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Chapter 10 — Inheritance
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Chapter Goals

 To learn about inheritance
« To understand how to inherit and override superclass methods

* To be able to invoke superclass constructors

* To learn about protected and package access control

» To understand the common superclass Object and to override
Its toString and equals methods

G To use inheritance for customizing user interfaces

Sloall G 2 el 48 jadd e

48 gaial) Addall Cadlad ) glati g 431 ) 5 48 agdl o

18 it ciliie eledinl e 5,08 o <10 o

Ao a Jpa s dpenall 3kl e 3y jall 48 j2al o
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Inheritance Hierarchies

« Often categorize concepts into hierarchies: ) e LIS

Figure 1
A Hierarchy of
Vehicle Types

Motorcycle

-S"'edAan SUV
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Inheritance Hierarchies

» Set of classes can form an /nheritance hierarchy

» Classes representing the most general concepts are near the root, more
specialized classes towards the branches:

JComponent ui . S ' Llﬂ ! “ UA 4.‘: : .
idth . " Soar
gettetght il ypall e sel) el S

A alaall S Jiar ) clagdall e
| ol Ge b oo ddlal

AbstractButton 4| .o asi Q1 - l “j
JPanel ITextComponent JLabel setText . *
setIcon &j)ﬁj\

i f

JTextField JTextArea JToggleButton JButton

f

JCheckBox JRadioButton

Figure 2 A Part of the Hierarchy of Swing User Interface Components .
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Inheritance Hierarchies

« Superclass: more general class

« Subclass: more specialized class that inherits from the
superclass
 Example: Jranel Is a subclass of JComponent

dalal) 4581 pa 2 e 148 dial)
48 gatall Aadall e & g Laadd ST 458 de jall 428))
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Inheritance Hierarchies

« Example: Different account types: TIPSR P
1. Checking account: ikl

5| E YU\ IVENR

No interest BIgY e

. O bl (pe JalE 2ae o
o Small number of free transactions per month b it Al

« Charges transaction fee for additional transactions o) (oalily

A laleall B lalaal)
2. Savings account. bl
: odsill Clus o
«  Eams interest that compounas monthly L s
e LS Sl

« Superclass: BankAccount

» Subclasses: CheckingAccount & SavingsAccount
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Inheritance Hierarchies

 Behavior of account classes:
 Allsupport getBalance method

 Also support deposit and withdraw methods, but implementation
detalls differ

«  Checking account needs a method deduct Fees to deduct the monthly
fees and to reset the transaction counter

«  Checking account must override deposit and withdraw methods to
count the transactions

b L i) clakl @l
getBalance acall 3k pren o

Calias 3duil) Jualds (KT 3okl s gl Lyl 53 o

S alaall dlaall (e sale ) 5 Ay el o s maddeductFees csbe Slaliayl jlie ) il .
G3lalrall il 3k sy g la) Qluall pasd jalad g o
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Inheritance Hierarchies

BankAccount

deposit
withdraw
getBalance

i

SavingsAccount CheckingAccount
addInterest deductFees
deposit
withdraw

Figure 3 Inheritance Hierarchy for Bank Account Classes
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Self Check 10.1
What is the purpose of the JTextComponent class in Figure 27

Answer: To express the common behavior of text variables
and text components.

oY KA AJTextComponent Akl (e  pall 5o L
ol palic y aill @l paiall & il @l e ill Ay
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Self Check 10.2

Why don’t we place the addInterest method in the
BankAccount class?

Answer: Not all bank accounts earn interest.

‘BankAccount 4 iaddInterest i s acai ¥ 13l
33500 € 4 el bl JS Ll sl gl
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Inheritance Hierarchies

 Inheritance Iis a mechanism for extending existing classes by
adding instance variables and methods:

class SavingsAccount extends BankAccount

{ ]
sdded instance variabledix s i sl Cldl s A4 g LY

new methods Bohy Jhall Jas Gl e Adls)
}

L . Spde AAE
* A subclass inherits the methods of its superclass: i g L

SavingsAccount collegeFund = new SavingsAccount (10) ;

// Savings account with 10% interest
collegeFund.deposit (500);

// OK to use BankAccount method with SavingsAccount object

Big Java by Cay Horstmann
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Inheritance Hierarchies

* In subclass, specify added instance variables, added methods,
and changed or overridden methods:

public class SavingsAccount extends BankAccount

{

private double interestRate; 2T dae A & e
public SavingsAccount (double rate) %ghj‘dﬁd\
Constructor implementation s slad of Ay

}

public void addInterest ()
{

Method implementation

}

Big Java by Cay Horstmann
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Inheritance Hierarchies

* Instance variables declared in the superclass are present in
subclass objects

ey IS 830 sa oo 48 gl Andall 8 e U Jass ) sl o
- SavingsAccount object inherits the balance instance variable

from BankAccount, and gains one additional instance variable,
interestRate:

Jiie prie a5 Sy 5 cBankAccount o< o))l JUall e & pSavingsAccount cAS e
interestRate: ¢« il

Figure 4
Layout of a
Subclass Object
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Inheritance Hierarchies

* Implement the new addInterest method:

public class SavingsAccount extends BankAccount
{
private double interestRate;
public SavingsAccount (double rate)
{
interestRate = rate;
}
public void addInterest ()
{
double interest = getBalance() * interestRate / 100;
deposit (interest) ;

Big Java by Cay Horstmann
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Inheritance Hierarchies

« A subclass has no access to private instance variables of its
superclass

 Encapsulation: addInterest calls getBalance rather than
updating the balance variable of the superclass (variable is
private)

* Note that addInterest calls getBalance without specifying
an implicit parameter (the calls apply to the same object)

* Inheriting from a class differs from implementing an interface:
the subclass inherits behavior from the superclass

J 48 gdiall Akl e ald e @l yaite ) Jsea gl il an g0 Y dpe j3 458

(=alal) juaiall) 48 sinal) Akl ) jae juaie Cuaad e YagetBalance sxaddinterest el
(AR b ) QL&) (3ndad) e dalae maa5 g s3getBalance  ssxaddinterest o aaY
48 yaial) Andall (pe & sliall & y3dpe j3 A58 Agal g 280 e CaliRg A58 e &)
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ch10/accounts/SavingsAccount.java

1 / * %

2 An account that earns interest at a fixed rate.

3 */

4 public class SavingsAccount extends BankAccount
5

6 private double interestRate;

7

8 / * *

9 Constructs a bank account with a given interest rate.
10 @param rate the interest rate
11 * /
12 public SavingsAccount (double rate)
13 {
14 interestRate = rate;
15 }
16

Continued
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ch10/accounts/SavingsAccount.java (cont.)

1'7 / * %

18 Adds the earned interest to the account balance.

19 * /

20 public void addInterest ()

21 {

22 double interest = getBalance() * interestRate / ;
23 deposit (interest);

24 }

25 }

Big Java by Cay Horstmann
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Syntax 10.1 Inheritance

, "
Syntax  class SubclassName extends SuperclassName
{
instance variables
methods
}
Example KSuhnlass KSupercIass

public class SavingsAccount extends BankAccount
Declare instance variables 1

T rivate double interestRate;
xr EET added fo g ’ The reserved word extends
helass. denotes inheritance.
public void addInterest()
Pesare wethods that are. — |
specific to the subelass. double interest = getBalance() * interestRate / 100;

deposit(interest),

Big Java by Cay Horstmann
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Self Check 10.3

Which instance variables does an object of class
SavingsAccount have?

Answer: Two instance variables: balance and
ilnterestRate.

fos58SavingsAccount 44 (e IS Y JEa Al @) sl
interestRate. s ) sl ;e el JEL L) alay)
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Self Check 10.4

Name four methods that you can apply to SsavingsAccount
objects.

Answer: deposit, withdraw, getBalance, and
addInterest.

SavingsAccount. Slsh e el ey il (5l (e dag )l S0
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Self Check 10.5

If the class Manager extends the class Employee, which class is
the superclass and which is the subclass?

Answer: Manager IS the subclass; Employee Is the
superclass.

A8 5iiall o Al W dlblEmployee  dagd@hliManager oS 13

A8 giid) AdallFmpl ovee A B 48 aManager ALY
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Common Error: Shadowing Instance Variables
Jiiall &l piial) Jullatl) ;e Uad

» A subclass has no access to the private instance variables of the
superclass:

public class SavingsAccount extends BankAccount

{
public void addInterest ()

{
double interest = getBalance () * interestRate / 100;

balance = balance + interest; // Error

} :\é " !‘ .~...I S\wua&d:\fbaa\ ..... (55;\ d)-\éjl\ 4:1&] A.;ﬁ\j:\%g)éa_’é
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Common Error: Shadowing Instance Variables
Jiiall &l yiial) Jullatl) ;e Uad

» Beginner’s error: “solve” this problem by adding another
Instance variable with same name:

public class SavingsAccount extends BankAccount

{

private double balance; // Don’t
public void addInterest ()

{

double interest = getBalance() * interestRate / 100;
balance = balance + interest; // Compiles but doesn’t
// update the correct balance

} el - JUL d.\.u.n xia :XALm}J vﬂhj AA<5al) sl "JA" u.ualmj\ s
:?NY\
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Common Error: Shadowing Instance Variables

* Now the addInterest method compiles, but it doesn’t update the
correct balance!

Il ()l Enaas 24 Y oS caddInterest 4k aeny oY)

_ BankAccount portion

Figure 5 Shadowing Instance Variables
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Overriding Methods

« A subclass method overrides a superclass method if it has the
same name and parameter types as a superclass method

« When such a method is applied to a subclass object, the overriding
method is executed

Aaleall 5 s G 43 (1S 1) A8 A5l sty due 3G sl dlliay
Asilal) s S &) 53l

shal) 2 o e 53 A8 IS ) slad) 138 i ke o Levie
gy
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Overriding Methods e o) Bailw (3

 Example: deposit and withdraw methods of the
CheckingAccount class override the deposit and withdraw
methods of the BankAccount class to handle transaction fees:

public class BankAccount

{

public void deposit (double amount) { . . . }

public void withdraw (double amount) { . . . }
public double getBalance() { . . . }

}

public class CheckingAccount extends BankAccount

{

public void deposit (double amount) { . . . }

public void withdraw (double amount) { . . . }
public void deductFees() { . . . }
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Overriding Methods

* Problem: Overriding method deposit can't simply add amount
to balance: )3 il ] S Adlia) Adabis (Sar Y Aand g Akl ide AICEQ)

public class CheckingAccount extends BankAccount

{

public void deposit (double amount)

{

transactionCount++;
// Now add amount to balance
balance = balance + amount; // Error

}

* If you want to modify a private superclass instance variable, you
must use a public method of the superclass

43 gaiall Asudall e ale gl alasiin) elle cany (Galall JUidl juaie A8aN Jowd 8 a2 5 i€ 1Y)
* deposit method of CheckingAccount mustinvoke the

' Big Java by Cay Horstmann
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Overriding Methods
 [dea: ®.%

public class CheckingAccount extends BankAccount

{

public void deposit (double amount)

{

transactionCount++;
// Now add amount to balance
deposit; // Not complete

)
« Won't work because compiler interprets — as sie judi oY zali 1

deposit (amount) ;

as Ll (i s o glal) e ding (g2 o
this.deposit (amount) ; aﬁQpY;qud\=>

« which calls the method we are currently writing = infinite
recursion

Big Java by Cay Horstmann
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Overriding Methods

« Use the super reserved word to call a method of the
superclass: e iy 53 sanall 2 RS L0l
148 sl dndall (e o gl

public class CheckingAccount extends BankAccount

{

public void deposit (double amount)
{
transactionCount++;
// Now add amount to balance
super.deposit

Big Java by Cay Horstmann
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Overriding Methods

« Remaining methods of CheckingAccount also invoke a

superclass method:
Al G sluY) elediul LaiCheckingAccount cadlal il

public class CheckingAccount extends BankAccount

{
private static final int FREE TRANSACTIONS = 3;
private static final double TRANSACTION FEE = 2.0;
private 1nt transactionCount;

public void withdraw (double amount
{
transactionCount++;
// Now subtract amount from balance

super.withdraw (amount) ; _
} Continued
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Overriding Methods (cont.)

public void deductFees ()

{
if (transactionCount > FREE TRANSACTIONS)

{
double fees = TRANSACTION FEE *
(transactionCount - FREE TRANSACTIONS) ;
super .withdraw (fees) ;

}

transactionCount = 0;

Big Java by Cay Horstmann
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Syntax 10.2 Calling a Superclass Method

Syntax  super.methodName (parameters);

Example public void deposit(double amount)
{
transactionCount++;
( ethod ’
ﬂ?lil“;eftzp:lrzlgss super.deposit(amount);
iotead of the wethod
of the current class, f you omit super, his method eallsitsel,

X
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Animation 10.1: Inheritance
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Self Check 10.6

Categorize the methods of the SavingsAccount class as
Inherited, new, and overridden.

Answer: The savingsAccount class inherits the deposit,
withdraw, and getBalance methods. The addInterest

method is new. No methods override superclass methods.

skads Baaa g ) sall LSSavingsAccount Al cadlul Caias
4 )hgetBalance. il s cani gl & uSavingsAccount 44 ol sall
A8 gaial) Asplall caalll ) slad (3 )k aa 68 2 aaddInterest
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Self Check 10.7

Why does the withdraw method of the CheckingAccount class
call super.withdraw?

Answer: It needs to reduce the balance, and it cannot access
the balance variable directly.

fCheckingAccount 4ikll 5 seasuper.withdraw skl s 13l
Ble (sl i N Jgea gl S Yl cana y ands ) zlisg ad) il sall
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Self Check 10.8

Why does the deductFees method set the transaction count to
Zzero?

Answer: So that the count can reflect the number of
transactions for the following month.

¢ all ) Ol sacdeductFees 44 yha aaas Y 1AL
(AUl il lasall aae uSal o) oSy aad) o A iy
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Subclass Construction i L

 To call the superclass constructor, use the super reserved word
In the first statement of the subclass constructor:

public class CheckingAccount extends BankAccount

{

public CheckingAccount (double initialBalance)
{
// Construct superclass
super (1nitialBalance);
// Initialize transaction count
transactionCount = 0;

iie (e JsY) Ol 585 sana o saall Al andiin) Al dial) gle i
e )8 A
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Subclass Construction  axc Ll

 When subclass constructor doesn't call superclass constructor,
the superclass must have a constructor with no parameters

» [f, however, all constructors of the superclass require parameters, then
the compiler reports an error

Lalaa (ol ()9t e 48 saiall () 6S5 o camy AIAN (Gt (odie dpe 8 ey Y Ladie
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ch10/accounts/CheckingAccount.java

1 /* *
2 A checking account that charges transaction fees.
3 */
4 public class CheckingAccount extends BankAccount
5 A
6 private static final int FREE TRANSACTIONS = °;
7 private static final double TRANSACTION FEE = ;
8
9 private int transactionCount;
10
11 / * %
12 Constructs a checking account with a given balance.
13 @param initialBalance the initial balance
14 * /
15 public CheckingAccount (double initialBalance)
16 {
17 / / Construct superclass
18 super (initialBalance) ;
19
20 // Initialize transaction count
21 transactionCount = 0; ]
29 | Continued
23

Big Java by Cay Horstmann
Copyright © 2009 by John Wiley & Sons. All rights reserved.



ch10/accounts/CheckingAccount.java (cont.)

24 public void deposit (double amount)
25 {

26 transactionCount++;

27 // Now add amount to balance

28 super.deposit (amount) ;

29 }

30

31 public void withdraw (double amount)
32 {

33 transactionCount++;

34 // Now subtract amount from balance

35 super.withdraw (amount) ;

36 }

37

Continued
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ch10/accounts/CheckingAccount.java (cont.)

38 / * %

39 Deducts the accumulated fees and resets the

40 transaction count.

41 */

42 public void deductFees ()

43 {

44 1f (transactionCount > FREE TRANSACTIONS)
45 {

46 double fees = TRANSACTION FEE *

47 (transactionCount - FREE TRANSACTIONS) ;
48 super.withdraw (fees);

49 }

50 transactionCount = (U;

51 }

52 }

Big Java by Cay Horstmann
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Syntax 10.3 Calling a Superclass Constructor

—
Syntax  accessSpecifier ClassName (parameterType parameterName, . . .)

super(parameters),
}
Example _
public CheckingAccount(double 1nitialBalance)
livokes the consfruetor
of the superelass. super(initialBalance); ~
transactionCount = 0: Subelass construetor
Must be the first statement } ot i
of the subclass constructor, :
the superelass is constructed
with its default constructor.

r
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Self Check 10.9

Why didn’t the SavingsAccount constructor in Section 10.2 call
Its superclass constructor?

Answer: It was content to use the default constructor of the
superclass, which sets the balance to zero.

Pl 4y palall ;dhel) eleind VoY audll ASavingsAccount (il ol 13l
tall AN gl aasy (oAl 5 A8 gital) Aulal) (pa el 81 G5 aladSY (g gial) OIS ALY
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Self Check 10.10

When you invoke a superclass method with the super keyword,

does the call have to be the first statement of the subclass
method?

Answer: No — this is a requirement only for constructors. For
example, the savingsAccount .deposit method first

Increments the transaction count, then calls the superclass
method.

V) ol (35S0 o (N s seall any Y adae AalSH ae A8AN G lul) clodiul die o
faae B 4% ol

44l 5 (JUall Juw (Ao pibal¥ as sl a0l o8 1 - Y il all e
A Gl e i o3 (OB lladl 2ae 33 Y ISavingsAccount.deposit
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Converting Between Subclass and Superclass Types
gl ARkl £ 5 g A B Aid (y Jyga
« OK to convert subclass reference to superclass reference:

SavingsAccount collegeFund = new SavingsAccount (10);
BankAccount anAccount = collegeFund;

Object anObject = collegeFund;

* The three object references stored in collegeFund,
anAccount, and anObject all refer to the same object of type
SavingsAccount

collegeFund =
anAccount =
Figure 6 .
anObject =
Variables of )
Different Types

Can Refer to the
Same Object




Converting Between Subclass and Superclass Types

« Superclass references don’t know the full story: sl skl eal e e
adll g8y Y

anAccount.deposit (1000); // OK AR

anAccount.addInterest () ;
// No-—-not a method of the class to which anAccount
// belongs

« Why would anyone want to know /ess about an object?

» Reuse code that knows about the superclass but not the subclass.

public void transfer (double amount, BankAccount other)

{

Q. . - . i R .
withdraw (amount) ; B iASUQJ#?“JJHuL{ﬁUALﬁg\NA
other.deposit(amount);@LMUG“4f9g4“¥%}ﬂﬁfgéuﬂAxuﬁf%sj .

} Ao j3 458 L (ST 48 53l

Can be used to transfer money from any type of BankAccount
BankAccount (s g 55 sl (e J)sa¥) Ja sl Lgaladind (Say o
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Converting Between Subclass and Superclass Types
. o glailbal o
* Occasionally you need to convert from a superclass : . . J s

reference to a subclass reference: ‘ff‘d‘ Al
L \
BankAccount anAccount = (BankAccount) anObject;c:£jj

* This cast is dangerous: If you are wrong, an exception is

thrown
a1 Bl e
« Solution: Use the instanceof operator s e i 1))
i) £\l N

* instanceof: Tests whether an object belongstoa  ssiu:dst -
particular type: instanceof Jale

1f (anObject instanceof BankAccount) instanceof:
{ 13 L <l jlsay)
)i S S
BankAccount anAccount = (BankAccount) < e g 5
anObject; )

Big Java by Cay Horstmann
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Syntax 10.4 The instanceof Operator

—
Syntax  object instanceof TypeName

Example
If andbject is null, Returns true if anObject
instanceof refurns false, tan be cast fo a BankAccount.
/ The object way belong to a
if (anObject instanceof BankAccount) subelass of BankAccount,
{ /

BankAccount anAccount = (BankAccount) anObject;

}

You ¢an invoke BankAccount Two references
methods on this variable. to the same object.




Self Check 10.11

Why did the second parameter of the t ransfer method have to
be of type BankAccount and not, for example,
SavingsAccount?

Answer: We want to use the method for all kinds of bank
accounts. Had we used a parameter of type
SavingsAccount, we couldn’'t have called the method with a
CheckingAccount object.

i Sle ol sBankAccount ¢ 58 e Os88 Of cang JaI G gl (e 481 Aadeal) o] 3L
fSavingsAccount «Jull

O Aalaa 202505 gl S 4 peaall cliluall £ 5 araad gl alasial of a5 cmi il sall
SIS e sl sledinl 05 ol (S Y 0ad s «<SavingsAccount g s
CheckingAccount.
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Self Check 10.12

Why can’t we change the second parameter of the t ransfer
method to the type Object?

Answer: We cannot invoke the deposit method on a
variable of type Object.

Object g5 (x wie Jedeposit wawdl sleain) WiSa Y 1@l il
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Polymorphism and Inheritance &) all g JISEY) daxs

* Type of a variable doesn’t completely determine type of object to
which it refers:

) gl SN & g Lalad 223 Y il (e g 3

BankAccount aBankAccount = new SavingsAccount (1000);
// aBankAccount holds a reference to a SavingsAccount

* BankAccount anAccount = new CheckingAccount ()
anAccount.deposit (1000) ;

Which deposit method is called?

« Dynamic method lookup. When the virtual machine calls an
Instance method, it locates the method of the implicit
parameter's class

Aalaal) 438 gl e aly adld (Jifla gl (5 allall Sleall so i Ladie 1iny 48 )l Sualin
e
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Polymorphism and Inheritance

« Example:
public void transfer (double amount, BankAccount other)

{

withdraw (amount) ;
other.deposit (amount) ;

)
* When you call

anAccount.transfer (1000, anotherAccount) ;

two method calls result:

anAccount.withdraw (1000) ;
anotherAccount.deposit (1000) ;

Big Java by Cay Horstmann
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Polymorphism and Inheritance

» Polymorphism. Ability to treat objects with differences in

behavior in a uniformway - s dales e 58l - JEY1 25 s
» The first method call ange Rt sl g B

withdraw (amount) ; S i

IS a shortcut for J Laidl 8 e

this.withdraw (amount) ;

-« this canrefertoa BankAccount or a subclass object

de 8l 28l AS siBankAccount ) e of (Sathis e
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ch10/accounts/AccountTester.java

1 / * %

2 This program tests the BankAccount class and

3 its subclasses.

4 */

5 public class AccountTester

6

7 public static void main(String[] args)

8 {

9 SavingsAccount momsSavings = new SavingsAccount ( ) ;
10

11 CheckingAccount harrysChecking = new CheckingAccount ( ) ;
12

13 momsSavings.deposit ( ) ;

14

15 momsSavings.transfer ( , harrysChecking) ;
16 harrysChecking.withdraw ( ) ;

17 harrysChecking.withdraw (=0) ;

18

19 momsSavings.transfer ( , harrysChecking) ;
20 harrysChecking.withdraw ( ) ;
21

Continued
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ch10/accounts/AccountTester.java (cont.)

22 // Simulate end of month

23 momsSavings.addInterest () ;

24 harrysChecking.deductFees () ;

25

26 System.out.println (

27 + momsSavings.getBalance()):;

28 System.out.println ( ) 7
29

30 System.out.println (

31 + harrysChecking.getBalance()) ;
32 System.out.println ( ) ;
33 }

34 }

Program Run:
Mom's savings balance: 7035.0
Expected: 7035
Harry's checking balance: 1116.0
Expected: 1116

Big Java by Cay Horstmann
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Self Check 10.13

If 2= Is a variable of type BankAccount that holds a non-null
reference, what do you know about the object to which a2 refers?

Answer: The object is an instance of BankAccount or one of
Its subclasses.

Al e o et Nl e Jld e 3L Jasy AlIBankAccount & s (e psria sa (IS 1) e
il (sl
Aae 8l il e saal s sIBankAccount Jdie s @lld e caagdl o) 1l saldl e
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Self Check 10.14

If 2 refers to a checking account, what is the effect of calling
a.transfer (1000, a)?

Answer: The balance of 2 Is unchanged, and the transaction
count Is incremented twice.

?a.transfer (1000, a) sseall )—1-*\3 o lools cla ) judy IS 1Y) .
(O e Slalaall dae B3l ) al g ¢ i O e OO O) il e
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Protected Access <l Jsall

* Protected features can be accessed by all subclasses and by all
classes in the same package

« Solves the problem that CheckingAccount methods need
access to the balance Instance variable of the superclass

RBankAccount.

public class BankAccount

{

protected double balance;

i 3 Bl e 85 el ) BS J (e L) J e ) (S el Sl o
PN

balance Jadl il ) Jsasll zUsiCheckingAccount dibus of ASaall Jay o
: 43 4iall askliBankAccount
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Protected Access

« The designer of the superclass has no control over the authors
of subclasses:

* Any of the subclass methods can corrupt the superciass data

» Classes with protected instance variables are hard to modify — the
protected variables cannot be changed, because someone somewhere
out there might have written a subclass whose code depends on them

* Protected data can be accessed by all methods of classes in the
same package

* |t is best to leave all data private and provide accessor methods

for the data ;
48 5itall Aadall UL cpanal) Sy dge 53 5okl e gl e
Aae 8 il o 3kl Gl Y A8 i) Akl (e aaiaa e
Lo Lot (/Y cdpanall @l piiall s Sy Y - Joand el (e dpenall JUll ) puaiall g clialall o
agale ding 3 S (3 Bue )8 3% ) 50S 8 Sllia Lo S
dajal) (i 8 culial)l cudlad 481 8 e L) J sea sl (S dandl) Ll
Ll il By b g dalal) bl JS & i of S e o



Object: The Cosmic Superclass gl A8dal) A3 oY) = oyl

* All classes defined without an explicit extends clause
automatically extend Object:

:Object LWl extends diad A Al dag pa (9 adsa Chlhd aa

Object

String BankAccount Random InputStream

i

CheckingAccount SavingsAccount

Figure 7 The Object Class Is the Superclass of Every Java Class



Object: The Cosmic Superclass

* Most useful methods: A6l sada 35k e
e String toString/()
e boolean egquals (Object otherObject)

e Object clone()

« Good idea to override these methods in your classes
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Overriding the tostring Method

« Returns a string representation of the object s s e iluls Jiai an i
« Useful for debugging:

Rectangle box = new Rectangle(b, 10, 20, 30);

String s = box.toString()

// Sets s to "java.awt.Rectangle[x=5,vy=10,width=20,

// height=30]"

« toString Is called whenever you concatenate a string with an
object: o |
(AS ae Alule Al WIStOSTtring (soms @
"box=" + box;
// Result: "box=java.awt.Rectangle[x=5,y=10,width=20,
// height=30]"
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Overriding the tostring Method

« Object.toString prints class name and the hash code of
the object:

BankAccount momsSavings = new BankAccount (5000);
String s = momsSavings.toString() ;

// Sets s to something like "BankAccount@d24606bf"

oy (e A adll ey 48l anl mdaObject.toString ¢
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Overriding the tostring Method

« To provide a nicer representation of an object, override
toString: tOSHNG: ke (oS Calall il Ll o

public String toString ()
{

return "BankAccount[balance=" + balance + "]";

}

* This works better:

BankAccount momsSavings = new BankAccount (5000);
String s = momsSavings.toString() ;
// Sets s to "BankAccount[balance=5000]"
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Overriding the equals Method

- equals tests for same contents.

1f (colnl.equals(coin?2?))
// Contents are the same

coinl =
coin2 =

Figure 8 Two References to Equal Objects
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Overriding the equals Method

- == tests for references to the same object:

1f (coinl == (coinZz2))
// Objects are the same

-
-
“guarter”

‘guarter”

SN i ) ey ol jlia) ==

coinl

coinz

Figure 9 Two References to the Same Object



Overriding the equals Method

* Need to override the equals method of the Object class:

CHS 8 (o a3 ) lins

public class Coln

{

public boolean equals (Object otherObject)
{
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Overriding the equals Method

« Cannot change parameter type; use a castinstead.:

public class Coilin elly e Yay a3l aladie) daleadl g g0 pusi (S Y e
{

public boolean equals (Object otherObject)

{
Coin other = (Coin) otherObject;

return name.equals (other.name) && value ==
other.value;

}

 You should also override the hashCode method so that equal
objects have the same hash code

il ey i Ld A gluite SN GusohashCode  sbal Jstad Laagd elile (g o



The clone Method

« Copying an object reference gives two references to same

object: S (il o oy S A e frad o
BankAccount account = newBankAccount (1000) ;
BankAccount account?2 = account;

account?2.deposit (500); // Now both account and account?
// refer to a bank account with a balance of 1500

« Sometimes, need to make a copy of the object:

sccewnt = o BaniAccount |

clonedAccount

Figure 10
Cloning Objects



The clone Method

* Implement c1one method to make a new object with the same

State as an existing ObJeCt |4y 1 wusyin o n desd plaiad ik 3as »
* Use clone: sn 50 GIS a liel

RankAccount clonedAccount =
(RankAccount) account.clone();

* Must cast return value because return type is Object

A s la Y g 55 pla Y A Bl O cany
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The Object.clone Method

» Creates shallow copies.

! '
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The Object.clone Method Makes a Shallow Copy



The Object.clone Method

* Does not systematically clone all subobjects
* Must be used with caution

* |t is declared as protected,; prevents from accidentally calling
x.clone () Ifthe class to which x belongs hasn’t redefined
clone to be public

 You should override the c1one method with care (see Special
Topic 10.6)

subobjects axa il Fludinl Y e

A X ety ) Al S 13 I clone () Wadll ik e 5seall e e enall i callel o
Dseaadl 0sS) Flutiul iy jat 3ale)

(V2.7 pala & smse Hhail) dile 1) ae Flaiinl Cslad Hgladcany o



Self Check 10.15

Should the call x.equals (x) always return true?

Answer: It certainly should — unless, of course, x isnull.

flaila lagaa 552y (X) Wl&dlix.equals o PETTR
null X bl (S el b - i astll il e
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Self Check 10.16

Can you implement equals interms of toString? Should you?

Answer: If toString returns a string that describes all
Instance variables, you can simply call toString on the

iImplicit and explicit parameters, and compare the results.

However, comparing the variables is more efficient than
converting them into strings.

feble Caay Ja T1OSTriNg Cus (e O sbudia 2aws liSay o

toString e daliwy @liSay (JUall Jasw &l jaiall ases caa’ Aol gl JbtoString 13} 1l sall e
O 3elS ST g @l il G o)l g celld aa g olial) 45 jlaa 5 ddag peall 5 diaiall el e
el ) el sa
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Scripting Languages

|-]Ter111irlal |_|I:I|H

Eile Edit Wiew JTerminal Tabs Help

~% jrunscript

js> importPackage(Packages.javax.swing);

15> frame = new JFrame();

javax.swing.JFrame[ frame0,0,0,0x0,1nvalid, hidden, layout=java.awt .BorderLayout,t1
tle=, resizable,normal ,defaultCloseOperation=HIDE_ON_CLOSE, rootFane=javax.swing.]
[RootPane[,0,0,0x0,invalid, layout=javax.swing.JRootPane$RootLayout,alignmentX=0.0
;,alignment¥=0.0,border=, flags=16777673, maximumSize=, minimumSize=,preferredSize=]
, rootPaneCheckingEnabled=true]

js> label = new JLabel("Hello, World"};

javax.swing.JLabel[,0,0,0x0, invalid,alignmentX=0.0,alignmentY=0 .0, border=, flags=
83E8608 , maximumSize=, minimumSize=,preferredSize=,defaultlcon=,disabledlcon=, hori
zontalAlignment=LEADING, horizontalTextPosition=TRAILING, iconTextGap=4, labelFor=,
text=Hello, World,verticalAlignment=CENTER, verticalTextPosition=CENTER]

js> frame.add(label);

javax.swing.JLabel[,0,0,0x0, 1nvalid,alignmentX=0.0,alignmentY=0.0,border=, flLags=
8388608, maximumSize=, minimumSize=,preferredSize=,defaultlcon=,disabledIcon=, hori

zontalAlignment=LEADING,horizontalTextPosition=TH.l |=|B[%}=4,1abelFor=,
text=Hello, World,verticalAlignment=CENTER, vertiq ITER]

15> frame.setSize (200, 100); Hiello, World

js= frame.setVisible(true);

js> []

Scripting Java Classes with JavaScript
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Using Inheritance to Customize Frames

&\Jl.b! g IW-L W ajbﬂ\ e\dﬁu\.}

Use inheritance for complex frames to make programs easier to
understand

Design a subclass of Jrrame

Store the components as instance variables

Initialize them in the constructor of your subclass

If initialization code gets complex, simply add some helper

methods ;
agdll gl zeal ) Jaad 3a8all ol jUaD ol yaall aladiicd o
JFrame (» dc 48 araai o
JUall ol jaaie€ i gSa (pp JAT
e loeal) CdliY) oamy ddlia) ddaliy ana gl ) Jde Joasy 13) o



ch10/frame/InvestmentFrame.java

1 import java.awt.event.ActionEvent;

2 1mport jJava.awt.event.ActionListener;

3 1mport javax.swing.JButton;

4 1mport javax.swing.JFrame;

5 1import javax.swing.JLabel;

6 import javax.swing.JPanel;

7 1mport javax.swing.JTextField;

8

9 public class InvestmentFrame extends JFrame

10 {

11 private JButton button;
12 private JLabel label;
13 private JPanel panel;
14 private BankAccount account;
15
16 private static final int FRAME WIDTH = ;
17 private static final int FRAME HEIGHT = ;
18
19 private static final double INTEREST RATE = ;
20 private static final double INITIAL BALANCE = ;
21

Continued



ch10/frame/InvestmentFrame.java

22 public InvestmentFrame ()

23 {

24 account = new BankAccount (INITIAL BALANCE) ;

25

26 // Use instance variables for components

27 label = new JLabel ( + account.getBalance());
28

29 / / Use helper methods

30 createButton () ;

31 createPanel () ;

32

33 setSize (FRAME_WIDTH, FRAME_HEIGHT) ;

34 }

35

36 private void createButton ()

37 {

38 button = new JButton ( )

39 Actionlistener listener = new AddInterestListener () ;
40 button.addActionlListener (listener);

41 }

42 Continued



Example: Investment Viewer Program (cont.)

43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

private void createPanel ()

{

panel = new JPanel ()
panel.add (button) ;
panel.add (label);

add (panel) ;

class AddInterestlListener implements ActionlListener

{

public void actionPerformed (ActionEvent event)

{

double interest = account.getBalance() * INTEREST RATE /

account.deposit (interest);
label.setText (

+ account.getBalance())

.
4



Example: Investment Viewer Program

Of course, we still need a class with a main method:

ooJdoyUr WD R

R R R R
B WNROV

main sl aedid ) dala W b oJia) daglay

import javax.swing.JFrame;

/ * %
This program displays the growth of an investment.
*/
public class InvestmentViewer?2
{
public static void main (String[] args)
{
JFrame frame = new InvestmentFrame ()
frame.setDefaultCloseOperation (JFrame.EXIT ON CLOSE) ;
frame.setVisible (true);
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Self Check 10.17

How many Java source files are required by the investment
viewer application when we use inheritance to define the frame
class?

Answer: Three: TnvestmentFrameViewer,
InvestmentFrame, and BankAccount.

S el a2a% Ladie L) aalial) subill Jd (e 4o glhae jaaell Glilall Wla 2ac S o
¢ LY da Cay
BankAccount. s <InvestmentFrame <InvestmentFrameViewer 435 10l sall o
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Self Check 10.18

Why does the InvestmentFrame constructor call
setSize (FRAME WIDTH, FRAME HEIGHT),whereas the main

method of the investment viewer class in Chapter 9 called
frame.setSize (FRAME WIDTH, FRAME HEIGHT)?

Answer: The InvestmentFrame constructor adds the panel
to /tself.

«setSize (FRAME_WIDTH & 3 sedlnvestmentFrame 13kl e
DY) aaliall dsdall i S LW ol (s 4 (FRAME_HEIGHT)
frame.setSize (FRAME_WIDTH le2 4 Jadll &
‘FRAME_HEIGHT)

Lewdil da J CanaslnvestmentFrame (il iyl o
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