Chapter 5

Classes = Methods + Variables

Goals

e Implement Java Classes as a set of methods and variables
e Experience designing and testing a class that is part of a large system|

5.1 Constructing Objects from Classes

Objectoriented programs use objects swacted from many different classes. They may be

established Java classes that are part of the download, classes bought from other software
developers, classes downloaded for free, or classes designed by programmers to fulfill the needs of
a particular aplication. A class provides a blueprint for constructing objects, and defines the
messages that will be available to instances of each class. The class also defines the values that are
encapsulated in every object as the objetite

One class construting three objects, each with its own set of values (state)
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Every Java class hasethodsthat represent the messages each object will understand. Each object
of the class has its own setipn$tance variablesto store the values contained in each objEoe
collection of instance variables is also known assthte of the object).

Methods and Data Together

All classes have these things in common:

private instance variables that store the state of the objects
constructors that initialize the state

metods to modify the state of objects

methods to provide access to the current state of objects
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Java classes begin wigholic class followed by the class name. The instance variables and
methods follow within a set of matching curly braces. The methodstatelshould have some sort
of meaningful connection.

Simplified General Form:A Java class
public class classhame{

/I Instance variables (every instance of this class will get its own)
private  variable declaration
private  variable initidization;

/I Constructor(s) (methods with the same name as the class and no return type)
public classnamdg parametery {

/1 é
}

/I Any number of methods
public returntypemethodnamel( parameters){
/1 é

}
}

Here is a simplified version of tlEankAccount class. The two instance variablesand
balance are available to all methods of the class.

[/l This class models a minimal bank account
public  class BankAccount {

/I Instance variables -- every BankA ccount object will have its own values.
private String  ID;
private double balance ;

/I Initialize instance variables during construction

public  BankAccount(String initiallD, double initialBalance) { u
ID = initiallD;
balance = initialBalance;

public  void deposit( double depositAmount) { \'
balance = balance + depositAmount;

public  void withdraw( double withdrawalAmount) { W
balance = balance - withdrawalAmount;

public  String getID() { X
return ID;

public  double getBalance() { Yy

return  balance;
}
}
With the class stored in a file, it can be used Biieprint to construct many objects. Each object
will have its ownID and balance. Each object will understanadviitt@raw , deposit , getiD , and
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getBalance methods. In the following program, the numbersfor example) indicate which
method will executevhen the message is sent. For exampleepresents transfer of control from
themain method to theleposit method in theBankAccount class

@Test
public void testToDemonstrateControlFlow() {
BankAccount acctOne = new BankAccount("01543C", 100.00) ;U

acctOne. deposit(50.0)
acctOne. withdraw(25.0)
assertEquals("01543C", acctOne.getID());

assertEquals(125.0 , acctOne.getBalance(), 1e - 14);
}

< xs<

Instance Variables

In this first example of a type implemented as a Java classBea@{tcount oObject stores data to
represent a simple account at a bank. EBaekAccount object stores some unigudentification

ID and an account balan@asnkAccount methods include making deposits, making withdrawals,
and accessing the ID and the current balance.

The private instance variables represent the ®ateaccount has two private instance
variablesiD (astring ) andbalance (adouble ). EveryBankAccount oObject remembers its own
ID and its own current balance.

Notice that the instance variables are not declared within a method. They are declared within
the set of curly braces that bounds the claB& means that the instance variables will be
accessible throughout the class, and every method will have access to them.

If you look at theBankAccount class again, you will notice that every method references at
least one of the instance variabletsdd each instance variable is accessed by at least two methods
(both the construct@ankAccount andgetlD needD).

Because the instance variables are declarede , programs using instances of the class
cannot access the instance variables dire€tis is good. The class safely encapsulated the state,
which was initialized by the constructor (described below). The only way to then change or access
the state of an object is through public methods.

Constructors

TheBankAccount class shows that ablankAccount method headings are public. They also have
return types (includingoid to mean return nothing). Some have parameters. However, do you
notice something different about the method naBw@éAccount ?
TheBankAccount method has no return typealso has the same name as the class! This
special method is known asanstructor, because it is the method called when objects are
constructed. When a constructor is called, memory is allocated for the object. Then, the instance
variables are initializé, often with the arguments to the constructor. Here are some object
constructions that result in executing the cl ass

new String(  "An initial part of this object's state" );
new BankAccount( "Charlie" , 10.00);

Constructor parameters eft initialize the private instance variables. The constructor returns a
reference to the new object. This reference value can then be assigned to an object reference of the
same type. That is why you often see the class name on both sides of the assigaraémt.

For example, the following code construc®aakAccount object with an initial ID ofPhoenix"
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and an initial balance @b7.34 . After the constructor has been called, the reference to this new
BankAccount Object is assigned to the referemegiable namedne.

BankAccount one = new BankAccount( "Phoenix" ,507.34);

The following code implemenankAccount 6 S -pakameter constructor:

/I This constructor initializes the values of the instance variables

/I using the arguments use when o bjects are constructed.

public  BankAccount(String accountID, double initialBalance) {
ID = accountlD;
balance = initialBalance;

This method executes whenevesaakAccount gets constructed with two arguments(éng
followed by adouble ). For example, in the following code, the li8ssie” is passed to the
parameterp, which in turn is assigned to the private instance variablelhe starting balance of
500.00 is also passed to the parameter namieglBalance , Which in turn is assited to the
private instance variablelance .

BankAccount anAccount = new BankAccount( "Jessie" ,500.00);

Some methods provide access to private instance
because the method "gets" the value of an insteatable (and the usually begin wight ).

These methods often simply return the value of an instance variable withutihe statement.

Getter methods are necessary because the instance variables are not directly accessible when they

are declaregrivate

public  String getID() {
return mylD;

public  double getBalance() {
return  balance ;

To get the ID and balance, send the object sepgadibe andgetBalance messages.

@Test

public  void showMessagesWayAhead() {
BankAccountan Account=  new BankAccount( "Jessie" ,500.00);
assertEquals ("Jessie" , anAccount.getiD());
assertEquals  (500.00, anAccount.getBalance(), 1e - 14);

The state of an object can change. Some methods are designed to modify the values of the instance
variables. Bothleposit andwithdraw change the state.

public  void deposit( double depositAmount) {
balance = balance + depositAmount;

public  void withdraw( double withdrawalAmount) {
balance = balance - withdrawalAmount;

These tw simple test methods assert the changing state of an object.

@Test
public  void testDepositWithPositiveAmount() {
BankAccount anAccount = new BankAccount( "Jessie" ,500.00);

anAccount.deposit(123.45);
assertEquals  (623.45, anAccount.getBall ance(), 1e - 14);
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@Test

public  void testWithdrawWithPositiveAmount() {
BankAccount anAccount = new BankAccount( "Jessie" ,500.00);
anAccount.withdraw(123.45);
assertEquals  (376.55, anAccount.getBalance(), 1le - 14);

Self-Check
Use the dllowing SampleClass to answer the SelCheck question that follow.

/I A class that has no meaning other than to show the syntax of a class.
public class SampleClass {

/I Instance variables
private int  first
private int second ;

public ~ SampleCla ss( int initalFirst, int initialSecond) {

first = initalFirst;
second = initialSecond;

public int getFirst() {
return  first

public int getSecond() {
return  second ;

public  void change( int amount){
first = first + amount;
second = second - amount;

}
} /I End SampleClass

5-1 Fill in the blanks that would make the assertions pass.

/I A unit test to test class SampleClass
import  static org.junit.Assert.*;
import  org.junit.Test;

public class SampleClassTest {

@Test

public  void testGetters() {
SampleClass scl = new SampleClass(1, 4);
SampleClass sc2 = new SampleClass(3, 5);
assertEquals( , scl.getFirst());
assertEquals( , scl.getSecond());
assertEquals( , sc2.getFirst());
assertEquals( , sc2.getSecond());

}

@Test

public  void testChange() {
SampleClass scl = new SampleClass(1, 4);
SampleClass sc2 = new SampleClass(3, 5);

scl.change(7);
sc2.change( - 3);

assertEquals( , scl.getFirst());
assertEquals( , scl.getSecond());
assertEquals( , sc2.getFirst());
assertEquals( ,sc2.getSecond());
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}
}

Use this Java class to answer the questions that follow.

/I A class to model a simple library book.
public class LibraryBook {

/I Instance variables

private String  author ;
private String  title
private String  borrower ;

/I Construct a LibraryBook object and initialize instance variables

public  LibraryBook(String initTitle , String initAuthor ){
title = initTitle;
author = initAuthor;
borrower = null ; //When borrower == null, no one has the book

/I Return the author.
public  String getAuthor() {
return  author ;

}

/I Return the borrower's name if the book has been checked out or null if not
public  String getBorrower() {
return  borrower ;

/I Records the borrower's name
public  void borrowBook(String borrowersName) {
borrower = borrowersName;

/I The book becomes available. When null, no one is borrowing it.
public  void re turnBook() {

borrower = null ;
}

}

5-2 What is the name of the type above?

53 What is the name of the constructor?

5-4 Except for the constructor, name all of the methods.

55 getBorrower  returns a reference to what type?

5-6 borrowBook returnsa reference to what type?

5-7 What type argument must be part oftalirowBook messages?

5-8 How many arguments are required to constructLdsraryBook  object?

Chapter 5

59 Write the code to construct ohibraryBook  object using your favorite book and autho

5-10 Send the message that borrows your favorite book. Use your own name as the borrower.
5-11  Write the message that reveals the name of the person who borrowed your favorite book

(ornull if no one has borrowed it).
5-12  Which of the following two ssertions will pass, a, b, or both?

@Test

public  void testGetters() {
LibraryBook book1 = new LibraryBook( "C++", "Michael Berman" );
assertEquals (null , bookl.getBorrower()); Il a.

bookl.borrowBook( "Sam Mac" );
assertEquals  ("Sam Mac" , boo kl.getBorrower()); I1'b.
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}
5-13 Write methodgetTitle  that returns the title of aryibraryBook  object.
5-14  Fill in the blanks so the assertions pass.

@Test

public  void testGetters() {
LibraryBook book1 = new LibraryBook( "C++", "Michael Berman" );
assertEquals (] ], book1.getAuthor());
assertEquals (| ], book1.getBorrower());

5-15 Write methodsAvailable as if it were inside theibraryBook  class to returmfalse if a
LibraryBook is not borrowed otrue if the borrower isull . Use== to comparenull to an
object reference.

5-16 Fill in the blanks in this test method to verggtTitle  works so all assertions pass.

@Test

public  void isAvailable() {
LibraryBook bookl1 = new LibraryBook( "C++", "Berman" );
LibraryBook book2 = new LibraryBook( "C#", "Stepp" );

assert [ ](bookl.isAvailable());
assert [ ](book2.isAvailable());

bookl.borrowBook(  "Sam" );
book2.borrowBook(  "Li" );

assert [ ](bookl.isAvailable());
assert [ ](book2.isAvailable());

}
Overriding toString

Each class should have its owistring  method so the state of the object can be visually
inspected. Java is designed such that all classes extend a clas©bgted(or each class

extendsa class that extends tbheject class). This means all Java classes inherit the eleven
methods ofObject , one of which isoString . Doing nothing to a new class allovesString
messages to invoke theString  method of clas®bject . The return string ithe name of the

class followed byafollowed by a code written in hexadecimal (base 16 where 10 is A and 15 is F).

LibraryBook book1 = new LibraryBook( "C++", "Berman" );
System.out.printin(book1.toString());

Output

LibraryBook@e4457d

To get a more naningfultoString  that shows the current state of any object, you can override
thetoString  method of clas®bject with the same method signature.

public  String toString() {
return  title + ", borrower: " + borrower;

}

With thetoString  methodof Object overridden to reflect the new type, the output better
represents the state of the object.

@Test
public  void testToString() {
LibraryBook book1 = new LibraryBook( "C++", "Michael A. Berman" );
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LibraryBook book2 = new LibraryBook( "Java" , "Rick Mercer" );
book2.borrowBook(  "Sam Mac" );

assertEquals  ( "C++, borrower: null" , book1.toString());
assertEquals  ("Java, borrower: Sam Mac" , book2.toString());

Self Check

5-17 Add atoString  method for theBankAccount class to show thiD followed by a blank
space and the current balance. You will need the instance variaBlsikccount .

public class BankAccount {

private String  ID;
private double balance ;

public  BankAccount(String initID, double initBalance) {
ID =initID;
balance = initBalance;

// Add toString as if it were here

}
Naming Conventions

A method that modifies the state of an object is typically given a name that indicates its behavior.

This is easily accomplished ifetdesigner of the class provides a descriptive name for the method.

The method name should descéibas best as possildlevhat the method actually does. It should

also help to distinguish modifying methods from accessing methods. Use verbs to namenghodifyi
methodswithdraw , deposit , borrowBook , andreturnBook , for example. Give accessing

methods names to indicate that the messages will return some useful information about the objects:
getBorrower andgetBalance , for example. Above all, always use irtien-revealing

identifiers to accurately descr i loeaswhewamedf he met h
a method that withdraws money.

public or private ?

One of the considerations in the design of any class is dectagtigpds and instanceniables

with the most appropriate access mode, ejthigic  or private . Whereas programs outside the
class can access the public methods of a clasgiilte  instance variables are only known in
the class methods. For example,BhskAccount instan@ variable namebhlance is known only
to the methods of the class. On the other hand, any method declangiit ass known where the
object was constructed.

Access Mode Where the Identifier Can Be Accessed (where the identifier is visible)
public In all parts of the class and anywhere an instance of the class is declared
private Only in the same class

Although instance variables representing state could be declgsedlias, it is highly

recommended that all instance variables be declargtl@&as . There are several reasons for this.
The consistency helps simplify some design decisions. More importantly, when instance variables
are maderivate , the state can be modified only through a method. This prevents other code
from indiscriminately charigg the state of objects. For example, it is impossible to accidentally
make a credit tacctone like this:
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BankAccount acctOne = new BankAccount("Mine", 100.00);

/I A compiletime error occurs: attempting to modify private data
acctOne .balance = acctOn e.balance + 100000.00; /< - ERROR

or a debit like this:

/I A compiletime error occurs at this attempt to modify private data
acctOne. balance = acctOne.balance - 100.00; /< - ERROR

This represents a widely held principle of software developdndatashould be hidden. Making
instance variablesivate  is one characteristic of wallesigned classes.

4.2 Test Driven Development

A new class will now be implemented in the context of building a software system. This narrative
describes what the system shibbe able to do.

The student affairs office has decided to put some newfound activity fee funds toinrd a
music jukebox in the student center. The jukebox will allow a student to play individqual
songs. No money will be required. Instead, a studenswilbe a magnetic ID card
through a card reader. Students wil/ each be a
jukebox music in their academic careers at the school. A student may select a song from

the available collection. The user must be abledod Lip songs by artist and see how
long any song takes to play. No user may play more than two songs on any given gate.
No song may be played more than five times on the same date, even if six different users
try to play the same song.

One way to beginuilding this system is to first find the objects. Nouns are potential objects. We
are looking for "things" that may model the desired system. This is not the time to worry about too
many details, or even if you may be right or wrong. A first pass anfintthie objects will represent

a list that may end up as part of the system. Others will be eliminated. And still others may be
found later.

A List of Candidate Objects

Jukebox ID card
Student Collection
Song Date

Card reader

While trying to discover usaf objects, it helps to eliminate redundant entries. There is no useful
purpose for writing dowstudentmore than once, for example. Also, you should include only
those objects that have meaning within the realm of the system. Activity fee funds phevide t
money to pay for the Jukebox. However, fees and money need not be developed. We do not need to
build the student center or keep track of the student's academic careers. The seven candidate
objects listed above will do for now.

It is also important tmame things as accurately as possible. Although the name Student
appears many times, Student sounds more like an object that might represent the academic career.
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JukeboxAccount  better represents this new tygengCollection  is more meaningful than
collecion. It is also good to recognize those things that are outside of the system that needs to be
developed. The software may play a particular song over the stereo system, but we do not need to
model, nor build, the stereo sysi@rthis is outside the systeitt.also seems like we could use a
way to store albukeboxAccount  objects, so it is reasonable to list another candidate object named
JukeboxAccountCollection

The following picture represents another view of these candidate objects and their main
respamsibilities. It also recognizes other parts, such as a physical stereo system, a card reader, and a
user, all part of the final system to be controlled by the software we develop.

Candidate Objects that Model a Cashless Jukebox (the big picture)

JukeboxAccountCollection
= Keep track of all accounts
\ T A“‘—\
CardReader JukeboxAccount
Get studentD Keep one's history

SongCaollection
Maintain list of all songs

= Jukebox Song
__ Coordinates Activities Keep song info

It helps to consider the main responsibility for each object. The responsibilities convey the purpose
of an object and its role in the system. The proper assignment of responsibilities is an important
skill developed over time. It carelfuzzy at first. People on the development team may disagree. It

iS not exact science; it is more about common sense and what makes sense to most people. While
working on this system, consider that each object is responsible for two things:

1. What shald an object be able to do?
2. What should an object remember?

These responsibilities can be implemented as the methods and the instance variables of a class.

5.2 Design and Test a new Type with TDD

There are still design decisions to be made, and me2lli a way to know that the classes are doing
what they are supposed to be doing. To do this, we'll use test driven development (TDD).

The rules of TDD

1. Write the tests first with assertions that indicate the desired behavior.
2. Run the tests to see thewmtest fail.
3. Write code that makes the test pass.
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4. Refactor (makes small changes to code to improve it)

The classes in this chapter will be developed with the aid of the JUnit testing framework developed
by Erich Gamma and Kent Beck. JUnit is a designtaating tool that is part of virtually all Java
integrated devel opment environments (| DE&s).
such as BlueJ or Dr Java. It also includes IDEs for professional software developers such as
NetBeans, Intelll, and Eclipse. Other testing frameworks that aid software development also exist

for designing and testing software in other popular languages such as PHP, C++, C#, and VB.NET.

Develop (design and test) One Class, One Method at a Time

I will be specifyingfunctionality as JUnit tests. The minimal code needed to write tests begins as a
new class namesbngTest . To gain access to this testing and development tool, two imports from
the org.junit package are needgskert andTest .

import static org.junit.As sert.*;
import org.junit.Test;

public class SongTest {

}

Self-Check

5-181In this section, it helps to type in the code as you are reading. Thaheeks for this chapter
are limited to typing in any new code. | indicate the new code to be addedifiadeolvithin
the gray background. Begin with the unit test na®ewyTest started above and type in the
code as you encounter it. In Eclipse, begin a new project ndnkethox. Select-ile > New
> JUnit Test Case and name iBongTest . At the top of the wiard, choose JUnit 4.0 and
click on the linkClick here at the bottom to add JUnit 4 to the build path.

1. Write the Test

To allow users to identify the song they want to play, we'll begin with making sure each Song can
remember its own title and artistr$, let's set up the test.

The JUnit testing framework version 4.0 uses@ies annotation to mark a method as a test.
You must declare a method@slic , with a return type ofoid (which means the method returns
nothing). Because older versionsJafnit required that the test method name must begin with the
letterstest , the method names will begin witdst (it's an old habit). Here is one valid test
method written as a stub (no code is yet in the body of the method):

@Test
public void testGet ters() {

}

Self-Check
5-19 Add the test method above $ongTest .

The test namestGetters indicates that the method will ensure we can get the artist and the
title from two different songs. | recommend you think of two different objects right eatlagr

Thi
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than just one. I'm thinking of "Help" by the Beatles and "Good is Good" by Sheryl Crow. The test
method begins with what we want to happen. The code has many ctimgilerrors that will be
addressed later.

@Test
public void testGetters() {
/l We have not even constructed aSong or anotherSong yet. And there is no
Il getArtist or getTitle method yet, not even a Song class!
/I But here is what | think | need at this point:
assertEquals("Beatles", aSong.getArtist());
asserteEq uals("Help", aSong.getTitle());
assertEquals("Sheryl Crow", anotherSong.getArtist ());
assertEquals("Good is Good", anotherSong.getTitle());

Self-Check

5-20 Add the four assertions to the test method above. There will be many comgikrors.

Consider what is needed to constr8etg objects. We know the name of the constructor should be
Song() , but we have to decide which (if any) values should be sent to the constructor as
arguments. The test method shows that we decided to hdleaat an artist. Eackong object

will need its own artist and title, so we'll pass that data as arguments to the constructor.

@Test
public void testGetters() {

Song aSong = new Song("Beatles", "Help");
Song anotherSong = new Song("Sheryl C row", "Good is Good");

assertEquals("Help", aSong.getTitle());
assertEquals("Beatles", aSong.getArtist());
assertEquals("Good is Good", anotherSong.getTitle());
assertEquals("Sheryl Crow", anotherSong.getArtist ());

Self-Check

5-21 Add the two object constructions to the test method abo8erigTest . There are even more
compiletime errors.

At this point, | am just writing what | think | need and not worrying about the costigikeerrors
because we'll fix those compile time erroexn

2. Make the test fall

To make the test fail, the code must compile. The following minigualg class removes the
compiletime errors as long as a newly designed constructor is included. The method names,
parameters and return type must match.

public  class Song {
public Song(String songAtrtist, String songTitle) {

}
public String getTitle() {
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return null;

}

public String getArtist() {
return null;
}
}

Self-Check

5-22 Create a new class nham@ohg and add the constructor and th methods as shown above.
You can return any string fgetTitle  andgetArtist  or the default valueull as shown
above.

Now running the unit test will show that thetTitle =~ method does not return the correct value
(no surprise). We expected the syivalue'Help” , however the actual value intentionally returned
from the method isull

gt Junie 52 I G g8 BES\ Red BaD
Finished after 0.085 seconds

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

¥ H: SongTest [Runner: JUnit 4]
gl testGetters

Failure Trace

javalang.AssertionError: expected: <Help> butwas:<null>

I .s

at SongTest.testCetters(SongTestjava:11)

With compiletime errors fixed and the test failing, | now want to make the tests pass.

3. Makes the test pass

We need a way for eveSong object to remembeéts own artist and title. Different instances of

the same class remember their own state through instance variables. Specifically, agigling a
instance variable to th&ong class allows mangong objects to have their own titles. The
constructor mustlso assign the argument to the correct instance variable. Additionally,

getTitle() must return that remembered value. These changes are shown below in the updated
Song class that will make both assertions pass (thus, you should see the green bar in JUnit).

public class Song {

/I Instance variables to remember the artist and title
private String artist;
private String title;

public Song(String songArtist, String songTitle) {
I/l Let each object remember these values
artist = songArtist;
title = songTitle;

public String getTitle() {
return title;

}
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public String getArtist() {
return artist;

Self-Check

5-24 For the remainder of this chapter, add the highlighted code. There will be ho more explicit
selfchecks. Ater adding the six highlighted lines of code to class Song as shown above, you
should have the test pass.

g Junit 53 = i Green Bar
Finished after 0.073 seconds
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Play a Song Only Five Times per Day

One of the requirements for thigskebox system maintains that no song should be played more
than five tines on a given date. One way to manage this is to haveseagttorrectly respond

true or false when asked if it can be played today. This means we are maldogghesponsible
for this feature.

1. Write the test

The following test method presents amgy to do this. Test Driven Development is helping us to
design the class. It specifies a new method, its name, the return type, and arguments (0 here).

Add this to SongTest

@Test

public void testCanPlayTodayAtFirst() {
/I Should be able to play t his Song once
Song aSong = new Song("Beatles", "Help");
assertTrue(aSong.canPlayToday());

}

Your programming environment should have several errors stinééayToday does not yet
exist.



