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abstract class demo
{
public int a;
demo() {
a=10:;

abstract public void set();
abstract final public void get();

class Test extends demo
{
public void set(int a) {
this.a = a;

)
final public void get() {
System.out.printin("a =" + a);

public static void main(String[] args) {
Test obj = new Test();
obj.set(20);
obj.get();



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

try {
inta =0;
System.out.println ("a ="+ a + "\n");
intb=20/a;

System.out.println ("o =" + b);

catch(ArithmeticException e) {
System.out.println ("Divide by zero error");

)
finally {

System.out.println ("inside the finally block");
}

}
}



public class Test {

}

private int x = 1;
private inty = 2;
private static int z = 3;
public static void main(String[] args) {
int X = 4;
inty =5;
int z = 6;
new Test().new Inner().init();

class Inner{
void init(){
System.out.printin(x + " " +y + " " +2);
}

}



interface Foo{
int x =10;
}

public class Test {

public static void main(String[] args) {
Foo.x = 20;
System.out.printin(Foo.x);

}
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- InputStream/Reader
« read()

— QutputStream/Writer
o write()
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« ByteArrayStream, FileStream StringStream ObjectStream



import java.io.FileInputStream;
import java.io.FileOutputStream;
import java.io.lOException;
public class CopyBytes {
public static void main(String[] args) throws IOException {
FilelnputStream in = null;
FileOutputStream out = null;
try {
in = new FilelnputStream("xanadu.txt");
out = new FileOutputStream("outagain.txt");

int C;
while ((c = in.read()) != -1)

} f ﬁUt{'Write(C); [ s o e [ [
|nay inl_iianadu di:di_
if (in != null)

in.close(); read (b)
if (out != null) . £ .
out.close(); :”“’9‘*’ s
} } wrnite (b)
Ul [x[a]nfalafu] [d4

Qutput Stream



o BENMAR
— FilterlnputStream/FilterOutputStream

« BufferedlnputStream
« DatalnputStream

FilelnputStream fin = new FilelnputStream("xanadu.txt");
BufferedlnputStream bf = new BufferedInputStream(fin);
DatalnputStream din = new DatalnputStream(bf);

din.read(); din.readInt(); din.readDouble();

FileOutputStream fout = new FileOutputStream("xanadu.txt");
BufferedOutputStream bf = new BufferedOutputStream(fout);
DataOutputStream dout = new DataOutputStream(bf);

dout.write(1); dout.writelnt(10); dout.writeDouble(3.14);



ByteArraylnputStream

FilelnputStream

StringBufferlnputStream

FilterlnputStream

BufferdinputStream DatalnputStream
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RTTI
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. TN getClass() 3873 Class 2K 4
— String s = “hello”; Class ¢ = s.getClass();

o 5/ NRIEIT class $:45 Class FEHIXT 4
- Class ¢ = String.class
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- getName()
- getinterfaces()
- getSuperclass()
- newlnstance()



public class ToyTest {

static void printInfo(Class c) {
System.out.printin("Class name: " + c.getName() );

, System.out.printin(“ls interface?” + c.isInterface());
interface A { } System.out.printin("Simple name: " + c.getSimpleName());
interface B{ } System.out.printin("Canonical name : " + c.getCanonicalName());
interface C {} }
class Toy { public static void main(String[] args) {

Toy() {} Class ¢ = null;

Toy(int i) {} try {

¢ = Class.forName("FancyToy");
} catch(ClassNotFoundException e) {
class FancyToy extends Toy System.out.printin("Can’t find FancyToy");System.exit(1);
implements A, B, C
printinfo(c);
FancyToy() { super(1); }
for(Class face : c.getInterfaces())
printinfo(face);

Class up = c.getSuperclass();
Object obj = null;
try {
// Requires default constructor:
obj = up.newlnstance();
} catch(InstantiationException e) {
System.out.printin("Cannot instantiate"); System.exit(1);
} catch(lllegalAccessException e) {
System.out.printin("Cannot access"); System.exit(1);

printInfo(obj.getClass());
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- 45 Object 51 , #IWre #9254 (Downcasting)

String s = new String(“hello”);

Object 0 = s;

String type = o.getClass().getName();
String t = (String)o;
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- new ArrayList();
class Apple { public class ApplesAndOrangesWithoutGenerics {
private static long counter; _ public static void main(String[] args) {
private final long id = counter++; ArrayList apples = new ArrayList();
} pUblIC Iong Id() { return id; } for(int i = O, | < 3, i++)
class Orange {} apples.add(new Apple());

// Not prevented from adding an Orange to apples:
apples.add(new Orange());
for(inti = 0; i < apples.size(); i++)
((Apple)apples.get(i)).id(); .
// Orange is detected only at run time
}
}
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- new ArrayList<Apple>();

public class ApplesAndOrangesWithGenerics {
public static void main(String[] args) {
ArrayList<Apple> apples = new ArrayList<Apple>();
for(inti=0;i<3; i++)
apples.add(new Apple());

// Compile error!

// apples.add(new Orange());

for(inti = 0; i < apples.size(); i++)
apples.get(i).id();

for(Apple c: apples)
System.out.printin(c.id());
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- Upcasting 5§ &

Class A{}

void f (A arg) {
/] ...

}
f(new A());

Class A{}
Class B {}

void f (A arg) {
/...

}
f(new B());

Class A{}
Class B {}
Class C extends A { }

void f (A arg) {
/...

}
f(new G());
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class MyType { void f ( arg) {
? member = null; /..

} }
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class MyType { void f ( arg) {
? member = null; /..
} }
class MyType<T> { <T>void f (T arg) {

T member = null; /] ...

} }



Example: A simple Holder class

class Apple { }

public class Holder {
private Apple a;
public Holder(Apple a) { this.a = a; }
public void set(Apple a) { this.a = a; }
public Apple get() { return a; }

public static void main(String[] args) {
Holder h = new Holder(new Apple());
Apple a = h.get();
// h.set("Not an Apple"); // Error
// h.set(1); // Error

}
}



Example: A simple Holder class

class Apple { }

public class Holder<T> {
private T a;
public Holder(T a) { this.a = a;}
public void set(T a) { this.a = a; }
public T get() { return a; }

public static void main(String[] args) {
Holder<String> hs = new Holder<String=(new String(“hello”));

String s = hs.get();

Holder<Integer= hi = new Holder<Integer>(1);
int | = hi.get();

Holder<Apple> h = new Holder<Apple=(new Apple());
Apple a = h.get();

// h.set("Not an Apple"); // Error

// h.set(1); // Error



Example: A simple Holder class

class Apple { }

public class Holder<T> {
private T a;
public Holder(T a) { this.a = a; }
public void set(T a) { this.a = a; }
public T get() { return a; }

public static void main(String[] args) {
Holder<Apple> h = new Holder<Apple>(
new Apple());
Apple a = h.get();

class Apple { }

public class Holder {
private Object a;
public Holder(Object a) { this.a = a; }
public void set(Object a) { this.a = a; }
public Object get() { return a; }

public static void main(String[] args) {
Holder h = new Holder(new Apple());
Apple a = (Apple)h.get();
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Example: A tuple library

« Tuple
- AR (FH TR ARIAR)
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« Data transfer object



Example: A tuple library

public class TwoTuple<A,B> {
public final A first;
public final B second;
public TwoTuple(A a, B b) { first = a; second = b; }
public String toString() {

return "(" + first + ", " + second + ")";

}
}



Example: A tuple library

public class ThreeTuple<A,B,C> extends TwoTuple<A,B> {
public final C third;
public ThreeTuple(A a, B b, C ¢) {
super(a, b);
third = c;

)
public String toString() {
}

return "(" + first + ", " + second + ", " + third +")";
}

public class FourTuple<A,B,C, '> extends ThreeTuple<A,B.C> {
public final  four;
public ThreeTuple(A a, B b, Cc, ' d) {
super(a, b, c);
third = d;

)
public String toString()
}

return "(" + first + ", " + second + ", " + third + "," + four + ")";
}



Example: A tuple library

class Apple { }
class Orange { }

public class TupleTest {

static TwoTuple<String,Integer> f() {
return new TwoTuple<String,Integer>("hi", 47); // Autoboxing

}

static ThreeTuple<Apple,String, > 0g() {
return new ThreeTuple<Apple, String, Integer>(new Apple(), "hi", 47);

}

static FourTuple<Orange,Apple, : > h() {
return new FourTuple<Orange,Apple,String,Integer>(new Orange(), new Apple(), "hi", 47);

}

public static void main(String[] args) {
TwoTuple<String,Integer> ttsi = f();
System.out.printIn(ttsi);
// ttsi.first = "there"; // Compile error: final
System.out.printin(g());
}System.out.println(h());
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public interface Generator<T> { T next(); }

public class Coffee {
private static long counter = 0;
private final long id = counter++;
public String toString() {
return getClass().getSimpleName() + " " + id;

}
}

public class Latte extends Coffee {}

public class Mocha extends Coffee {}
public class Cappuccino extends Coffee {}
public class Americano extends Coffee {}
public class Breve extends Coffee {}



import java.util.”;
public class CoffeeGenerator implements Generator<Coffees {

private [] types = { Latte.class, Mocha.class,
Cappuccino.class, Americano.class, Breve.class, };

private static Random rand = new Random(47);
private int size = 0;

public CoffeeGenerator() {}

public CoffeeGenerator(int sz) { size = sz; }

public Coffee nexi() {
try {
return (Coffee) types[rand.nextint(types.length)].newlnstance();
// Report programmer errors at run time:
} catch(Exception e) {
throw new RuntimeException(e);

}

public static void main(String[] args) {
CoffeeGenerator gen = new CoffeeGenerator();
for(inti=0;i<5;i++)
System.out.printin(gen.next());



// public class CoffeeGenerator implements Generator<Coffee>

public class Fibonacci implements Generator<integers {
private int count = 0;
public Integer nexi() { return fio(count++); }
private int fib(int n) {
if(n < 2) return 1;
return fib(n-2) + fib(n-1);

public static void main(String[] args) {
Fibonacci gen = new Fibonacci();
for(inti=0;i< 18; i++)
System.out.print(gen.next() + " ");
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public <T> void f(T x) { //...}
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public class GenericMethods {
public <T> void f(T x) {
System.out.printin(x.getClass().getName());

public static void main(String[] args) {
GenericMethods gm = new GenericMethods();
gm.f(""); gm.f(1); gm.f(1.0); gm.f(1.0F); gm.f(‘c’); gm.f(gm);

TR ZHAT LS RSB S HOTE K

public class GenericMethods<E> {
E member;
public <T> void (T x) {
System.out.printin(x.getClass().getName());

}
}
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Import java.util.”;
public class New {
public static <K, V> Map<K, V= build() {
return new HashMap<K, V>();

public static void main(String [Jargs){
Map<String, List<String>> s = New.build();

}

}
1. H Map<String, List<String>> s = New.build();

HEWT H build() 772+ 9 K=String, V=List<String>

2. Al DU B Bz AL 7 VA R A N 2R AL 24
Map<String, List<String>> s = New.<String, List<String>>Map();

// Diamond

ArrayList<String> s = new ArrayList<>();
HashMap<String, Integer> h = new HashMap<>();
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public class TwoTuple<A, B> {//... }

o V2 T

public interface Generator<T> { T next(); }
o 2RI

public <T> void (T x) { //...}




public class Generators {
public static <T> Collection<T> fill(Collection<T> coll, Generator<T> gen, int n) {
for(inti=0;i<n;i++)
coll.add(gen.next());
return coll;

public static void main(String[] args) {
Collection<Coffee> coffee = fill(new ArrayList<Coffee>(), new CoffeeGenerator(), 4);
for(Coffee c : coffee)
System.out.printin(c);

Collection<Integer> fnumbers = fill(new ArrayList<Integer>(), new Fibonacci(), 12);
for(int i : fnumbers)
System.out.print(i + ", ");

}
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Type Erasure
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class A{}
class B extends A{ }

public class Test {
public static void main(String [Jargs){
ArrayList<String> strlist = new ArrayList<>();
ArrayList<Integer> intl = strlist;

ArrayList<B> blist = new ArrayList<>();
ArrayList<A> alist = blist;

}

I PEAE R |
ArrayList<String>, ArrayList<Integer>, ArrayList<B>, ArrayList<A>
U NEESLY



Type Erasure

- Class Object
import java.util.*;
public class ErasedTypeEquivalence {

public static void main(String[] args) {
Class c1 = new ArrayList<String>().getClass();
Class c2 = new ArrayList<Integer>().getClass();
System.out.printin(c1 == c2);

}
}

i : true |
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Type Erasure
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import java.util.”; E%FJEU]Hj |
class Frob {} [K, V]
class Fnorkle { } [Q]
class Quark<Q> { } [POSITION, MOMENTUM]

class Particle<POSITION,MOMENTUM> { }

public class LostIinformation {
public static void main(String[] args) {
List<Frob> list = new ArrayList<Frob>();
Map<Frob,Fnorkle> map = new HashMap<Frob,Fnorkle>();
Quark<Fnorkle> quark = new Quark<Fnorkle>();
Particle<Long,Double> p = new Particle<Long,Double>();

System.out.printin(Arrays.toString(list.getClass().get TypeParameters()));
System.out.printin(Arrays.toString(map.getClass().get TypeParameters()));
System.out.printin(Arrays.toString(quark.getClass().get TypeParameters()));
System.out.printin(Arrays.toString(p.getClass().getTypeParameters()));



Type Erasure
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Type Erasure

e RMERE (Type Erasure),
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Type Erasure

class HasF {
public void f() { System.out.printin("HasF.f()"); }

class Manipulator<T= {
private T obj;
public Manipulator(T x) { obj = x; }
// Error: cannot find symbol: method f():
public void manipulate() { obj.f(); }

}

public class Manipulation {
public static void main(String[] args) {
HasF hf = new HasF();
Manipulator<HasF> manipulator = new Manipulator<HasF>(hf);
manipulator.manipulate();

}
}



Type Erasure

public class Erased<T> {
private final int SIZE = 100;
public void f(Object arg) {
if(arg instanceof T) {}  // compile error
T var =new T(); /l compile error

T[] array = new T[SIZE]; // compile error



Type Erasure

 Type Erasure SZ3) 5 3 1:

- Firfa 51 H & 5 #5742 8 Object 5| A
¥ Downcasting A0S
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class Apple { }

public class Holder<T= {
private T a;
public Holder(T a) { this.a = a;}
public void set(T a) { this.a = a; }
public T get() { return a; }

public static void main(String[] args) {
Holder<Apple> h = new Holder<Apple>(
new Apple());
Apple a = h.get();

A JSAH [F] B AL A A A

class Apple {}

public class Holder {
private Object a;
public Holder(Object a) { this.a = a; }
public void set(Object a) { this.a = a; }
public Object get() { return a; }

public static void main(String[] args) {
Holder h = new Holder(new Apple());
Apple a = (Apple)h.get();

I AL get() R [Bl 4k B BN 1 R AT



Type Erasure

« Type Erasure fFJsCEl 7 #E 2:
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class A{}
class B extends A{ }

public class Test {
public static void main(String [Jargs){
ArrayList<String> strlist = new ArrayList<>();
ArrayList<Integer> intl = strlist;

ArrayList<B> blist = new ArrayList<>();
ArrayList<A> alist = blist;

}
)

1. RIS B F S AREY (ArrayList<String> 5 ArrayList<Integers 28B4 )
2. (BEZPrfFfiEd , T6ie <String> 42 <Integers #174% 2 Object 258 () 5] H
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Type Erasure
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- Class %1%

public class Erased<T> { public class TypeCapture<T> {
private final int SIZE = 100; Class<T> kind; _ o ,
public static void f() { public TypeCapture(Class<T> kind){ this.kind = kind; }
T var=new T(); //compile error pu_?_“f_Tg&)”{_
} } try{r = kihd.newlnstance(); }

catch (Exception e){
System.out.printin("fail");

)

return r;

public static void main(String [Jargs) {
TypeCapture<String> ¢ = new TypeCapture<>(String.class);
System.out.printin(c.f());

}
}
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public class HasF
) {

{
System.out.printin("HasF.f()"); }

public void f(
I'} """""""""""""""""""""""" ]
' class Manipulator<T> { : class Manipulator<T extends HasF> {
' private T obj; : private T obj;
' public Manipulator(T x) { obj = x; } : public Manipulator(T x) { obj = x; }
' // Error: cannot find symbol: method f(): _ . . _
+  public void manipulate() { obj.f(); } : } public void manipulate() { obj.f(); }
{ | ;

public class Manipulation {
public static void main(String[] args) {
HasF hf = new HasF();
Manipulator<HasF> manipulator = new Manipulator<HasF>(hf);
manipulator.manipulate();

}
}
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class A <T extends B> { //... }
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class A<T extends B&C> { //...}
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interface HasColor { java.awt.Color getColor(); }
class Colored<T extends HasColor> {
T item;
Colored(T item) { this.item = item; }
T getltem() { return item; }
// The bound allows you to call a method:
java.awt.Color color() { return item.getColor(); }

}

class Dimension { public int x, y, z; }
// Multiple bounds:
cla_?s ColoredDimension<T extends Dimension & HasColor> {
item;
ColoredDimension(T item) { this.item = item; }
T getltem() { return item; }
java.awt.Color color() { return item.getColor(); }
int getX() { return item.x; }
int getY() { return item.y; }
int getZ() { return item.z; }




class Fruit { }
class Apple extends Fruit{ }
class Orange extends Fruit{ }

public class Test {
public static void main(String [Jargs){
List<Apple> alist = new ArrayList<Apple>();
/I compile error
/I List<Fruit> flist = new ArrayList<Apple>();

}
}

nfa] 2 ix ArrayList H ) JC R & Fruit B 3EANF28 2
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class Fruit { }
class Apple extends Fruit{ }
class Orange extends Fruit{ }

public class Test {
public static void main(String [Jargs){

List<Apple> alist = new ArrayList<Apple>();
// compile error
/I List<Fruit> flist = new ArrayList<Apple>();
List<? extends Fruit> flist = new ArrayList<Apple>();
// Gompile Error: can’t add any type of object:
// flist.add(new Apple());
// flist.add(new Fruit());
// flist.add(new Object());
flist.add(null); // Legal but uninteresting
// We know that it returns at least Fruit:
Fruit f = flist.get(0);
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<? extends B>

o RASHNFEA B 1R
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o List<? extends Fruit>
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<? super B>

o RMBHENFEA B KR
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o List<? super Apple>
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- AJ Ll add Apple B F2=X %




import java.util.”;
public class SuperTypeWildcards {
static void writeTo(List<? super Apple> apples) {
apples.add(new Apple());
apples.add(new Jonathan());
/[ apples.add(new Fruit()); // Error
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« Type Erasure
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class A<T extends B & C> { //...}
o JHPACAT

<? extends B> <? super B>
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