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1 Introduction 
This report presents a case study in software design investigation based on JUnit, a prominent open-source 
regression-testing framework for Java. JUnit was originally written by Erich Gamma and Kent Beck, two 
very famous exponents of software patterns [1], and is a strong example of how pattern-driven design can be 
applied to real-life systems. It also offers the opportunity to reverse engineer a large body of code and 
develop standard UML diagrams to describe it.  
 
The first section of this document contains a description of the overall design of JUnit with reference to 
important aspects of the source code. Following this description, details are provided of the practical task of 
source code management using a version control system and building tools. The possibility of future research 
is considered in some detail with plans for creating more documentation on the current design, a plan for 
extending the source and the associated tests required for those extensions. The team journal and a reflection 
on the learning process involved with this task is also presented. 
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2 Design and source code descr iption 
There are a number of interesting features of the source for JUnit both at the level of its overall design and its 
specific programs. This section of the report seeks to highlight interesting factors in these areas as means for 
providing an understanding of the internal structure and behaviour of JUnit. From its initial stages, JUnit was 
developed using a pattern-driven design approach and thus is best understood in terms of the software 
patterns involved [2]. References to patterns are made frequently in this report and an understanding of how 
they are implemented affords considerable insight into how JUnit was composed.  
 
2.1 General design 
The programs for JUnit are divided into a set of Java packages that partition the overall functionality. The 
logical structure of these packages lends itself well to an outline of the design, and so the following sections 
will each deal with a particular package and outline the role of its programs. 
 
JUnit packages: 
Package Description 
framework Provides the basic framework for writing reusable test classes and collecting results. 
runner Provides a basis for executing test classes and responding to results. 
textui Provides a concrete test runner with a textual user interface. 
awtui Provides a concrete test runner with a windows-style user interface. 
swingui Provides a concrete test runner with a Java swing user interface. 
extensions Allows for classes to be added that extend the functionality of existing objects. 

Based on the Decorator pattern [3] to allow extensions to test classes. 
tests A collection of test classes, implemented in JUnit, that test JUnit itself! 
samples Some sample tests for educational purposes. 
 
Important 
This report describes only the ‘ framework’ , ‘ runner’  and ‘ textui’  packages. The motivation for this is that 
‘ framework’  and ‘ runner’  reflect the most important and fundamental aspects of JUnit’s design and hence, 
given the limited amount of time granted for preparing this document, are presented without the details of the 
other packages that build on them. The ‘ textui’  package is included, however, to illustrate how the features 
of JUnit’s structure carry through to interaction with the user. 
 
2.2 The ‘ framework’  package 
The framework package contains classes that define the most basic structures for writing test cases and 
recording test results. This package relies heavily on software patterns – a fact described well by documents 
provided by the authors of JUnit [2]. These will be outlined. 
 
2.2.1 Test cases 
The most basic element of a testing framework is a test case. JUnit implements this as a class by applying the 
Command pattern, which suggests that a request be encapsulated as an object [3]. In this case the request 
consists of the steps necessary to perform a test, which are: establish the conditions or the ‘ fixture’  needed 
for test execution; run the test; clean up the fixture. The structure of this algorithm has been represented by 
applying the Template pattern [3] to create an abstract class with key methods that get overridden to specify 
each step in the algorithm. This class is called TestCase, and is shown in the UML diagram below: 
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TestCase 

# runTest() 
# setUp() 
# tearDown() 

ConcreteTest 

# runTest() 
# setUp() 
# tearDown() 

The class TestCase  
represents a  
test class though  
application of the  
Command and Template  
patterns. 

An example class that a user  
may create to implement a  
test case. In this case it is  
called 'ConcreteTest', but  
could have a adifferent  
name. 

 
Figure 2.2.1 – The basic design of the TestCase class. 
 
Within each test class there may be a number of methods defined by the user that apply to specific aspects of 
the unit under test. For instance, in a concrete class MathTest there may be methods such as testAdd() and 
testMultiply() which are implemented as private methods within the test class. In the Junit framework, a 
particular instance of a TestCase only considers one of these internal test methods. For this reason, each 
TestCase has an attribute name, which corresponds to the name of the test method to be executed. This is 
called the Pluggable Selector pattern[2], and relies on the Java reflection API to select the appropriate 
method at run-time. 
 
This may seem confusing at first. Remember: 
• A test class extends TestCase and may contain a number of test methods. Example: MathTest. 
• An actual test case is characterised by both its test class and its name. Example: new MathTest(“ testAdd”). 
 

TestCase

- name : String

# runTest()
# setUp()
# tearDown()
+ TestCase(name : String)
+ getNam e() : String

MathTest

- name : String

# runTest()
# setUp()
# tearDown()
+ TestCase(name : String)
# testAdd()
# testMul tiply()
+ getNam e() : String

To create a test case that wi l l  execute the 
testAdd() test of the MathT est test class, cal l  
the constructor as fol lows:

    MathTest test = new MathTest("testAdd");

Notice the 
name attribute

 
Figure 2.2.2 – Extending TestCase to create a test case MathTest for a particular unit. 
 
Each of these test methods uses a special class within the framework package named Assert. This class 
simply provides a set of static methods that perform tasks such as comparing actual results with those 
expected. The class TestCase extends Assert, as shown in the diagram below: 
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TestCase

Assert

+ assertEquals(m essage : String, expected : Object, actual : Object)
+ assertEquals(expected : Object, actual  : Object)
+ assertEquals(m essage : String, expected : double, actual  : double, delta : double)
+ assertEquals(expected : double, actual  : double, del ta : double)
+ assertEquals(m essage : String, expected : float, actual  : float, del ta : float)
+ assertEquals(expected : float, actual  : float, del ta : float)
+ assertNotNul l(object : Object)
+ assertNul l (object : Object)
+ assertSam e(expected : Object, actual  : Object)
+ assertT rue(m essage : String, condition : boolean)
+ assertT rue(condi tion : boolean)
+ fai l (message : String)
+ fai l ()
+ fai lNotEquals(message : String, expected : Object, actual  : Object)
+ fai lNotSame(m essage : String, expected : Object, actual  : Object)

 
Figure 2.2.3 – The Assert class. 
 
The methods signatures shown above are reasonably self-explanatory. The assert methods take arguments for 
results that are tested for validity and the fail methods are used to manually induce a test failure. 
 
2.2.2 Errors and failures 
In the case where a false assertion is made, it is required that an error signal be generated. Each of the 
methods in Assert are capable of throwing an AssertionFailedError, which is a JUnit class that extends the 
Error class in the java.lang package. This is in fact termed as a ‘ failure’  in testing vocabulary due to the fact 
that a test has failed. This concept of a failure is distinct from an ‘error’ , which is an unexpected exception 
within a program and thus a subclasses of Throwable. 
 

Error
(from lang)

Asserti onFa il edError

+ AssertionFai ledError(message : String)
+ AssertionFai ledError()

Throwable
(from lang)

Errors in  a  program  are 
Exce pti on s of type  
Throwabl e.

When a method of the 
Assert class determines that 
a particular test has fai led, i t 
 throws an 
AssertionFailedError to 
indicate a Failure.

 
Figure 2.2.4 – Classes involved with errors and failures. 
 
2.2.3 Recording results 
Recording the results of test cases is another basic element of a testing framework. JUnit has a class 
TestResult that is used for this purpose according to the Collecting Parameter pattern. This pattern, according 
to JUnit design documentation, suggests that “when you need to collect results over several methods, you 
should add a parameter to the method and pass an object that will collect the results for you”  [2]. Thus, in 
running a TestCase, we do so by passing a TestResult object that will record the result of that test. 
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TestCase

# runTest()
#  setUp()
# tearDown()

TestResult records

 
Figure 2.2.5 – A TestResult recording a TestCase. 
 
With only this very general concept of the TestResult, the additional constructs for test cases will now be 
discussed. Following that description, TestResult will be explained in more detail. 
 
2.2.4 Test suites 
JUnit also offers the ability to create a ‘ test suite’  which contains a collection of test cases. This is 
implemented in a very particular way, so as to have the same interface as an individual TestCase. This is an 
example of the Composite pattern and will form a tree structure containing both test suites and test cases in 
which the leaf nodes are TestCase objects [2]. Test suites are modelled using the class TestSuite in the 
framework package. 
 

Test Case

- name : String

# runT est()
# setUp()
# tearDown()
+ TestCase(name : String)
+ countT estCases() : int
+ getName() : String
+ run(resul t : TestResul t)

T estSui te

- nam e : St ri ng

+  Test Suite()
+  Test Suite(class : Cl ass)
+  Test Suite(name :  String )
+  ad dTest( te st  : T est)
+  ad dTestSu it e(testC lass :  Class)
+  countTestCases() : in t
+  run(re sul t  :  Te st Result)
+  runT e st (t est : Test, resul t :  Test Resu lt )
+  t estCou nt()  : int
+  t ests() : Enumerat ion
+  ge tNa me () : Stri ng
+  setName(n am e : Stri ng)
+  warning(m essage  :  S tr in g) :  Te st

Test

+ countTe stCases() : int
+ run(resul t : TestRe sul t)

<<Interface>>

1

contained

nn

1

 
Figure 2.2.6 – The Composite pattern tree of tests. 
 
The diagram above introduces Test, which is defined as the common interface that allows both TestCase and 
TestSuite to be dealt with in the same way. It contains two methods: countTestCases(), which returns the 
number of Tests contained; and run(result : TestResult) which runs the test with the supplied TestResult 
instance. The number of tests contained in a TestCase is always one, so the implementation of 
countTestCases() there is trivial, however in TestSuite the count is more significant. 
 
The diagram also shows methods contained in the TestSuite class, which provide the following functionality: 
Method Descr iption 
TestSuite() Creates an empty TestSuite. 
TestSuite(name : String) Creates a TestSuite with the given name. 
TestSuite(class : Class) Creates a TestSuite and adds all tests from a given TestCase class. 
addTest(test : Test) Adds the supplied test. Note this can be either a TestCase or TestSuite! 
addTestSuite(testClass: Class) Adds a new TestSuite object corresponding to the supplied class. 
countTestCases() Return number of Test objects contained in the TestSuite. 
warning(message: String) Returns a Test that will fail and gives the supplied message. 
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2.2.5 Recording results (returned) 
We now return to the issue of collecting results. When a given Test is run, failures or errors may occur and 
these must be recorded in order to provide feedback to the tester. For this purpose, a small class named 
TestFailure exists to record the pairing between the Test and the failure/error within that test. This is shown 
on the diagram below. Two collections of TestFailure instances are stored in a single TestResult object – one 
for errors and a second for failures. 
 
In addition to these is another collection that stores associations with TestListener objects, which arise from 
an application of the Observer pattern [2]. The TestListener is important at the level of running tests, which 
is performed by classes in the runner package. A TestListener registers its interest with the TestResult, which 
then notifies it whenever a test is started or ended and when failures or errors occur in any test. This is 
illustrated in the diagram below. 
 

Test Li st ene r

+ addError(test : T est, thrown : Throwable)
+ addFai lure(test : Test, error : AssertionFai ledError)
+ endTest(test : Test)
+ startTest(test : Test)

<<Interface>>

TestCase

T estSui te

Protectable

+ protect()

<<Interface>>

T estResul t

- stop : boolean
- runTests : int

+ addError(test : Test, t hrown : Throwable)
+ addFai lure(test : T est, error : AssertionFai led Error)
+ addListener(l istener : TestListener)
+ endtest(test : Test)
+ errorCount() : int
+ f ai lureCount() : int
+ removeListener(l istener : TestListener)
# run(test : T estCase)
+ TestResult()
+ errors() : Enum eration
+ f ai lures() : Enumeration
+ runCount() : int
+ runProtected(test : Test, protecta ble : Protectable)
+ shouldStop() : boolean
+ startTest(test : Test)
+ stop()
+ wasSuccessful() : boolean

recorded

recorded

TestFai lure

- test : Test
- thrown : Throwable

+ fai ledTest() : Test
+ T estFai lure(fai ledTest : Test, thrown : Throwable)
+ thrownException() : Throwable

error

fai lure

Enum eration

+ hasMoreElem ents() : boolean
+ nextElem ent() : Object

(f rom uti l)

<<Interface>>

 
Figure 2.2.7 – The TestResult class shown with TestListener. 
 
This diagram also shows a number of additional details about the TestResult class. 
 
Errors and failures 
The methods addError, addFailure, startTest and endTest perform precisely what their names suggest, and 
also have the effect of notifying the TestListener. The methods errorCount and failureCount return the total 
number of errors and failures that have been added. Methods errors and failures return an Enumeration of 
their respective collections. 
 
Adding and removing listeners 
TestListener objects can be attached and removed from the TestResult without affecting it. This is performed 
using the addListener and removeListener methods. 
 
Running a test 
When a test is run, it is performed such that any errors or failures will be caught and recorded by the 
TestResult object. The TestResult class also includes a boolean variable stop, and several methods such as 
stop() and shouldStop() which are used in controlling the flow of test execution when run. 
 
The final result 
The method wasSuccessful() can be called upon to see if all tests were a success. It simply checks that the 
errorCount and the failureCount are both zero. 
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2.3 The ‘ runner ’  package 
The design of the runner package is both elegant and effective.  It provides an abstract runner class to tie 
together a number of supporting mechanisms that transform a textual description of a test class into any 
number of tests to be run. 
 
While the runner is closely integrated with the framework, it does delegate responsibility in a logical way.  
Where helper classes are used, the runner is designed to allow the programmer to use as little or as much as 
has been provided.  Generic interface classes are numerous, and are well used throughout the code, with little 
or no reliance on concrete classes. 
 
An interesting point to note is that the implementing classes of the runner do not actually run any tests.  They 
delegate that responsibility to the framework, which enumerate, run and document the test.  The framework 
also informs any output classes the status of the tests, as defined by the runner. 
 
2.3.1 Structure 
The runner package comprises 13 classes that can be broadly grouped in the following way: 
 
Breakdown of the runner package 
SubSection Description 
BaseTestRunner The base class for all test runners 
Collectors Classes that store a list of valid test class names 
TestSuiteLoaders Classes that generate class objects from test class names 
Miscellaneous A class that returns the JUnit version number 

An interface that describes extra operations that can be performed on failed tests 
Custom string sorter. 

 
2.3.2 BaseTestRunner 
 
All Test Runners, graphical or text-based, inherit the BaseTestRunner.  Due to the fact that most of the test 
related operations are based in the framework, the BaseTestRunner leaves most, if not all testing, result 
handling and output to the implementing classes.  It does however focus a lot of attention around class 
loading, test validation, runner control and extensions. 
 
Control and extension information is contained in a properties file that is parsed on invocation.  This largely 
controls whether a test is valid for inclusion and loading.  It also allows modification to the behaviour of the 
runner, by forcing the BaseTestRunner to use various standard and user defined helper classes.   
 
To a large extent the runner package in general relies on interface realisation. Concrete classes that conform 
to defined interfaces are seamlessly used throughout with little or no code modification. For example, 
referring to Figure 2.3.1 the BaseTestRunner creates a Class object via a call to a TestSuiteLoader.  As we 
shall see shortly, two concrete classes with slightly difference semantics implement the TestSuiteLoader.  
The way that the BaseTestRunner is designed is that it will use any valid TestSuiteLoader, giving the 
programmer complete freedom over implementation.  A simple update to the properties file will mean that it 
is available to the programmer or user at both design and runtime without any need for the underlying code 
to be modified. 
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TestListener

+ addError(test : Test, thrown : Throwable)
+ addFailure(test : Test, error : AssertionFailedError)
+ endTest(test : Test)
+ startTest(test : Test)

(from framework)

<<Interface>>

System

+ g etP rop erty(arg0  :  S trin g) :  S trin g

(from lang)

Properties

+ Properties()
+ Properties(arg0 : Properties)
+ getProperty(arg0 : String) : String
+ getProperty(arg0 : String, arg1 : String) : String
+ setProperty(arg0 : String, arg1 : String) : Object

(from util)

Base TestRu nner

lo ading : bo ole an

+ getTest(su iteClassName  : S trin g) : T est
# processArgu me nts([0 ..n] :  String args)
+ runFai led(me ssage : St rin g)
+ setLoading(enab le  : b oolean )
+ extractClassName(className  : S trin g) : S trin g
+ loadSui teClass(suite Cla ssName : Stri ng ) : Class
# clearStatu s()
+ getLoader() :  TestSu iteLo ader
+ opna me()
- readP references()
- getPreference sFi le() : Fi le
+ getPrefe rence(ke y : Stri ng) : Stri ng
+ getFilteredStackTrace (thrown : Th ro wable) :  String
+ fil terStack(stack :  String) :  String
+ fil terLine() : b oolean
te stStarted(testName  : S trin g)
te stFailed(status : int, testNam e : St rin g, tra ce : Stri ng)
te stStarted(testName  : S trin g)

has properties

TestRu nListener

+ testEnded()
+ testFailed()
+ testStarted()

<<Interface>>

A Listener for test progress.  
Uses complex data type 
method parameters, such as 
Test and AssertionFai ledError.

The TestRunListener does 
essentially the same thing, but 
uses only primitive data types.

@see TestRunListener

The BaseTestRunner is the base class for all 
the TestRunners.

It uses a properties fi le which controls some of 
the behaviour of the class. It also allows 
extension to JUnits operation by simply 
modifying the properties fi le.

A peculiar feature of the BaseTestRunner is 
that it provides methods defined in the 
TestRunListener, though it has no reference to 
TestRunListener.  In fact, nothing at all 
references TestRunListener.  It is therefore 
assumed that by including the abstract 
methods, it is a gentle introduction to the 
TestRunListener which is planned to be fully 
integrated in a later revision.

The TestRunListener goal is to provide 
Listeners with primitive data type method 
parameters.  This would prove useful  in  
remote test execution.

@see TestListener.

TestSuiteLoader
<<Interface>>

 
Figure 2.3.1 – BaseTestRunner and supporting classes. 
 
As the diagram above also shows, the interface that defines the ability to be notified by the TestResult 
(framework) is TestListener shown at the top of the hierarchy. 
 
It is interesting that a TestRunner realises the TestListener interface as it doesn’ t generally handle any test 
ouput.  It is usually the case that an output object is created by TestRunner which is added to the list of 
objects that TestResult informs about test behaviour. 
 
It is also interesting to note that the BaseTestRunner provides methods defined in the TestRunListener, 
though it has no reference to TestRunListener.  It is therefore assumed that by including these abstract 
methods, it is a gentle introduction to the TestRunListener which is planned to be fully integrated in a later 
revisions of JUnit. 
 
2.3.3 Collectors 
 
The TestCollector is at present, seldom used though it shows promise of continued future use.  It shows a 
good use of inheritance to minimise potential code duplication.  It is currently used only in the swingui 
package where its primary function is to gather a collection of valid test case class names.  
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SimpleTestCollector

# isTestCl ass(classFile Name : Stri ng ) : boo le an

ClassPathTestCollector

+ collectTests() : Enumeration
# isTestClass(classFileName : String) : boolean
+ collectFilesInPath(classPath : String) : HashTable

System

+ getProperty(arg0 : String) : String

(from lang)

TestCollector

+ collectTests() : Enumeration

<<Interface>>Enumeration

+ hasMoreElements() : boolean
+ nextElement() : Object

(from util)

<<Interface>>

TestCa seCl assL oader

+ loadClass(name : String, resolve : boolean) : Class

Load ing TestColl ector

# isTestClass(classFileName : String) : boolean
- isTestClass(Testclass : Class) : boolean
- classFromFile(String classFileName) : Class

1

1

1

1

Uses to create Class Objects

The TestCollector stores a set of valid Test Class 
names in a Vector.

The LoadingTestCollector uses the 
TestCaseClassLoader to load the test, then 
checks that the class defined  is assignable from 
Test or that it provides a static suite method.

The SimpleTestCollector verifies a test by 
simply checking if "Test" is part of the name.

 
Figure 2.3.2 TestCollector Realisation and Extension. 
 
The class names are extracted in the same way, making good sense to put an abstract class implementing this 
functionality up the hierarchy.  The only observable difference between the implementing classes is in the 
way they check a class for inclusions using the isTestClass() boolean method. 
 
The class names are determined by first finding all the classes in the class path.  An exclusion file is 
consulted as to whether or not the class should be excluded.  Such exclusions could be something like 
“sun.java.* ” , where anything in the sun.java hierarchy is ignored.  Following this, the class is checked to see 
if it is a test class. 
 
This is where the SimpleTestCollector and LoadingTestCollector differ. The SimpleTestCollector deems a 
class a valid test class if its name contains the string “Test”  such as in the previous example class MathTest.  
The LoadingTestCollector gets a Class object from the TestCaseClassLoader and checks, using Java 
reflection, that either a test or suite method is defined.  Each test that passes is added to the collection.  
 
The swingui uses this information to build a list of tests that can be run.  From there, the test can be loaded 
via a “point and click”  system and run as usual.  
 
2.3.4 TestSuiteLoader 
The SuiteLoaders are responsible for returning Class objects based on a given string.  They are, for the most 
part, delegating the request to the TestCaseClassLoader, or the system ClassLoader to achieve their 
functionality. 
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TestSuiteLoader

+ load(suiteClassName : String) : Class
+ reload(class : Class) : Class

<<In te rf ace >>

ReloadingTestSuiteLoader

+ l oad (sui te Cla ssName : Stri ng) : Cla ss
+ rel oad (c lass :  Cl ass) : Cla ss
#  cre ate Load er() :  TestCaseCl assLo ader

StandardTestSuiteLoader

+ reload(class : Class) : Class
+ load(suiteClassName : String) : Class

ClassLoader
(from lang)

TestCaseClassLoader

+ loadClass(name : Stri ng,  re sol ve  : b oolean) : Class

The prima ry go al of  the  
TestSu iteLo aders is to  return a  Cl ass 
object  of type  Te st, from the given 
classNam e.

T he Rel oading TestSui teLoa der all ows classe s to  be  
loa ded mul ti pl e ti mes. 

It  d oes thi s by creati ng a new instance of 
the TestCaseCl assLo ader for lo adi ng each cla ss.

B oth  Re lo adi ngSuiteLoa der a nd Sta ndardTe stLoad er 
d elegate re spo nsi bi li t y to  a Cl assLoa der (ei ther 
T estCaseCl asLoade r or the  System  Class Lo ader) t o 
loa d req uired  c lass.

TestCaseClassLoader tries to 
use the system class loader.  If 
i t failes, i t reads in the actual 
.class fi le and loads the class 
from that.

 
Figure 2.3.3 TestSuiteLoaders delegate responsibility. 
 
A point of interest is the ReloadingTestSuiteLoader.  On each request it creates a new TestCaseClassLoader 
that reloads the test class, whereas the more standard ClassLoader just returns a reference to the previously 
loaded Class object rather than loading a new copy. This is an important design decision, because it prevents 
the usage of stale copies of test objects used by TestRunners that run a test multiple times. 
 
In the textui, invoking a new textui runner will run the specified tests then exit.  To run the test over the same 
class, a new runner is started. Where the above design consideration comes into play is when the TestRunner 
is not closed once the test is finished.  By reloading the classes, it allows a “ fresh copy”  of the test classes to 
be used, instead of the cached copies that would be returned by the system ClassLoader. For example, it 
allows you to update your code without having to open and close graphical test windows to test each 
modification or update. 
 
2.3.5 Miscellaneous 
 
These classes are grouped together as they provide no direct functionality to any other runner package 
classes, but serve concrete TestRunner classes. 
 
The Version class, simply returns the version number.  This is used in all the runners in an ‘About’  message 
or dialogue. 
 
The Sorter is used and extended only in the swingui package to order the test case class names returned by 
the TestCollector. 
 
The FailureDetailView is to provide further information about a Test Failure. The interface can be realised to 
provide extra functionality when a Failure is discovered.  The realisation is only applicable in the swingui. 
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Version

+ id() : String

Failu re Detail View

+ getComp onent() :  Co mp onen t
+ showFa ilure(fail ure : TestFailure)
+ clear()

<<Interface>>

swingui

(from junit)

Provides a method to get the 
version of the current release.

It is implemented in some form or 
another in each of the TestRunners.

The FailureDetailView is to provide further information abo ut 
a Test Fai lure.

Using the properties file, custom FailureDetai lView real isat ion 
can be set to provide extra functional ity. Plug-i n a custom 
failure pane l that provides additional functionali ty like 
navigating from a fail ure to the source. 

It is only applicable to  swingui package.  
@see BaseTestRunner

Vector
(f rom uti l)

The Sorter cl ass is only impl emented  in th e 
swi ngu i packag e.  

It  is used  whe n gene rat ing a list  of Tests to be 
run.  It  is used to sort the vecto r of St rin gs whi ch 
are h eld i n th e TestCol lector (also sole ly u sed 
by the swi ngu i packag e).

@see TestColl ecto r

Swappe r

+ swap(values : Vector, left : int, right : int)

<<Interface>>

Sorter

+ sortStrings(values : Vector, left : int, right : int, swapper : Swapper)

+has InnerClass

 
Figure 2.3.4 Miscellaneous Classes 
 
 
2.4 The ‘ textui’  package 
Given a fairly complete, yet disjoint description of both the framework and the runner, it is the goal of this 
section to show a simple implementation of a TestRunner that demonstrates the most fundamental operations 
that the framework and runner provide.  
 
Looking at Figure 2.4.1, it can be seen that the TestRunner is responsible for  
o Creating an OutputStream (ResultPrinter [TestListener]) 
o Creating a TestSuiteLoader for obtaining a Class object from the string on the command line 
o Creating a TestSuite  
- when the TestSuite is created, the TestCases and/or TestSuites contained within are enumerated and 

stored for later testing. 
o Creating a TestResult to store a summary of all the tests and to inform any TestListeners about the test 

status. 
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BaseTestRunner
(from runner)

TestRunner
ResultPrinter

TestSuite
(from framework)

TestSuiteLoader
(from runner)

<<Interface>>

TestResult

+ runProtected()

(f rom framewo rk)

 
Figure 2.4.1 Class Diagram of the TestRunner 

 
 
Referring to the sequence diagram, Figure 2.4.2, a very brief description on how the different JUnit 
components interact are described.  A complete sequence diagram shows nearly 40 method calls to a variety 
of depths to run but a single test and output to a single TestListener. To make the interactions clearer, a 
textual description is also provided below. 
 
The textui begins by creating a new instance of itself called from the main() method.   
 
  ����������	
�����������	���	����������
�	
 
 
It does allow for various output classes via a collection of public constructors which eventually instantiate a 
ResultPrinter using a given PrintStream. (Step 1, Figure 2.4.2) 
 

������	����������
�	
������	����������
���������
�	�������	
������	����������
�������������	�������� 
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 : TestRunner  : ResultPrinter 
 :  

TestSuiteLoader 
 : Test  : TestResult 

1: create() 

2: Use to get Class object 
3: Return Class object 

4: Extract Test using reflection 

5: Create a new TestResult 

6: Add ResultPrinter to list of TestListners 

7: Run Tests 

14: See if all tests suceeded 

8: Run Tests 

10: Runs Actual TestCode 

11: Results 

TestResult runs the code, and  
stores results.  Informs the  
Listeners of what is going on. In  
this case the ResultPrinter 

9: Inform Start Test 

12: Inform End Test 

15: ExitCode based on TestResult 

13: Return control when done 

 
Figure 2.4.2 - A brief sequence diagram of how a test runner runs the tests. 
 
The newly created TestRunner is given the responsibility to run the tests and place the output in a new 
TestResult object. 
 
	 	 ����������	��	
�������������
��

�����	
 
It does this via a number of nested function calls that become more and more specific.  The ��
��
� 
method is responsible for parsing the command line arguments and extracting the Test Class name. 
 
	 	 �����
���	
�������	
 
The test in question is extracted via a call to the inherited �������
������	��
���
��� method. 
 

����	������	�������
�����
����	
 

If we follow the hierarchy of nested function calls, it can be shown that the �������
� calls a SuiteLoader 
to return a Class object which is then used to extract either a TestSuite or TestCase based on the information 
available using Java reflection .  A new Test object is instantiated, which enumerates any underlying 
TestCases and TestSuites. (Step 2,3,4 Figure 2.4.2) 
 
The ��
��
� method then calls the �����
� method which will eventually return a TestResult object that 
summarizes the tests performed. 
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//in the start() method 
  … 

������	�����
������	�
����	  �������	
	����������	
	
The doRun() method creates a new TestResult object and informs it that the ResultPrinter is the ouput object 
it should inform about test status. (Step 5,6 Figure 2.4.2) 
//in the doRun()  
 
	 	 ����������	�������	���
������������
��	
	 	 �������
��!�������
"���������	
	 	 #	
	 	 ������	�������	
	
	
Following this, the Test that was extracted previously is run. (Step 7 Figure 2.4.2) 
 

���������
��������	
 
Following the hierarchy outside of the TestRunner class, we assume that the Test class is a TestCase.  If it 
were a TestSuite, the following would be run on each of the TestCases inside the TestSuite. 
 
//TestCase.java 
	 	 ������	$���	���
����������	�������	%	
	 	 	 ����������
�&����	
	 	 '	
	
	
This code calls the ���
� method of the TestResult created previously. It parse �&��	which is the Test 
instance.	(Step 8 Figure 2.4.2). This makes sense, as there must be a controller class to run and catalogue 
multiple tests. 
 
 
The TestResult class informs all the specified listeners (from Step 6 Figure 2.4.2) and increments the 
TestCount. (Step 8 Figure 2.4.2) 
 
//TestResult.java 
	 	 ��
������
������	
	
	
	 	 ������	$���	��
������
����	�����	%	
	 	 #�	

"��	
(�����
����	��	�����!��������
����������
��					
	 ��&
�)���(�������
��	�	%	

	 	 	 	 

����!������������*�(������
�����
������
������	
	 	 	 '	
	 	 '	
 
The TestResult then gets the Test object to run the Test code.  The TestResult catches any exceptions thrown 
and stores them if a more detailed analysis is required. (Steps 10,11 Figure 2.4.2) 
 
//TestResult.java 

	
������������
�����	���	

	
	 ������	$���	������������
"��
�	����	�����	�������
���	��	%	
	 	 ��+	%	
	 	 	 ���������
��	
	 	 '		
	 	 �
��&	
,��������-
����(����	��	%	
	 	 	 
��-
�����
�����	���	
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	 	 '	
	 	 �
��&	
�&��
�.�
�&	��	%	  	���/�	�
��&	�&��
�.�
�&	�+			
	 	 	 	 	 	 	 
�������	
	 	 	 �&���	��	
	 	 '	
	 	 �
��&	
�&���
���	��	%	
	 	 	 
��(����
�����	���	
	 	 '	
	 '	
  
 
 
Note: Because each TestCase calls the TestResult, to run multiple tests it is the responsibility of the 
TestSuite to run all the TestCases it defines. 
 
//TestSuite.java 
 
	  00	
	 	0	����	�&�	�����	
��	��������	�&���	������	��	
	�����������	
	 	0 	
	 ������	$���	���
����������	�������	%	
	 	 "��	
(�����
����	��	�����
��	��&
�)���(�������
��	�	%	
	 			 	 �"	
��������&��������
�	�	
	 			 	 	 ���
1�	
	 	 	 ����	�����	
���������*�(������
��	
	 	 	 �������
�����	��������	
	 	 '	
	 '	
	
	 ������	$���	�������
����	�����	����������	�������	%	
	 	 ��������
��������	
	 '	
	
 
Once the Test has been run, all listeners are informed that the Test has completed. (Step 12 Figure 2.4.2). 
Note: Only one test is ever run at the one time. 
 
The �����
� method from the TestRunner class then returns and the results can be extrapolated. 
 
// doRun() in TestRunner.java 

����������	�������	���
������������
��	
#	

	 	 ���������
��������		  �&�	���&��	�������	
	 	 #	
	 	 ������	�������	  	�&��	��	��������	��	�&�	��
��
�	���&��	
 
//start() from TestRunner.java 
 
	 	 ������	�����
������	�
����	  	�&��&	�������	�&�	����������	��	
	 	 	 	 	 	 	 	 �&�	�
��
�	���&��	
	
// main() from TestRunner.java 
 

����������	��	
�������������
��

�����	
 
	 	 �"	
2���
��������"��
��		
	 	 	 �+������*��
-,3!4�(5(63���	
	 	 �+������*��
�4��(��5(63���	
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The TestRunner exit code is determined by the result of the tests.  All test output is handled by the 
ResultPrinter, which is called by the TestResult class. 
 
It can be seen from this example how closely integrated the runner and the framework are. It should also be 
noted that this has been done in such a way as to provide extensibility, with TestListeners and scalability in 
the design and usage of the TestSuites, TestCases and the TestResult. 
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