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Kompatibilnost tipova

" Java je strogo tipiziran jezik

kompatibilnost tipova se proverava tokom prevodjenja

" Pri operaciji dodele, inicijalizaciji, prenosu parametara i vra¢anju rezultata metoda tip izraza mora biti
kompatibilan tipu promenljive kojoj se izraz dodeljuje.

= Tip reference koja je rezultat izraza mora biti
= Tip promenljive kojoj se dodeljuje

= Njegov podtip
= jlinull




Konverzija

= Nadtipovi su manje posebni, smatraju se Sirim i nalaze se vise u hijerahiji tipova
= Konverzija prosirivanja (navise, nagore)

Podtip se konvertuje u nadtip
Automatski

= Konverzija suzavanja (nanize, nadole)

Nadtip se konvertuje u podtip
Eksplicitno (cast)

class Student extends Gradjanin { ... } Gradjanin

Sudent s = new Sudent();

Gradjanin g = new Gradjanin();

Gradjanin g2 ='s;  // navise

Sudent s1 = (Sudent) g; // nanize, obavezan cast

Student




Konverzija suzavanja - CAST

= Cast objekata je moguc u slucaju da radimo cast izmedju klasa koje pripadaju istom
lancu nasledjivanja (dakle, jedan tip mora da bude podtip drugog u bilo kom

redosledu).
" Java zadrZava sve informacije o originalnoj klasi kojoj objekat pripada !!!

Spaniel aPet = new Spaniel("Fang"); // Kreiraj objekat tipa Spaniel

class Object

Animal theAnimal = (Animal)aPet;
Animal theAnimal = aPet; I

// cast nagore - upward cast class Animal

Dog aDog = (Dog)theAnimal; ///////’ T ‘\\\\\\

// cast nadole

class Dog

|

class Spaniel

// downward cast




Konverzija suzavanja - CAST

Spaniel aPet = new Spaniel("Fang"); = aDog se moze koristiti SAMO za poziv

overrided metoda iz klase Spaniel. Dakle,

ako Spaniel ima i dodatne metode, oni

Dog aDog = (Dog)theAnimal; nece biti dostupni sa aDog refence.

= ako je potrebno pozvati metod specifi¢an
za Spaniel klasu koristedi referencu aDog,

Animal theAnimal = aPet;

—
Object NEOPHODAN je cast aDog na Spaniel.
y theAnimal:Animal ((Spaniel)aDog).specmetod();
Animal sDog:Dog
4 sPet:Spaniel
e o o o — — ——— -
Dog Sve tri promenljive sadrze
4 referencu istog objekta, ali je

dostupnost podataka i metoda
objekta na koji ukazuju razlicita.
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poziv prepisanih metoda

Object

1

Animal

!

Dog

1

Spaniel

name
eat()

name
eat()
bark()

name

eat()

bark()
actLikeSpaniel()

Spaniel aPet = new Spaniel("Fang");
Animal theAnimal = aPet;
Dog aDog = (Dog)theAnimal;

// Koji metod ce biti pozvan u sledeéo{ liniji koda?
Metod definisan u Animal ili Spaniel.

theAnimal.eat();

// Koji metod ce biti pozvan u sledecoj liniji koda?
Metod definisan u Animal, Dog ili Spaniel.

aDog.eat();




POZIV PREPISANIH METODA

Object Spaniel aPet = new Spaniel("Fang");
T Animal theAnimal = aPet;
Dog aDog = (Dog)theAnimal;
Animal name
eat()
Do name
g eat() theAnimal.eat(); // Spaniel
T bark()
g name
Spanie eat()
bark()

aDog.eat(); // Spaniel

actLikeSpaniel()




POZIV PREPISANIH METODA

Object
Animal ”aﬁe Slanjem poruke
T eat() ref.eat();
name bice pozvan metod objekta na koji ukazuje referenca ref.
Dog
eat()
T bark()
: name
Spaniel eat()
bark()

actLikeSpaniel()




POLIMORFIZAM

" mogucnost da varijablom odredenog tipa referenciramo objekte razliCitih tipova i da
automatski pozivamo metode koje su specificne za tip objekta na koji varijabla
referencira

= yslovi
= Poziv metoda podklase kroz varijablu bazne klase
= Pozvana metoda mora biti i ¢lan bazne klase

= Signatura metode i povratni tip moraju biti isti i u baznoj i u izvedenoj klasi

Atribut pristupa ne sme biti restriktivniji u izvedenoj klasi nego $to je u baznoj klasi

Polimorfizam se odnosi samo na metode — reference baznog tipa mogu se koristiti samo za
pristup podacima clanovima baznog tipa



Poziv prekrivenin metoda

Poziv prekrivenih metoda

INSTITUT ZA MATEMATIKU | INFORMATIKU | PRIRODNO-MATEMATICKI FAKULTET | UNIVERZITET U KRAGUJEVCU



POZIV PREKRIVENIH (STATICKIH) METODA

public class Animal
public static void testClassMethod () {

System.out.println("The class" + " method in Animal."); }
public {
System.out.println("The instance " + " method in Animal."); }

}
public class Cat extends Animal {

public static void testClassMethod () {

System.out.println ("The class method" + " 1in Cat."); }
public {
System.out.println ("The instance method”" + " in Cat."); }

}
public class Test {

public static void main (String[] args) {
Cat myCat = new Cat();
Animal myAnimal = myCat;
myCat. testClassMethod () ; // Sta ée biti ispisano na izlazu?
myAnimal . testClassMethod () ; // Sta ée biti ispisano na izlazu?



POZIV PREKRIVENIH (STATICKIH) METODA

public class Animal
public static void testClassMethod () {

System.out.println("The class" + " method in Animal."); }
public {
System.out.println("The instance " + " method in Animal."); }

}
public class Cat extends Animal {

public static void testClassMethod () {

System.out.println ("The class method" + " 1in Cat."); }
public {
System.out.println ("The instance method”" + " in Cat."); }

}
public class Test {

public static void main (String[] args) {
Cat myCat = new Cat();
Animal myAnimal = myCat;
myCat. testClassMethod () ; // stampa: The class method in Cat.
myAnimal . testClassMethod () ; // stampa: The class method in Animal.



POZIV PREKRIVENIH (STATICKIH) METODA

Dakle, polimorfizmma NEMA kod statickih metoda. Zasto!?

Natifasa Metod objekta static metod
Potklasa
Metod objekta prepisuje compile-time greska
static metod compile-time greska sakriva
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C/C++ put od izvornog koda do procesa

Object
COMPILER Code LINKER
Source
Code
Additional

Files

Executabl
Files

e LOADER

MEMORY

Source Code

Pre-Processor

Compiler

-

code

Assembler

Libraries Object file

Linker

Executable file

Execution of C++ code




LINKING - Vezivanje

Relative

addresses

fodule ] 0 Module A
Aplikacija sadrzi jedan ili vise objektnih o ) lll \ -
modula. Moduli se medusobno erence | - Lengih L Bt
referenciraju/pozivaju. Treba razresiti
pozive. ﬁ L e
Uloga linkera da je od kolekcije e P
objektnih modula napravi Load modul | SLUEEe
preda ga loaderu na ucitavanje. e
L+M~1|Retm |
Return L+M Module C —-
Module C
> Length N L+ M+ N—||Retun
Return (b) Load module

(a) Object modules



LOADING - ucitavanje

Process control block
---------- —
Prvi korak u krereiranju aktivnog
procesa jeste njegovo ucitavanje u
= . . . Program Program
glavnu memoriju i kreiranje slike
procesa.
—————————— —
Data Drata
---------- -
Object code
Stack

Process image n
MALN MEmory



Java

JVM Language

—)[ Class Loader )

Classes
JVM Memory
Method Heq JVM Language PC Native Method
Area P Stacks Registers Stacks

3

w

¥

Execution
Engine

Native Method

Interface

Native Method
Libraries




Java Class Loader uloga

Bringing binary data from a
class into the JVM

Allocating memory needed by the class

Transforming symbolic references in
the constant poaol into direct references

Loading o=

Incorporating the binary data into the

runtime state of the JVM

Linking

Verifying

|

Preparing

|

Resolving

Ensure class is properly formed
and fit for use by the JVM

Class variables are given
their proper initial values

= Initializsing




Java Class Loader uloga

'a i 'a i
Class Object tl.......tn
Data Data
Native
Re F;scters Method
9 Stacks
Class Object .
Data Data Runtime
Stacks
| S
| 1 1
Method Heap Stack
Area Area Memory
1 1 1
static blocks/ Instance Method calls
static variables/ Variables Local variables

references



Java

Stack

Heap

objs[ ]

object
reference

object
reference

object
reference

Method area

pointer to
class info

instance
fields

pointer to
class info

instance
fields

pointer to
print()

Circle

pointer to
class info

instance
fields

pointer to
class fields

pointer to
print()

Point




Java

object
reference

pointer to
class info

inherited
instance
fields

instance
fields

inherited
method

inherited
method

class




Run-time Constant Pool

Various memorv area of JVM

Shared among threads Allocated individually per thread




Stack Frame, Run-time Constant Pool

Stack

Thread

Program Counter

Stack

Native Stack

i

Frame

Return Value

Local Variables

Operand
Stack

)

Current Class
Constant Pool
Reference

Non Heap

Code Cache

Permanent
Generation

Interned
Strings

Method Area

Heap

Young Generation

Old / Tenured
Generation

aoedg uap3

saoedg JOAIAING

o~
~ -
-
i

Class Data

1>

Run-Time Constant Pool

string constants

numeric constants

class references

field references

method references

name and type

invoke dynamic

Method
Code

VARV

Minor
Garbage
Collection

Major

Garbage
Collection




Run-time Constant Pool

package orgjvminternals;
public class SimpleClass {

public void sayHello() {
System.out.printin("Hello");

Constant pool:

#1

#2

#3

#4

#5

#6

#7

#8

#5
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20
#21
#22
#23
#24
#25
#26
#27
#28
#29
#30

Methodref
Fieldref
String
Methodref
Class

Class

Ut

Ut

Ut

Ut

Ut

Utfs

Utfs

Utfs

Ut

Ut
NameAndType
Class
NameAndType
utt

Class
NameAndType
Ut

Ut

Ut

Ut

Ut

Ut

Ut

Ut

$6.%17

$#18.+#19

$20 "Hello"
#21.422

23

$24

<init»

Owv

Code

LineNumberTable
LocalVariableTable

this
Lorg/jvminternals/SimpleClass;
sayHello

SourceFile

SimpleClass.java

#7:%8 "<init>"
25

$26:427

Hello

28

$#29:430
org/jvminternals/SimpleClass
java/lang/Cbject
java/lang/System

out

Ljava/io/PrintStream;
java/io/PrintStream

println

(Ljava/lang/String; )V

"<init>"




Run-time Constant Pool

paCkage OrgJleﬂterﬂa|S, public org.jvminternals.SimpleClass();
Signature: ()V
flags: ACC PUELIC
public class SimpleClass { code: |
stack=1l, locals=l, args_size=l
aload 0
, . : invckespecial #1 "<init>"
pUth VOld SaYHe”O() { : return
' " m, LineNumberTable:
System.out.printin("Hello"); e
} LocalVariableTable:
Start Length Slot Name Signature
0 5 0 this Lorg/jvminternals/Simpleclass;

} public void sayHello():;
Signature: ()V
flags: ACC PUELIC
Code:
stack=2, locals=1, args_Size=1
getstatic $2
ldc 43 "Hello"
inwvokevirtual #4
return
LineNumberTable:
line &:
line 7:
LocalvVarizbleTable:
Start Length Slot Name Signature

0 9 0 this Lorg/jvminternals/Simpleclass;




Java binding

Staticki metodi, preklopljeni i privatni metodi se vezuju staticki!
Vezivanje poziva sa kodom statickih metoda se vrsi staticki (early binding) , tj. u
vreme kompajliranja.
Odlucivanje koji ¢e metod biti pozvan se vrsi na osnovu tipa reference.

Nestaticki metodi se vezuju dinamicki!
Vezivanje poziva sa kodom metoda koji pripadaju objektima se vrsi dinamicki
(late binding), tj. u vreme izvrSavanja.
Odlucivanje koji ¢e metod biti pozvan se vrsi na osnovu tipa objekta.
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