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1. Concept of class inheritance



Inheritance

e Definition

« a fundamental concept in OOP that allows a class to inherit properties (fields and methods) from
another class

/ class Student
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Inheritance

« Characteristics
* reuse of code
 allows reuse of existing code without having to rewrite the code in the new class
* polymorphism
* enables polymorphic behavior where a subclass can be treated as an instance of its superclass
* hierarchy

» establishes a hierarchical classification of classes from more general to more specific



Class inheritance

* Inheritance declaration

use ‘extends’ keyword

4+ 22 A (super class)

ME Z2jA (subclass)

Point class: super class class Point {

int x, y;

} | ME S22 #I S

class ColorPoint extends Point { // Point& &tZ42h= ColorPoint S22 M A

ColorPoint class: subclass

}




ColorPoint

Class inheritance

-String color

+void setColor(String)

« Example of class inheritance +void showColorPoint()

extends

» three .java files: Point, ColorPoint, ColorPointEx

* Point: (X, y)9_| t?_l- A % _E_Ud'GI'i E-EHJ\ Point

-int x
« ColorPoint: PointE 4f4-Hrol Zof| A2 2715 ZaffA -inty

+void set(int, int)

+void showPoint()

public class Point { public class ColorPoint extends Point {
private int x, y; private String color;
void set (int x, int y) { void setColor (String color) {
this.x = x; this.color = color;
this.y = y; }

void showColorPoint () {
void showPoint () { System.out.println (color) ;
System.out.println("(" + x + ", " + y + ")"); showPoint () ;



Class inheritance

« Example of class inheritance

» three .java files: Point, ColorPoint, ColorPointEx

« ColorPointEx: Point, ColorPoint Z2{A & EHIAESI= ZajA

public class ColorPointEx {

public static void main(String[] args) {
Point p = new Point ()
p.set (1, 2);
p.showPoint () ;

ColorPoint cp = new ColorPoint();
cp.set (3, 4);

cp.setColor ("red");
cp.showColorPoint () ;

(1, 2)
red
(3, 4)

ColorPointEx

+void main(String[] args)

uses

v

ColorPoint

-String color !
uses

+void setColor(String)

+void showColorPoint()

|

extends ;
N %

Point

-int x

-inty

+void set(int, int)

+void showPoint()




Class inheritance

« Example of class inheritance
- 0 FEiA AH2r ME FEA HH|= HH| FHH|Y

© ME ZEA A 4T A W T

D'I CPI

! int x 1 ) ¢ int x 3
int y int y 4

//—*~ void set() { void set(int x, int y) {
this.x=x; this.y=y;

/ this.x=x; this.y=y;
}

}
f . void showpoint() {...}
{ r " ’

void showPoint() { ...}

color

public static void main(Stringfj’jifj}/ |
Point p = new Point(); ’
p.set(1, 2); —:;J I S2HA
p.showPoint(); public HItH &

ZHy| Al ol St ColorPoint ZHx|

void setColor(String color) {

//////////" this.color = color;
}

ColorPoint cp = new ColorPoint(); | — P
cpiset(dydl == — 5 void showColorPoint() {
cp.setColor("red"); — e T ME A System.out.print(color);
. -‘—/’—'—'4 .
cp.showColorPoint(); — public HH & showPoint();
}

Point

" ZoA s

ColorPoint
S A HH



Class inheritance

. ME FafAolM AT TafA He YD

set(), showPoint()

X, y= Point Z2jA9|
olMTE B2 TS

ANE Z:HA0M
#+{ SHA
HAE S5

cp

/

.

il

Nk X

HER
int y 4

void set(int x, int y) {
this.x=x; this.y=y;
}

void showPoint() {

System.out.println("(" + x + ","

vy + "))
}

)

color "red"

void setColor() {...}

void showColorPoint() {

System.out.print(color);

R showPoint();

}

ColorPoint ZHX|

\ :
» Point Z2HA H

|

> ColorPoint A ol

10



Access modifier in class inheritance

Superclasse| Hle{ 1
Superclass?| private member
 subclassollM 42 &7}

Superclassg| default member

* subclassZ} 5Ygt T{7|X[of] Q! wh AL

Superclass2| public member
 subclass& T4 AL 7t
Superclass2| protected member

2E FafAdlM Y2

-

-« Z2 7R e

o Y 1ml{7|Z| ofELe} Attt Qo] subclass

e
— = 1T
#T A U0 HI5Hs wH
A =R .
2 BF private
22 m7|X|e] Salia X
CHE m7|XIe] Salia X
22 I7|X|2] ME SaA X
CtE {7 |X|e] ME A X
(O= 2 7Is&2, x= 2 g7Is8sE X&)
L
7ts
{7 || P
public class A {
__y- brivate int pri;
35 ; _» int def;
(,”/ | _» protected int pro;
i A | 5 public int pub;
// // }
I ’/
|
X1 4
= ]
: | e 4\
7 - \ \\\ ) public_ class B extends A {
o) NG N void set() {
SRR \\ B <
P {_~—pub = 1;
E | T—pro=2
L 2 7|-|— TT——def =3 J,AA
— o . I SA9|
L HL o ~—pPE=d; —— private HIH
} 2ot g

(a) 71 At ME SafAT}
St I |Xjoll A= B

A HH2| XXt
CIZE protected public
O & O
X X O
X
{7 |X| PA
public class A {
private int pri; __
int def; -
protected int pro;< \~\\
public int pub; \\\\ \\\ K
} \
S
public class B extends A //L///
void set() {
pub = 1; — /
pro = 2; — .-
d-e¥———}_ S r-"<>:)/.’
pri=; - 4m3anc |

} ) private, C|EE
} HH F2 et =
{7 |X| PB

(b) I S2HAt ME F2HAT}
M= CHE m7IX|ofl U= B2

11



Class inheritance

* One more example of class inheritance: Vehicle, Car, Bicycle, VehicleEx

public class Vehicle { Car Bicycle
protected int speed;
-int gear -boolean isRacingBike
public void increaseSpeed(int increment)
speed += increment; +void changeGear(int) +void toggleRacingMode()
System.out.println ("Speed increased to " + speed); \ }
}
extends extends
public void decreaseSpeed(int decrement) ({ \XX /X/
speed —-= decrement; )
: " o Vehicle
System.out.println ("Speed decreased to + speed) ;
: -int speed

+void increaseSpeed(int)

+void decreaseSpeed(int)

12



Class inheritance

* One more example of class inheritance: Vehicle, Car, Bicycle, VehicleEx

public class Car extends Vehicle {
private int gear;

public void changeGear (int newGear)
gear = newGear;

{

System.out.println ("Gear changed to " + gear);

}

public class Bicycle extends Vehicle {
private boolean isRacingBike;

public Bicycle () {
this.isRacingBike =

}

false;

public void toggleRacingMode () {
isRacingBike = !isRacingBike;
System.out.println ("Racing mode: "

_|_

(isRacingBike ?

Car Bicycle

-int gear -boolean isRacingBike

+void changeGear(int) +void toggleRacingMode()

| |

extends extends

R -4

Vehicle

-int speed

+void increaseSpeed(int)

+void decreaseSpeed(int)

"On" "Off"));

13



Class inheritance

public class VehicleEx {
public static void main (String/[]

args) {
Vehicle vehicle = new Vehicle();
System.out.println ("Testing Vehicle...");
vehicle.increaseSpeed (10);
vehicle.decreaseSpeed (5) ;

Car car = new Car ()
System.out.println ("\nTesting Car..
car.increaseSpeed (20) ;
car.changeGear (2) ;
car.decreaseSpeed (10) ;

.");

Bicycle bicycle = new Bicycle();

System.out.println("\nTesting Bicycle...");

bicycle.increaseSpeed (15) ;
bicycle.toggleRacingMode () ;
bicycle.decreaseSpeed(5) ;

* One more example of class inheritance: Vehicle, Car, Bicycle, VehicleEx

uses”

v

VehicleEx

_| +void main(String[] args)

uses

v

Car

Bicycle

-int gear

-boolean isRacingBike

+void changeGear(int)

+void toggleRacingMode()

\

Testing Vehicle...

Speed increased
Speed decreased

Testing Car...

Speed increased
Gear changed to
Speed decreased

to
to

to

to

Testing Bicycle...

Speed increased
Racing mode: On
Speed decreased

to

to

extends extends
\\\\\\\\ﬁ; Vehicle

10 -int speed

> +void increaseSpeed(int)

+void decreaseSpeed(int)

20

10

15

10

uses

14



Constructors in class inheritance

» All constructors for superclass and subclasses will be called
« case 1) a superclass constructor runs:
 when an object of the superclass is created
* when an object of the subclass is created

« =» the constructors of both superclass and subclass run, performing member initialization

« case 2) a subclass constructor runs:

* when an object of the subclass is created

15



Constructors in class inheritance

» Constructor calling order in class inheritance

follows a top-down approach

» Constructor priority when creating a subclass
» the superclass constructor runs first

 (calling order) creating a subclass object
- subclass constructor is called
—> superclass constructor is called
- superclass constructor runs

- subclass constructor runs

class A { —
__»-public A() { WYX A @
1 System.out.println("MAMXIA"); — b g
} y
}
MMXISZ @)
.| class B extends A { b T
““»public B() { dax 2 @
1 System.out.println("MMXIB"); — a|Ed
}
: }
MMII SZ @
J
.| class C extends B { AHA1fo|— 6
/:; public C() { sl k=
f System.out.println("AMXIC"); 1=
} )
}
MMX S5

public class ConstructorEx {
public static void main(String[] args) {
€ (o

TSe<c = new ) 4

}

)

MM XA
MM xIB
MM XLC

16



Constructors in class inheritance

» Characteristics of superclass and subclass constructor
* both superclass and subclass can have multiple constructors

* when subclass object is created

=» one superclass constructor and one subclass constructor are executed

 decision method
1) default constructor by the compiler
» superclass?t BA|=|o] Q2| ¢f5 m, HItU7t 522 superclass?| 7|& AY/JA} AEY
« 2) explicit choice by the programmer (ZH®Zt2] B3A|2] AEH)

o FHERE7} superclasse| oAE AMZFE TG X| BHA|AH o 2 MEH (using ‘super’ keyword)

17



Constructors in class inheritance

class A {

» Characteristics of superclass and subclass constructor

1) default constructor by the compiler

« U7} 2522 superclass?| 7|2

At A
A2 gejjiAol

7|2 X0 Chsh
MU= X522

#T SajAo)

712 HERiet Bs

OHS
<0

e

_-»public A() {
System.out.println("A4MXIA");

}
public A(int x) {

"~| class B extends A {
~5- public B() {
System.out.println("A4AXIB");

.
' }

| public class Constructorex2 {
public static void main(String[] args) {

1)

B b;
// }gﬁfglf =

“~~--b = new B();

}
|}

M XA
M 4XIB

I~
~

18



Constructors in class inheritance

class A {

» Characteristics of superclass and subclass constructor

1) default constructor by the compiler

« ATfHE7} 2522 superclass?| 7|2

2} Adet

AHA
L

33

M XEA
O 7 tH =~ A X}B

_.»public A() {

System.out.println("AMMXA");

}

public A(int x) {
System.out.println("Of7HHAAXIA") ;

}

}

class B extends A {

public B() {
System.out.println("MMXIB");

}

/‘/;; public B(int x) {

System.out.println( "7t MHXIBY);

}
}

public class ConstructorEx3 {
public static void main(String[] args) {

B b;
"~~--_b = new B(5);

}

}

19



Constructors in class inheritance

» Characteristics of superclass and subclass constructor

1) default constructor by the compiler

» ZmUE|7} 250 2 superclass?| 7|2 AYAIZ} A1EH class A {
_»public A(int x) {
e =» superclassol| 7|2 AAJzp7F Qo o = System.out.println("&4MXIA");
BO)OJ CHBH =, |/ }
A)ERSS —X |
g2 |
92 mA|X| \\\\class B extends A {
3 2 E T= 1 FAH
"Implicit super constructor A() is undefined. Must /,erbllc B() { //.QTEr HE"THM &
explicitly invoke another constructor” 7 } System.out.println("&4dXI8");
/ }

\. | public class ConstructorEx2 {
public static void main(String[] args) {
e B b;

~
~
~

“~b = new B();
}

20



Constructors in class inheritance

» Characteristics of superclass and subclass constructor
« 2) explicit choice by the programmer (ZH®Zt2] B3A|2] AEH)
o JHEZR}7} superclasse| oAE AYMZFE T &G X| BHA|AH o 2 MEH (using ‘super’ keyword)
 How to use?
 super(parameter_list)
« paramete_liste} HESIAH| U2|SH= superclasse| RS T&

 MUST BE the FIRST STATEMENT in the constructor body in subclass where it is used

21



Constructors in class inheritance

» Characteristics of superclass and subclass constructor

class A {
o ] public A() {
 2) explicit choice by the programmer System.out.println("A4AIKIA") ;
}
« using ‘super’ keyword PUECLERIE )

System.out.println("Di7HHSMAXIA" + X);
}
}

class B extends A {
public B() {
System.out.println("A4AdXIB");
}
4 public B(int x) {
super(x); // & &0 2lof &
System.out.println("D7HHSAMXIB" + X);
] }
}

public class ConstructorEx4 {
public static void main(String[] args) {

. B b;
">~ b = new B(5);
} Of 7H 2 =~ M X}AS
| O 7H 2 =8 A4 X} B5



Constructors in class inheritance

« Example of super() keyword

public class Point ({ public class ColorPoint extends Point ({
private int x, y; private String color;
Point () { this.x = this.y = 0; } ColorPoint (int x, int y, String color) {
Point (int x, int y) { | super (x, v);|
this.x = x; this.color = color;
this.y = y; }
}
void showColorPoint () {
void showPoint () { System.out.println (color) ;
System.out.println("(" + x + ", " + y + ")"); showPoint () ;
} }
} }
public class SuperEx { blue
public static void main(String[] args) { (5, 6)

ColorPoint cp = new ColorPoint (5, 6, "blue");
cp.showColorPoint () ;



Class inheritance in Java

AN
« Java class2| &4 E4

« 1) E2jA CtE A4 (multiple inheritance) 275 Clas 8{{
un a

}
‘g2

e 52 Y

ox

0x
B
0z
NI7g

»

« C++/Python = CI& A& 715

 2) interface?| Ct3 42 7t

Class AAA{
fun aaaf

« 3) B & Java FelAE EA[H 2R ‘Object’ classE 4 U2 , 20
)

 java.lang.Object Z2fA = B & 2 A 2| superclass



2. Casting



Concept of casting

« Casting2] 7l{d

» 1) Ello|&{ 7+2| EfY

& (primitive Ef%J, int - double 5)

+ 2)Ab4 BAo| Qi KT atal FalA 7te| F gt (reference EIY)

- N

» Types of casting

7t casting 8715 (EFJo| CIE)

 upcasting (4gF GHigh)

* Si¢ =2

|>

9

HH|E AH9] ZAHA R HESHE 7

- downcasting (53 &High

¢ FElAL| HAH|E St FEHA R BRI T

(Upcasting) Vs (Downcasting)

26



Upcasting

o AMH ZajAo| Y HEHAE AT ZajA 2|mHE Ao CH

D> AT oA AR MH Ze|A HH|E J|2)7|H &

class Person {

S
String name;
String id;
o - (
public Person(String name) { name o|xH= J ZmZA pE 0|Z5IH
this.name = name; | Student ZHx|Q| HH &
} id l X! Person®| HIHIt H2
} | 7tSstet.
Person()
class Student extends Person {
String grade; grade
String department;
department
public Student(String name) {
super(name); Student()
} A

}

public class UpcastingEx {

public static void main(String[] args) {

Person p;

Student s = new Student("O| X 2");

p=5// "H2Y &Y

System.out.printin(p.name); // L&

Ho
BA OO

p-grade=—A"-// ZIY &
p-department ="Com";-// LY 2R

ufiA S 0[gsted
Slo| 7 ol 25
X2 Thssict

O|7H &

27



Upcasting

« Upcasting?| &4

© SN2 E T o QU BEs WSOl UESIHA| CHR7| fIsiM > SiLie] QAR A 7 Fof L2

AA
« %3 downcastinge.2 AMH ZejAe] 1§ HACE ZHE
[]r=new (]
r[0] = new Rectangle()
Shape r[1] = new Rectangle() []s =new (]
s[0] = new Rectangle()
[]t=new (] s[1] = new Rectangle()
t[0] = new Triangle() ‘ s[2] = new Triangle()
Rectangle Triangle Circle t[1] = new Triangle() s[3] = new Triangle()
s[4] = new Circle()
[] c = new [] s[5] = new Circle()

c[0] = new Circle()
c[1] = new Circle()

28



Downcasting

o AT ZEfA BTBAE M ZajA BT Ao cHY

class Person { }
class Student extends Person { }

Person p = new Student("O|X{2"); // LIHAEl

Student s = (Student)p; // Ct=7HA S, ZHEfRHE

N ]

p
public class DowncastingEx { ‘
public static void main(String[] args) { name O|RHeE
Person p = new Student("O|X{2"); // YA E id
Student s;
Person() )
s = (Student)p; // CI2IHA T E .
System.out.println(s.name); // 2F 1S grade
s.grade = "A", // 2F AUZ department
}
} Student()
O|xH =

29



instanceof

« upcasting®! Z|T{A (ZHH[)2| AA| EfQUS L ETI7| Q|50 &

Person p = new Person();

L -
e true _EF_f false h.'_l' ._I' Person p = new Student(); // YW E

class Person { ‘

}
I\ Person p = new Professor(); // €71 28
Person Eto| gf|H&HA p=2 HIfAE
class Student extends Person { class Researcher extends Person {
} }
A
class Professor extends Researcher {
} P
ME 222 A3 7=

J new Professor() Z{M|= Professor EFQO|HA, SA|0f
Researcher EF@O|7| = S, Person EFR0|7| = &

Person Z#H|QIX|, Student ZHA| QIX|,

pZt 7t2|7|= X 7t
} Professor ZA M| QIX| 2 E3}7| 02

Person p = new Professor(—

if(p instanceof Person) // true
if(p instanceof Student) // false. StudentE& A&EHX| 47| I
if(p instanceof Researcher) // true
if(p instanceof Professor) // true
if("java" instanceof String) // true
€ if(3 instanceof int) // 28 2% instanceof= ZUN|Of CHEF 2| A A0 T AR




class Person { }

instanceof class Student extends Person {}

class Researcher extends Person {}
class Professor extends Researcher { }
o | O3 A 2
instanceof G AFE oA public class InstanceOfEx {
static void print(Person p) {
if(p instanceof Person)
System.out.print("Person ");
if(p instanceof Student)
System.out.print("Student ");
if(p instanceof Researcher)
System.out.print("Researcher ");
if(p instanceof Professor)
System.out.print("Professor ");
System.out.printin();

}

public static void main(String[] args) {
System.out.print("new Student() -> "); print(new Student());
System.out.print("new Researcher() -> "); print(hew Researcher());
System.out.print("new Professor() -> ");  print(hew Professor());

}
}
_
new Professor() Z4 M=
new Student() -> Person Student Person Et20|7| & St
new Researcher() -> Person Researcher Researcher EFQI0[7| & St1,

(o] =)
new Professor() -> Person Researcher Professor Professor Et20|7| = &




3. Method overriding



Concept of method overriding

 Allowing a subclass to provide a specific implementation for method that is already defined in its superclass

 a powerful feature of OOP in aspect of polymorphism

enabling actions to be performed differently depending on the actual object’s class type at runtime

ME Faf Aol £T FEHAC| HACE FEOE AASHE 7|

70 A0 HAE FESH S Y ME FEjL0] 2B{2to|Yh H|AEo| HTH HAT

‘o AE SASE)



Rules of method overriding

* Method signature

» the overriding method MUST HAVE the same name, return type, and parameter list as the method in

the superclass

* Access level

» the access level CANNOT be more restrictive than the method being overridden

« ex) protected superclass =» private subclass (error)

« @Override annotation
it is good practice to annotate overridden methods with @QOverride

 this annotation tells the compiler that you intend to override a method in the superclass, and the

compiler will generate an error if no such method exists

34



Examples of method overriding

class A {
void f() {
System.out.printin("A2] f() =E");
}
}

class B extends A {
void f() { // 2ci2 A% f)E 2H{ 20|
System.out.printin("B2| f() Z=");

}

}

(b) A2l f)& 2=, 2H 20| & HE, B2 f()7F HHE

A a = new B();

S5 Hiolg

35



Examples of method overriding

© 2Bj2t0|Y HAET}

ook

LA S EIC

public class SuperObject {
protected String name;
public void paint() {
A7 draw();

}
public void draw() {

System.out.printin("Super Object");

}
public static void main(String [] args) {

\ SuperObject a = new SuperObject();
a.paint();

}
}

class SuperObject {
protected String name;
ublic void paint() {
/P P

d -
} raw() X

public void draw6 {
System.out.printIin("Super Object");

}

}
public class SubObject extends SuperObj

public void draw() {
System.out.printIn("Sub Object");
}
public static void main(String [] args) {
\SuperObject b = new SubObject();
b.paint();

}

Super Object

a W [ paint()

dr‘aw()A

] SuperObject?] HItH

Sub Object

iacto] oil
draw() ] SuperObject®| HItH

¥
] SubObjecto] BIH

b ’—’[ paint().

36



Objectives of method overriding

. Chadg Al

.+ SlLte| QIE{Hlo|A(ZHE 0| E )0 ME CtE 7

. Zaf A  olACE NE S Aol 242t S0l I crEd| 2
class Shape {

public void draw() {
System.out.println("Shape");

}
}
A
i
class Line extends Shape { class Rect extends Shape {
public void draw() { public void draw() {
System.out.println("Line"); System.out.println("Rect");
} }
} }

class Circle extends Shape {
public void draw() { = 9“1&}0":'
System.out.println("Circle" ),

}
}

37



Examples of method overriding

« Shape Z2jA 2| draw()H|AEE Line, Circle, Rect 22 A0||A 2H2}o|TTt= ofA|

class Shape { // E&2| #+IH i~
public void draw() {

public class MethodOverridingEx {

System.out.printin("Shape"); [ =5

Ht

ol

}
}

class Line extends Shape {
public void draw() { / Hl&E 2H20[ g
System.out.printIn("Line");
}
}

class Rect extends Shape {
public void draw() { / Hl&=E 2H20[F
System.out.printIn("Rect");
}
}

class Circle extends Shape {
public void draw() { // Hl&~E 2E{2}0[Y
System.out.printin("Circle");
}
}

static void paint(Shape p) { // Shape2 &&E2 A Z0|
2 // O a2 Holg & 9l
p.draw(); // p7t 7t2[7|= AH 0| 2H2t0|HEl draw() =&.

// X HelE
}
public static void main(String[] args) {

Line line = new Line();
paint(line); // Line2| draw() 2. "Line" ¥

paint(new Shape()); // Shape®| draw() 2. "Shape" &3

paint(new Line()); / 2B 20| Y&l HAE Linel| draw() &
paint(new Rect()); // 2LH 20| Y&l HAE Rect®| draw() 2
paint(new Circle()); // 2H2t0| Y&l HAE Circlel| draw() &2 &
}

}

Line

Shape

Line

Rect

Circle

Line line = new Line()

paint(line);

paint(new Shape());

paint(new Line());

paint(new Rect());

paint(new Circle());

void draw()

N void draw()

void draw()

void draw()

N void draw()

i

—_—

void draw()

N void draw()

-—

r—

void draw()

N void draw()

i~ Shape2| Bt
i~ Lineo| i

:’ "Line" 24

T

: Shape2| Hit{ == "Shape" =3

- Shape] 2y

g T aR)
- LineQ| = "Line =
J

- Shapeo] 2t

(T
- Rect2| HiH e Rect" &3

- Shape?| HIt{

: lzren )
Circle2| M <’1 Circle" &3
“ 4
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Static binding and dynamic binding

« A2 "QIY (Static Binding)
 HItY (Compile) A[7tol| £/do]
o HEUAOM 2ato|Y || 2 HACEE T 2T i
. super 7|¢|EE Edl H|AE T &G o

« Statico 2 PYAE HACE T & T o

« F HlRIT (Dynamic Binding)
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Static binding and dynamic binding

« Examples of static and dynamic bindings

public class SuperClass {
public SuperClass () { System.out.println ("SuperClass Constructor with params"); }
void methodA () { System.out.println("SuperClass A"); }
static void methodB() { System.out.println ("SuperClass B"); }

}

public class SubClass extends SuperClass {
public SubClass () { System.out.println ("SubClass Constructor"); }
@Override
void methodA () { System.out.println("SubClass A"); }
static void methodB() { System.out.println ("SubClass B"); }
}

public static void main(String[] args) {
SuperClass superClass = new SuperClass();
superClass.methodA() ;
superClass.methodB() ;

SuperClass subClass = new SubClass()
subClass.methodA() ;
subClass.methodB() ;



Method overloading vs overriding

Hlm QA HAC QHZE! HAES 2H210|E
o ZIo SajAL} Ala T SUSH 0|29 ME SHANM AT A QU= HAS
== HAS S2 XA o s 0|2 9] HAT KX
247 =05t DA LY B2 A2 2 At T
A1 ZA0| PHE HASE 2ABID A
OIZ0| ZS 0f| JHo| HACE & Motst | T =ciol THE MASS FAlSL A
=x ’ B ZAM M2 7|50 HASE XY
Of AK2O| ma|A SHAt it
olstmx} &t
o HAC 0|22 U A| SUsH HATO| I} | HACZO| 012, QIXte| EFR, QIXte| 7H4, O
- o] JH4Lt QIXFO] EFRI0| Eatof Al2 xte| 2l Efel S0| RE S2UsH0{0F Al
gorgy | BIOIE. Bl Ao SRE HAS B | S5 HielE. HY Aol 2ui2io|PE oA
=° | a5 fAC AA c so} 55



4. Abstraction



What is abstract?

 Abstract: JL3|Aol Zzl{7} Qi= o| 220l

o

« for real life example; 2F&-x& C|2}QIG} mf

Bajo|3 HFE 4ot > H&/HA

moveForward ()
moveBackward( )

turnLeft ()

turnRight ()

Vehicle

Every vehicle must move forward, backward, left and right

| I
s C:.[O

The way a bike moves is different from that of a car
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Abstract method

e abstraction in Java

e abstract method, abstract class, interface

d oaE

« a method that is declared WITHOUT an implementation; declared using the ‘abstract’ keyword

 method body is provided by the subclass that extends the abstract class

public abstract String getName(); // &4 HAE

[N
ie)
oc
oy
Kl
ne
to
=]

(o5 ) public abstract String fail() { return "Good Bye"; } // =& 02
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Abstract class

24 FafA

cannot be instantiated on its own and

have an implementation)

© 34 HACE Zotots AL

/] FE HAES 7t 8 2
abstract class Shape {

Shape() { ... }
void edit() { ... }

abstract public void draw(); // & HAE

}

MUST be inherited by other classes; declared using ‘abstract’ keyword

can contain both abstract methods (which have no implementation) and concrete methods (which do

AE REFEA 24 S A0f0F gf

== HAC T o
abstract class JComponent {

String name;
void load(String name ) {
this.name= name;

}
}

=AM AE 9= A EFA
/1 &4 O =

O class fault { // L2, =4 KA
abstract void f(); // =& O

}

O 2 abstract2 M AL O{OF TF
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Abstract class

JComponent p; /] F Q8. ¢ 20 YHEL MO
p = new JComponent(); /el e =Rz A —alA OlFO] A EA AR =]
& | Shape obj = rew-Shape(); /) A @F. = Sef20l QIAHA WE =7t

4o 27 HAX|

Unresolved compilation problem: Cannot instantiate the type Shape
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Abstract class

* subclassOl|A] super class (&%

S

H|AE overriding &£

FafA)o| 24

abstract class A { // & Sa{&
abstract int add(int x, inty); // =

}

abstract class B extends A { // =& 2
void show() { System.out.printIn("B")

=4 ojas

Saja
b )

I.

Aa=newA();/ dIY R F& Sdi2o| AAHA ME 27t
Bb =newB();, / dutE 2F Fd 29| QIAHA EY 7t

class C extends A { // =& 2

void show() { System.out.printin("C

Cc=newC(); /B¢

=4 B2a Rt WY B2

int add(int x, int y) { return x+y; } // =&

2LH2H0| S
")}
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Abstract class

A BefAo] 2%

=
* T

2 ggots
AE 2

« L&A (polymorphism) 415

(o)

It
0% 0%

=2 iU
T

[n[>
o Mo

S o>
s 0=
= Ay

ne
o2
——/

}

class Shape {
public void draw() {

}

System.out.println(“Shape");

abstract class Shape {
public abstract void draw();

}

At
0

class Line extends DObject {
public void draw() {
System.out.printin("Line");
}
}

class Rect extends DObject {
public void draw() {

}
}

System.out.println("Rect");

class Circle extends DObject {
public void draw() {
System.out.printin("Circle");

}

}
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Example of abstraction

« FEEA Calculatorg 4= GoodCalc 22 A

Hot= oA

abstract class Calculator {
public abstract int add(int a, int b);

public abstract double average(int[] a);

public abstract int subtract(int a, int b);

}

public class GoodCalc extends Calculator {

public int add(int a, int b) { // T4 HAE T
return a + b;

}

public int subtract(int a, int b) { // =& HAE T3
return a - b;

}

public double average(int[] a) { / =& HAE F
double sum = 0;
for (inti = 0; i < alength; i++)

sum += a[i];

return sum/a.length;

}

ret

public static void main(String [] args) {
GoodCalc ¢ = new GoodCalc();
System.out.printin(c.add(2,3));
System.out.printin(c.subtract(2,3));
System.out.printin(c.average(new int [] { 2,3,4 }));

}

3.0
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5. Interface



Java interface

« OlE{H|o|A (interface)
o My (HeX) et A4 HAERDE A
.I

.+ QlEfmlo|A A1

| I
« ‘interface’ 7| EE &2

+ UEE|o|A LHo] &

rin

18
rlr

>
>
o
K
=
P~
In
rr
e

>
=
P~
In

o

. QlE{H[o| A0| | AA £}

/ public interface2 A public & 7t ]
interface Phonelnterface {

intc?UTT(d)NS” = Zox/i:ku.” Aré; il <\L public static final 2 public static final 242 7ts }
void sendCall(); // =

void receiveCall(); // =4 HAE

\ \L abstract public 22 M abstract public 4 &f 7t& ]

€ new Phonelnterface(); // 2. QIE{H 0| A9 ZHKH|E AT 4= QiCt




Interface inheritance

« QIE{H[o|A Tt Ab& 715 (‘extends’ 7|9 E &)

» QUEm|o]AE AFETIo] HAYE QEH|o|A 2 It

interface MobilePhonelnterface extends Phonelnterface {
void sendSMS(); // ME2 T4 HAE F7}
void receiveSMS();  // MZ& =4 HAE =7}

}

interface MusicPhonelnterface extends Phonelnterface, MP3Interface {

}




Interface implementation

class FeaturePhone implements MobilePhonelnterface { // Q1 E{ 0| A T3
public void sendCall() { ... }
public void receiveCall() { ... } : - -
public void sendSMS() { ... } MobilePhonelnterface?| Z & HAE 13 W

public void receiveSMS() { ... }

// EFE HAE 7t 7ts
public int getButtons() { ... }

.+ ofz{ 7He| Qlejmlo| A Al FHE 5

. ZA AHAT}QUEfElo|A FA 2T IHs



Example of interface

QlEfmlo| A T3zt EAlof £1 ZaHA

AOI'

interface Phonelnterface {
int BUTTONS = 20;
void sendCall();
void receiveCall();

}

interface MobilePhonelnterface
extends Phonelnterface {
void sendSMS();
void receiveSMS();

}

interface MP3Interface {
public void play();
public void stop();

}

class PDA {
public int calculate(int x, inty) {
return x +vy;
}
}

// SmartPhone 22l = PDAE A &8,
// MobllePhoneInterfaceQP MP3Interface QIE{ I 0|20 M A=l

/| HAEE BE 7 [

class SmartPhone extends PDA implements

MobilePhonelnterface
BE

e 7o J

MobilePhonelnterface, MP3Interface {

public void receiveCall() { System.out.printin(" 2t l=”7| ) }

public void sendCall() { System.out.printin("M3} Z7["); j}/

public void sendSMS() { System.out.printin("SMS =.L{7|"); }J

public void receiveSMS() { System.out.printin("SMS 27["); }

public void play() { System.out.printin("& < X{4");
public void stop() { System.out.printin("Xi’d & X|"); }

MP3Interface2]
o= Oac -_r‘°4

public void schedule() { System.out.printin("&7a 22|

}

public class InterfaceEx {
public static void main(String [] args) {
SmartPhone p = new SmartPhone();
p-sendCall();
p-play();
System.out.printIn(p.calculate(3,5));
p.schedule();

|r| Ho

~
BlE:
| &

sk 2|
Sof T4
8

U

i

=
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abstract class vs. interface

« & Lt 3JEH NG S ket AHEE (F BF HIAEE F3sHoF )

2 %3

af|2foq abstract class interface
Afd ThY Ab4 ChE H4 7hs
HALE ZAHAE, YHEHAE BF 71 A HAE default HIAE,
2] A olo static H|AC,
B UARA Hp FEA He T eI 2 US
Bk ou AT 77 lACo| Hojat 7hs BE oA

Ltofale ool BaAcld 7Y Sk ofe] BafAcl 23
AHg wkHel 29 + 2Hy UskHel Y53 Yo

a4 Al of|2fof extends implements
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End of slide



