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Breve introduzione a Java (2)

(ed alla programmazione ad oggetti)

��� �  ! "# � $ % ��
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! "# $ % &�' (# &�) * + &�, & %.- /�# + + - ) # ) '0 & - 1�2 34 5 32 67 8 9 9 67 : ; 8< =

> ?@ AB C >B DFE GH I C�J KL

> ME N KE H ? ? HO C NJ G I C�P B E C Q@ CB HSR



� � �� � �� � � �� � 	
 ��� � �� � � �  � � �� � �� �� � �

� �� � � � �
 � �� ��� �

3

Il modello implementativo di Java:
mac c h ina vir tu ale 
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Modello implementativo

� ���  !#" $ $ %  & '( % !#" )� %�* +-, .0/ 12 3/ $ & * & ( & 4 )" 5 % ! % $6 7 6 " ! $ %�" $ % '"   8 %�* " ( � 4

 6 % � $ % $ )" 6 * " '"   8 %* " 9 % 4 )6 " ! � : " 9" ; : " 9" < % 4 )6 " ! = "  8 %* � > : < = ?

@ A ! ( 4& B 4" ' '" C %* " ! � 9 % � * � " $ $ � ' 5 !" )& " 46 * D ) % ' � ; %FE � E GH�I J H�I K ) 4" ! �

 !" $ $ % ? � L %( � * L � 7 6 %* L % L " ! !M " ' 5 % � * )� L % � $ �  6 N % & * �

@ O 6 %* L %QP
R S TVU W S S WX WY W S Z0[\ T [ ]U [ W^ [ _` ` T T X a TU ]X a ]X Z T a _ b b _ U T _ Z Z _ c W [ ` _ d _ [ a�e _ [ ] ]

S W c Ze _ [ ] fU \ [ Y d g ] S T S Z _ \ X _ ` _Y Y d T X _h T [ Z\ _ b ] i

R b ]Y b _ S S T Y W` U T b _ Z ] T X j�k lnmo p q m rs s tu vVw x v ry t rz tu { ty |y } v s t ~ }0� r� |

� vz t u � vy r � v x v r { v rz |� |
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Bytecode

� � � � �  ! "# $% "& $%(' & ) )+* , & ! )& & - & .  % /% 0 &

� , * �  ! "# $% "& 1 /% ! * ' % # 243 & '  ! * , * " " 5% ! * 6%(' )  * 0 & 1 "% # �  ! 798 :+;< =< ; : ; 2

" 5 & -% % ! " * ' % " * $ & 0 0> & - & "  ? % # ! & & @ @& ) )% 6*

ACBD D EFCG B H IB J I K IML N L O PQ G R I JD SG TFCG UV W

ACBD D EFCG B

XF H R UB J Ijava
YZ[\ \] ^_ `a b] cd e]
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. . .

voi d spi n( )  {

i nt i ;

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

/ /  Loop body i s empt y

}

}

. . .

. . .

0    i const _0                / /  Push i nt  const ant 0
1    i st or e_1                / / St or e i nt o l ocal  var i abl e 1 ( i =0)
2    got o 8                  / / Fi r st t i me t hr ough don' t  i ncr ement
5    i i nc 1 1                / / I ncr ement  l ocal  var i abl e 1 by 1 ( i ++)
8    i l oad_1                 / /  Push l ocal  var i abl e 1 ( i )
9    bi push 100              / /  Push i nt  const ant 100
11   i f _i cmpl t 5             / /  Compar e and l oop i f  l ess t han ( i  < 100)
14   r et ur n                  / / Ret ur n voi d when done

. . .

Bytecode (2)

�� � � ! � "$# %$& '&

(*) �� + � !,� + � �- " .,& � �

/ "$# 0� 1 �& 2 " � ( � . " +& 3
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C o m p i l a z i o n e

� � � � �� � � � �	 
� � � � � 	 �� ���

� ��� � � � ��� ��� � �� � � � � � � �� � �  � � �� � !" � � � � #� � � ��� � #� " � � #� $

� � ! �  � � � % � � � �& � � !� � � # #� � � � � � � #� # # � � � � & � # � � ! $

')( *+ , -/. 0(1 2

3 , - 2 45 -6 .87 9.: . ;

javac <opzioni> Alfa.java
< =?>@ @ A BC DFE GHIJ KH

class Alfa {
String var1;

void method1() {
...

}
}    

LM N/O PQ NR/S8T U NS V V W

XM Y[Z O Z M OXM Y[Z O Z M O\ ]?^_ _ ` ab DFE GHIJ KH
cO Z M R M US

CLASSPATH Q Nd Z O U NS V V M

Ue fg M NS d O
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Programma

� ���  ! "# ! $ % % $ & $' $ (*) � +� , +�- % - . +�/ 0 $ , , +

� 12- � - ! $ 0 % - � 3- 3 $ 0 - +� , +- % - ( 4 5627 89;: % $ (  " 3- � < + $ 0 % - � 3- => ?@ A9

� B $ / " %  " , + < + "� - . +�C ) - , 3 " +� , +- % - ( , 3 $ D + 0 + 3 $ . $ 0 0 $ % $/ / E +� $ ' + ! 3) $ 0 - $

FG H2I J K LM

NPOQ Q RSPT O

USWV XZY O []\
java 

^_` a b cedf f a ghij jk lm no pqrs tq

ghij jk lm no pqrs tq

CLASSPATH

u [Ov v wPx O y\ V

ghij jk lm no pqrs tq

CLASSPATH
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Bootstrap d e l l ’ e se c u z i on e

� ���  � ! ! "#�$ � %#'& (*) � +-, . � %� , /, 0 ) , !1  , 2& #  � !1 / � # +  , (1 3 1
mai n3 , + + � ! + � / /, 3# 4-5 5 687 6*9 :;

� ��� / (& � (, 0# � 3# ! � & # ! �  , $ (1 3 , + +-, � + (& , ! + � / /# 2 ) < 3# 2, $ 3 , & ,

3 � + += #  2 +-,  , $ (� ># 1 $ , 3 , + + �  � ! ! "# $ � %# & (*) � + ,
cl ass Copi a {

. . .
st at i c voi d mai n( St r i ng[ ]  ar gs)  {

i f  ( ar gs. l engt h < 2)  {
Syst em. out . pr i nt l n(

” Uso:  Copi a <f r om> <t o>”  
Syst em. exi t ( 0) ;

}
el se {

copi a( ar gs[ 0] ,  ar gs[ 1] ) ;  
}

. . .

}     

?A@B B CDAE @

FD8G HJI @ K*L

j ava Copi a DaFi l e. t xt AFi l e. t xt

MNO PQSR T UQV V

MNO PQSR T UQV V

CLASSPATH
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Package

� � � !#" $ %&  '  ( $ )#" * + % , , % ( �  .- / 0 132 4" ) ) $ !  4 ( -  - 5" , $ /" & %& ' $ (  76 6 $ & "  

8 9.: ;#< = 9

> ?@ A B.C @ AD ? B C @ AE F G EH E AI B@ JK EL H @ ? F MH @ ?@ N FC B O AE ? PE D H F P B B ? I B Q

I L @ RL F A A B

> B I FC S F RE I @ H H @ ?E EH H EL E D P B O B7T T F P B I EL U<V WYX 8 W[Z \ = 97] ] \^ X B O ?@ AE G B D ? F

C O FH H E @ B ? PEL N FC C B F

package it.unipv;

_a`b cde f

ghji k `e h `

package it.unipv.admin;

lman `e k `e h `

package it.ministeroDelleFinanze;

_a`b cde f

opde hb m qi `e h `
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Package ( 2 )

! " #$ %'& ( )* $ + $ , ( -'& . / ) 0 0 ) , " $21 3 4 5 % $ 6 , 1 $1 7& 0 ( % $ )* + ( , $98 8 (8 $ ) , & %'& $

1 $ 0 : ) - $9;
< = >? @A = BC DE FHGI JKE DL MN G O J P JKQ G F G Q E RS E T FHG U G N D VW X YZK[ [ \ L U G N D [ ZK] ^ \ _ \

L TL RS J E`

it.unipv.Persona

a E b D J P J O L cQ O G T TL E J D FLd PG Q Q J G e G S S Gd F JKL D L G U N D S G Q fG b L U Jd J PLd J R L D FE

g hi jKk lm n lop q i qp r ls jt u i jk lm n lop v2w x xt yz

a G O O{ J D JI J E U J Q J G TQ N D P J O9L}| O G S TL N U E9~ J T Fd N I J E DL
package

U L P J D J TQ L J O S G Q fG b L U J

d J PLd J R L D FE

a O G S TL N U E9~ J T Fd N I J E DL

import

TL d �L G U G � �d L � J Gd L Jd J PLd J R L D F J T J R �E O JKQ J

package it.unipv.esercitazioniAI;
import it.unipv.Persona;

class StudenteDelCorsoAI extends Persona {
...

}    



� � �� � �� � � �� � 	
 ��� � �� � � �  � � �� � �� �� � �

�� �� �� �� � �� ���  �

Packages &  d i r ect o r i es

! " # $ %& % ' ( ) ' ) *,+ - % . + '0/ %1 2 %3 + 4 % #1 5 + 6 # -7 .87 / +9 7 9 3 % # ';: : %9 + ( +

1 ( % ) ) ' < ) ' %>= ? % & % 1 5 + = 1 ( % ) ) @BA

C D;E F G,HI G GI H E J;K D;L H K MN F FO P N K Q K G H E F MO H RE GE N QL K H S O H FO QK DT U V;W XY X Z W [\

it.unipv.Persona

J N PK Q GE

$CLASSPATH:/it/unipv/Persona 
]_^ `aE PE O ^ S D;E F F b

c N d V;e X X V;f e g;Wh J K D D E R E S S i N QE P N H GI E DK ] N ^ K ^ java

b K J K D S O RL N D;E G O H K ] N ^ K

javac

b�I FE Q O D K F GK F FK S O Q PK Qj N O Q N ^
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Altri aspetti particolari di Java:
garbage collection, m u ltith read ing,

prog ram m az ion e distrib u ita
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Allocazione d inam ica d ella m em or ia

� � �  !#" $% $& ' (" ) ( �" $ (+* " ) % ,% % - -% '% . % - / ( /" ( � $& ) & % -0 ! ( * ( /&

� 1 ' '& ' ( * & $2 � (43

5 67 89 7 :7 7 ; ;4< 9 7= >?< 8@

5 67 89 7 :7 A @ 7 ; ; < 9 7 = > < 8@

� � �  CB B . ! ( & . .% / / ( -& � & " ! !& * " / ( ) ( �" $ ( * " $% � /%

� � �  CB B % - ( - /& � & )#% ! !#% % � / ( / D - /" � ) " ' ) 0 % ' E" * ( ! ( /" '% !#" . % - / (& �%

F#G HI J?KL J J H K MON P MI J?KL J J H K M Q
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Allocazione dinamica in Java

" # $ % &' & (*) ( (,+ -/. . 0 1 2 1 3 45 0 5 6 - - 5 7 6 1. 8 2 0 6 9 2 7 6 9. 0 1. :.<; =; 0 5 0 . 4 2 4 15 0 5

> ?@ A ? B A C AED C/F B ? C A G

H IKJ 1 1 6L 2 6<M 45 - 5 -N 6 - - 5 7 6O 2 5 0. 8/. - - 6 9. 9 5 P 2 6 : 2 0 1. 4 6 75 9. 7 P. 6 O 2 5 0 . 8 2

5 = =. 1 1 2 G Q =. 4 1 2 1 6 . 4R - 2 7 2 1 6 9. 0 1.

H S 6 8/. 6 - - 5 7 6O 2 5 0 . Q =. 4 1 2 1 6 8 6 - - 6 9 6 7 7 T 2 0 6 L 2 P 1 J 6 -/. :D ?@ B ?D UV F C C UV W AEF X G
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Garbage collection: Mark an d  S w e e p

� � � ! "$# %& '( ) % * ' # ! & + !# ,- % " " ,- ( ' %� - . ,/ & ,0 , * , "1 '� ( ,& &2 3 ' %� ,

* , " " 1 ,4 ,- 2 3 ' %� ,

5 687 97 :; < 68= : > :? @ A= : < BC ? 6 = : < D : 7 E F 9 F F 68G H 6 EG G @ F F 6 : D D @? ? 6 I 6 H 6

5 687 97 : ? @ D E7 J : > :? @ A? K @ @; C ? 6 < 6 = 9 EL E7 EG H 6 EG G @ F F 6 7 E7 = : < D : F 6

A @ ? 6 < 68= 9 EL @ 6 H = : < D : F E < @ J :G H 6 : H F < 6 C

� M '2 4 !N 2 !� * % # " ' %# # ,( ( ' 4 %� % ) % " ( ' , # " % + ! " ) ,� ( , !- - , 4 4 ' + ' " '

OPQ RSTU

OPQ RT VW

OP Q RU XY

OPQ RS RW
OPQ RZ[\

OP Q R] ^ R
OP Q R] ^ R

OPQ R_ XT
OPQ R\ X R

OPQ RS ` V

acbd e

OP Q R S RW
OPQ RZ [\

OPQ R] ^ R
OPQ R] ^ R

OP Q R S ` V

f8g h hi
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Mark an d  S w e e p :  ac c e s s i b i l i t à

� � � �� � � ! � �" �$# �% � &(' ) � �" � &# � *" �# � � " +" ,# ) � - " � . / � ' 0 1(2 3 4

5687 9 :;=< 6 7 >?A@ B C
class Test {

static void main(String[] args) {
Test t = new Test();

t.test(3);
}

void test(int n) {
if (n == 0) return;
Test t = new Test();
t.test(n - 1);

}

}    

Test01.t(3) Test t

Test02.t(2) Test t

Test03.t(1) Test t

Test04.t(0)

DEF G HI
DEF G HJ

DEF G HK
DEF G HL

GCTest.main Test t
5687 9 :;=< 6 7 >?A@ B M N C

DEF G HI
DEF G HJ

DEF G HK
DEF G HL

GCTest.main Test t

null
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Garbage collection: Reference Counting

� � � ! "$# %& '( ) % * ' # ! & + !# ,- % " " ,- ( ' %� - . , � %� /& ,0 , * , "1 '� ( ,& &2 3 ' %� ,

* , " "1 ,4 ,- 2 3 ' %� ,

5 6 7 798 :; <= <8 >@? AB < :; <= <8 >@? C8 :D 8 >? >D ; <E C ? 8 B D C8 D F F < > >D G 7 <8 <

; < H < ; <8 I 7 ? >D A B < ; < H < ; <8 I 7 ? >D

5 G <8 F D 8 D ; 7 = D 6 6 7 F J 7 D F F < > > 7 :D 8 :D 8 >? >D ; < ? I < ; D

K L '2 4 !M 2 !� * % # " ' %# # ,( ( ' 4 %� % / %- . ' , N % � %� & !# # '2 � # ' + ' " ' # " % + ! " ) ,� ( ,

O ,QP # P 4 ' 4 ( , ) ! * ' 4 ( & ' +2 ' ( % R

STU VWXY Z W [

STU VX \] Z V [

ST U VY ^_ Z W [

STU VW V] Z W [
STU V`ab Z W [

STU Vc d V Z ] [
STU Vc d V Z W [

STU Ve ^X Z W [
STU Vb ^ V Z W [

STU VW f \ Z W [

gih jhk hl m h npoq l r sl t
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Multi-th r e a d in g

� � � ! "$# %& ' (*) + ,-) . ./ 01 2/ + 354 / - - / .6 7) 6 +8 1 9 - 6 1 + ) + : 4 / ; 4 9 < <9

= > ? @ A�B CD E�F G5H ?H IKJ LF M L IKJ J ?N OH N O G J P J I M QR5S A @UT C R5S A @KV B WX CY Y

Z [ ; + 1 \ ]$^ _` a : / . .1 6 0 6 0 6 - - 6 4 1 . / 4 .6 : 4 1cb 9 36 d 31 :1 29 < 6 + 36 . 39 2 e 6 : 2 fg g g

Z g g g 3) 3 39 b 1 9 1 \ ]$^ _` a 0 1 ) + : 4 / ; 4 9 < <9 2/ + 01b 1 0 / + / - / . 36 . ./ . :9 8 1 / 0 1

1 + 0 1 4 1 8 8 9 < 6 + 3/

h ij kl mn h ij kl mo

pqr st u s

pqr svwx pqr sn yz

{U| }~� � � }
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Sincronizzazione

� � � �� �� �! � "$# %& ' �)( *+ ,+ -/. 0 1 2 143 3 5 6 1 287 1+ 9: 5 0 1); 5< 7 + 3 5 2 5 9 ,< < 1 6 1 2 1 0 => 1

? @)A BC D A @4E E F C G 1 0 H : 7 5>

I J+ K 5L 5 ; 1 5< ; . + ,M M 7 0 0 , 9. N ; ,O 9 ,: 0 5 : < 1 ; ,O 7 . + P D A @Q D CR

S T U VWX YZ W[ \^] _ ` _a `cb d b e `cf g hi b e] gb gb j4k l `nm b k e ] _k a ` _o h j4k b _ l ` l pq `sr b r ] _

ho o b l l h tk m k u

v ] _ wxy z{ x| ` df j4b d b _ lk ` jf g ` _ i `f ` h e ` d] l] k b a i j] a ` h _ b} a h j h ] _ l ~ gb k e k j jk

m h j lk f ] � b a b o ] ` gb ] _k f g hi b e] gk

v ` _ tk m k \ ] _ wxy z{ x| ] _ ho o b l l h i ~ b ` df j b d b _ lk k j d b _ h ] _ d b l h e h

synchronized

��� �� ��� � �� � �

�� � � �� � �� �

� � ��� � � � �� �

�� �� �� � � ��� �

� � �
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Modello industriale

� � � � �  !  "# $% & '(# ) " *+ ,- & . . , # % % # ' & / 0 % , , " , "�1 *+ , 2 0 .

3 4 + &5 ) 0 $ 0 . 0 ' 0 *+ ,- & . . , ' 06 # 7# $ , " , 5 ) 0 " ' 098

: ;=<> ? @> @BA

: @ ?C < C ? <D @FE ; @> @A

: G @> H ? ;=< E ; H I> @ H J G @ K <D > L ; H MON

3 4 + &5 ) 0 $ 0 . 0 . &% " 0 % 0 $ , " , & 7 0 ' & " . 0 " & P *+ ,- & . . , ' & P / , ' & P P , # $ .+ # . . ,

3 4 + &5 ) 0 $ 0 . 0 0 " - &- " &+ 0 $ . 0 % 0 $ , " , & 7 0 ' & " . 0 " & P / , ' & P P , 0 / * P & / & " .# . 0 7 , &
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L’idea di piattaforma
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Java come piattaforma
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P er u l teriori approfon d imen ti:
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