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1. Classes and objects



Concept of OOP

Object-oriented programming (OOP)
e a programming paradigm based on the concept of “objects”

« can contain data (variables), procedure (methods), and code

Advantages of OOP

* increases development speed

T A
* improves software maintenance and management _—
» enhances productivity in software development A
H=3t
* reduces development costs a
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Key features

* Encapsulation

* bundling the data and the methods that operate on the data into a single unit called a class

* hiding the details of the information to protect the data and methods of an object

* making it safe from unauthorized modification

* examples

* medicine contains within a capsule

» encapsulation hides and safely protects the variables and methods of a class

e (i

=AM

class Animal {
String name;
int age;
void eat() {...}
void speak() {...}
void love() {...}

S2jA Do DISOIE! 24 |

- String name [*1ion"]

int age [ 4 | String name it

int age [ 8 | ==(field)
void eat();
void speak(); void eat();

void love(); void speak(); HIAE (method)

1 void love();

Animal ZHX|| 5 JH AHM



Key features

* Inheritance

 a technique where one class shares its members (variables, methods) with another class

* helps in reusing code and establishing a parent-child relationship between tow classes
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class Human’Animal {
String hobby;
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class Animal {
String name;
int age;
void eat() {...}
void speak() {...}
void love() {...}

A

S

String job;
void work() {...}

void cry() {...}
void laugh() {...}

Animal®| ZHx|

String name;
int age;

String name;

Human2] ZHx|

int age;

void eat();
void speak();
void love();

void eat();
void speak();
void love();

String hobby;
String job;

void work();
void cry();
void laugh();
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Key features

* Polymorphism

* “many forms” allowing us to perform a single action in different ways

* redefining a method of a superclass in the subclass = method overriding

* Recall: method overloading

» the same method with the different parameter list

public class CatButler {
public void myRole(int age) {
System.out.println("Lt= 20| FAIYL|CL. LO|= " + age + "YL|CH");

public void myRole(String name) {
System.out.println(name + "2 8H4QIL|Ct."); +

}

public void myRole(String name, int age) {

System.out.println(name + "2 AHAQL|Ct. L}O|l= " + age + "YLICH'); &

EREETED)

EREETEE)

class Animal {
public void Sound() {
System.out.println("S&2 2242|");
}
}

class Cat extends Animal {
public void Sound() {
System.out.println("I0|= OF20(2"); ¢

}
}

class Dog extends Animal {
public void Sound() {

EREEEENED

System.out.println("ZOtA|= HHAH"); ’—;“"*159“13*0%']

}
}

Animal

A2|L7|(speak()) \

A
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Key features

» Abstraction
» representing the essential features without including the background details

* hides unnecessary details to reduce complexity and effort in programming



Concept of classes and objects

* Class
« objecte| £4da} S| E T TITH MA| T (blueprint)
o &Mu} glel = yariables (data) and methods
* Object

* Examples

ARl § A48zl 2Al (M2l 37hE 7H3)

« class = ALIE} 2[52} = object = Ajat=l ALFEF 100CH

e class =

53 = object = 7 50t2|, 2.Yo| 202|, Attt 10

()

class objects

Audi



Concept of classes and objects

Sleep()

Breed = Neapolitan Mastift

GitO
Run(Q)

Size = Large

Age =5 years

Color = Black
Breed = Maltese
Size = Small
Age = 2 years
Color = White

Breed = Chow Chow

Size = Midium

Age = 3 years

Color = Brown

10



Class design and instantiation

: eSS
Class design o )
H2 A | // | A 0B
« use ‘class’ keyword )
public class Person { S
 bundles the code in class by using curly braces { } Szgm fﬁ?;g;‘am;‘——‘—‘—_:ﬁ\’é'E(ﬁe‘d)j
« components: fields (variables), constructor, methods ir;ubhc Person() { i nemstructon)
I ' . J
« not all classes contain both variables and methods " public Person(String s) { |
i name = S; —-——:::_—__} AMAX}(constructor)
 Balh ZAStS FEALE HIAETE ZASHE FHLAE US '::}:::::::::::::::::::::' | _
' public String getName() { —_——
depending on the tasks that the class performs : } return name; ——— S (nethod) |
] ]

11



Class design and instantiation

public class Animal ({

« Components of the class - ,
ring name;
. . int age;
 member variable (field) 7
. . void eat () { .. }
* declared in a class, but outside a method void speak() { . |
void love () { .. }

 attributes that each object

ublic Animal () { .. }
created from the class can have =

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

e member method

» defines the behavior or functionality

that objects of a class can perform

e constructor
» special member methods used to initialize new objects

» to set initial values for the member variables of hew object



Class design and instantiation

» Class design example

oyt
s}
‘o2’ 5k et

m

HAM=

Cat

breed
color

eat()
scratch()
meow()

SA A

________________________________

public class Cat {
D azmam b Zaa

String breed;
—E‘%‘-—«—»[ 2

String color;

— void eat() { E
/] eat() HME 38 !

} A =
void scratch() { i
M=~  // scratch() HIME 7

}

i void meow(){
! // meow() HAE 28

________________________________
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Class design and instantiation

* Object instantiation N
) Selay __
e use ‘new’ keyword Cat CatOb] = new Cat();
4
B

public class Cat {
String breed; eat()

. . a3t scratch()
String color; ol sin art LS meow()

void eat () {
System.out.println ("eat () method");
}
void scratch () {
System.out.println ("scratch () method");
}
void meow () {
System.out.println ("meow () method");

public static void main (String[] args) {

}[Cat cat = new Cat0);] object instantiation

breed = H| 2 A|Qt
color = EM
meow()

breed = &f
color = ghM
scratch()

v

v

breed = HA|QtER
color = 3| M
eat()

v

14



Usage of class and object

« ‘Animal’ class design and object instantiation

public class Animal { S2jA Mot S2jA D90 BISOfE 24 |
String name;
int age; class Animal { String name ,
str‘lng name; int age [ 4 | String name"be@ e (Field)
int age; int age [ 8 ——
void eat () { void eat() {...} void eat();
System.out.println ("eat () method"); void speak() {...} void speak(); void eat();
) void love() {...} void love(); void speak(); HIAE (method)
| speak () { } - 4 void love();
System.out.println ("speak () method"); Animal ZHF| S 7H A
}
void love () {
System.out.println ("love () method");
}
public static void main(String[] args) {
Animal animal 1 = new Animal();
Animal animal 2 = new Animal();
animal 1.name = "lion";
animal 1l.age = 4;
animal 2.name = "bear"; € USE dot (.) operator to access the member variables and methods
animal 2.age = 8;
}

15



Usage of class and object

 ‘Circle’ class design and object instantiation

public class Circle {

int radius;
String name;

public double getArea () {
return 3.14 * radius * radius;

}

public static void main (String[]

Circle pizza;

pizza = new Circle();
pizza.radius = 10;
pizza.name = "Domino";

double area =

pizza.getArea();

args)

System.out.println (pizza.name + "2 ™

Circle donut =

new Circle () ;

donut.radius = 2;
donut.name = "Dunkin";
area = donut.getAreal()

System.out.println (donut.name + "2

2

{

MO n
1 -

rlo

+ area) ;

+ area);

pizza I

radius 10

name “Domino”

public double getArea() {
return 3.14*radius*radius;

}

donut I
radius 2
name “Dunkin”

public double getArea() {
return 3.14*radius*radius;

}

16



Usage of class and object

« ‘Rectangle’ class design and object instantiation

* requirements: L[, £o| 3t Zt1, HHUE ALSH= getArea() HAEE 712l Rectangle F2AE 2H/dS

public class Rectangle {
int width, height;
int getArea () {
return width * height;

}

public static void main(String[] args) {
Rectangle rect = new Rectangle()
rect.width = 4;
rect.height = 5;

System.out.println ("AI4AO| HEZ2 r 4 rect.getArea() + "RALICt.");

}

Rectangle

+int width
+int height

+int getArea()

class diagram

17



Usage of class and object

« How can we represent the ‘Circle’ class into class diagram

public class Circle { .
int radius; Circle

String name;

public double getArea () . .
return 3.14 * radius * radius; +int radius

} .

public static void main (String[] args) { +Strlng name
Circle pizza;

pizza = new Circle();

pizza.radius = 10; +double getArea()

pizza.name = "Domino";
double area = pizza.getAreal();
System.out.println(pizza.name + "2 HMZ2 »  area);

Circle donut = new Circle();

donut.radius = 2;
donut.name = "Dunkin";
area = donut.getAreal()

System.out.println (donut.name + "2 HMZ2 »  grea);



2. Constructors



What is a constructor?

« Constructor
* a special method that has the same name as the class serving to set up new instances of the class
 method = a class can have more than once constructor, each with different parameters
 “constructor overloading”
* no return type (not even void)

 only called once per object at the time of object creation (ZHA|7} AAde|= #7to]| AFFC 2 T St HH &)

« Example of constructor for ‘Circle’ class

public Circle(int r, String n) {...} public Circle() {...}
public Circle(int r, String n) {...}
public static void main (String[] args) {
Circle pizza = new Circle (10, "Domino"); public static void main(String[] args) {
} Circle pizza = new Circle (10, "Domino");
Circle donut = new Circle();

20



Usage of the constructor

public class Circle {
int radius;
String name;

public Circle () {
radius = 1;
name = "No Name";

public Circle(int r, String n) {
radius = r;
name = n;

public double getArea () {
return 3.14 * radius * radius;

public static void main (String[] args) {
Circle pizza = new Circle (10, "Domino");
Circle donut = new Circle();



Types of constructors [ Types of Constructors }

« Default constructor (7|2 A§Ad=x}) v v
[ Default Constructor J [Parameterized Constructor}

« no-argument (parameter) constructor

» automatically provided by Java if no other constructors are explicitly defined within the class

o class Liol| 4427t AQix|o] QJ%| Of2 mlf X522 T &5

public class Example { public class Circle {
public Example() {...} int radius;
} void set(int r) { radius = r; } [ z4mtelziof oJsH 7|12 )
double getArea() { return 3.14*radius*radius; } | IR TS Y
- public Circle() { }

public static void main(String[] args) {

Circle pizza = pew Circle(a;.______ﬁ_____g_,__ﬂ___ﬂ;-

pizza.set(5);
System.out.println(pizza.getArea());

e

}

22



Types of constructors

« Parameterized constructor
 allows passing arguments to set the initial state of an object when it is created
» can take any number of parameters

o class LH{of| AAd=}7} Aloig|o] QIS ulf =» default constructor A§AJ5IX| Q&

public class Example { public class Circle {
public Example (int value, ...) {...} int radius;
} void set(int r) { radius = r; }
double getArea() { return 3.14*radius*radius; }

D T LT TN D ¥ ----- public Circle() { }

public Circle(int r) { <——
radius = r;

}

public static void main(String[] args)y
Circle pizza = new Circle(10); ——

System.out.println(pizza.getArea());

: : [ #my o2,
@ Circle donut = new Circle(); ——-—_:_—_____L 3H%*§}EE"C'>"S}; oio
System.out.println(aonut.gEtArea());

}
}



Keyword ‘this’

« keyword ‘this’

* a reference variable that refers to the current object (ZHz]| 2}Alo]| CHEt 2f|z{2d A)

* the object whose method of constructor is being called

 usage: this.[member] or this()

public class Circle {
int radius;
String name;

public Circle () {
radius = 1;
name = "No Name";

public Circle (int r,
radius = r;
name = n;

String n)

{

public class Circle {
int radius;

String name;

public Circle () {
this.radius = 1;
this.name = "No Name";

}

public Circle(int radius,
this.radius = radius;
this.name = name;

String name)

{

24



Keyword ‘this’

« Example of ‘this’

public class Circle {
int radius;
public Circle(int radius) {
this.radius = radius;

v"
-
.
-
.
.
.
’
’

obl | e——> radius y 4

USRRCEEE » void set(int radius) {
this.radius = radius;

void set(int radius) { I N
this.radius = radius; e
} i ob2 | e—» radius X 2

public static void main(String[] args) { ¢ » void set(int radius) {

Circle obl = new Circle(1); : this.radius = radius;

Circle ob2 = new Circle(2); i o }

Circle ob3 = new Circle(3); | N

bl T ) T SRR L L --“"_,"'/’ 4

e e ob3 ®&——>| radius 316

ob2.set(5); ------------m-eememmmeemm T

e O e » void set(int radius) {
) } this.radius = radius;

}

-




Keyword ‘this’

* this()

» call the other constructor in the same class

* just use in the constructor (can not refer out of the constructor method)

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

public Book() {

System.out.printin("d‘d At == &"),
€  this("", ", 0); // MRl A EF 2F0| ofL|7| Mo HDY o F
}

public class College {

College() 4

Calls default constructor

College(String name, int year) <

{

this(name);
------- Calls one argument
} constructor
College(String name)

public static void main(String [ ] args)

{
College c=new College("ISM", 1926 );

Calls two
arguments
constructor

}
}

Fig: Constructor chaining in the same class using this keyword

26



Keyword ‘this’

« Example of this() for ‘Book’ class

public class Book { public static void main (String[] args) {
String title; Book javaBook = new Book ("Java", "dZ[Ei");
ook bible = new Book ("Bible");

String author;

void show () { Book emptyBook = new Book()
System.out.println(title + " " + author bible.show () ;

} }

public Book() { MM 5=
this("", ""); Bible ZAFAtO[4t

System.out.println ("dEA ZE");
}

public Book (String title
this (title, "ZtXtO[&m);
| D

<:T;;blic Book (String title, String author) {
this.title = title;
this.author = author;



Keyword

‘this’

Rectangle

-int width

« Example of this() for ‘Rectangle’ class

public class Rectangle {
private int width, height;

public
public
public
public

Rectangle () { this (0, 0); }

Rectangle (int size) { this(size, size); }
Rectangle (int width, int height) { this.width = width; this.
int getArea () { return width * height; }

public static void main(String[] args) ({
Rectangle rectl = new Rectangle (5, 20);

-int height

+Rectangle()

+Rectangle(int size)

+int getArea()

+Rectangle(int width, int height)

height = height; }

Rectangle rect?Z = new Rectangle (5);
Rectangle rect3 = new Rectangle();
System.out.println ("Width:"+rectl.width+", height:"+rectl.height+", area:"+rectl.getAreal()):;
System.out.println ("Width:"+rect2.width+", height:"+rect2.height+", area:"+rect2.getAreal()):;
System.out.println ("Width:"+rect3.width+", height:"+rect3.height+", area:"+rect3.getAreal()):;
}
Width:5, height:20, area:100
Width:5, height:5, area:25
Width:0, height:0, area:0

28




Destruction of objects

« QObjects are managed by “Garbage Collector (GC)”, a part of the Java Virtual Machine (JVM)

« C/C++ => objects are managed by programmers themselves using ‘delete’ keyword

» Garbage

* memory that is occupied by objects that are no longer accessible or needed by a program

- 7t2l7 | BllmE AL SHLtE Gl ZHAH| E= O o) %

—t HA L.

4T o GloiM AFEE o Gl oizE

Person ZHx||

al e > EER |

Person a, b; /

a = new Person("0|3&");
new Person("/d Mxo? }; Person ZHx|

b
12)7 |2 2R 7K |7} & b| e——X— =" (<o 71| X| 2

M

b

I
Q
-
—
2



Destruction of objects

« Garbage B4 of|#|

public class GarbageEx {
public static void main(String([] args) {
String a = new String("Good");
String b = new String("Bad");
String ¢ = new String("Normal");
String d, e;
a = null;
d=c¢
c = null;
}
}
Bl "Good" a null E’ "Good" i«-x?ﬂdlxl
b "Bad" b "Bad"
] B
d| e d |
e e e |null
(a) Z=7| 2x| 48 A2t 671X)) (b) Z= TH A =

30



Destruction of objects

» Garbage collection
« JVMZ2| garbage collector?| 25 2.8 garbage &t %] 4 Higt
. 71§ olEa| B7b0| YA ofstE HEY o A5 4 UL

« = garbage £7{5lo{ 718 Hi2a| Z7F &H

 ZH| 2 garbage collection 43 & 4 Qle
« =>» System.gc();

« 7}H|2 BE garbage &4 2% (JVM ItCt Sloj| RISHE| %]

31



Object substitution (4| x|

» Garbage is generated by object substitution

public class Samp {
int id;
public Samp(int x) {this.id = x;}
public void set(int x) {this.id =
public int get() {return this.id;}

X5}

public static void main(String [] args) {

Samp obl = new Samp(3);
Samp ob2 = new Samp(4);
Samp s;
25 x|
s = ob2;

~_obl = ob2;" // ZHH|S| X|&t
System.out.println("obl.id="+obl.get());
System.out.println("ob2.id="+ob2.get());

ob1.id=4
ob2.id=4

obl

ob2 L E—

Of Zixll= 7H|X|7}+ ECt.

| e 3

void set(int x) {this.id

' 1d 4 |

void set(int x) {this.id

32



Examples and practices for class design and constructors

« C}2 class diagramol| @2} ‘Triangle’ class@} H|AE 2| 7|58 35t main()ol|A E|AE SHEAL.,

« file path and name: Chap06Example/Triangle,java

» class diagram
 base: THd
« height: &0|

« Triangle(): Y1} zo|7} 52 Z+S

[ ]
_|
=,
Q
-

Q
o
=
~=
o
o,
Q
-y
=
m2
rE
K
-
Hlr
o

3

-
my!
ojo

Triangle

+int base

+int height

+Triangle()

+Triangle(int height)
+Triangle(int base, int height)
+double getArea()

33



3. Methods with objects



Recall: method

* Rule

 all methods should exist in class € Encapsulation

* Format of general method

xﬂx@xrj [ HAS 0|E

/==

publlc 1nt getSum(lnt i, Ane j) 4
int sum;

sum = 1 + j;
return sum;

———

}

r
B

HACS A

35



Recall: Call by value

+ 7|2 cilole] EfQle] Zto| MElE HS

. TEZ}7} = Zfo| oij7HEd 4 (parameter)ol] EAFE oA et
A
’N

G Al o o (o) H oL
o T LHollM A ¢Izte] 2t 7 E71s
public class CallByValue { | » static void increase(int m) {
public static void main(String args[]) { 7 m=m+1;
int n = 10; - }

increase(n); / }

System.out.println(n);

10 }

main() &2l AR

int n = 10; n ‘ 10
; increase() Al A|Xf
increase(n); n ‘ 10 ... ot EA oy lo ‘ m
n ‘ 10 11 ‘ m m=m+1;

increase() &2

System.out.println(n); n| 10



Recall: Call by value

+ main AL LY x 2t 9JE 4oflx| M| of

=> call by value (%ol &gt & &)

public static void printX(int x) {
System.out.println ("X in printX method
X++;
System.out.println ("X in printX method

public static void main(String[] args) ({
int x = 10;
System.out.println ("X in main method =
printX(x);
x = 50;
System.out.println ("X in main method =

oK) 2

oK) 2

in main method = 10
in printX method = 10
in printX method = 11
in main method = 50

XX X

37



Recall: Call by reference

» Array reference assignment and sharing
e one array can be manipulated and accessed through different reference variables

* when you assigh one array reference variable to another, both variables refer to the same array

in the memory

int intArray[] = new int[5];

. ) int myArray[] = intArray; —— A X[3t - fl=]
int[] intAray = {1, 2, 3, 4, 5}; e Xigioe w37 |
int[] myArray = intAray; intArray [ ® >
intAray[2] = 2; myArray f//////#}
intAray[2] = 6;

: "o 0 . intArray[1] = 2;
System.out.println("intArray: + intArayl[2]); myArray[1] = 6;
System.out.println ("myArray: " + myArray[2]);

intArray

intArray: 6 ///,///”*
myArray: 6

myArray ®

X6

38



Recall: Call by reference

* Arrays can be passed to methods as reference o 1 2 3 4 5
. 0 1 2 3 4
* not the actual array itself numbers - - 2 - -
5
public static void printArray(int[] array) {
for (int element : array) { length
System.out.print (element + " ");
} printArray (int[] }
System.out.println () ;
}
public static void main (String[] args) {
int[] numbers = {1, 2, 3, 4, 5}; numbers
System.out.println ("Array :");
printArray (numbers) ;
} main () {
Array : printArray (numbers

1 2345 }

array2| reference?} methodol| 2%t & &4 L{ol|M ZHS ZAMHH Alx| O Zto| HFH

=> call by reference (2l|T{giAo]| 2[5t T &)
39



Objects as parameters

+ A7} HiAEQ| Q2R HEYE|E L

o 7H3|2] referenceft #Et

- O{7H B2} A U2} HHE SR/ > U HE 7hs

g 23 Zat

11

public class ReferencePassing {

| » static void increase(Circle m) {
public static void main (String args[]) { m.radius++;
Circle pizza = new Circle(10); == }

increase(pizza); }

System.out.println(pizza.radius);

}

main() &2 A%
pizza = new Circle(10); pizza E—» radius

B|HEIA A} increase() AlsH A|E}

increase(pizza); pizza IE—» radius m
pizza IE'—» radius <—E| m m.radius++;

increase() 3=

System.out.println(pizza.radius);

pizza E—» radius

40



Keyword ‘static’ and ‘final’ > | GODE

g4, o2, a4 gy
DATA
File Size 2 2HA|
* Note: Memory +& aolsie e, 31 e
BSS
) COde 00404 27|38} 51%] Q42 M, K| w4
o AlA| Aloliz|= T2 Ja80o| T C I} AR = P Runtime 28 — iligp 1HEAP A0 2|7 X W
PU= ododof| zZ{AtE| D42dodE LM 2{a B
CPU codeQgHoll 235! FHAF oLy 242 Ak AlZt 2H — T:TA?"K S
high memory A, WA

data ¥

q

. 2] Aot 7 (static) HATE MAEIE B (T213 Ao Al Y, T2 FE F AE)

s o =20

stack ¥

. HAE 5&3} BASE 2]of Hho} olizf HAT} MAE|L odod (F4o| BEo| YREIH AH)

heap G9%G
 reference data type (array, string etc.) #{%f

+ newZ ARl B 4/ 243
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Keyword ‘static’ and ‘final’

« Static

« variable, method, classo]| Af&&jo] “AA{” {2 H{S}

. AMol: class?| instance?} ot class o] £51HH| = A

« = Hx|e| AHM Olo| class o|E2 &3l 2 T

o El_% O|AE }\O"A-l -I—EOE }\I-.Q.EI L H:|_/I\_

L —

-+ > FREE Lt He oS 28 A AF THEE

* lifecycle: H|@2|of| Ttejo| T2 J2Ho| 2 B &l mff A

42



Keyword ‘static’ and ‘final’

class A { A a1
int n;
L A a2
void g() {..-} ) s
}

Z4X|OLCE n, g()2l non-
static WH=0| M ZICt

]

43



Keyword ‘static’ and ‘final’

- Static: @Rt A H/3hpot A T He/

class StaticSample {
int n;
void g() {...}
static int m;
static void f() {...}

}

StaticSample bl

new StaticSample(); A

0x

StaticSample b2 = new StaticSample(); MM =

StaticSample b3

new StaticSample(); MM £

........

________

________

________

StaticSample 2| O]FH 24
M7t 8717 HOl &= static
o MAE 0] 9

= m, f()i= ARISO0l ofsH BREH= static At |
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Keyword ‘static’ and ‘final’

« Static HHe| AME

« class o|Bo &2 HZ 75

StaticSamplem = 3; // 222 O|F2 2 static 2#E
StaticSample.f(); /] SelA O|EC 2 static HAE =
« HH|e| HH2 & 4L 7}

L=
HL o

StaticSample b1 = new StaticSample();

bl.m = 3;
b1.f();

/] AKX O|EQ =R static ZHE ¥ 2
/] K| O|E 2= static HAE &

« Non-static Hlt{= Z2jA o|Eo0 2 1 EIIs

S StaticSample.n = 5;

// N2 non-staticO|BE 2 Aot @

StaticSample.g(); // g)= non-staticO| 22 ZOtd o2
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Keyword ‘static’ and ‘final’

class Sample {

intn
M .
void g() {...}
}
o= ZHx BHC =X
O™ MO = OlA

IABA Hatn HE

ZHz|| A8AL Alof| R YA

oms - ZHR||7} M2 I A AN
Ty M S AR TS

« ZHR||7} ARZEK|H A= A2}

static HH
class Sample {
static int m;
static void g() {...}
}
Hi= SWAL St AN
X

>

- 2aijA HH2tn BF

a4 23 Alof] B 4

- X171 4717 Hoil olo] 4

+ 47|17} A4717| Holl= MK 7Hs

X7t AR "= AREXIX] 55

- M= 20| S=E 0 AR
_,ogl = Ad 31OEIX| ?.*"g Eoéz} aaHAgl E: 7H'1|=0|| gl-H Tl
IS = B & = ﬁx =
STTTC L o= ZHE| Lol 2tz 27 X Sael SchAl| 2= 2SO0l 2ol S+
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Keyword ‘static’ and ‘final’

o Static B4 AFA| A2 X7 & 0| AMGH
o A Hipol HA Gt E OFS ol 2 &8

© BEA Lol 38 WS THE of Y8

public class Calc {
public static int abs(int a) { return a>0?a:-a;
public static int max (int a, int b) { return (a>b)?a:b; }
public static int min(int a, int b) { return (a>b)°?b:a; }

public static void main(String[] args) ({
System.out.println (Calc.abs(-5))
System.out.println (Calc.max (10, 8));
System.out.println (Calc.min(-3, -8));




Keyword ‘static’ and ‘final’

o Static Bl AFRA| A2k 2 U o] AGH

. Aok 27

- ==L

« 1) static method= 2 2] static HeqF 42T + US>

class StaticMethod {
int n;
void f1(int x) {n = x;} // &4
void f2(int x) {m = x;} // &
static int m;

.

v

@ static void si1(int x) {n = x;} // AL QF. static HAE= non-static EE AL
=7t

@ static void s2(int x) {f1(3);} // AWM RF. static HAEE= non-static HIAE A}
g =7t
X

static void s3(int x) {m = x;} // 34. static O static EE AR 7t

e
static void s4(int x) {s3(3);} // &4. static HAEE= static HAE SE 7t



Keyword ‘static’ and ‘final’

o Static Bl AFRA| A2k 2 U o] AGH

. Aok 27

- ==L

« 2) static methodt this A&

=7t

« static method= 73| Qlo| = AR 7} SEE R, this reference AFRE 4

& static void £() { this.n
@ static void g() { this.m

X;} //// 97%‘
X,} /] 2%.

static H|AE

static H|AE

OIAM= this A}
OlA= this AR

=71
2 =N
o = I'u

oio
HA O
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Keyword ‘static’ and ‘final’

e final

« variable, method, classol| Af8&jo] Sl5t @ AE Cf o|Al 4G £ OJE E

+ oy 2AF “2lEXo[2tD EA

» final + variable = C| o|4} HHY £ ¢l

(o)

rir
\J
N
Il
I
b
-

 ex) public final double Pl = 3,14;

 ex) public static final double Pl = 3,14;

 final + method = Cf o|4} Hi74Gt &

« overriding: overloading2} CI&

« final + class = O o[}t H7dg £ ¢

%= HAE > overriding B7s5

HE (g4 ThEO|IN /2%)



Keyword ‘static’ and ‘final’

¢ AhAE 4o A| HEEA] 271368 2|AShZolo %
L ARAE MY 3 U R Bl

class SharedClass {
public static final double Pl = 3.14;

}

public class FinalFieldClass {
final int ROWS = 10; // &== 82|, 0| 7| gt(10)2 EIEA|

void f() {
int [] intArray = new int [ROWS]; // &= &8
D ROWS=30: // HIIY 2 F LM, final LC 32 HHY




Keyword ‘static’ and ‘final’

« Usage of ‘final’ keyword for variables

public class Circle {
public static final double PI =
private double radius;

public Circle (double radius) {
this.radius = radius;

}

public double getArea () {
return PI * radius * radius;

}

public static void main (String[]

3.14159;

args)

Circle circle = new Circle(5.0);

System.out.println ("®2| HOl:

}

" + circle.getArea());
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4. Class array



Class array

 In Java, “object array” and “class array” are often used interchangeably

» Class array

» to refer to an array that is specifically intended to hold objects of a particular class or its subclasses

.+ o] chgt o
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Class array generation

1) variable for the array reference declaration
 2) generate reference array

« 3) generate element in each object (element) in array

: Circle HHO] CHSH YHZHA B4 ¢ MA
T o — ol cht 2 N )
C = new Cir‘cle[S];f{ | 2IA HH S AHA ]

for(int i=0; i<c.length; i++) // c.length= HHE cQ F7|2M 5
c[i] = new Cir‘cle(i);f{a%&_ ZH| gﬂg]

for(int i=0; i<c.length; i++) // 2E ZHx|Q| BN &

System.out.print((int)(c[i].getArea()) + " ");
o 214 77| AFR |




Class array generation

 Details
O B O CHot HE A B M © oML HIE WY
for(int i=0; i<c.length; i++)
Circle[] c; c = new Circle[5]; c[i] = new Circle(i);

C i C o C o
ﬂ \v Circle ZHi|

c[o] @ c[o] &———>| radius=0
c[1] = c[1] ®&———>| radius=1
c[2] . c[2] & ———> radius=2
c[3] o c[3] &———— radius=3
c[4] ® cl[4] ®&———> radius=4




Class array generation

« Usage of class array for ‘Circle’ class

« 7|&0| OtE ‘Circle’ class #8511, ‘CircleArray’ class AiAd

public class CircleArray {

public static void main (String[] args) {
Circle[] c;
c = new Circle[5];

for (int i = 0; 1 < c.length; i++) {
c[i] = new Circle(1i);

}

for (int i=0; i< c.length; i++) {
System.out.print ((int)c[i].getArea() + " ");
}

0 3 12

28 50
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Class array generation

« Usage of class array for ‘Book’ class (+ use ‘Scanner’ class)
. APEAFZYE| Mol M2 X2HE 244 Quigtn Fuists Z2a

public class BookArray ({
public static void main(String[] args) {
Scanner scanner = new Scanner (System.in);
Book[] book = new Book[2];

for (int i = 0; 1 < book.length; i++) {
System.out.print ("Title: ");
String title = scanner.nextLine();
System.out.print ("Author: ");
String author = scanner.nextLine();
book[i] = new Book(title, author);

}
for (int i = 0; 1 < book.length; i++) {

System.out.print (" (" + book[i].title + ", " + book[i].author + ")");
}
} Title: AFEO| 7|=
} Author: 0|2|5] Z=

Title: A[ZFS] GA}
Author: 2E[E ©Z

(AfEEo] 7|%, of2ld] mE) (A7t SAf, AE|E B3
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5. Access modifiers



Access modifier

« Access modifier (4 Z|AZ}p)
« keywords that set the accessibility (visibility) of classes, variables, methods, and constructors
* help to implement encapsulation in OOP by controlling access to the members of a class
» four types
» private
 default (package-private)

* protected

* public

protected p U b | |C

£ 1h7|x|et
AA Sajao] g | RE S0 BE

| | >
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Types of access modifiers

* Private
» specifies that the member can only be accessed within its own class
« symbol in class diagram: ‘-’
» provides the highest level of encapsulation

* not visible to any class other than the one in which they are declared

 commonly used with variables and methods to high the internal data and implementation details of a

class
{7 [X| P
class A { public class B { class C {
void f() { /. _—» private int n; <«— public void k() {
B b = new B(); /( —» private void g() { B b = new B();
b-A =3 — ___«/6 n =>5; e imimm—
gy — | } —bg()s
} } }
} }

Rectangle

-int width
-int height

+Rectangle()

+Rectangle(int size)
+Rectangle(int width, int height)
+int getArea()
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Types of access modifiers

 Default (package-private)
» if no access modifiers is specified, the default access level is package-private
» package-private: accessible only within its own package

 provides more accessibility than ‘private’ but is still restrictive to outside classes not in the same

package

» useful for allowing classes within the same package to interact with each other without exposing their

internals to the outside world

o7 [X] Q
{7 |X| P
class A { | —»public class B { <« class C { - class D {
void () { // N void g() { b \ void h() {
B b=newB(); — } S~ B b = new B(); —— C ¢ = new C();
} }
Cc=—rewCOs X —> } }

} .

\
[ CZE Zejal 02 myixiel B2 25 |

}
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Types of access modifiers

 Public

* sets ho restrictions on access level

 can be accessed from any other class

class A {
void f() {

}

}

B b = new B();
b.n=3;—

b.g(); —

public class B {
public int n; <——

/ public void g() {==
/ e
}

}

oj7 |X| P

class C {
public void k() {

\\\\\\\\\\_ﬂ,B b = new B();
\b.n =7,
b.g();

}
}
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Usage of the access modifiers

|

Hel - A2F 8 (2F Flola)

class SampleClass {
public int field1;
protected int field2;
int field3;
private int field4;

}

public class AccessEx {
public static void main(String[] args) {
SampleClass s = new SampleClass(

s.field1 = O;
s.field2 = 1;
s.field3 = 2;
s.field4 = 3;

I

AccessEx SE22| 148 2F2I0] A
ALY 2F &,

field4= SampleClass2| private &
HO|2 2 SampleClass 22| CHE

S0 B2 5 Sl

Exception in thread "main” java.lang.Error: Unresolved compilation problem:

The field s.field4 is not visible
at AccessEx.main(AccessEx.java:14)
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Tips: Scope of variable and method in Java class

« YHIHo g8 W4 = "private’, HAE = “public’
* private Haof| H4257| g HT HIAE (HE2AH)E +H
* setter(), getter()
. HAALE Eoif olsofM o HIg
private String name;

private String address;
private int age;

public String getName () { return this.name; }

public String getAddress () { return this.address; }
public int getAge() { return this.age; }

public void setName (String name) { this.name = name; }

public void setAddress (String address) { this.address = address; }
public void setAge (int age) { this.age = age; }



End of slide



