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class Note {
private int value;

private Note(int val) { value = val; }

public static final Note
MIDDLE C = new Note(0),
C_SHARP = new Note(1),
B_FLAT = new Note(2);

}

class Instrument {
public void play (Note n) ({
System.out.println("Instrument.play()")

}
}

// Wind objects are instruments
// because they have the same interface:
class Wind extends Instrument {
// Redefine interface method:
public void play(Note n) ({
System.out.println("Wind.play() "),
}
}

public class Music {
public static void tune (Instrument i) ({

/...
i.play(Note.MIDDLE C) ;



public static void main(String[] args) {
Wind flute = new Wind() ;
tune (flute) ; // Upcasting
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class Note {
private int value;

private Note(int val) { value = val; }

public static final Note
MIDDLE C = new Note(0),
C_SHARP = new Note(1),
B_FLAT = new Note(2);
}

class Instrument {
public void play (Note n) ({
System.out.println("Instrument.play()")
}
}

class Wind extends Instrument {
public void play (Note n) ({
System.out.println("Wind.play()") ;
}
}

class Stringed extends Instrument {
public void play(Note n) ({
System.out.println("Stringed.play()");
}
}

class Brass extends Instrument {
public void play(Note n) ({
System.out.println("Brass.play()"):;
}



}

public class Music2 {

public static void tune (Wind i) ({
i.play (Note.MIDDLE C) ;

}

public static void tune(Stringed i) ({
i.play (Note.MIDDLE C) ;

}

public static void tune (Brass i) ({
i.play(Note.MIDDLE C) ;

}

public static void main(String[] args) {
Wind flute = new Wind() ;
Stringed violin = new Stringed() ;
Brass frenchHorn = new Brass();
tune (flute) ; // No upcasting
tune (violin) ;
tune (frenchHorn) ;
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class Shape {
void draw() {}
void erase() {}



class Circle extends Shape {
void draw() {
System.out.println("Circle.draw()") ;

}

void erase() {
System.out.println("Circle.erase()");
}
}

class Square extends Shape {
void draw () {
System.out.println("Square.draw()") ;
}

void erase() {
System.out.println("Square.erase()");
}
}

class Triangle extends Shape {
void draw() {
System.out.println("Triangle.draw()") ;
}

void erase() {
System.out.println("Triangle.erase()") ;
}
}

public class Shapes {
public static Shape randShape() ({
switch((int) (Math.random() * 3)) {
default:
case 0: return new Circle();
case 1l: return new Square();
case 2: return new Triangle();

}

public static void main(String[] args) {

Shape[] s = new Shape[9];

// Fill up the array with shapes:

for(int i = 0; i < s.length; i++)
s[i] = randShape() ;

// Make polymorphic method calls:

for(int i = 0; i < s.length; i++)
s[i] .draw() ;
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Instrument

void play()
String what()
void adjust()

A
()

Wind

Percussion

Stringed

void play()
String what()
void adjust()

void play()
String what()
void adjust()

void play()
String what()
void adjust()

A
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Woodwind

Brass

void play()
String what()

void play()
void adjust()
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import java.util.*;
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class NoteX {
public static final int
MIDDLE C = 0, C_SHARP = 1, C_FILAT = 2;
}

class InstrumentX {
public void play(int N) {
System.out.println("InstrumentX.play()")
}
}

class WindX extends InstrumentX {
public void play(NoteX n) ({
System.out.println("WindX.play (NoteX n)");
}
}

public class WindError {
public static void tune (InstrumentX i) {

//
i.play (NoteX.MIDDLE C) ;

}

public static void main(String[] args) {
WindX flute = new WindX();
tune (flute) ; // Not the desired behavior!
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abstract Instrument

abstract void play();
String what() { /* ... */ }
abstract void adjust();
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extends
wWind Percussion Stringed
void play() void play() void play()

String what()
void adjust()

String what()
void adjust()

String what()
void adjust()
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extends extends
Woodwind Brass
void play() void play()
String what() void adjust()
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abstract class Instrument {

}

public abstract void play() ;

public String what() {
return "Instrument";

}

public abstract void adjust() ;

class Wind extends Instrument ({

}

public void play() {
System.out.println("Wind.play()");
}

public String what() { return "Wind"; }

public void adjust() {}

class Percussion extends Instrument ({

public void play() {
System.out.println("Percussion.play()");

}



public String what() { return "Percussion"; }

public void adjust() {}
}

class Stringed extends Instrument {
public void play() {
System.out.println("Stringed.play()");
}

public String what() { return "Stringed"; }

public void adjust() {}
}

class Brass extends Wind {
public void play() {
System.out.println("Brass.play()")
}

public void adjust() {
System.out.println("Brass.adjust()")
}
}

class Woodwind extends Wind {
public void play() {
System.out.println("Woodwind.play()") ;
}

public String what() { return "Woodwind"; }
}

public class Music4 {
// Doesn't care about type, so new types
// added to the system still work right:

static void tune (Instrument i) ({
// ...
i.play();
}
static void tuneAll (Instrument[] e) {

for(int i = 0; i < e.length; i++)
tune (e[i]) ;

}

public static void main(String[] args) {
Instrument[] orchestra = new Instrument[5];
int i = 0;



// Upcasting during addition to the array:
orchestra[i++] = new Wind() ;
orchestra[i++] new Percussion() ;
orchestra[i++] new Stringed() ;
orchestra[i++] new Brass() ;
orchestra[i++] new Woodwind() ;

tunelAll (orchestra) ;

ol gl 4y daag Al Y ciall o g gl s 5 O LSl

Lo an siall g asdiecall cpa S a0 g la gy ST Ciuall 4y a0 Jaa LY B3 e (31 ph 9 Cighua pLAI) 13 adal) (e
(S g g Jadd ) 3k g Chghua 138 pLES) (e Cingd) A

s JSEY) dgasad g Ll sal)

AL ¥ JA (e LgdBlita

el sle X i 5 — Yl

Bl Gufi 5 a3 g £ ) g1 (B Ladld o gle i ally G AL |, Wil 40380 Cudl () gal) pledia) i 5
. i ghaall 450 5 gl

S 1)) ) ciuall Jgial Jgua gl 4dSay Y (1 g Aaldd) Al giad J g o) AdSay () il O g D A qud)
Aol Al gia Aigt g Jgua gl ASey ) AL ka8 ( private

A dUa G al 1) g, el Y AL ple iy a gl s siall B da) e AL sledia) aly al 1), U S3 LS g
. B35 sall Ll gl aa) pletind o Uy as iall Gl i) 38

C ) pledind i e JAY) s g Sl g A1) gl il e gy AL S

class Meal {
Meal () { System.out.println("Meal()"); }
}

class Bread {
Bread() { System.out.println("Bread()"); }
}

class Cheese {
Cheese () { System.out.println("Cheese()"); }

}

class Lettuce {



Lettuce() { System.out.println("Lettuce()"); }
}

class Lunch extends Meal {
Lunch() { System.out.println("Lunch()");}
}

class PortableLunch extends Lunch {
PortableLunch () {

System.out.println("PortableLunch()") ;
}
}

public class Sandwich extends PortableLunch {
Bread b = new Bread() ;
Cheese ¢ = new Cheese();
Lettuce 1 = new Lettuce();

Sandwich () {
System.out.println("Sandwich()") ;
}

public static void main(String[] args) {
new Sandwich () ;
}
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abstract class Glyph {
abstract void draw () ;

Glyph() {
System.out.println("Glyph() before draw()")
draw() ;
System.out.println("Glyph() after draw()");

}

class RoundGlyph extends Glyph ({
int radius = 1;

RoundGlyph (int r) {
radius = r;
System.out.println (
"RoundGlyph.RoundGlyph() , radius = "
+ radius);

}

void draw() {
System.out.println (
"RoundGlyph.draw() , radius = " + radius);

}

public class PolyConstructors ({
public static void main(String[] args) {
new RoundGlyph (5) ;

}
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import java.util.¥*;

class Useful {
public void £() {}
public void g() {}
}

class MoreUseful extends Useful {
public void £() {}
public void g() {}
public void u() {}
public void v () {}
public void w() {}
}

public class R {
public static void main(String[] args) {
Useful[] x = {
new Useful(),
new MoreUseful ()
}i
x[0].£();
x[1].g9();
// Compile-time: method not found in Useful:
/7" x[1].u();
( (MoreUseful)x[1]) .u(); // Downcast



((MoreUseful)x[0]) .u(); // Exception thrown
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