then 
repeat. 

 Specifically, the generally-accepted steps in a TDD cycle are: 
1. Write a new test. 

 In many cases, the test initially won’t even compile, because it will 
call a method that doesn’t yet exist, perhaps on a class that doesn’t 
yet exist. 

 It’s common to sketch a minimal specification of the target class as 
part of this process – just enough to get a clean compile of the test 
and target classes, but no functionality at all. 

2. Run the test, and assure that the target code fails the test; now you 
have a baseline. 

3. Write code into a target class that passes the test – and no more.  

 An important TDD idea is to avoid running ahead of the tests. 

 This helps to assure that all code is covered. 

4. Run the test, and assure that the target code now passes. 

5. Refactor – and this is the step with the fuzziest definition. 

 As part of any iterative development process, code will require 
clean-up and refactoring from time to time. 

 We get rid of duplication between methods by developing helper 
methods, re-parameterize the class or its methods, etc. 

 This sometimes requires that we refactor the tests. 
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The TDD Cycle 

 The exact tactics of working through a TDD cycle are 
something to learn – and we’ll start working through an 
exercise in a moment. 

 More subtle is the question of how long a cycle ought to be: 
should you write a single test per cycle? all the tests that you can 
imagine for a given class at once? somewhere in-between? 

 Some TDD literature will recommend a single test at a time. 

 This has the advantage of a very short cycle, such that the system 
is not in flux for very long. 

 And by working incrementally, you may learn things about the 
class and its design as you go. 

 Some developers prefer to write out, in a series of tests, more 
or less the sum of what they think they know about the target 
class at the beginning of the cycle. 

 This can make for a more coherent effort rather than spreading 
out what seem to be closely-related features over multiple cycles. 

 And it can reduce refactoring effort, because you form a clear 
picture of the class’ responsibilities and implementation strategy 
up front, and then carry it out. 

 Most developers will find an approach along this spectrum that 
works well for them. 
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Resistance to TDD 

 TDD may not be for everyone. 

 For many developers it just feels like working backwards; it’s 
hard to get accustomed to testing code that isn’t there yet. 

 Some who have attempted to institutionalize TDD in their 
organizations report that adoption is incomplete and 
haphazard, and that this can create confusion in work flow and 
even inconsistencies in the code base. 

 This may be more a question of how to adopt TDD than whether 
TDD is effective, once adopted successfully. 

 Some complain that TDD can be so incremental that it leads to 
a culture of almost constant refactoring – such that interfaces 
and contracts aren’t ever really designed and never stabilize. 

 Tests, being in place so early, become a sort of inertial weight in 
the code base: when requirements or even internal strategies 
change, both the application code and the tests need to be 
refactored, which can be costly. 
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TDD of a Page Controller 

 TDD can seem academic and ethereal, and perhaps the best way 
to understand it is simply to try it. 

 We will try a couple of initial TDD cycles for a new component, 
and then carry this forward into a lab exercise. 

 The class to be developed will be a PageController that can 
present a “page” of data at a time from a larger set of 
information, and give the caller stateful navigation from page 
to page. 

 We’ll introduce specific requirements as we go. 

 This isn’t necessary for TDD to work, but it does help to illustrate 
the flexibility of the approach. 

 We’ll take a test-per-cycle approach in this demonstration. 

 Do your work in Pages_Step0. 

 The completed demo is in Pages_Step1. 

 Then we’ll try a longer series of tests in the lab, to get a feel for 
both ends of that cycle-length spectrum. 

1. Create a class under the test folder: cc.util.PageControllerTest. 
public class PageControllerTest 
{ 
} 
 
2. The PageController will, initially, use a master List<T> as its 

backing data set. Define a field data on the test class, of type 
List<Integer>, and initialize to a new ArrayList. 

  private List<Integer> data = new ArrayList<> (); 

DEMO
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TDD of a Page Controller 

3. Write a set-up method that will populate the backing list with a 
sequence of integers: 

  @Before 
  public void setUp () 
  { 
    for (int i = 0; i < 50; ++i) 
      data.add (i + 1); 
  } 
 
4. Give the class a field controller of type PageController<Integer>: 

private PageController<Integer> controller; 
 

 Of course, at this point, the code won’t compile cleanly, because 
there is no such type. 

 If you are working in Eclipse, you’ll find that it’s very helpful to the 
test-driven developer, because one of its “quick fixes” for these 
sorts of issues will always be to create the missing piece. 

5. Either by way of a quick-fix or doing it yourself, create the class 
PageController – but be sure that it’s in the src area, not test. 

6. In your set-up method, initialize the controller as your primary 
testing target: 

  @Before 
  public void setUp () 
  { 
    for (int i = 0; i < 50; ++i) 
      data.add (i + 1); 
 
    controller = new PageController<> (data); 
  } 

DEMO
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TDD of a Page Controller 

7. Of course, this too will require an update to the PageController: 
  public PageController (List<T> data) 
  { 
  } 
 

 And here, it may seem obvious that you would also declare a field 
of type List<T>, and add code to the constructor to store the given 
reference so that we could use it in our methods. 

 But, not yet! There are no tests yet, so there should be no code 
under test, either. Wait for the test, then write code to pass it. 

8. Write the first test method. We’ll articulate the requirements now that 
the controller must be able to say how many pages of data there are; 
and that, by default, a “page” is ten elements of data. So ... 

  @Test 
  public void testPageCount () 
    throws Exception 
  { 
    assertEquals (5, controller.getPageCount ()); 
  } 
 
9. Add the necessary method to the target class – returning, for the 

moment, and intentionally impossible value: 
  public int getPageCount () 
  { 
    return -1; 
  } 

DEMO
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TDD of a Page Controller 

10. Okay ... run the test! A bit anticlimactic, really: of course the subject 
fails the test, because it has no code of any note in it yet. But that’s the 
right starting point – test written and failing. 

11. Now let’s add code to the target class to assure passage of the test: 
public class PageController<T> 
{ 
  private List<T> data; 
   
  public PageController (List<T> data) 
  { 
    this.data = data; 
  } 
 
  public int getPageCount () 
  { 
    return data.size (); 
  } 
} 
 
12. Run the test again, and see that the subject now passes the test. 

DEMO
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TDD of a Page Controller 

13. Now, a second test, and some new requirements to test: the controller 
will start out at the beginning of the given data set, and will return as 
a “page” of data the first 10 elements (or as many as are available). 

  @Test 
  public void testFirstPage () 
    throws Exception 
  { 
    assertEquals (0, controller.getPageNumber ()); 
     
    List<Integer> page = controller.getPage (); 
    assertEquals (10, page.size ()); 
    for (int i = 0; i < 10; ++i) 
      assertEquals  
        (i + 1, page.get (i).intValue ()); 
  } 
 

 So, are we initially on page index zero? 

 Do we get a page back that is 10 elements long? 

 Are those elements the first 10 numbers of our backing list? 

DEMO



Introduction to Java Testing  Chapter 3 

© 2005-2015 Capstone Courseware, LLC. 
All rights reserved by Capstone Courseware, LLC. 

12

TDD of a Page Controller 

14. Add the necessary methods and code to pass this new test: 
  private pageNumber = 0; 
   
  public int getPageNumber () 
  { 
    return pageNumber; 
  } 
 
  public List<T> getPage () 
  { 
    return data.subList  
      (pageNumber * 10, (pageNumber + 1) * 10); 
  } 
 

 You can probably see some brittleness in this code, and again 
there’s the urge to outrun the tests. 

 It’s great to notice for example that this will break if the data set is 
smaller than 10 in size (or, thinking ahead,  if its size is not a 
multiple of 10). 

 Make a note – use a //TODO comment, a separate file of notes, 
whatever you like – and address it via testing in a later cycle. 

15. Run your test class again, and see that both tests run cleanly. 

 Already there are many elements of the code that call out for 
refactoring. 

 A pageSize field, and perhaps a DEFAULT_PAGE_SIZE as well, 
should be added, to keep the integer literal 10 from proliferating as 
a magic number. 

 You’re going to need error handling! Etc. 

DEMO
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Completing the Page Controller 

Suggested time: 45 minutes 

In this lab you will complete test-driven development of the 
PageController, to a reasonable level of completeness and 
correctness. Where we worked test-by-test in the previous 
demonstration, you will now try adding several tests at a time, and 
then implementing the class to pass all of them, before moving 
ahead. 

Detailed instructions are found at the end of the chapter. 

LAB 3A
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New Requirements 

Suggested time: 30 minutes 

In this lab you will adapt the page controller and its unit test to a 
new requirement: it should be possible to represent a data source to 
the controller, and that source may do lazy loading. This will allow 
the controller to be used not only over complete, in-memory data 
sets such as ArrayLists, but also over persistence classes that 
represent SQL databases, proxies to web services, and others. 

Detailed instructions are found at the end of the chapter. 

LAB 3B
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The True History of PageController 

 As a last observation regarding TDD, it may be interesting to 
compare your recent lab work to the actual development 
process for the PageController<T> class. 

 In reality it did not follow a TDD approach. 

 It was built by traditional object-oriented and iterative design 
principles, and for example the Source<T> interface was part 
of the initial requirements and design. 

 That process worked, and the resulting component functioned 
well in its intended context. 

 But some things weren’t as smooth as they could have been. 

 There was some over-engineering: offset-and-length arithmetic 
was more complicated than it needed to be, thanks to some 
unclear thinking about use cases and odd-sized pages. 

 We also reached for an Observer system to handle volatile 
underlying data, which turned out to be unworkable given the very 
broad definition of a data source, and wasn’t absolutely necessary 
given the actual use cases. 

 On the other hand, error handling was not as robust as it should 
have been: various obvious edge cases were not handled initially, 
such as no data, or a caller setting a non-positive page size. 

 In retrospect, it appears that a TDD approach would have 
served the actual developers of this class better than the 
traditional OO method that was actually applied. 
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SUMMARY 

 Test-driven development has been embraced by a large part 
of the Java development community – especially as part of a 
broader agile-development methodology. 

 It also has its critics, and various case studies and statistics 
are cited both in favor of and against it. 

 Test coverage tends to be better. 

 Code quality and efficiency of development tend to be better. 

 There tends to be more code refactoring – for better or for worse. 

 It may not stand up to major requirements shifts as well as 
traditional OO/iterative development. 

 It’s fair to say that good unit-testing practice, as understood 
separately from TDD, enjoys wider adoption; and it’s 
important to see the difference between the two practices – 
or the way in which one practice (TDD) includes the other 
(unit testing). 
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Completing the Page Controller 

In this lab you will complete test-driven development of the PageController, to a 
reasonable level of completeness and correctness. Where we worked test-by-test in the 
previous demonstration, you will now try adding several tests at a time, and then 
implementing the class to pass all of them, before moving ahead. 

Lab project: Pages_Step1 

Answer project(s): Pages_Step2 (test and stub implementations only) 
Pages_Step3 (final) 

Files: * to be created 
src/cc/util/PageController.java 
test/cc/util/PageControllerTest.java 

Instructions: 

1. Add tests to assert compliance with the following requirements, and add the stubs to 
the target class to allow both to compile cleanly: 

 Methods first, last, next, and previous will let the caller navigate over the 
backing data. 

 first and last will never fail; but next and previous will throw 
IllegalStateExceptions if called when it is impossible to navigate – i.e. next 
when already on the last page, and previous when already on the first page. 

You may well find it useful to refactor the code in getFirstPage to a helper method, 
since you’ll want to check over the contents of returned pages in many test methods. 
The answer code defines a method assertPageInRange that takes a page of data and 
an expected starting value and length, and getFirstPage and others call this method 
with appropriate values. 

2. Implement the new methods on the target class, and refactor existing code, to comply 
with these requirements and pass your new tests. There is intentionally a lot of 
latitude in how you go about this, and we’re past studying how to program in Java 
here. The exercise is more one of methodology. For example, as mentioned during the 
demonstration, error handling is great, but as with everything else, drive error 
handling by testing it. The test and implementation classes shown in the intermediate 
and final answer steps illustrate just one possible solution to the requirements stated 
here and in the rest of the lab. 

LAB 3A
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Completing the Page Controller LAB 3A 

3. Now for some edge cases ... write tests for these requirements, and satisfy them in the 
target class: 

 The “last” page may be incomplete, if the number of backing elements is not a 
perfect multiple of the page size. 

 If the total size of the data set is not larger than the page size, then first and last 
will return the same page, and next and previous will always fail with an 
IllegalStateException. 

 If there is no data in the backing set, then first and last will return an empty list. 

You will need to set up additional backing data lists and controller targets to test some 
of these scenarios. The answer code uses an unevenData list of 33 elements, a 
noData list that is empty, and a separate new PageController instance built on each. 

4. Now, additional requirements – and these will require more significant refactoring as 
well as new code: 

 The page size must be configurable. 

 The controller will support changing the page size “on the fly,” and will adjust 
the page number as necessary after the page size has been changed, to assure 
that the first element in the page that was current just before the change is still 
part of the current page after the change. 

a. For example, if you’re on page number 2 with a page size of 10, then element 20 is the 
first one in the current page. If you then change the page size to 5, the page number 
should be adjusted to 4, so that element 20 is still in view. 

b. If the page size is set to 6, the page number should change to 3, so that the current 
page starts with element 18 and still includes element 20. 

Optional Steps 
5. One more set of features that would, in requirements terms, be “nice to have:” 

 It should be possible to change the underlying data while the page controller is 
active, without disrupting the ability to navigate and view the data. 

 If an element is added or removed while currently on the last page, the 
controller will adjust its representation of page count and page contents 
accordingly – but only on the next request. That is, there’s no requirement for 
the controller actively to observe changes on the backing data; it should just be 
careful to check at various points that its calculations of available pages and 
current position are still valid, given that the underlying data is volatile. 
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New Requirements 

In this lab you will adapt the page controller and its unit test to a new requirement: it 
should be possible to represent a data source to the controller, and that source may do 
lazy loading. This will allow the controller to be used not only over complete, in-memory 
data sets such as ArrayLists, but also over persistence classes that represent SQL 
databases, proxies to web services, and others. 

Lab project: Pages_Step3  
 (or work with your completed Lab A, if you prefer) 

 Answer project(s): Pages_Step4 

Files: * to be created 
src/cc/util/Source.java * 
src/cc/util/ListSource.java * 
src/cc/util/PageController.java 
test/cc/util/PageControllerTest.java 

Instructions: 

1. Define a new interface cc.util.Source<T>, in the src area. 

2. Give it two methods: getSize should return the total number of data elements 
available, and getData should return a List<T> with the elements ranging from a 
given offset and for a given length. 

3. To support existing usage, define an adapter class cc.util.ListSource<T> that 
implements Source<T>. 

4. Give it a field data of type List<T>, and write a constructor that will initialize this 
field to a given list. 

5. Implement the two methods using the size and subList methods of List<T>, 
respectively. 

6. First, refactor your test class to test for any regressions in how the PageController 
will handle this new source type, by wrapping all of your existing List<T>s in new 
ListSource<T>s. In the given starter code, you can do this at the point of controller 
creation in setUp and setUpUnevenData methods and at the point of declaration 
for the noDataController. 

7. Refactor PageController to take a Source<T> instead of a List<T>. This will have a 
ripple effect through the code, as you’ll call getSize instead of size and getData 
(passing offset and length) instead of subList (passing start and end indices). 

8. See that the controller still passes all tests. 

LAB 3B
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New Requirements LAB 3B 

9. Prove out the proper functioning of the page controller against a lazy-loading data 
source. To do this, you will need to build a lazy-loading data source! since we’re not 
going to get into using JDBC or JPA over a database, or anything like that, and 
because even if we did you would still want some strategy for isolated testing. 

You can do this in a number of ways, but here are some thoughts. An inner class of 
the test class may work well, or you could define a top-level class elsewhere in the test 
area of the project. The getSize method is simple enough; getData is the tricky one, 
and one simple strategy is to have it build an ArrayList<Integer> from scratch that 
holds a sequence of numbers based on the offset and length values. This would be 
questionable code in an application class, because of all the throwaway objects and 
collections; but for testing purposes it’s a simple way to get true lazy evaluation. 

Then, just follow the same strategies you’ve used already, building a controller over 
that data source and putting it through its paces by way of additional test methods. 
The answer code keeps this pretty simple, just reproducing two of the earlier test 
methods as testOnDemandFirstPage and testOnDemandLastPage; a more 
thorough treatment would definitely be indicated in real work. 

10. Test, and see if you get any failures. We generally shoot for fail-first tests, but in this 
case, you may well find that your starter code already meets the new requirements, 
once refactored for the Source<T> interface. 

If not, do necessary refactoring now and get to the point at which you pass all tests. 


