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Introduction to Unit Testing

Software testing is an important part of the software development process, but the topic is often neglected in
the undergraduate computer science curriculum. Often, the beginner's way of testing code is to execute the
program and see if the results seem reasonable. While this may work for very simple programs, it is not
effective in projects of any realistic size. So the first design problem to solve is how to develop an effective
testing strategy. A naive approach might be to insert System.out.println statements at strategic points
in the code to display intermediate results. This technique is not acceptable for a number of reasons. These
output statements will need to be removed before releasing the production code, and likely re-inserted when
new bugs are found later on. Large amounts of debugging output can result in "scroll blindness", where the
programmer has a difficult time interpreting the results.

To be effective, tests must be repeatable to ensure that modifications have corrected the problem
and not have not introduced new errors (regression testing). To be practical, such testing must be
automated.

Unit testing is a particularly useful and natural way to test an object oriented development project. This
technique, in conjunction with "Test Driven Development" (Extreme Programming) is an effective way to
introduce good software testing practice in various software design courses. JUnit is useful in automating
such testing, which encourages programmers to incorporate the technique. Unit testing with JUnit has the
dual goals of increasing code quality and writing code faster. These apparently contradictory outcomes are
accomplished by spending less time debugging, and enhancing one's confidence to improve existing code
and add new features. A JUnit plug-in is built into Eclipse, further enhancing the tool.

A unit test exercises a "unit" of code in isolation and compares actual with expected results. In Java, the unit
is usually a class. Unit tests invoke one or more methods from a class to produce observable results that are
verified automatically.

Proponents of Extreme Programming (XP) recommend test-driven development as a desirable and effective
way to develop software. This technique involves first designing test cases, and then developing class
behavior that will satisfy the tests. Class implementation is done incrementally, with tests performed
whenever a change is made.

"If code has no automated test case written for it to prove that it works, it must be assumed not to
work. An API that does not have an automated test case to show how it works must be assumed un-
maintainable."
Java Tools for eXtreme Programming, Hightower & Lesiecki
Guidelines for Software Testing

! This project was funded by an Eclipse Innovation Grant, IBM Corporation
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e Tests should use the same language as the code being tested

o Test code should be separate from implementation and application code

e Test methods should be independent of the results of other methods

e Testing should be done often, and executing tests should be fast and easy

e Test cases should be logically grouped into test suites

o Tests should be self-checking, and produce immediate feedback that is be easy to read and
interpret

JUnit

JUnit is a Java framework for writing and automating unit tests. In Java, a unit under test is usually a method.
A typical unit test involves verifying that a method accepts input parameters in a certain range and returns
the expected value or modifies the state of the object as expected for each input. In other words, does the
method uphold the terms of its contract (specifications)?

Terminology
A test case is a set of tests that exercises some common behavior, such as for a class or a method. A test case
defines a test fixture, that provides that resources (data) needed to run the test. A test suite is a collection of
related test cases. A TestSuite class selects all methods whose names start with zesz.
All public, non-static, parameterless methods whose names begin with test are text methods.
The steps taken when JUnit executes a test case are as follows:

1. Execute the setUp method to initialize the test fixture.

2. Execute the textXXX method.

3. Execute the tearDown method.

Insert a diagram

Any assert method that fails will terminate the test method, i.e. there will be a maximum of one failure per
test method. In most situations, at most a few assert method calls should be used in any test method.

Core JUnit Assert Methods

assertTrue/False — asserts that a condition is true/false
assertEquals — asserts that two objects are equal
assertNull/NotNull — asserts that an object is/is not null
assertSame/NotSame — asserts that two objects refer to the same object
fail - fails a test

There are 20 forms for the assertEquals method for many different types (primitives mostly). The
assertEquals method uses == for comparing primitives, and .equals for objects. In the case of
floating point numbers, an additional parameter representing the error tolerance level is required. See the API
specifications for the Assert class for details.

Eclipse includes a plug-in that integrates JUnit into the Java IDE, that support creating and running unit tests.

Keep the bar green to keep the code clean. — The JUnit motto
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A Simple Example

This first example will illustrate testing a simple class to represent a bank account. The requirements of the
class are that instances maintain a balance that must be non-negative. The behavior of account objects
include deposit, withdraw, getBalance and equals. The first two methods must provide an
amount to be used in the transaction.

Before we begin, let's get an understanding of the behavior of an account object by designing a test plan.

For the deposit method (starting with balance = 200):

Test Case Amount Reason Expected Result
1 300 normal 500
2 0 boundary 200
3 -300 error ?

For the withdraw method (starting with balance = 200):

Test Case Amount Reason Expected Result
1 150 normal 50
2 200 boundary 0
3 0 boundary 200
4 -100 error ?
5 300 error ? (overdraft)

We'll build the class and corresponding test cases in Eclipse.

Let's start simple by defining the constructors and the deposit method for the Account class. Although
the deposit method is very easy to write, we won't implement it yet.
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Tpublic class Account {

Cla==s invariant: balance

private douoble balance;

}=

with balance
(st be >= 0)

I
a

with balance

balance
(=t be >= 0)

il J#* Initializes this= Account
* @param b initial balance
*f
~ public Account (dooble b) {
thiz.balance = b;
}
- f#% Initializes this Account
*f
4 public Account () {[.]
il F##% hdds amount to this.
¥ @param amount the amount to deposit
*f
o

public void depos=sit (douoble amount)

{

Fig. 1

Account.java — a simple class to represent the balance in a bank acc

Writing unit tests for simple constructors like these is usually considered overkill, so lets move on to testing
the deposi t method. This should be simple — construct a test fixture, call the deposit method, and
determine if the result is as expected. With the Account class file selected, create a a test case usingt the

JUnit TestCase Wizard as shown in Fig 2.

E Java - Account.java - Eclipse Platform

File Edit Source Refactor

Mavigate Search Project Run  Window Help

HMrE G - BHE & S
i T A . g
[# Package Explorer 53 = 8| 4] Account.java &3 |7 JUnit Test Case
Class
ap [] %% - | [ e G?
= =¥ Account * Lccour @ Interface i
=3 (default package) * Class invariant: balance »=
- [J] Account.java =
[+ JRE System Library [{2sdk1.4 |

vpublic class Account {

private dooble balance;

SEE

Initialize=s thi= Accou
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The first time you create a JUnit class, you will be prompted to add the junit. jar file to the project's
build path. Click Yes (see Fig. 3).

ru Mew Test Case

\?/- The JUnit library ‘junit.jar' is not on the build path. Do you want to add it?
-

Fig 3

The wizard then gives a template with several fields already filled in. For this test case, the default class
name (AccountTest) has been changed to AccountDepositTest to better reflect the method being
tested. We've also checked the box to add a setUp method to the test class.

E Hew JUnit Test Case
Junit Test Case
A The ues of the default package is discouragad. E
Source Folder: | Account
S gt
MName: AccountDeposiiTest
Superclase: junit. framework.TestCase Browse...
Which mathod stubs weuld you lis ta reate?
[ pubshic static void main(String[] args)
[#]setnd
[ tearDownd
[ constructor()
Class Under Test: | Account
pext> || Emsh || cancel
Fig 4

Next select the deposit method so that Eclipse will generate a test method stub for it, and click Finish.

-5- Last Modified: 10/18/2004



Test Methods
Select methods for which test method stubs should be created.

Available methods
= EIGI:I Select Al
0 0°© Accantd
[Fl @ depost{double)
= O& objec
1 method selected.
[ create final method stubs

[[]create tasks for generated test methods

et > | (i) (g

Fig 5
Fig 6 shows the test case skeleton generated by Eclipse.

[J] = AccountDepositTest.java 52 [J] Account.java

import junit.framework.TestCase;

v_l,-‘h'w
* fanthor mike
wf

“public class AccountDepositTest extends TestCase {

- i=
* [@Ezee TestCasefsetlUp()
wf
Ao protected wvoid =setUp|() throws Exception {
super.setUp ()
¥

= public wvoid testDeposit() {
¥

Fig 6
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Next, add a test fixture - in this case, an Account. The account object is initialized in the setUp method.

m * AccountDepositTest.java &0 m Account.java

import junit.framework.TestCase;

=

# Tests the deposit method

o

vpoblic class AccountDepositTest extends TestlCase

Locount a;

= S*¥ a = Account object with initial balance 200
<y protected vold setUp() throws Exception {
soper.setlUp () s
a = new Account (200) ;

_ H
= S*% Tests a deposit of 300
= public wvoid testDeposit ()
a.deposit (300);
assertEquals ("Deposit 300: ", 500, a.getBalance (), 0.0):
H

Fig 7

Note the extra parameter in the assertEquals method call that represents the error tolerance for
comparing two doubTe values.

Now run the test case by selecting Run As -> JUnit Test (see Fig. 8).

This opens a JUnit view which shows that the test failed (Fig. 9). This is no surprise, since the body of the
deposit method has not yet been implemented.
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= Java - AccountDepositTest. java - Eclipse Platform
File Edit Source Refactor MNavigate Search Project Bunm Window Help

aENEN-EE A A RRI - ACARE P AR

{tg Package Explorer &% = ¥| 5 1Java Applet
B run... S S—
2| B q% S [T 2 Java Application
2 = Account il 3% 3 JUnit Plug-in Test
=} (default package) ke Ju 4 JUnit Test
@ : = Tests the t
] Account.java 4 5 Run-time Workbench
m AccountDepositTest.ja =/

!‘gﬁ JRE System Library [j2sdk: =puoblic class AccountDepositTest extends °
G- JUNIT_HOME fjunit.jar - C:
Account a;

= S#*% 3 = Account object with initial 1}
*f
C protected wvoid setUp() throws Except:
soper.zetlUp ()
a = new Account (200) ;
H
Fig 8
i It
@ U dUnit &2 . Package Explarer L 4 B, B » = O
Finished after 0.109 seconds
Runs: 1/1 B Errors: 0 B Failures: 1

gt Failures |E|T: Hierarchy |

Etestl]eposit - AccountDepositTest

. S|
Failure Trace _H=| =

Hunit, framework. AssertionFailedError: Deposit 300: expected: <500.0> but was: <200.0> |
at AccountDepositTest, testDepasit(AccountDepositTest. java: 21)
at sun.reflect. NativeMethodAccessorImpl.invokel(Mative Method)
at sun.reflect. NativeMethodAccessorImpl.invoke(MativeMethodAccessorImpl. java: 39)
at sun.reflect. DelegatingMethod AccessorImpl.invoke(DelegatingMethodAccessorImpl. java: 2
at junit. framework, TestResults 1, protect(TestResult. java: 106)

IRITRIRIRe il
o

Fig 9

For illustration, let's do the minimal work needed to make this test work — add an assignment statement to
deposiit that stores 500 in balance.
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public void deposit (domble amount)
this.balance = 500;

Fig 10

Then run the test again by saving the modified Account class and clicking the Rerun Last Test button
(since JUnit loads the latest class files, the most recently compiled updates are always used). This fixes the

problem, at least for the test in question.

-
g JUnit &2 . Package Explaorer

b, fE v =0

Finished after 0,016 seconds

Rerun Last Testi_

Runs: 1/1 A Errors: 0

EB Failures T: Hierarchy |

B Failures: 0

= Failure Trace

1t

Fig 11
So now let's try another test.

o Mt ]

M#Eﬂfﬁ'_ w W
| Frshed aifier OLO-T seconds
Runs 2 O Erors 0 O Fadlures | =

pFshnes | Frserarchy
O Serenon 400 - AsmriDeposiTes!

= Falre Tence ]
] pru rarnevessh. AsseraFaledEror: Depeat 40); exgeote 500,00 bl wi: 500,00
= #t AccounTwpostTest. b Depost 8000 Acroun DepostTest. ;1)
= gt sunreflsct MatveMe rodioressoimpl invoisd(ReTee Metad)
= 8% s re et Bt B et pen Srpl ok (i B Bl A e Jrgd iy ac 15)
= ot prrefiect gatng crsnor Impl insvoke Delegabng
= i et Frommesor, Terfesitd Lonotect{Tes Riesul jave: 306)

o

N eIl sy

Fig 12

B 2w O O[] Abeneamest java £

| acmmrngmn |

tmpoEt sumie. fepmewasy TestCase:

* Teats

the deposlit method

“peblic class Aecsuntlepositless extends Tesstose {

RESAUAE &

f== a = Rheopunc ocbjeac

r ith imicial balance 200

protested void setlp(] throws Exception |

Teats & deposic of 300

poblis waid testDepesititd() |
a.deposis (300}
asserctEquals (*Deposic

300:r ",

L00; a.gecBalance(),

=¢ Teptn & deponic of 400 o
poblic woid TestbDepositdddi) |
a.depealt (400}

aspercEgaals ("Deposic 400: ", €00, a.gecBalancedl,

The name of the existing test was changed to testDeposit300 to better reflect the action being
performed. Then copy and paste the method and make appropriate changes to test a deposit of 400. Saving
AccountDepositTest.java and rerunning the last test reveals that the implementation of deposit
only works for a deposit that results in a balance of 500. So let's fix the deposit method to do the right

thing.
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public void deposit (douoble amount) {
thi=z.balance = thi=s.balance + amount;

Fig 13

Save the change and rerun the last test. Success!

1
gU JUnit &3 . Package Explurer| v B, L+ =08
Finished after 0.047 seconds

Runs: 2/2 B Errors: 0 B Failures: 0

BE Failures |E|f: Hierarchy |

= =i -+
= Failure Trace =

Fig 14

Sidebar : Debugging in Unit Tests

Double clicking on the failure trace line in the JUnit view will open the test case in an editor, and position the
cursor in the test method where the failure occurred. But this does not give any information about the actual
method where the problem lies. Occasionally, debugging is the best action to take. This is simple to do in
Eclipse. First set a breakpoint (double click in the margin on the line where the breakpoint should be set).

Runs: 2 B Errors: | B Failures: <public class AccountwithdrawTest extends TestCase {
| Account a;
pEFaiures 'E:Hierardw| /*% a = account object with initial balance 200 =/
£ E P protected void setuUp() throws Exception {
B testWithdraw 150 - tests.account. Ac super.setup();
a = new Account(200);
T
J#% Tests a withdrawal of 150 =
- public void testwithdrawl50() {
=) a.withdraw(150);
assertequals("withdraw 150: ", 250, a.getBalance(), 0.0);
J#% Tests a withdrawal of 300 =
- public void testwithdraw300() {
try {
a.withdraw(300);
fail("should have thrown an IllegalArgumentException”);
[i] i | [i] T catch (I'I'Iega'lAr‘ umentExcept'ion e) {}
= Eai L assertequals("withdraw 300: ", 200, a.getBalance(), 0.0);
= Failure Trace £| = 1
JQ junit. framework., AssertionFailedError: b
= at tests.account. AccountiithdrawTe
= at sun.reflect. MativeMethodAccessor

Fig S1
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Then from the Debug menu, select Debug As -> JUnit Test. This will open a Debug perspective, pausing
execution at the breakpoint. Now all the usual debugging facilities are available, such as stepping into the
method where the problem occurs.

%&Debug i 1§ T _m 7= w = 0O ||Breakpoints | tI=Variables 3

‘AccountWithdrawTest, testiWithdraw 1500) line: 20 [A] @ this= AccountWithdrawTest (id=13)
MativeMethodAccessorImpl.invokeO{Method, Object, Object[]) line: not av:
MativeMethodAccessorImpl.invoke(Object, Object[]) line: 39
DelegatingMethodAccessorImpl.invoke{Object, Object[]) line: 25
Method.invoke(Object, Object[]) line: 324
AccountWithdrawTest({TestCase).runTest() line: 154
AccountWithdrawTest{TestCase) runBare() line: 127
TestResults1.protect() line: 106

TestResult. runProtected(Test, Protectable) line: 124

= TestResult.run{TestCase) ine: 109 [V]

Q) | B
m Cl.java m Al java m C1iTest.... |1| Account... m Account... &3 m Account... m Driver.... Py 8
a = new Account{200); [a]

h

JE% Tests a withdrawal of 150 =
- public void testwithdrawl5s0() {
B a.withdraw{150);
assertequals("withdraw 150: ", 250, a.getBalance(), 0.0);

/%% Tests a withdrawal of 300 e
- public void testwithdraw300() {
try {
a.withdraw(300);
fail{"should have thrown an I1legalargumentException");
T catch (I1'I'I’e“gal'l;!:.r‘gumentlzxcqpt'iun e) {}

(]
e — e P . Y A mh o

Fig S2
End of Sidebar
At this point, adding a boundary case (deposit 0) will round out the test case for deposi t. Note that a test
with a negative amount should be added to see how the method reacts to invalid data. We'll examine this
later.
Now let's test and implement the withdraw method. It seems similar to deposit, so as a first attempt,

we'll add a statement that subtracts amount from the balance. We'll also add another test case with a test
for withdrawing 150 from an Account with a balance of 200. Success!
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-
m AccountWithdrawTest.java &2 m AccountDepositTest. java | m Account.java

import junit.framework.TestCase;

- R
* Tests the withdraw method
*/
vpuoblic class AccountWithdrawTest extends TestCase {

Account a:

f¥*% a = Account object with initial balance 200
i protected void setUp() throws Exception {
super.setlUp () ;
a = new Account (200) ;
¥
f#% Tests a withdrawal of 150 ¥ f
= public void testWithdrawli0 () {

a.withdraw(150):

}-
}
[ — “y
EU dUnit &3 . Package Explorer | B
Finished after 0.047 seconds i, % EE -
Runs: 11 E Errors: 0 B Failures: 0

@l Failures |E|1: Hierarchy |

Fig 15

if

agsertEquals ("Withdraw 150: ", 50, a.getBalance(), 0.0):

Note that the class invariant requires a non-negative Account balance. The implication for withdraw is that
amount must be < balance. We'd better test this by attempting to withdraw more than the balance in the
account. The correct action in this case would be to reject the transaction and leave the balance unchanged.

-12 -
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-
m AccountWithdrawTes. .. &2 m AccountDepositTest.j. .. | m Account.java

=

Teats the withdraw method
w1lic class AccountWithdrawTest extends TestCase {

Account a:
f*¥% a = Account object with initial balance 200
& < protected wvoid setUp() throws Exception {
super.setUp () :
a = new Account (200) ;

f#% Tests a withdrawal of 150 ¥ f
= puoblic void testWithdrawl3O() {
a.withdraw (150)
agssertEquals ("Withdraw 150: ", 50, a.getBalan

j#* Tests a withdrawal of 300 =/
= poblic void testWithdraw300() {
a.withdraw (300) :
agsertEquals ("Withdraw 300: ", 200, a.getBala

' I
@U JUnit &3 . Package Explorer dL qp B, B » =0
Finished after 0.063 seconds

Runs: 2/2 H Errors: 0 B Failures: 1

go Failures |E|1: Hierarchy |

Etest‘uﬂfimdrawﬂﬂn - AccountWithdrawTest

; S| oF
Failure Trace _H=| z

R
L=

junit. framework, AssertionFailedError: Withdraw 300: expected:<200.0= but was: <-100.0=
at AccountWithdrawTest, testWithdraw 300{AccountWithdrawTest. java: 25)
at sun.reflect. NativeMe thodAccessarImpl. invoke 0{Mative Method)
at sun.reflect. NativeMethodAccessorImpl. invoke (MativeMethodAccessorImpl. java: 39)
at sun.reflect. DelegatingMethodAccessorImpl.invoke (DelegatingMethod AccessorImpl. java: 2°
at junit.framework. TestResults 1. protect(TestResult. java: 108)

IR

Fig 16

It is no surprise that the test fails.
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The preferred fix for this problem is to have the withdraw method throw an exception if the parameter does
not meet the method's preconditions. Making the appropriate modifications, and rerunning the test results in
an error. This indicates that the withdraw method did throw an exception as shown in the stack trace.

-
TestResuIt.dass m AccountWithdrawTest. java m AccountDepositTest.java (m * Account.java &4
= f*% hdds amount to this.balance |

* @param amount the amount to deposit (must be >= 0)

&

wpublic wvoid deposit (dooble amount)
thi=.balance = thi=z.balance 4+ amount;

= /%% Bubtracts amount from this.balance
* [Fparam amount the amount to withdraw (must be > 0 and <= balance
TllegalArgumentException

wpublic void withdraw (donble amount)
if (amount < 0.0 || amount > thi=s.balance)
throw new IllegalfArgumentException("Invalid amount for withdra

H
thi=z.balance = this.balance - amount;
H
© — "y
ﬁﬁJUnit &3 ™. Package Explorer O
Finished after 0.078 seconds I 4 % EH -
Runs: 2/2 B Errors: 1 B Failures: 0

gl Failures [z Hierarchy |

#’]test‘uﬂ!imdrawmﬂ - AccountWithdrawTest

= Failure Trace |"'§ £

—T
JE java.lang.IlegalArgumentException: Invalid amount for withdraw

at Account, withdraw (Account.java: 34)

at AccountWithdrawTest, testwithdraw 300{AccountWithdrawTe:
at sun.reflect.MativeMethodAccessorImpl.invoked(Mative Metho
at sun.reflect.MativeMethodAccessorImpl . invoke (MativeMethod!
at sun.reflect. DelegatingMethodAccessorImpl.invoke{Delegating
at junit. framework. TestResults1. orotect{TestResult. iava: 1081

Fig 17

While this error does indicate the test succeeded, we don't want the red bar. Rewriting the test with the call to
withdraw in a try-catch block puts the method call in the proper context. The call to fail will occur only if an
exception was not thrown when it should have occurred.

-14 - Last Modified: 10/18/2004



-
m AccountWithdrawTest.java &5 m AccountDepositTest.java | m Account.java

import junit.framework.TestCase:;

el
* Tests the withdraw method
*f
“public class AccountWithdrawTest extends TestCase {

Account a;

f*¥% a = Aocount object with initial balance 200 */
an protected void setUp() throws Exception {D
f#=#= Teztz a withdrawal of 150 #*
B public wvoid testWithdrawl50 () {D
f#* Tests a withdrawal of 300 =
il public void testWithdraw300() {
try {

a.withdraw(300) :

} catoch (IllegaldrgumentException &) {1}

H
i« — il
gudUnit &2 . Package Explorer B
Finished after 0.047 seconds ] % Eﬁ -
Runs: 2/2 B Errors: 0 B Failures: 0

pE Faiures |E|E Hierarchy |

Fig 18

fail ("Should have thrown an IllegalirgumentException™) :

aszertEquals ("Withdraw 300: ", 200, a.getBalance(), 0.0):

Now adding a similar exception to deposit and a corresponding test will complete the development of these

two methods.

Note also that the constructor should also throw an exception if an attempt is made to create an account with
a negative balance. The class should be appropriately modified, and a test written to verify that it does in fact

work.

Sidebar : Running individual test methods

It is possible to run any test method individually from the context menu in the Outline view. Right click on

the method to be run, select Run -> JUnit Test and only the selected method will be executed.
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End of Sidebar

Test Suite

AW s e w v

tests,account

‘= import dedarations
=-@ AccountDepositTest
& @ Account
Ta -_SEtUI:Il:I

COpen Type Hierarchy F4

Open Call Hierarchy Ctrl+alt+H estDepositd()

cut T estWithdrawMNeg300()
o Cu * estConstructieg()
[i=| Copy Cirl+C
“'.
L=
i Delete Delete

L

Source 3

Refactor 3

References ¥

Declarations *

Dccurrences in File

Toggle Method Breakpoint

Run ¥ Ju 1 JUnit Test

Debug 3

Compare With | @ Run...

Replace With L !

P i 1 |[l]
Restore from Local History... —
= /M =~‘|
Fig S3

A group of related test can be aggregated into a test suite and run together. This is done in Eclipse by using
the New -> Other wizard and selecting JUnit Test Suite (Fig. 19).

The wizard will use the default name AllTests for the class and select all classes in the project with names

ending in Test.

-16 -

Last Modified: 10/18/2004



File Edit Source Refactor Mavigate
wREENETE S 2
(] |‘_|{" Project... I:
B Package i
(& Class
¥ Interface
8% Source Folder av:
(% Folder tfa
[ File i
[EF JUnit Test Case
Fig 19

m

JUnit Test Suite
& The use of the default package is discouraged.

T

Source Folder: | Account

=
1]
=
i

Package: (default)
| |

Erowse

Test suite: | klTests

Test Classes to indude in Suite:

& AccountwithdrawTest
G AccountDepositTest

il
E
E

Deselect Al
2 dlazses zelected
Would you like to create a method stub for main?
[ public static void main{String[] args)
Add TestRunner statement for: | text ui
< Back Next > Fiish || cancel
Fig 20
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Now suppose we extend the Account class so that an attempt to withdraw an amount greater than the
current balance will result in an overdraft fee being charged against the account.

e

* Overdrafticcount.java - Bank accounts that charge=s a fee for attempts
* withdraw more than the current balance

o

=“public class CverdraftAccount extends Account

private static final double OVERDRAFT FEE = 20.0;

3 F**]
ki public OverdraftAccount ()
super (),
}
3 F**[]
= public CverdraftAccount (double b)
super (b) ;
¥
= f*% SBubtracts amount from this.balance
* (or subtracts OVERDRAFT FEE from this.balance if amount > this.balance)
* [Eparam amount the amount to withdraw (must be > 0 and <= balance)
* @throws IllegalArgumentException
= public void withdraw (dooble amount)
try {
super.withdraw (amount) ;
} catch (IllegalArgumentException e)
soper.withdraw (OVERDRAFT FEE) :
throw e;
H
}

Fig 21

The following test case verifies that the withdraw method works properly.
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import junit.framework.TestCase;
= R
* Test case for withdraw from COverdrafticcoun

w

it

“puoblic class OverdrafticcountTest extends TestCase

Acocount a;

f*% Initialize a with balance 200 *
K protected vold setlUp() throws Exception {
super.setlUp () ;
a = new CverdraftAccount (200)
}
f**% Test: Withdraw 150 *
= puoblic volid testWithdrawlE()
try {
a.withdraw (150) :
aggertEquals ("withdraw 150: ", 50, a.getBalance(), 0.0);
} catch (IllegalirgumentException &) {1}
}
/*%% Error test: Attempt to withdraw 250 */
= puoblic vold testWithdrawlver ()
try {
a.withdraw (250) :
aggertEquals ("withdraw 250: ", 180, a.getBalance(), 0.0);
fail ("Should have thrown exception™);
} catch (IllegalirgumentException &) {1}
}

Fig 22

Repeating the New wizard to create an AllTests test suite will update the test suite to include the
overdraftAccountTest case. Running the updated test suite verifies that the new implementation has
not broken any of the existing code.

Another test not included here is one to examine the result of attempting to withdraw an excess amount from
an account with balance less than OVERDRAFT_FEE. This would result in a negative balance, but this would
violate the class invariant. An appropriate solution for this case is beyond the scope of this discussion, but it
does point out how unit testing can help to detect such situations early in the development cycle.

Organizing Files
Larger projects can benefit from the organization provided by using packages. In particular, it is sometimes
recommended that test files be stored in a separate package from the source code to make deployment of the

project easier. It is easier to exclude test code from JAR files when they are stored in separate directories.
The following shows a possible configuration that separates testing code from implementation code.
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The next figure shows the hierarchy tab of the JUnit view for this package structure.

Summary

't Package Explorer ©2 . JUnit = H
3 E v

= 'E:‘J- Account

m Drn.rer java

~[4] OverdraftAccount.java
=83 tests

m AllTests. java

=8 tests.account

m AccountDepositTest.java
m AccountWithdrawTest.java
ElH} tests, overdraftaccount

~[4] OverdraftAccountTest.java
. ‘B, JRE System Library [j2sdk1.4.2]
- JUNIT_HOME fjunit.jar - C:\java‘edic

Fig 23

-
Package Explorer | gfu JUnit 23 |
Finished after 0,266 seconds 1 % EE =

Runs: 10/10 B Errors: 0 B Failures: 0

u“FaiIures |E|T: Hierarchy

= |F|E| Test for default package
I_:_||E|'E| tests, account. AccountWithdrawTest
----- ti] testWithdraw 150
----- ekl testWithdraw300
|:-:||E|'E| tests. account. AccountDepositTest
----- ti] testDeposit300
----- ti] testDeposit400
----- ti] testDepositd
----- nb_'—_l testWithdrawMNeg300
----- nb_'—_l testConstructMeg
I';'l---E"g tests, overdraftacoount. OverdraftAccountTest
----- ti] testwithdrawOK

----- EE testWithdrawOwver

Fig 24
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Follow the Extreme Programming technique of code a little, test a little. Some suggestions are to run tests
after every 10 minutes of coding.

Use and develop specifications and tests together, but independent of any application code. This will improve
the reusability of the module under development, and encourage refactoring to improve overall quality.

Exercises

Design a test plan and implement unit test cases for the Queue class (array implementation w/wraparound)
Find and correct any errors detected in the implementation.

Sidebar : Differences between Eclipse 2.1.x and 3.0.

The Eclipse 2.1.x JUnit Test class wizard does not have a prompt for adding junit. jar to the project
class path. Before writing JUnit tests, it is necessary to open the project's Property page, and in the Java
Build Path select the Libraries tab, and add junit.jar (found in the junit.org plug-in directory).

End of Sidebar
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