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Interfaces

e Multiple inheritance considered too
complex for Java

e Interfaces introduced to provide similar
functionality

e Interfaces specify what methods a
class supports

e Class may implement many interfaces



Interfaces (Cont.)

An defines a protocol of
behavior that can be implemented by
any class anywhere in the class
hierarchy.

An interface defines a set of methods
but does not implement them.

A class that implements the interface
agrees to implement all the methods
defined in the interface, thereby
agreeing to certain behavior.
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Interface (cont.)

e An Interface is used to specify the
form that something must have, but
does not actually provide the
implementation of that something

e An interface allows the programmer to
describe a set of capabilities that a
class must implement.
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Interface is a Special Class

An interface is treated like a special class in
Java. Each interface is compiled into a separate
bytecode file, just like a regular class. Like an
abstract class, you cannot create an instance
from an interface using the new operator, but
in Most cases you can use an interface more or
less the same way you use an abstract class.
For example, you can use an interface as a
data type for a variable, as the result of
casting, and so on.
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The interface Statement

modifier interface InterfaceName |

return—-type methodName (parameter—-11st) ;

type final-varname = value;

e Similar to a class definition

* InterfaceName dluvodumesiile g’qmuﬂgmﬁg’ﬁa identifier
e All methods are implicitly public and abstract

e All variables are implicitly public, static and
final
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M2 EN1NNISLAYU interface

Interface declaration

» public interface Comparable
Bl
> . int compareTo (Object 0);

J

Interface body

\

public interface Printable { method declaration

void print(); « fug signature 1is body
} VYOUUTIOA
public interface Thammasat { Constant declaration
int NUMBER OF CAMPUSES=2; Usemesualsudalasuainie
int NUMBER_OF_FACULT IES=106; wﬁ’ﬁ;j“[ﬁqﬁ’mﬁmmmé}“q

} AR
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The implements Statement

A class 1nherits an interface using the implements keyword.
[modifier] classname

| superclassname]
[ interfacel

[, interface’Z] .. .]

‘variable declaration;]

‘method declaration;]
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M2B819N15 1Y interface

public interface Printable {
vold print();

J

class SavingAccount extends Account
implements Printable
{
public void print () {
System.out.println ("Account Number: " + no);
System.out.println ("Account Type: Saving");
System.out.println("Balance: " + balance);

J
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Interface Example

interface CourseInstructor{
vold printInstructorName () ;

}

class Kawtip implements CourselInstructor

public void printInstructorName () {
System.out.println ("Kawtip") ;

J
J

class Wanchal implements CourselInstructor

public void printInstructorName () {
System.out.println ("Wanchai") ;

J
J

nina1ed Kawtip az Wanchai AaNLINTion printInstructorName
T ldmag Taoh 2 aaadl hildtianuduwusuuy inheritance nuae
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M98 1 AaNd 2 dutnasine

class SavingAccount extends Account
implements Printable,

Comparable
{
public void print ()
System.out.println ("Account Number: " + no);
System.out.println ("Balance: " + balance);

J
public 1nt compareTo (Object obj)

Account ac = (Account) obj;
return balance - ac.balance;
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interface InterestRate({
float FIXEDI2MONTHS = 2.55f;
float FIXEDOMONTHS = 2.25f;
float FIXED3MONTHS = 1.75f;
}

class Fixed3Account implements InterestRate {

public void computelInterest () {
interest = principle * FIXED3MONTHS * 3.0 / 12 / 100 );
}
}

class FixedbAccount implements InterestRate {

public void computelnterest () {
interest = principle * FIXED6MONTHS * 6.0 / 12 / 100 );
}
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Using an Interface as a Type

. Aumaiinagnusotiun iduntinresdiays (data type) b6 iuLALI9
AuAana (111 reference type)
Y o v a aid a a c v =
e IR0 LEAI MU TANBINHTUALT WU DTN A JUN19B19D
SALLANANATINNIANNARZNANNA LT WEAUND TN AU L6
(RENAaNINBUaTaTN lda3198a1ans LW lE wAAaNAaNANNALLL

fiv)N abstract method a8NATLEIULAIAINITNATINERLILANGT L)

. reference type Aiusumeiiva mmiﬂmqmmuL@ﬂm)mm@amq
AalBiannzannindii s il ume finaiiu T Vit

Interface are used to express the commonality between classes
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Kawtlip kaw = new Kawtip /()
kaw.printInstructorName () ;

Wanchai chal = new Wanchai () ;
chal.printInstructorName () ;

msl¥muilsenaeriin interface lumsdrdidouans
CourselInstructor c¢i;

cl1 = kaw;
cl.printInstructorName () ;
cl = chazi;

cl.printInstructorName () ;
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Advantages of Interface

s capturing similarities between unrelated
classes without forcing a class relationship.

= declaring methods that one or more classes
are expected to implement.

= revealing an object's programming interface
without revealing its class (objects such as
these are called anonymous objects and can
be useful when shipping a package of
classes to other developers)



Interface Modifiers

Modifier Description

<blank> interface is accessible to objects within the
current package

public interface 1s accessible to objects outside the
package it 1s part of Only one public
interface 1s permitted per source code file.

protected

private

24
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Java Interface - Comparable

ludumesmlanasguvesamaldies gnii 1l implement luaaiasiuauuin

Comparable

compareTo

{/////////

/;pﬁMn@hﬁi\\\\\\\\\\\\\\\\\

Integer

String

Double

compareTo compareTo

compareTo

int compareTo (Ob]

ect o)

Compares this object with the specified object for order.
Returns a negative integer, zero, or a positive integer as this object is
less than, equal to, or greater than the specified object.
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Interface Comparable<T> uwaing java . lang

Type Parameters:
T - the type of objects that this object may be compared to

All Known Subinterfaces:
Delayed, Name, RunnableScheduledFuture<V>, ScheduledFuture<V>

All Known Implementing Classes:
Authenticator.ReqguestorType, BigDecimal, BigInteger, Boolean, Byte, ByteBuffer, Calendar,
Character, CharBuffer, Charset, ClientInfoStatus, CollationKey,
Component.BaselineResizeBehavior, CompositeName, CompoundName, Date, Date,
Desktop.Action, Diagnostic.Kind, Dialog.ModalExclusionType, Dialog.ModalityType, Double,
DoubleBuffer, DropMode, ElementKind, ElementType, Enum, File, Float, FloatBuffer,
Formatter.BigDecimalLayoutForm, FormSubmitEvent.MethodType, GregorianCalendar,
GrouplLayout.Alignment, IntBuffer, Integer, JavaFileObject.Kind, JTable.PrintMode,
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The instanceof operator

BRERR
1f ( anObject instanceof aClass) {

J

i anObject dumulsviemsdesamn aClass duienaarioye

a 4
oo e

QU o

A . 9) (oY) J 9

A IUNT instanceof 1viNaaWsIiu boolean true M
' ] Y, 1 - * 9)
aObject Wudedunis(instance) vesaClass m

194151702 1wadnsiilu false
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String and Date Classes

Many classes (e.g., String and Date) in the Java library
implement Comparable to define a natural order for the

objects. If you examine the source code of these classes,
you will see the keyword implements used in the classes, as
shown below:

public class String extends Object public class Date extends Object
implements Comparable { implements Comparable {
// class body omitted // class body omitted

} }

String () i1nstanceof String
String () instanceof Comparable

Java.util.Date() i1nstanceof java.util.Date
java.util.Date () instanceof Comparable
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ADUANANIITZHIN Interface waz Class

e An interface cannot implement any methods,
whereas an abstract class can.

e A class can implement many interfaces but
can have only one superclass.

e An interface is not part of the class
hierarchy. Unrelated classes can implement
the same interface.
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Interfaces vs. Abstract Classes 3

In an interface, the data must be constants; an abstract
class can have all types of data.

Each method in an interface has only a signature
without implementation; an abstract class can have
concrete methods.

Variables Constructors Methods
Abstract |No Constructors are invoked by No restrictions.
class restrictions subclasses through constructor

chaining. An abstract class cannot
be instantiated using the new

operator.
Interface |All variables |[No constructors. An interface All methods must
must be cannot be instantiated using the be public abstract
public static |new operator. instance methods

final




Interfaces vs. Abstract Classes, cont. >

All data fields are public final static and all methods are public abstract in an
interface. For this reason, these modifiers can be omitted, as shown below:

public interface T1 { public interface T1 {
public static final int K = 1; Equivalent int K = 1;
public abstract void p(); void p()

} }

A constant defined in an interface can be accessed
using syntax
InterfaceName.CONSTANT NAME (e.g., T1.K)



Interfaces vs. Abstract Classes, cont. 32

All classes share a single root, the Object class, but there is no single root for
interfaces. Like a class, an interface also defines a type. A variable of an interface
type can reference any instance of the class that implements the interface. If a class
extends an interface, this interface plays the same role as a superclass. You can use
an interface as a data type and cast a variable of an interface type to its subclass, and
vice versa.

Interfacel 2 4 —e

Interface? 2 4 _______ -

Interfacel 1 4——-—- Interfacel Interface2 1 4 _______ .

AN

Object <}7 Classl q Class2

Suppose that c is an instance of Class?2. c is also an instance of Object, Classli,
Interfacel, Interfacel 1,Interfacel 2,Interface2 1,and Interface2 2.




Caution: conflict interfaces 33

In rare occasions, a class may implement two
interfaces with conflict information (e.g., two
same constants with different values or two
methods with same signature but different

return type). This type of errors will be
detected by the compiler.



Whether to use an interface or a class™“

Abstract classes and interfaces can both be used to model
common features. How do you decide whether to use an
interface or a class? In general, a strong is-a relationship
that clearly describes a parent-child relationship should be
modeled using classes. For example, a staff member is a
person. So their relationship should be modeled using class
inheritance. A weak is-a relationship, also known as an is-
kind-of relationship, indicates that an object possesses a
certain property. A weak is-a relationship can be modeled
using interfaces. For example, all strings are comparable,
so the String class implements the Comparable interface.
You can also use interfaces to circumvent single inheritance
restriction if multiple inheritance is desired. In the case of
multiple inheritance, you have to design one as a
superclass, and others as interface.



Creating Custom Interfaces

public interface Edible {
/** Describe how to eat */
public String howToEat () ;
}

class Animal {

}

class Chicken extends Animal
implements Edible {
public String howToEat () {
return "Fry 1it";
}
}

class Tiger extends Animal {

}

class abstract Fruit
implements Edible {
}

class Apple extends Fruit {
public String howToEat () ({
return "Make apple cider";
}
}

class Orange extends Fruit {
public String howToEat () {

return "Make orange juice";

}

35



Implements Multiple Interfaces 3¢

class Chicken extends Animal implements
Fdible, Comparable {
int weight;
public Chicken (i1nt weilght) {
this.weight = weight;
}
public String howToEat () {
return "Fry 1it";
}
public 1nt compareTo (Object o) {
return weight - ((Chicken)o) .weight;

J



Creating Custom Interfaces, cont. 37

public interface Edible {
/** Describe how to eat */
public String howToEat () ;

}

public class TestEdible {
public static void main(String[] args) {
Object[] objects = {new Tiger (), new Chicken (), new Apple() };
for (int i = 0; 1 < objects.length; i++)
showObject (objects[1]);
}

public static void showObject (Object object) {
1f (object instanceof Edible)
System.out.println (((Edible) object) .howToEat()) ;



The Cloneable Interfaces  °°

Marker Interface: An empty interface.

A marker interface does not contain constants
or methods. It is used to denote that a class
possesses certain desirable properties. A class
that implements the Cloneable interface is

marked cloneable, and its objects can be
cloned using the clone () method defined in

the Object class.

package java.lang;

public interface Cloneable {

J



Examples >

Many classes (e.g., Date and Calendar) in the Java library
implement C1oneable. Thus, the instances of these classes can be
cloned. For example, the following code

Calendar calendar = new GregorianCalendar (2003, 2, 1);
Calendar calendarCopy = (Calendar)calendar.clone()
System.out.println("calendar == calendarCopy is " +
(calendar == calendarCopy))
System.out.println("calendar.equals (calendarCopy) 1is " +

calendar.equals (calendarCopy)) ;

displays
calendar == calendarCopy 1s false

calendar.equals (calendarCopy) 1s true



Assignment +0

Implement Your Own Comparable

Comparable ratios

public class Ratio implements Comparable
{
protected 1nt numerator;
protected int denominator;
public Ratio (int top, int bottom) //pre: bottom !=0

{ numerator = top; denomlinator = bottom; }
public 1nt getNumerator () { return numerator; }
public int getDenominator () { return denominator; }

public int compareTo (Object other)//pre: other is non-
//null Ratio object

{ /* Your code */ }

a1 Iniae source code Mutdulaalui@guifia



Aenvaug1u(Polymorphism)
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Polymorphism

User Interface

Text Object

Graphics Object

42



class Holiday {
vold celebrate () {
System.out.println ("It\'s Holiday");

J
J

class Christmas extends Holiday {

J

class Test {
public static void main(String []args) {
Holiday day = new Christmas|();
day.celebrate();

J

9J
Tdsunsutaziiunes 15
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Polymorphism

e A polymorphic reference is one which can
refer to one of several possible methods

e Suppose the Holiday class has a method
called , and the Christmas
class overrode it

e Now consider the following invocation:
day.celebrate () ;

e If day refers to a Holiday object, it
invokes Holiday's version of celebrate; if

it refers to a Christmas object, it invokes
that version



class Holiday {
voilid celebrate () {

J
J

System.out.println ("It\'s Holiday");

class Christmas extends Holiday {

J

class Test {
public static void main(String args|[]) {

J

Holiday day = new Christmas|();
day.celebrate () ;

Tulsunsutidl Syntax Error w3e'li d1hi agiiuvios s

45
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Polymorphism
e In general, it is the type of the object
being referenced, not the reference
type, that determines which method is
invoked

e Note that, if an invocation is in a loop,
the exact same line of code could
execute different methods at different
times

e Polymorphic references are therefore
resolved at run-time, not during
compilation (31 late binding)



Holiday

void celebrate ()

{
}

\ 4 A
Christma/ \alloween

void celebrate ()

{
}

4°]

void celebrate ()

{
}

NewYear

void celebrate ()

{
}




volid m(Holiday day) {
day.celebrate() ;
// day is polymorphic reference

J

Christmas xmas = new Christmas () ;
m(xmas) ;
m(new Halloween());

m(new NewYear ())

48
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Polymorphism

e Note that, because all classes inherit
from the Object class, an Object
reference can refer to any type of
object

o sienmsnlEdaduiiums instanceof lumsasndoun
sounnamsauluudounndvesamaiisaedonie’ll wionadn

wédd

Wonilenell Ly pe iluaaaniedumesansasdonsonlan
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volid m(Holiday day) {
day.celebrate () ;
1f (day instanceof Christmas)
System.out.println("Hello Santa");
1f (day i1nstanceof Halloween)
System.out.println("Hello Satan");



o1

Polymorphism

e An object's ability to decide what method
to apply to itself, depending on where it is
in the inheritance hierarchy, is usually
called . The idea behind
polymorphism is that the message may
be the same, objects may respond
differently.

e Polymorphism can apply to any method
that is inherited from a superclass.

e Polymorphism simply means that you can
use any class in place of its parent class.



Interface & Polymorphism

When multiple classes implement the same
interface, each class implements the
methods of the interface in different ways.

52



public interface Printable {
volid print () ;

}

class Account

{
int no;
double balance;

}

class SavingAccount extends Account

implements Printable

{
public void print () {

System.out.println ("Account Number: " + no);
System.out.println ("Account Type: Saving");

System.out.println ("Balance:

LA

+ balance) ;

53



class Wanchai implements Printable {
public void print () {
System.out.println ("Name: Wanchai");
}
}

class Testl {

public static void main(String [] args) {
SavingAccount sa = new SavingAccount () ;
Wanchaili wa = new Wanchai ()

sa.print () ;
wa.print () ;

}
class Test2 {

public static void main(String [] args) {
Printable sa = new SavingAccount ()
Printable wa = new Wanchai () ;

sa.print () ;
wa.print () ;

o4



class Test3 {
public static void main(String []args) { 55
Printable [] pa = { new SavingAccount (), new Wanchai() };
for (int 1=0; 1 < pa.length; i++)
pali].print();

}
class Testd {

public static void main(String []args) {
Object [] pa = { new SavingAccount (), new Wanchai () };
for (int 1=0; 1 < pa.length; 1i++)
((Printable)pa[i]) .print () ;

}
class TestbH {
public static void main(String []args) {
Object [] pa =
{ new SavingAccount (), new Wanchai (), "Hello"};
for (int 1=0; 1 < pa.length; i++) {
1f (pali] instanceof Printable)
((Printable)pali]) .print () ;
}
SV RTIINY Lo FuasmnefeauiiFeuiuAunienlae s naanadedieneunthil
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Advantages of polymorphism

e Two or more object classes are able to
respond differently to one message.

e An object does not need to know to
whom it is sending a message.

e A method name can be implemented in
different ways.



