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Resource Management

class DBQuery extends Query {
private DataBase db;
publ i c DBQuery(DataBase db) {
this.db = db;
db. | ock();
}

public String query(String s) {
String request = makeRequest(s);
return db. query(request);

}

protected void finalize() {
super.finalize();
db. unl ock()

}

Resource Management (Bad)

cl ass Loggi ngDBQuery extends DBQuery {
private PrintWiter |og;

publ i c Loggi ngDBQuery(DataBase db, PrintWiter |og) {

super (db);

this.log = | og;

| 0g. printl n(" CREATED QUERY");
}

public String query(String s) {
log.println("QUERY: " + s);
return super.query(s);

}

public void finalize() {
| og. println("DELETE QUERY");
}
}

Resource Management

cl ass Loggi ngDBQuery extends DBQuery {
private PrintWiter |og;
public Loggi ngDBQuery(DataBase db, PrintWiter |og) {
super (db);
this.log = | og;
| 0g. printl n(" CREATED QUERY");
}

public String query(String s) {
log.println("QUERY: " + s);
return super.query(s);

}

public void finalize() {
super. finalize();
| og. println("DELETE QUERY");
}
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I nterfaces

interface KeylListener {
voi d keyPressed(KeyEvent e);
voi d keyRel eased( KeyEvent e);
voi d keyTyped(KeyEvent e);

TextE ditor

}

interface MouselListener {
voi d buttonC icked(MuseEvent e);
}

class TextEditor extends Panel
i npl ements KeylLi st ener, MouseLi stener {
voi d keyPressed(KeyEvent e) { /* code */ }

voi d buttonClicked(MuseEvent e) { /* code */ }
}

I nterfaces vs. Multiple | nheritance

cl ass Defaul tKeyListener {
Il default is to do nothing
voi d keyPressed(KeyEvent e)
voi d keyRel eased( KeyEvent e)
voi d keyTyped(KeyEvent e) { }

{1
{1
}

class TextField extends Panel, DefaultKeyListener {
voi d keyTyped(KeyEvent e) { /* code here */ }

}

class Term nal Wndow extends Panel, DefaultKeyListener {
voi d keyTyped(KeyEvent e) { /* code here */ }




I nterfaces vs. Multiple | nheritance

interface KeylListener {
voi d keyPressed(KeyEvent e);
voi d keyRel eased( KeyEvent e);
voi d keyTyped(KeyEvent e);

}

class TextField extends Panel inplements KeylListener {
voi d keyPressed(KeyEvent e) { }
voi d keyTyped(KeyEvent e) { /* code here */ }
voi d keyRel eased(KeyEvent e) { }

}

cl ass Term nal Wndow extends Panel inplenents KeyListener {
voi d keyPressed(KeyEvent e) { }
voi d keyTyped(KeyEvent e) { /* code here */ }
voi d keyRel eased(KeyEvent e) { }

}

Java 1.5

The new language f eat ures all have one thing
in common: they t ake some common idiom and
provide linguistic support for it. | nother
wor ds, they shift the responsibility for
writing the boilerplate code fromthe
programmer to the compiler.

- Joshua Bloch, Sun Microsyst ems

Java 1.5

|'ve had the good fortune to play with early
prototypes of the new language f eat ures, and
| find them ajoy to use.

- Joshua Bloch, Sun Microsyst ems

New Features

I Return-type Covariance (!)
! Generic Classes

! Enhanced for Loop

I Aut oboxing/ Unboxing

| Typesaf e Enums

! Varargs

! Static | mports

| Metadat a (Annot ations)

For Loops

void print(Collection<T> c) {
Iterator<T> i = c.iterator();
while (i.hasNext()) {
Systemout.println(i.next());

void print(Collection<T> c) {
for (Tt: c) {
Systemout.printin(t);

For Loops (I1)

/!l sumelens in array a
int sum(int a[]) {
int result = 0;
for (int i: a) {
result +=1i;
}

return result;




Autoboxing/Unboxing

I Java 1.4:

Vector v = new Vector();

v.add(new I nteger(3));

System out. println(
((I'nteger)v.get(0)).intValue() + 4);

Autoboxing/Unboxing

! Java 1.5:

Vect or<l nteger> v = new Vector<lnteger>();

v.add(new I nteger(3));

System out. println(
((I'nteger)v.get(0)).intValue() + 4);

Autoboxing/Unboxing
* Java 1.5:
Vect or<l nteger> v = new Vector<lnteger>();

v.add(3);
Systemout. println(v.get(0) + 4);

| special case???

v = new Vector<Integer>();
v.add(null);
Systemout.println(v.get(0) + 4);

TypeSaf e Enums

Il int Enum Pattern - has severe problems! (quote from Sun)
public static final int NORTH = 0;
public static final int EAST
public static final int SOUTH
public static final int WEST

wNR o

public Pos nove(Pos current, int dir) {
switch (dir) {

case NORTH:
return new Pos(current.getX(),current.getY()-1);
case EAST:
}
}
! Problems:

B not type saf e (bounds of int values)
b brittle

B uninf ormative printed names

TypeSaf e Enums
enum Direction { NORTH, EAST, SOUTH, WEST }

public Pos nove(Pos current, Direction dir) {
switch (dir) {
case NORTH:
return new Pos(current.getX(),current.getY()-1);
case EAST:

}

pos = move(pos, Direction. NORTH);

Card Example

public class Card {
public enum Rank { TWO, THREE, FOUR, FIVE, SIX,

SEVEN, EIGHT, NINE, TEN, JACK, QUEEN, KING, ACE }

public enum Suit { CLUBS, DIAMONDS, HEARTS, SPADES }

private final Rank rank;

private final Suit suit;

private Card(Rank rank, Suit suit) {
this.rank = rank;
this.suit = suit;

}

public String toString () { return rank + " of " + suit; }

System.out.  printin  ( new Card(15, CLUBS)) // BAD- compile error
System.out.  printin  ( new Card(TWO, CLUBS)) ->"TWO of CLUBS"




JVM Architecture

Ajava Aclass

class A { push 0
Java store 1
U Compiler
-

B. cl ass Java VirtualMachine

bytecode interpreter
and libraries

Java Bytecodes

I Java:
class A {
int i;
void f(int val) { i = val+1; }
} Activation Record
! Bytecode: "this"
Met hod void f(int) ‘arg 1" ealr(')gg:es
0: aload 0 /I push "this" varl
1: iload_1 Il push arg
2: iconst_1 /Il push 1
3: iadd operand
4: putfield "int i" stack
5: return

Java Bytecodes

I Java:
Poi nt p;
p. get X();
! Bytecode:

4: aload_1 /'l push p onto stack
5: invoke_virtual "int Point.getX()"

Java Run- Time Representation

Constant Pool for Point

. field "int x"
Map for symbolic T it y"

names to of f sets method | "int getx()"

method | "move(int,int)"

RO

oo
 Tmoe

Point object Point vtable
vptr
X 2 —
y 3

Java Run- Time Representation

Point object Point vtable
vptr oL getx |
= T e |
y 3 .
ColorPoint object ColorPoint vtable
vptr o getx
x =2 T lmoe |
y 3
o et — lgetcolor

Method | nvocation

Poi nt p; A
aload 1 /1 push p
p. get X() invoke_virtual "int Point.getX()"
Constant Pool for Point ‘
field "int x" S
field “int y" al oad_1

method | "int getX()"
method |'move(int,int)"

i nvoke_virtual _quick 0

P|o|oo|s

1. Look up string description in constant pool
2.Find of fset into vtable
3. Change instructionto "fast form"




Field Access

class Point { int getX() {
int getX() { aload 0
return this.x; getfield "int x"
} ireturn
} }
Constant Pool for Point ‘
field "int x" 4 int getX() {
field "int y" 8 al oad 0
method | “int getx()" | O getfield_quick 4
method ['move(int,int)"| 1 ireturn
Lo }

1. Look up string description in constant pool
2. Find of fset into object record
3. Change instructionto "fast form"

I nterface Method | nvocation

MouselLi st ener m aload 1 /* push m*/
m=...; aload 2 /* push e */
m buttonC i cked(e) invoke_interface
"void Mouselistener.
Constant Pool for TextEditor buttond i cked(MuseEvent)”
field
field
method

method ['buttonClick...'] 3

Search for method in constant pool

Summary of Lookup Operations

! invoke_virtual, get_field
Bfirst time: must resolve symbolic name to of f set
Dafter that: constant of f sets used
! invoke_interface
B must search for method entry every time
B cache most recent (object, vtable-of f set) pair:

for (int i =0; i < 100; i++) {
obj .interfaceMethod(i);

Java Compiler and | nterpreter

Source class
Program Java Compiler files
class
files Java
Virtual » Qut put

Machine

Data —|

Standard I nterpreter

interpret() {
while (true) {

| instr = fetch_next_instr();
:,lass swi tch(instr.opcode) {
e case PUT_FIELD:

case | NVOKE_VI RTUAL: —>Qut put

Data —»

Interpreter with JI T Compiler

class Native Code Binary
file Compiler File

4

Dat a d CPU,
K Memory, etc.

................. Perf ormance
Monitor

» CQut put




Example Translation

void f() {
this.x = this.mo() + 1;

}
al oad 0 mov (r0), r1l

i nvoke_virtual "Method npo" call 4(r1)
aload 1 add 1, (r30)

i add mov (r30), 8(r0)
al oad 0

putfield "Field int x"

JIT

Semantic Analyzer
Intermediate

Code Generator
Code Optimizer

Code Generator

machine
code

I Semantic analysis must consider dynamic loading

I Must be fast

! Cannot use a lot of memory

Example

class Cow {
public void moo() { ... }

}
Cowc = ...;
-c:;‘ruo();

'l f no subclasses of Cow are loaded, JVM does
not need to perform virtual method lookup.

I Must undo optimization if a subclass of Cowis
loaded after Cowis JI T-compiled




