Unit and Component Testing Using Design Patterns

Keum-Young Sung
Handong Global University, Pohang, South Korea

kysung@handong.edu
Abstract r.index = mid ; r.found = true ;
return ; }//if part
The suggested technique in this study shows a else
new approach to software testing that can be used as a { if (elemArray [mid] < key)
basis for testing a variety of software structure, bottom =mid + 1 ;
especially using design pattern. With this study, such elsetop=mid-1;
design patterns as observer pattern, command pattern, }
bridge pattern, and chain of responsibility pattern have } /lwhile loop
been used to show that a unit and component testing } /Il search

may be performed with some guidelines. For this study }

a way of using JUnit to perform an independent path

testing as an example has also been introduced. Using The following is the Result class which is one of
the suggested technique, especially based on design  the passed parameter to the binary tree class. The
patterns, various forms of software structure can be Result class is used for recording the result of a
tested in some guided way. searching with the binary tree.

1. Introduction public class Result {

. ) ) int index; boolean found;
White box testing and black box testing are Result(){ index = 0;found = false:}

fundamental tes_tmg mef[hods along.wnh a unit and a Result(int i, boolean b) {index = i; found = b:}:
component testing. White box testing or transparen
box testing is to test internal workings and
implementation detail while black box testing does

o . An example black box test case with the JUnit is
consider internal program logic [1][3].

as follows, in which the input data using a targety
and a key to be searched is given, and the expected

1.1. A Black Box Testing with JUnit e . .
output IS given with an assertion:

With black box testing internal implementation o
is not considered, but an interface to the targeﬂmp(?rt org.junit.Test,
component is used [2]. JUnit is a Java object fania public class testCaseOutOfRange {
testing framework used with Java programming @Te_st _
language [4]. The following code for a binary tree PUb“C void test() {
searching [5] is a good example to show a test frase int] eleArray = {1,2,3,4,5};

a black box testing. int key = 6;
Result r = new Result(0, false);

binTree.search(key, eleArray, r);

public class binTree {
assertSame("Same key Value", r.found, false );

public static void search ( int key, int [] elenrAy,
Resultr)
{int bottom =0 ; }
int top = elemArray.length - 1 ;

int mid : r.found = false : Because a key value which is not in the given

rindex = -1 - array is given to the search tree in the above titdmie,
while ( bottom <= top ) the JUnit predicate, “assertSame,” asserts Fhat the
{ Boolean variable, found, should be false. The tagpul
mid = (top + bottom) / 2 ; screen shot of the Eclipse JUnit running is in Fegil,
if (elemArray [mid] == key) which shows a green line in the box of runningugtat
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which indicates that the predicatassertSame(" Same the effect of testing. In the given example arréng
key Value"r.found, false), is true. boundary values for a key include 0, 1, 3, 5, ané 6
test input with a mid key value, 3, and its
corresponding running output are as the following:

"2 ava - BinayTresTe:

Refactor Source Navigate Search Project Run  Window Help

I‘ r:\-::u‘\w@E]»émlavva v O QviE
e R AL public class testCaseD {
el ‘ Ooueimm @Test
| Ml e, 7 - public void testSearch() {
| Efihoma ‘ Teanest int]] eleArray = {1,2,3.4,5);
— j| == int key = 3;
- : : T LR Result r = new Result(0, false);
Crmmmmmm—— i binTree.search(key, eleArray, r);
wiale | smatinet | 2013 _ assertSame("Same key Value",r.found,frue

assertSame("Key Value",r.index,2 );

Figure 1. A Sample Session With JUnit With an

Invalid Key
The following JUnit code is for Searching a Key | o i e oo o oo e R s
. . . . I =i et e s @ A G s O QIR @ S i
which is the first element of the given array. o | R R

Sl fTxl =5

= g -@B=|

public class testCaseB { s @ comt s
@Test S— S
public void testSearch() { | v d’*
int[] eleArray = {1,2,3,4,5}; — =
int key = 1; o

Result r = new Result(0, false);
binTree.search(key, eleArray, r);
assertSame("Same key Value",r.found,true );
assertSame("Key Value",r.index,0 );

Writable SmartInsert | 16:4%

Figure 3. Eclipse JUnit Session With aMid-Key

The predicates in JUnit source code indicate that
the key is to be found, and that the array indekeyf
i , value is 2.
The two predicates in the above code say that All the given example JUnit codes show that

the key, 1, is matcheq at the mdex nur.nberl of fﬁef _only the interface of the component tested is used.
array, and the resulting running session is given i

Figure 2: 1.2. White Box Testing with Junit

Search Project Run  Window Help
JENTSE GBI G D i = D

The flow graph of the given example binary tree

7 5| @B e in Figure 4 is well illustrated in [5]:
[ testCascjova 52 S| =8
f Tl elxE(
8. Junit Assert. i) -
® comectmiyyn %

Connect to your task and ALM
¢ tools or create a local task.
ray = {1,2,3,4,5h

Resull(e, false); £ Outline 37 =g

bottom > top while bottom <= top

= Failure Trace =
B Console 2 X% LEEE =a-ri-=0 if (elemArray [mid] = key
<terminated> testCase [JUnit] C:#jre7#binwiavaw.exe (2013, 12. 26. 93 11:54:22)
witsble Smartinsert | 16145
o (if (elemArray [mid]< key

Figure 2. JUnit Session With the Key Index of 0

The green line tells that the two predicates are
proved to be true.
For black box testing, boundary values are used

L _ L Figure 4. Independt Basis Paths
to minimize the number of test inputs, and maximize
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Based on the cyclomatic complexity [6], the [£=
number of paths is the number of decision plushé, t R i mm/
independent paths of the above flow graph are [5]: : @ 0 12 ndepndenth. 5 -0 g -

o 5| 5 T package testing; - t || v

rg. junit.Assert.®;[]

Finished after 0,078 seconds
s IndependentPathTesting {
Runs: 1B Emors: B Failures:

h() {
{1,2,3,4,5}

a.th 2 Fi] testing IndependentPathTes

@ (3 Problems @ Javadoe [, Declaration & Console 32 =0

For white box testing based on independent path . xE G AEE S
testing, each path can be tested by adjustingahes by i
of variables that are in the target path. For exanp :
test path 2 the setting of the variables are dsvist

Figure5. A White Box Testing For Searching a

bottom <= top Mid-Index Key

elmArray[mid] != key

eleArray[mid] < key’ The output window of the above figure shows
expected output: control back to node 2 the mid-value of the array index, status of key

matching, and the number of loop repetition aofed:
The essence of independent path testing is to

minimize the number of paths for testing while tak mid value: 2
statements should be tested at least once. key value is matched
loop count: 1

2. Unit and Component Testing With Junit
_ ' _ ' The output of JUnit reflects exactly the
2.1. Tegting a Single Component with Junit condition of the independent path testing for path

i . ) ] which was given as below.
The suggested technique with JUnit for testing a

single component is to make the same conditiomas t
one shown in the original basis path condition. The
condition for the path 1is as given below:

bottom <= top
elmArray[mid] = key
expected output: true, index value

bottom <= top
elmArray[mid] = key
expected output: true, index value

The testing for paths 2 and 3 is prepared with the
same procedure, which also makes use of a loop
variable to track program control flow, and uses th
object of Result class. The JUnit code for tespiaths
5 and 3 is as below, and the running session is in
Figure 6.

The suggested technique in this study makes us
of a loop count variable and a result object, inclvta
loop variable is for tracking how the program cohtr
flows, and a resulting object expresses the saagchi
result with a Boolean value. The running session o
Eclipse JUnit for path 1 is given in Figure 5, ahe
JUnit code is as below:

¢ public class IndependentPathTesting {
@Test

public void testSearch() {

int[] eleArray = {1,2,3,4,5,6,7,8,9};
@Test int key = 3;
Result r = new Result(0, false);
binTree.search(key, eleArray, r);
assertSame("Same key Value", r.found, true );

public void IndependentPathTesting () {

int[] eleArray = {1,2,3,4,5};

int key = 3;

Result r = new Result(0, false); }
binTreesearch(key, eleArray, r);

assertSame(" Same key Value' r.found, true );

}
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& Console 2 X %| G BB(EE) 2

fependentPathTesting LIUNIt) C:#re7ointjavaw.exe (2013. 12. 27. ©F1 9:24:16)

i

Figure 6. A White Box Testing For Paths2 and 3

The output shows the progressive change of
array mid value and the number of loop repetition

count as below:

mid value: 4

loop count: 1

lower half of the tree to be searched
mid value: 1

loop count: 2

upper half of the tree to be searched
mid value: 2

key value is matched

loop count: 3

Figure7. Class Hierarchy Shown With StarUM L

Figure 7 shows an inheritance relationship in
which there is an inheritance or a chain of
responsibility line from StaffMember to Employee
lass, and from Employee to Hourly class. Suggested
in this study is the comparison between superclass
object and subclass object in terms of inherited
attribute values. The following picture shows the
attributes inherited from super to sub class, whgh
indicated by curved arrows.

StaffMember
name 5 |
address Emp\l_é—\j ee \/: §z
phone socialSecNumbe
payRat Hourly
hoursWorke

The following assertions are to test if an

The above running result reflects the testinginherited attribute from the superclass has bee&u us

condition of paths 2 and 3 which is as follows:

bottom <= top

elmArray[mid] != key

eleArray[mid] < key or eleArray[mid] > key

expected output: control back to while condition
statement

2.2. Composite Component Testing and Chain
of Responsibility Pattern

properly by a subclass.

assertSame("test SuperClass, StaffMember-
attribute”,

staffObj.name, "John");
assertSame("test hourlyObj attribute inherited"”,
hourlyObj.name, "John");
asserteEquals(employeeObj.payRate,
hourlyObj.payRate, 0.0);

The attribute to the

“name” belongs

When we test a composite component which has'StaffMember” class, and is being used by the sadxl

the form of the chain of responsibility pattern,
generally the interface testing is used. It is easy to
systematically prepare the test case for interfasting
especially for a composite component because ikere
a complex data flow among related sub-components.

Hourly. the “payRate” method of Employee class is
inherited to “Hourly” class.

assertSame("test SuperClass, Employee-attribute”,
hourlyObj.socialSecurityNumber, "234-232-

In this study, a Java package containing severaB345");

classes combined with super- and

sub-class

In the above predicate, the

relationship. The example package has the following'socialSecurityNumber” attribute has been inherite
inheritance hierarchy as shown with StarUML designfrom Employee class to Hourly class. Figure 8 shows

tool [7].
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Command switchUp = new FlipUpCommand(lamp);

i Command switchDown = new
& | (BT @ cree+

== || FlipDownCommand(lamp);
P Switch s = new Switch(switchUp,switchDown),
S s.flipup();

Connect to your ta
and ALM tools or ¢ .
T s.flipDown();

Bsouwt. x = @

Bl R ¢ }

Run  Window Help
TiE @i lgitss 0 QEiE @ -

Quick Access

5

of BB | @

Finished after 0.016 seconds.

Runs: @ Erors: B Failures:

# composite }
4 © TestHourly

@ Hourly t¢

i v

i
o
i

2 Comsoe 2 _ -5 Switch Up from Invoker
il Command.
The light is on, received

Figure 8. A JUnit Session for Testing a Composite Switch Down from Invoker

Component Command.
The light is off, received

The screen shot above shows all the predicates
testing the proper use of inherited attributespacved The above testing output shows the activation
to be true. sequence of the invoker, the command, and finakiy t
The essence of the suggested composite@eceiver object. For this output, each three corapbn
component testing is to make sure the proper use dfas an inclusion of probe statements as below:
inherited attributes with the use of various Jlsisert-

predicates. public class Switch {
private Command flipUpCommand;

3. Testing Based on Design Pattern private Command flipDownCommand;
public Switch(Command flipUpCmd,

A design pattern is a general reusable solution to Command flipDownCmd) {

a commonly occurring problem within a given context this.flipUpCommand = flipUpCmd;

in software design [8]. With the help of designteat, this.flipDownCommand = flipDownCmd;

frequently used software structures may be categgri

for the purpose of increasing reusability and public void flipUp() {

maintainability. Systenout.printin(" Switch Up from Invoker");

i - . fipupC d.execute();
3.1. A Testing Guide for the Code with the ipUpCommand.execute()

Command Pattern

}
public void flipDown() {

Systenout.println(" Switch Down from Invoker");

In the code having the command pattern, the .
fipDownCommand.execute();

code consists of an invoker, a command, and averei
objects. The key to the component testing with this
type of code is to verify the control flow in the
sequence of the invoker, the command, and the
receiver component. The testing procedure, thezefor
is to show that the invoker activates the command,
the command activates the receiver.

As an example, the following code snippet
shows the activation of an invoker, and the resglti
testing output:

public class FlipDownCommand implements
Command {
private Light theLight;
public FlipDownCommand(Light light) {
this.theLight=light;
}
public void execute() {
Systenout.printin(" Command. ");
theLight.turnOff();

}

import static org.junit.Assert.*;

import org.junit. Test;

public class TestCommandPattern {
@Test }
public void test() {

Light lamp = new Light(); public class Light {

public Light() { }
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public void turnOn() { The Junit output shows the state change of an
Systenmout.println(" The light is on, received"); object, which reflect the state change of the systeor
} this testing, a necessary method has been addbe to
public void turnOff() { interface definition as shown below:
Systermaut.println(" The light is off, received");
} public interface IObserver {
} void update(String state);
String getState();
The output of JUNIT shows the example code public String getState(); / this line is added
has an exact of activation sequence of invoker, }
command, and receiver objects.
All the observer objects implement the above
interface, and share the method “update, " which is
invoked by the system to reflect the system state

change. The method, “getState(),” has been added to

The testing goal is to check the state of eachne jnterface definition for testing purpose.
observer object as the system state changes. ™ pro

the state change of observer objects in obserttsrpa 3.3, A Testing Guide for the Code with the
generally the interface class is modified to inelud Bridge Pattern

some method for testing purpose. The followingris a
example JUnit test code and its resulting outpuerwh
we test a code based on the observer pattern.

3.2. A Testing Guide for the Code with the
Observer Pattern

The testing goal is to check whether abstraction
and implementation are really separated by inclydin
additional abstraction and implementation. Withsthi
example, the class, “Shape” is the abstraction,thad
class “DrawingAPI” is the implementation. The tegti
implementation, “DrawingAPI3Test,” and the testing
abstraction, “RectangleShape,” are added to theceou
code for testing the target code structure basethen
bridge pattern. The following are the Junit testleo
and its corresponding output. The output showsttieat
source code in test has been made based on thge brid
pattern .

@Test

public void test() {

LogSubject subject = new LogSubject();
IObserver ob1 = new Observerl();

IObserver ob2 = new Observer2();
subject.attach(obl);

subject.attach(ob?2);

subject.setState("statel");
System.out.printin("testing the state of subjeetty);
assertEquals("ls the name correct?",

"statel", subject.getState());
System.out.printin("the state of Observer ojectl: "

import org.junit. Test;
public class BridgeTest {

+ obl.getState());

subject.setState("state2");
System.out.printin("testing the state of subjeetct);
assertEquals("ls the name correct?",

"state2", subject.getState());

subject.detach(obl);

subject.setState("state3");

}

Observerl has received update signal with new: sttt
Observer2 has received update signal with new: sttee1
testing the state of subject oject

the state of Observer ojectl: statel

Observerl has received update signal with new: Sttee?2
Observer2 has received update signal with new: stte2

@Test

public void test() {
Shape[] shapes = new Shape[3];
shapes[0] = new CircleShape(1, 2, 3, new

DrawingAPI11());

shapes[1] = new CircleShape(5, 7, 11,

new DrawingAPI12());

shapes[2] = new CircleShape(5, 7, 11,

new DrawingAPI3Test());

for (Shape shape : shapes) {
shape.resizeByPercentage(2.5);
shape.draw();

}

}

testing the state of subject oject

Observer2 has received update signal with new: stte3 )
The output is

API1.circle at 1.000000:2.000000 radius 7.500000
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API2.circle at 5.000000:7.000000 radius 27.500000 {
Rectangle Test

In the above test, the separated abstraction and
implementation has been simply included into the
source code showing the maintainability with the
bridge pattern.

4. Conclusions

In this study, a way of performing an
independent path testing, component testing for a
composite component, and software structure based o
design patterns is suggested. Instead of the comple
value settings for variables that form specific
independent path, additional variables for tracking
program control flow and a result object for shogvin
the result of computation have been suggested to
reflect independent basis path testing. For a caitgo
component based on the chain of responsibilitysea u
of JUnit predicates that tests a legal use of itdgbr
attributes has been suggested. A new approach to
testing based on design patterns has also been

loop++;

mid = (top + bottom) / 2 ;
System.out.printin("mid value: " + mid);

if (elemArray [mid] == key)

{

System.out.printin("key value is matched");
System.out.printin("loop count: " + loop);

r.index = mid ;
r.found = true ;
return ;

} /1 'if part

else

{

System.out.printin("loop count: " + loop);

if (elemArray [mid] < key) {

System.out.printin("upper half of the tree

to be searched");

bottom =mid + 1 ;}

else {

System.out.printin("lower half of the tree
to be searched");

, ) top =mid -1}
suggested. For testing a wider range of software }
struct.ure, trlltg flollpvr\]nng_;t further Isttl.1d|esh.are. indee } Iiwhile loop
multiple inheritance r.ea ionships; } I search
@ concurrent computation; }
® a composite component consisting of objects
with complex message passing; and References

® more application of various forms of design
patterns.
Consequently, a unit and component software
testing, may be performed in an organized and gUide[Z]
way as suggested with the use of design patterns. 3]

[1]

Appendix: An Example Use of A Trace Variable

public class binTree {
public static void search ( int key, int [] elemAy;

[4]

Resultr) (5]
{
int bottom =0 ; [6]
int top = elemArray.length - 1 ; 7
int mid ;
int loop = 0; 8]

r.found = false ; r.index = -1 ;
while ( bottom <=top )
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