
J ava (2)

CSCI  334

St ephen Fr eund

Resour ce Management
cl ass DBQuer y ext ends Quer y {
  pr i vat e Dat aBase db;
  publ i c DBQuer y ( Dat aBase db)  {
    t hi s . db = db;
    db. l ock( ) ;
  }

  publ i c  St r i ng quer y( St r i ng s)  {
    St r i ng r equest  = makeRequest ( s) ;
    r et ur n db. quer y( r equest ) ;
  }

}

  pr ot ect ed voi d f i nal i ze( )  {
    super . f i nal i ze( ) ;
    db. unl ock( )
  }

Resour ce Management  (Bad)
cl ass Loggi ngDBQuer y ext ends DBQuer y {
  pr i vat e Pr i nt Wr i t er  l og;
  publ i c  Loggi ngDBQuer y( Dat aBase db,  Pr i nt Wr i t er  l og)  {
    super ( db) ;
    t hi s . l og = l og;
    l og. pr i nt l n( " CREATED QUERY" ) ;
  }

  publ i c  St r i ng quer y( St r i ng s)  {
    l og. pr i nt l n( " QUERY:  "  + s) ;
    r et ur n super . quer y( s) ;
  }

  publ i c  voi d f i nal i ze( )  {
    l og. pr i nt l n( " DELETE QUERY" ) ;
  }
}

Resour ce Management
cl ass Loggi ngDBQuer y ext ends DBQuer y {
  pr i vat e Pr i nt Wr i t er  l og;
  publ i c  Loggi ngDBQuer y( Dat aBase db,  Pr i nt Wr i t er  l og)  {
    super ( db) ;
    t hi s . l og = l og;
    l og. pr i nt l n( " CREATED QUERY" ) ;
  }

  publ i c  St r i ng quer y( St r i ng s)  {
    l og. pr i nt l n( " QUERY:  "  + s) ;
    r et ur n super . quer y( s) ;
  }

  publ i c  voi d f i nal i ze( )  {
    super . f i nal i ze( ) ;
    l og. pr i nt l n( " DELETE QUERY" ) ;
  }
}

I nt er f aces
i nt er f ace KeyLi s t ener  {
  voi d k eyPr essed( KeyEvent  e) ;
  voi d k eyRel eased( KeyEvent  e) ;
  voi d k eyTyped( KeyEvent  e) ;
}

i nt er f ace MouseLi s t ener  {
  voi d but t onCl i cked( MouseEvent  e) ;
}

c l ass Text Edi t or  ext ends Panel
                 i mpl ement s KeyLi s t ener , MouseLi s t ener  {
  voi d k eyPr essed( KeyEvent  e)  {  / *  code * /  }
  . . .
  voi d but t onCl i cked( MouseEvent  e)  {  / *  code * /  }
}

MouseListenerKeyListenerPanel

TextE ditor

I nt er f aces vs.  Mult iple I nher it ance
cl ass Def aul t KeyLi s t ener  {
  / /  def aul t  i s  t o do not hi ng
  voi d k eyPr essed( KeyEvent  e)   {  }
  voi d k eyRel eased( KeyEvent  e)  {  }
  voi d k eyTyped( KeyEvent  e)  {  }
}

c l ass Text Fi el d ext ends Panel ,  Def aul t KeyLi s t ener  {
  voi d k eyTyped( KeyEvent  e)  {  / *  code her e * /  }
  . . .
}

c l ass Ter mi nal Wi ndow ext ends Panel ,  Def aul t KeyLi s t ener  {
  voi d k eyTyped( KeyEvent  e)  {  / *  code her e * /  }
  . . .
}



I nt er f aces vs.  Mult iple I nher it ance
i nt er f ace KeyLi s t ener  {
  voi d k eyPr essed( KeyEvent  e) ;
  voi d k eyRel eased( KeyEvent  e) ;
  voi d k eyTyped( KeyEvent  e) ;
}

c l ass Text Fi el d ext ends Panel  i mpl ement s KeyLi s t ener  {
  voi d k eyPr essed( KeyEvent  e)  {  }
  voi d k eyTyped( KeyEvent  e)  {  / *  code her e * /  }
  voi d k eyRel eased( KeyEvent  e)  {  }
}

c l ass Ter mi nal Wi ndow ext ends Panel  i mpl ement s KeyLi s t ener  {
  voi d k eyPr essed( KeyEvent  e)  {  }
  voi d k eyTyped( KeyEvent  e)  {  / *  code her e * /  }
  voi d k eyRel eased( KeyEvent  e)  {  }
}

J ava 1. 5

The new language f eat ur es all have one t hing
in common: t hey t ake some common idiom and
pr ovide linguist ic suppor t  f or  it .  I n ot her
wor ds, t hey shif t  t he r esponsibilit y f or
wr it ing t he boiler plat e code f r om t he
pr ogr ammer  t o t he compiler .

-  J oshua Bloch, Sun Micr osyst ems

J ava 1. 5

I ' ve had t he good f or t une t o play wit h ear ly
pr ot ot ypes of  t he new language f eat ur es, and
I  f ind t hem a j oy t o use.

-  J oshua Bloch, Sun Micr osyst ems

New Feat ur es

! Ret ur n-t ype Covar iance (!)

! Gener ic Classes

! Enhanced f or  Loop

! Aut oboxing/ Unboxing

! Typesaf e Enums

! Var ar gs

! St at ic I mpor t s

! Met adat a (Annot at ions)

For  Loops

  voi d pr i nt ( Col l ect i on<T> c)  {
    I t er at or <T> i  = c . i t er at or ( ) ;
    whi l e ( i . hasNext ( ) )  {
      Syst em. out . pr i nt l n( i . next ( ) ) ;
    }
  }

 voi d pr i nt ( Col l ect i on<T> c)  {
    f or  ( T t :  c)  {
      Syst em. out . pr i nt l n( t ) ;
    }
 }

For  Loops (I I )

/ /  sum el ems i n ar r ay a
i nt  sum( i nt  a[ ] )  {
  i nt  r esul t  = 0;
  f or  ( i nt  i :  a)  {
    r esul t  += i ;
  }
  r et ur n r esul t ;
}



Autoboxing/Unboxing

! J ava 1. 4:

  Vect or  v  = new Vect or ( ) ;
  v . add( new I nt eger ( 3) ) ;
  Syst em. out . pr i nt l n(
      ( ( I nt eger ) v . get ( 0) ) . i nt Val ue( )  + 4) ;

Autoboxing/Unboxing

! J ava 1. 5:

  Vect or <I nt eger > v = new Vect or <I nt eger >( ) ;
  v . add( new I nt eger ( 3) ) ;
  Syst em. out . pr i nt l n(
      ( ( I nt eger ) v . get ( 0) ) . i nt Val ue( )  + 4) ;

Autoboxing/Unboxing

• J ava 1. 5:

  Vect or <I nt eger > v = new Vect or <I nt eger >( ) ;
  v . add( 3) ;
  Syst em. out . pr i nt l n( v. get ( 0)  + 4) ;

! special case???

    v  = new Vect or <I nt eger >( ) ;
    v . add( nul l ) ;
    Syst em. out . pr i nt l n( v. get ( 0)  + 4) ;

TypeSaf e Enums
  // int Enum Pattern - has severe problems! (quote from Sun)

publ i c  s t at i c  f i nal  i nt  NORTH = 0;
publ i c  s t at i c  f i nal  i nt  EAST  = 1;
publ i c  s t at i c  f i nal  i nt  SOUTH = 2;
publ i c  s t at i c  f i nal  i nt  WEST  = 3;

publ i c  Pos move( Pos cur r ent ,  i nt  di r )  {
  swi t ch ( di r )  {

     case NORTH:
      r et ur n new Pos( cur r ent . get X( ) , cur r ent . get Y( ) - 1) ;

     case EAST:  . . .

     . . .  }
}

! Pr oblems:

Ð not  t ype saf e (bounds of  int  values)

Ð br it t le

Ð uninf or mat ive pr int ed names

TypeSaf e Enums

   enum Di r ect i on {  NORTH,  EAST,  SOUTH,  WEST }

publ i c  Pos move( Pos cur r ent ,  Di r ect i on di r )  {

    s wi t ch ( di r )  {

      case NORTH:

      r et ur n new Pos( cur r ent . get X( ) , cur r ent . get Y( ) - 1) ;

 c ase EAST:  . . .

      . . .  }

  }

. . .
pos = move( pos,  Di r ect i on. NORTH) ;
. . .

Car d 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  t oString ( ) { return rank + " of " + suit; }
}

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



J VM Ar chit ect ur e

class A {
  …
}

Java
Compiler

push 0
store 1
…

push 0
cr ash
… loader

verifier

linker

bytecode interpreter
and libraries

Java Virtual Machine

A. j ava A. cl ass

B. cl ass

Network

J ava Byt ecodes

! J ava:
 c l ass A {
   i nt  i ;
   voi d f ( i nt  val )  {  i  = val +1;  }
 }

! Byt ecode:

   Met hod voi d f ( i nt )
  0:  al oad 0     / /  push "this"
  1:  i l oad_1     / /  push arg
  2:  i const _1    / /  push 1
  3:  i add
  4:  put f i el d " i nt  i "
  5:  r et ur n

"t his"

"ar g 1" local
variables

operand
stack

Act ivat ion Recor d

J ava Byt ecodes

! J ava:
Poi nt  p;

    . . .
 p. get X( ) ;
    . . .

! Byt ecode:

  4:  al oad_1     / /  push p ont o s t ack
  5:  i nvoke_vi r t ual  " i nt  Poi nt . get X( ) "

J ava Run- Time Repr esent at ion

2

get X

Point object

x

vptr

Point vtable

3y
move

...

"int x"

"int y"

"int getX()"

4

8
0

field

field

method

"move(int,int)" 1method

"..." ......

Const ant  Pool f or  Point

Map f or  symbolic
names t o of f set s

J ava Run- Time Repr esent at ion

2

get X

Point object

x

vptr

Point vtable

3y
move

...

2

get X

ColorPoint object

x

vptr

ColorPoint vtable

3y
move

redc
get Color

...

...

Met hod I nvocat ion

Poi nt  p;

. . .

p. get X( )

. . .

al oad 1   / /  push p

i nvoke_vi r t ual  " i nt  Poi nt . get X( ) "

1. Look up st r ing descr ipt ion in const ant  pool
2. Find of f set  int o vt able
3. Change inst r uct ion t o "f ast  f or m"

. . .

al oad_1

i nvoke_vi r t ual _qui ck 0

"int x"

"int y"

"int getX()"

4
8

0

field

field

method

"move(int,int)" 1method

"..." ......

Const ant  Pool f or  Point



Field Access
cl ass Poi nt  {

  i nt  get X( )  {

    r et ur n t hi s . x ;

  }

}

i nt  get X( )  {

  al oad 0

  get f i el d " i nt  x "

  i r et ur n

}

1. Look up st r ing descr ipt ion in const ant  pool
2. Find of f set  int o obj ect  r ecor d
3. Change inst r uct ion t o "f ast  f or m"

i nt  get X( )  {

  al oad 0

  get f i el d_qui ck 4

  i r et ur n

}

"int x"

"int y"

"int getX()"

4

8

0

field

field

method

"move(int,int)" 1method

"..." ......

Const ant  Pool f or  Point

I nt er f ace Met hod I nvocat ion

MouseLi s t ener  m;

m = . . . ;

m. but t onCl i cked( e)

al oad 1  / *  push m * /

al oad 2  / *  push e * /

i nvoke_i nt er f ace

  " voi d MouseLi s t ener .
      but t onCl i cked( MouseEvent ) "

Sear ch f or  met hod in const ant  pool

...

...

...

...

...

...

field

field

method

"buttonClick..." 3method

"..." ......

Const ant  Pool f or  Text Edit or

Summar y of  Lookup Oper at ions

! invoke_vir t ual, get _f ield

Ð f ir st  t ime: must  r esolve symbolic name t o of f set

Ð af t er  t hat : const ant  of f set s used

! invoke_int er f ace

Ð must  sear ch f or  met hod ent r y ever y t ime

Ð cache most  r ecent  (obj ect , vt able-of f set ) pair :

f or  ( i nt  i  = 0;  i  < 100;  i ++)  {

  obj . i nt er f aceMet hod( i ) ;

}

J ava Compiler  and I nt er pr et er

class
files Java

Virtual
Machine

Dat a

Out put

Source
Program Java Compiler

class
files

St andar d I nt er pr et er

class
file

i nt er pr et ( )  {
  whi l e ( t r ue)  {
    i ns t r  = f et ch_next _i nst r ( ) ;
    swi t ch( i nst r . opcode)  {
      case PUT_FI ELD:
        . . .
      case I NVOKE_VI RTUAL:
        . . .
    }
  }
}

Dat a

Out put

I nt er pr et er  wit h J I T Compiler

class
file

Dat a Out put

Native Code
Compiler

Binary
File

CPU,
Memor y, et c.

Per f ormance
Monit or



Example Tr anslat ion

al oad 0
i nvoke_vi r t ual  " Met hod moo"
al oad 1
i add
al oad 0
put f i el d " Fi el d i nt  x"

voi d f ( )  {
  t hi s . x  = t hi s . moo( )  + 1;
}

mov ( r 0) ,  r 1
cal l  4( r 1)
add 1,  ( r 30)
mov ( r 30) ,  8( r 0)

Semantic Analyzer

Intermediate
Code Generator

Code Optimizer

Code Generator machine
code

class
file

J I T

! Must  be f ast

! Cannot  use a lot  of  memor y

! Semant ic analysis must  consider  dynamic loading

Example
cl ass Cow {

  publ i c  voi d moo( )  {  . . .  }

}

Cow c = . . . ;

. . .

c . moo( ) ;

! I f  no subclasses of  Cow ar e loaded, J VM does
not  need t o per f or m vir t ual met hod lookup.

! Must  undo opt imizat ion if  a subclass of  Cow is
loaded af t er  Cow is J I T-compiled


