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- 2H4& (composition):

e has-a K&

class MyType { public class MyCompType {
public int i; private MyType m = new MyType();
public double d; private String s;
public char c; public MyCompType(){
public void set(double x) { d = x;} s = new String(“Hello”);

} public double get() { return d; } } }
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- k7K (inheritance)

¢ is-a KA

class MyType { public class MySubType extends MyType{
public int i;
public double d; String s = new String(“Hello”);
public char c; public double add(double d){return this.d + d;}
public void set(double x) { d = x;} public double add(String s){return this.s + s;}
public double get() { return d; }

} public void set(double x){ i = (int)x; }

public double get() { return i; }

public static void main(String [ Jargs){
MySubType ms = new MySubType();
System.out.printin(ms.get());
System.out.printin(ms.add(1.0));
System.out.printin(ms.add(“World”));

}
}



. 5]

- RK

o TRA WA T

o T2RA] LU OB B TR AN

e T-A[LLE S (override) Q)72
- super KHEF
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 Single root class hierarchy tree

° ﬁyf : class MyType {
. public int i;
boolean equals(Object 0) public double d;
public char c;
String toString() public void set(double x) { d = x;}

public double get() { return d; }

public static void main(String [ Jargs){
MyType m = new MyType();
MyType n = new MyType();
String s = “hello”;
m.equals(n);
m.equals(s);



OQOP with Java

 protected
« Upcasting
e final JCHEF



protected

o Uy IA] 4% il
- package access
— public
— private



protected
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class MyType { public class MySubType extends MyType{
public int i;
public double d; public double foo(){ return get(); }
public char c; public void set(double x){ i = (int)x; }
public void set(double x) { d = x;} public void set(char z) {c = z; }
public void set(int y) {i = y;}
public double get() { return d; } public static void main(String [ Jargs){

] MySubType ms = new MySubType();

ms.set(1.0);
System.out.printin(ms.get());
System.out.println(ms.i);
System.out.println(ms.d);

}
}
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« REEE?
class MyType { public class MySubType extends My Type{
public int i;
public double d; // can not access!!
public char c; // public double foo(){ return get(); }
private void set(double x) { d = x;} public void set(double x){ i = (int)x; }
private void set(int y) {i = y;} public void set(char z) {c = z; }
private double get() { return d; }
} public static void main(String [ Jargs){
MySubType ms = new MySubType();
ms.set(1.0);

System.out.printin(ms.get());
System.out.printin(ms.i);
System.out.println(ms.d);

}
}
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protected

classbl\l/IyType { public class MySubType extends MyType{
public int i;
public double d; public double foo(){ return get(); }
public char c; public void set(double x){ i = (int)x; }
protected void set(double x) { d = x;} public void set(char z) {c = z; }
protected void set(int y) {i = y;}
protected double get() { return d; } public static void main(String [ Jargs){
} MySubType ms = new MySubType();
ms.set(1.0);

System.out.printin(ms.get());
System.out.println(ms.i);
System.out.println(ms.d);



Protected

o Uy IA] 4% il
- package access
— public
— private
— protected



Protected

Class B Class A Class C

DODD

Unless
C is a subclass of A

Package 1 Package 2
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Animal

eat()
sleep()

Cat Dog

eat() eat()
sleep() sleep()




Upcasting

class B {
/...
o
Class A 1] WorId A’\ class A {
NP classA f{] 7i>> 4 i

public void foo() {}

] }
s_ class C {

\\ > Class B i public void bar(A a) { a.foo(); }

PUES public static void main(String [Jargv){

A a = new A();
B b = new B();
C ¢ = new C();

Cannot a.foo();
c.bar(a);

A5 B EH AR // replace a with b
b.foo();
c.bar(b);
A al = b;



Upcasting

class B extends A {

/] ...
PPN }
A
Class A [ WorId ) class A{
P classA [f] 7i>> ) 7

public void foo() {}

}
p classC{
> Class B 3 & public void bar(A a) { a.foo(); }

class B extends A public static void main(String [Jargv){

A a =new A();
B b =new B();
C c = new C();

Yes a.foo();
c.bar(a); _

FRIE LT HBARAT LG pemanint

foo();

c.bar(b);
A al =b;
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- the sub-class is a type of the base class



Upcasting

* Bil¥

class Instrument {
public void play() {}
ste;t/ic void tune( ) {
.play();
/...
}
}

public class Wind extends Instrument {
public static void main(String[] args) {

Wind flute = new Wind();

Instrument.tune(flute); Upcasting

}
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Upcasting

public class MySubType exitends MyType{

String s = new String(“Hello”);
public double add(double d){return this.d + d;}
public double add(String s){return this.s + s;}

public static void main(String [ Jargs){
MySubType ms = new MySubType();
MyType m = ms;

System.out.printin(m.get());
System.out.printin(ms.add("World"));

m.set(1.0);
System.out.printin(m.get());
System.out.printin(ms.get());
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public class MySubType exitends MyType{

String s = new String(“Hello”);
public double add(double d){return this.d + d;}
public double add(String s){return this.s + s;}

public static void main(String [ Jargs){
:MySubType ms = new MySubType(); : inti=5
MyType m = ms; . double d-= i;

System.out.printin(m.get());
System.out.printin(ms.add("World"));

m.set(1.0);
System.out.printin(m.get());
System.out.printin(ms.get());
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« Upcasting
Object
% .
Upcasting 5 My Typo A Downcasting
MySubType
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class MyType {

public int

T

public double d;

public char c;

protected void set(double x) {
System.out.printin(“oase class”);

d=X;

Upcasting

STIR 7

protected void set(int y) {i = y;}
public double get() { return d; }

public class MySubType extends MyType{
public void set(double x){
System.out.printin(“sub class ”);
d=x;

public static void main(String [ Jargs){
MySubType ms = new MySubType();
MyType m = ms;
m.set(1.0);
}
}
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e int — double ( %4, B3t )
« double — int (FIRAG AT, sl e )
- AL 5 wrapper
« Int — Integer (autoboxing)
 Integer — int (unboxing)
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« Downcasting
- MySubType ms = (MySubType)m;
— ANFE m A SESR [F) 12850 RN A BE1EAT

- BT 2RMAE B (RTTI)

public class MySubType extends MyType{
public void set(double x){
System.out.printin(“sub class ”);
d=x;

public static void main(String [ Jargs){
MySubType ms = new MySubType();

MyType m = ms;
m.set(1.0);

MySubType n = (MySubType)m;
m.set(1.0);
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final <%

e final ¥
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class MyType {
public int i;
public final double d = 1;
public char c;

public double get() { return d; }
public void set(double x) {d = x;}

public static void main(String [Jargs){
MyType m = new MyType();
/ m.d=2.0;
}
}
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final <%

e final #iE

- final 5| H

class MyType {
public int i;
public final double d = 1;
public char c;
public final int [ ] a = new Iint[10];

public double get() { return d; }
public void set(double x) {d = x;}
public static void main(String [Jargs){
MyType m = new My Type();
m.a[0] = 1.0;
! //m.a = new Int[10];
}
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 static final inti = 1;
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final S5

lge=ss

e final ¥
- Blank final
class MyType {
public int i;
public final double d;
public char c;
final B AL € X a] AAZE WG public double get() { return d; }
WAZTILE N s R R R T L Ak public My Type(double x){ d = x; }

public static void main(String [Jargs){
MyType m = new MyType(1.0);
System. out prlntln(m get());
//m.d =

}
}
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. final %%
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class FinalArgs {
public static void set(final int[ ] a) {
a[0] = 1;
// a =new int [10];

public static void main(String [Jargs){
int [ ]a = new int[10];
FinalArgs.set(a);

}
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 final method
- ANEEEE

class MyType {
public int i;
public double d;
public char c;
final void set(double x) { d = x;}
protected void set(int y) {i = y;}
public double get() { return d; }

¥

IERAR
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public class MySubType extends MyType{
// can’t overide
/* public void set(double d){
System.out.printin(“Sub-class set”);
| = int(d);
7
public static void main(String [ Jargs){
MySubType ms = new MySubType();
MyType m = ms;
m.set(1.0);
}
}
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o final class
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final class MyType { /I can not be extended
public int i; /o
public double d; public class MySubType extends MyType{
public char c; public void set(double d){
final void set(double x) { d = x;} System.out.printin(“Sub-class set”);
protected void set(int y) {i = y;} | = int(d);
public double get() { return d; } | - _ _
} public static void main(String [ Jargs){
MySubType ms = new MySubType();
MyType m = ms;
m.set(1.0);

}
}/
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« NE[AZZEAY (immutable)
- RMFN G — B A BE A AR
- %l String 2§, Integer 2§, Float 2% ...

String s = “Hello World”;
System.out.printin(s.toUpperCase());
System.out.printIn(s);

o AJAFST  (mutable)
- fil-F MyType, %2

MyType m = new MyType(); int[J]a={1, 2, 3};
System.out.printin(s.get()); System.out.printin(a[0]);
m.set(1.0); a[0] = 1
System.out.printin(s.get()); System.out.printin(a[0]);
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final S8

e final HEF
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— Let's try it.

class MyType {

final public int i;
final public double d;
final public char c;

public My Type set(double x) {
return new MyType(i, X, C);

}
public double get() { return d; }

public MyType(int x, double y, char z){
i = X;
d=y;
C = 2Z;

}

public static void main(String [Jargv){
MyType m = new MyType(1, 2, "\0");
MyType n = m.set(3);
System.out.printin(n.d);
System.out.println(m.d);

}
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