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1. Introduction

JUnit isaframework for implementing testing in Java. It provides a simple way to explicitly test specific areas of a Java program,
it is extensible and can be employed to test a hierarchy of program code either singularly or as multiple units.

Why use atesting framework? Using atesting framework is beneficial because it forces you to explicitly declare the expected re-
sults of specific program execution routes. When debugging it is possible to write a test which expresses the result you are trying
to achieve and then debug until the test comes out positive. By having a set of tests that test all the core components of the project
it is possible to modify specific areas of the project and immediately see the effect the modifications have on the other areas by the
results of the test, hence, side-effects can be quickly realized.

JUnit promotes the idea of first testing then coding, in that it is possible to setup test data for a unit which defines what the ex-
pected output is and then code until the tests pass. It is believed by some that this practice of "test alittle, code alittle, test alittle,

code alittle..." increases programmer productivity and stability of program code whilst reducing programmer stress and the time
spent debugging. It also integrates with Ant http://jakarta.apache.org/ant/.

2. Installation

It is assumed that you know how to setup environment variables and install software on your operating system, for a comprehen-
sive guide to doing so for Windows see Configuring A Windows Working Environment [../winenvars/winenvarshome.htmi], for
Unix see Configuring A Unix Working Environment [../unixenvars/unixenvarshome.html] Follow these instructionsto install JU-
nit:

1. Download the latest version of JUnit from http://downl oad.sourceforge.net/junit/

2. Uncompressthezi p to adirectory of your choice.

3. Add/ pat h/t o/ wher eyouextractedjunit/junit/junit.jar toyour Java CLASSPATH environment variable.

3. JUnit Basics

This section will begin with a simple example which will illustrate the basic concepts involved in testing with JUnit.

Example 1. Smple Example

i mport junit.framework.*;
public class SinpleTest extends TestCase {
public SinpleTest(String nane) ({ E’
super (nane) ;

public void testSinpleTest() {ﬂ
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int answer = 2;
assert Equal s((1+1), answer); ia

import junit.franmework. *;

Since we are using some constructs created by the makers of JUnit we must import any of the classes we desire to use, most
of these reside in the framework subdirectory, hence the import statement.

public class SinpleTest extends TestCase {

Our simple class needs to define its own test method(s) to actually be of any use so it extends TestCase which provides us
with the ability to define our own test methods.

public SinpleTest(String nane) ({
super (nane) ;

Every test is given a name so that when viewing the output results of the overall test we can see which test an error was gen-
erated if the test fails. The constructor provides this functionality by passing the parameter passed upon construction to the
parent class.

public void testSinpleTest() {
int answer = 2;
assert Equal s(( 1+1) answer) ;

Thisisone of the testsincluded within this TestCase, at the moment it isthe only test but you are allowed to add as many as
you like. Y ou can see that we can define variables and perform arithmetic like any other Java program.

public void testSinpleTest() {
int answer = 2;
assert Equal s(( 1+1) answer) ;

This simple test tests whether 1+1 is equal to the value of answer. Thisisjust an extremely simple example, more usually
one may want to test the result of some function, perhaps afunction that is supposed to strip all the 'a’ characters from a
string, you might test thislike this;

public void testStringStripFunction() {
String expected = "bb"
StringStripper stripper = new StringStripper();
assert Equal s(expected, stripper.stringStrip("aabaaaba"));

Which would cause assertEquals to fail if the stringStrip method did not perform as expected, one could then try to fix the
code and run the test again until it passed.

Copy the example into your favorite text editor and saveit as Si npl eTest . j ava. Now we want to try thistest out, there are three
possible user interfaces for the JUnit TestRunner:

» TextUl: Provides text-based output to stdout.
*  AwtUI: Provides GUI-based output using the AWT (Abstract Window Toolkit) from Java.

e SwingUl: Provides GUI-based output using the Swing graphical user interface component kit from Java.

To select an interface execute the following command sequence.
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java junit. USERI NTERFACE. Text Runner cl assfile

For example if we wanted text based output for our TestCase we would issue the command sequence:

java junit.textui.Test Runner SinpleTest

Compile the file and then try this, you should see some output similar to this:

Time: 0
X (1 tests)

Indicating that our quite obviously correct test has been passed, well more correctly that no failures have occurred. Change the
value of answer in the example to something other than 2, recompile the file and run the test again, you should see output similar
to this.

.F
Tinme: 0.01
There was 1 failure:
1) testSinpleText(Sinpl eTest)junit.framework. AssertionFail edError: expected: <2> but was: <3>
at Sinpl eTest.testSi npl eTest (Si npl eTest . j ava: 9)
at sun.reflect. NativeMet hodAccessor | npl.invokeO(Native Method)
at sun.reflect. NativeMet hodAccessor | npl . i nvoke(NativeMet hodAccessor | npl . java: 39)
at sun.reflect. Del egati ngMet hodAccessor | npl . i nvoke( Del egat i ngMet hodAccessor |l npl . j ava: 25)

FAI LURES! ! !
Tests run: 1, Failure: 1, Errors: O

If thiswas areal program we would now go and try and fix the error and then recompile and retest and so on until we eventually
fixed the error. Y ou should now begin to have an idea of how to go about setting up a simple test.

4. Intermediate Example

The last section was just a quick taster of and a gentle introduction to JUnit, this section will explore a more advanced example.

/1 A Class that adds up a string based on the ASCII values of its
/'l characters and then returns the binary representati on of the sum
public class BinString {

public BinString() {}

public String convert(String s) {
return binarise(sun(s));

public int sunm(String s) {
if(s=="") return O;
if(s.length()==1) return ((int)(s.charAt(0)));
return ((int)(s.charAt(0)))+sun(s.substring(1));

public String binarise(int x) {
i f(x==0) return "";
i f(x%®==1) return "1"+binarise(x/2);
return "0"+bi narise(x/2);
}
}

Copy the above code into your favorite text editor and save asBi nSt ri ng. j ava, al this program doesis convert an ASCII string
to the sum of it's characters represented as a Binary string, the reason | chose those type of functions were arbitrary but | wanted to
illustrate the testing of a program with auxiliary methods. Copy the test code below into your favorite editor and save as Bi n-
StringTest.java.

i mport junit.framework.*;
public class BinStringTest extends TestCase {
private BinString binString;

public BinStringTest(String name) {
super (nane) ;

protected void setUp() { (1)
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binString = new BinString();

public void testSunfFunction() { E
int expected = 0;
assert Equal s(expected, binString.sum""));
expected = 100;
assert Equal s(expected, binString.sun("d"));
expected = 265;

) assert Equal s(expected, binString. sum"Add"));

public void testBinariseFunction() { E’

String expected = "101";

assert Equal s(expected, binString.binarise(5));
expected = "11111100";

assert Equal s(expected, binString. binarise(252));

}

public void testTotal Conversion() { ﬂ

String expected = "1000001";
assert Equal s(expected, binString.convert("A"));

}
}

L1

protected void setUp() {
binString = new BinString();

TestCase allows us to use the method setUp to set up any necessary variables or objects. Note that binSring was already de-
clared at the top of thefile like usual with private Binstring binstring;. setUp is called before the evaluation of each test,
setUp has a brother called tearDown which is called after the evaluation of each test and can be used to dereference variables
or whatever so that each test may be performed without issuing side-effects that may affect the outcome of the other tests.

public void testSunfunction() {
int expected = 0;
assert Equal s(expected, binString.sum""));
expected = 100;
assert Equal s(expected, binString.sum"d"));
expected = 265;
assert Equal s(expected, binString.sum"Add"));

Here we are testing the auxiliary function sum from our examplefile.

public void testBinariseFunction() {
String expected = "101";
assert Equal s(expected, binString. binarise(b5));
expected = "11111100";
assert Equal s(expect ed, binString. binarise(252));

Here we are testing the auxiliary function binarise which converts an int to a binary String.

public void testTotal Conversion() {
String expected = "1000001";
assert Equal s(expected, binString.convert("A"));

}

Here we are testing the convert function which calls the auxiliary methods to perform the conversion from String to integer
to binary string.

Compile both these files and then run the tester on the TestCase by executing the following command sequence:
java junit.textui.Test Runner BinStringTest

Thiswill produce the following errors:




JUnit Testing Utility Tutorial

Time: 0.01
There was 1 failure:

1) testBinariseFunction(BinStringTest)junit.framework. AssertionFail edError: expected: <11111100> but wa

at BinStringTest.testBinari seFunction(BinStringTest.|ava: 26)

at sun.reflect. NativeMet hodAccessorl npl.invokeO(Native Method)

at sun.reflect. NativeMet hodAccessorl nmpl . invoke(NativeMet hodAccessor | npl.java: 39)

at sun.refl ect. Del egati ngMet hodAccessor | npl . i nvoke( Del egati ngMet hodAccessor | npl . j ava: 25)

FAI LURES! ! !
Tests run: 3, Failures: 1, FErrors: O

Thistells us that there was an error in the Binarise function and it even tells us the actual result compared to the expected result, a
quick glance shows that the binary string has been output in reverse so we fix this by changing the binarise method in the file
Bi nString.j ava to:

public String binarise(int x) {
i f(x==0) return "";
i f(x%®==1) return binarise(x/2)+"1";
return binarise(x/2)+"0";

Recompile this and execute the test again and you will see:

Time: 0.01
K (3 tests)

Which indicates that everything went fine. Try this, comment out thislineintheBi nStri ng. j ava file:
if(s.length()==1) return ((int)(s.charAt(0)));
Recompile the file and execute the test again, you will see:

.E..E

Time: 0.01

There were 2 errors:

1) testSunfunction(BinStringTest)

java. l ang. Stri ngl ndexQut Of BoundsException: String index out of range: O

at java.lang. String.charAt(String.java: 455)

at BinString.sunm(BinString.java: 13)

at BinString.sumBinString.java: 13)

at BinStringTest.testSunfFunction(BinStringTest.java: 17)

at sun.reflect. NativeMet hodAccessor | npl.invokeO(Native Method)

at sun.reflect. Nati veMet hodAccessor | npl.invoke(NativeMet hodAccessorl npl . java: 39)
at sun.refl ect. Del egati ngMet hodAccessor | npl . i nvoke( Del egati ngMet hodAccessor | npl . j ava: 25)
2) testTotal Conversion(BinStringTest)

j ava. |l ang. St ri ngl ndexQut OF BoundsException: String index out of range: 0

at java.lang. String.charAt(String.java: 455)

at BinString.sum(BinString.java: 13)

at BinString.sunm(BinString.java: 13)

at BinString.convert(BinString.java:7)

at BinStringTest.testTotal Conversion(Bi nStringTest.java: 31)

at sun.reflect. Nati veMet hodAccessor | npl . i nvokeO(Nati ve Method)

at sun.reflect. Nati veMet hodAccessor | npl . i nvoke(Nati veMet hodAccessor | npl . java: 39)
at sun.reflect. Del egati ngMet hodAccessor | npl . i nvoke(Del egati ngMet hodAccessor | npl . java: 25)

—

—

FAI LURES! !!
Tests run: 3, Failures: 0, Errors: 2

Notice that there were no failures but the test still failed, thisis because there was errors, errors are caused by completely unex-

pected occurrences, such as exceptions as indicated by the error messages displayed. Whenever an assertion such as an assertE-
qualsfailsit will throw a AssertionFailedError which is caught by the JUnit framework. Sometimes you may need to test that a
certain input produces an exception, for example, we may have a String manipul ation method which should throw some defined
exception if passed an empty string. We could use the following to test that it does so:

try {
stringmani pul ati onnmet hod("");

fail ("Should raise a someDefi nedExcepti on exception here");
} catch(sonedefi nedException e) {
/] successful test
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If the string manipulation method did not throw the exception then program control would be directed to the fail statement and we
would get an informative message upon executing the test unit.

5. References

»  http://members.pingnet.ch/gamma/junit.htm

Test Infected:
Programmers Love Writing Tests

Kent Beck, CSLife
Erich Gamma, OTI| Zurich

» http://junit.sourceforge.net/doc/cookbook/cookbook.htm

JUnit Cookbook
Kent Beck, Erich Gamma

» http://junit.sourceforge.net/doc/cookstour/cookstour.htm

JUnit A Cook's Tour
Erich Gamma, Kent Beck
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