Applet java appaiono di frequente nelle pagine
web

Come funziona l'interprete contenuto in ogni
browser di un certo livello?

Per approfondire i1l funzionamento della Java
Virtual Machine (JVM):

"The Java Virtual Machine Specification" di Tim
Lindholm e Frank Yellin disponibile on line su
http://java.sun.com




. Funzionamento di Java
e A differenza degli altri linguaggi di programmazione
per Java lo scopo fondamentale €' funzionare su ogni

tipo di hadware che possegga un’implementazione
della Java Virtual Machine (JVM).

e Il .class che otteniamo dalla compilazione non €'
codificato per 1l linguaggio macchina

 Ad eseguire 1l .class non sara', quindi, 1l processore
ma un programma che interpreta 1 bytecode e
trasmette 1 comandi corrispondenti al processore.



The Java Virtual Machine

“Java Architecture”
» Java Programming Language
» Java Virtual Machine (UVM)

» Java APl



. Reference

The content of this lecture is based on Inside the
Java 2 Virtual Machine by Bill Venners

— Chapter 1 Introduction to Java's Architecture
» http://www .artima.com/insidejvm/ed2/introarchP.html

— Chapter 5 The Java Virtual Machine

» http://www .artima.com/insidejvm/ed2/jvmP.html

— Interactive Illustrations
» http://www .artima.com/insidejvm/applets/index.html




run-time environment

. Your program’s class files

 Your program’s source files

Ajava || Bjava || Cjava |

A class IB.class W C.class | !

1

e E class files . Java
. 4 ! niove ! et !
: compiler | ; ; :
: " | locally : Machine !
: or though

G a network | /}

' | A.class || B.class || C.class | | Object.class || String class ...

. Your program’s class files | | Java API'sclassfiles |

....................................................................



" The Java Platform

The bgte code generated bg the Java front-end
is an intermediate form

« Com pact
o Plat{:orm-finclependent
your your your your
Java Java Java Java
program program program program
Jawva Platform Java Platform | | Java Platform | | Jawa Platform |
for for for your for your
Linux Win3z Telewision Toaster




oy The Class File

Java class ﬁlC contains

. Blgtc code for data and methods (mtermccllate {:orm
P atform mclepcnclent)

o Symboflc rc{:crcnccs {:rom one class ﬁlc to another
—Class names in text strmgs
—_ Decomplllng/ reverse cngmeerlng quntc casy

. Field names and clescnptors (tyl:)c m{:o)
« Method names and clcscriptors (num args, arg typcs)

. mbolxc refs to other class mcthocls/ ﬁc'cls own

mcthocls/ fields



W Bytecode Basics

e Bytecodes are the machine language of the Java
virtual machine.

* A method's bytecode stream 1s a sequence of
instructions for the Java virtual machine. Each
Instruction consists of a one-byte opcode followed by
zero or more operands. The opcode indicates the
action to take.

e Each type of opcode has a mnemonic. In the typical
assembly language style, streams of Java bytecodes
can be represented by their mnemonics followed by
any operand values.



Yy Bytecode Basics ctd.

// Bytecode stream:

03 3b 84 00 01 1a 05 68 3b a7 {f {9
// Disassembly:

iconst_0 /1 03

istore_0 // 3b

iinc 0, 1 // 84 00 01

iload_0 /l 1a

iconst_2  //05



py. The Role of the Virtual Machine

. The Java Virtual Machine
Your | L The
program §|— ~| Class - — Java APIs
class files | loader . class files
| bytecodes
Localor ¥ ;
Remote 5
execution
E engine E

¢ native method invocations

Host operating system
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- Class Loaders

. E)ootstrap (c eFauIt) loader (in the JVM)

o User-defined (custom) loaders

user-defined |
class loader [

user-defined
class loader

user-defined

class loader §

user-defined o
class loader j

user-defined
class loader |

objects on the heap ™
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| W\ Dynamic Class Loading

. You don't have to know at comPi|e~time all thc
classes that may ultimatelg take Parl: ina running
Java app ication.

User-defined class loaders enable you to
clynamica"y extend a Java app at run-time

* Asitruns, your app can determine what extra
classes it needs and load them

. Custom loaders can download classes across a
network (aPPICts) , get them out of some kind of
clatabase, or even calculate them on the ﬂg.
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4 The Execution Engine

Back-end transformation and execution
° SimP/c JVM

— byte code interpretation

e Just-in-time compiler

— Method byte codes are compiled into machine code the first time they
are invoked

— The machine code is cached for subsequent invocation
— It requires more memory

e Adaptive optimization

— The interpreter monitors the activity of the program, compiling the
heavily used part of the program into machine code

— It is much faster than simple interpretation, a little more memory

— The memory requirement is only slightly larger due to the 20%/80%
rule of program execution (/In general, 20% of the code is responsible
for 80% of the execution)
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class
class files > loader
subsystem
native
J
method heap ava pe method
area stacks registers
stacks
runtime data areas
----------7/:\- """""""""""""""""""""""""""""""""""""""
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: native
ST E native method method
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N Shared Data Areas

\ A II._ | ﬁ;“//

Each JYM has one of each:

v Method area: bgtc coclc ancl class (static) clata
storage

v HeaP: object storage

data data
class
data

class
class data
e class
data

method area heap




Thread Data Areas

thread 1

thread 2

thread 3

pc registers

thread 1 | thread 2 | thread 3

thread 3

stack stack stack
frame | | | frame | | | frame
U B R
stack | : | stack | ! | stack
frame | ' | frame | ' | frame
U R R
stack | | | stack
frame frame
v
stack
frame

\ Java stacks

5
>

native
method
stacks

\

'Frame in
Execution
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| NT\/L Stack Frames

Stack frames have three Parts

e | ocal variables
. OPcrancl stack
. Frame data



Stack Frame
Local Variables

class Example3a {

public static int
runClassMethod (int i, long runClassMethod ()
1, float £, double 4, Object

runInstanceMethod ()

o, byte b) { index type parameter mdex type parameter
return O; 0 int int i 0 | reference hidden this
1 : 1 int char ¢
} long long | ! 5
double double d
. . 3 float float f :
public int 4 i 4 int short s
runInstanceMethod (char ¢, double | doubled 5 i boolean b
double d, short s, boolean 6 | reference | Objecto
b) { 7 int byte b

return 0;




Stack Frame

Ny, Operand Stack

Adding 2 numbers
. ComPI/cr can tell how many slots the
e k will need hod
iload 1 op stack will need rfor a metho
Iadd
istore 2
before after after after after
starting tload 0  1load 1 1add 1store 2
local 0 [ 100 o[ 100 | o[100 ] o[ 100 | o[ 100
variables 1| 98 1 98 198 | 1[ 98 1 98
2 2 2 2 2| 198
operand 100 100 198
stack 98
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=» Stack Frame
A, Frame Data

Thc stack Frame also suPPorts
—Constant Pool resolution
—Normal method return

— Exccption clispatch
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Stack Frame
Frame Allocation in a Heap

class Example3c { before invocation :  after invocation : after addTwoTypes()
public static void of addTwoTypes() of addTwoTypes() returns

addAndPrint () { 0 0 i 0
1 ! 1 : 1

double result =
addTwoTypes (1, 88.88);

80.88

38.88

System.out.println (result)

4

local
! 1 !
} frames for i ? o -~ | variables
addAndPrint() i '
public static double i «~— | frame data
addTwoTypes (int i, double : |
d) { frame for / ;
: i a
ceturn &+ a oddTwoTypes) | o
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Stack Frame
Native Method

A simulated stack of the target language (e.g. C)

is created for NI
this Java method stack
invokes a native frame
thod v
memno \\i stack
frame
stack /
frame
the current T
frame Tl [stack
frame
Java stacks

a native

method
stack

This C function
invokes another
" C function

™~ This C Jfunction
invokes a Java
method
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. The Heap

e Class instances (objccts) ancl arrays are stored
na singlc, shared heaP

. Each Java aPPIication has its own hcaP

—Isolation
—But a JYM crash will break this isolation

c JVM heal:)s alwags implement garbagc collection
mechanisms
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Heap

Monolithic Object Representation

an object reference

/

L/

ptr into heap

#| pirto class data

Vs instance data

4 instance data

instance data

instance data

the heap

the method area

class
data
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The Heap

XY, Split Object Representation

an object referenc

e

ptr into handle pool

the handle pool

the object pool

instance data

ptr into object pool

7| pirto class data

instance data

the heap

instance data

instance data

the method area

class
data
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The Heap
Memory/Speed Tradeoff

~|ptr to special structure | | an object reference
inst dat .
Ihstance data pir into heap
instance data

the heap

v
ptr to full class data —

/ ptr to method data
ptr to method data

method ptr to method data

. \ method
. method data
| 5 method data

' data

entry point
into all data
for the class

the method area
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The Heap
Arrays as Objects

ptr to class data

int[1[] ar =  ensth = 2)
hew int[2] [21/ aT0] (an array rel)

ar[1] (an array ref)

ar (an array ref)

the heap

ptr to class data

et

length (= 2)

ar[0][0] (an int)

ar[0][1] (an int)

pir to class data

length (= 2)

ar[ 1][0] (an int)

ar[1][1] (an int)

the method area

/
¥
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- Examples

HeaPOﬁ:ish

— http://www .artima.com/insidejvm/applets/HeapOfFish .html

— Object allocation illustration

Eternal Math Examl:)le

— http://www .artima.com/insidejvm/applets/EternalMath.html

— JVM execution, operand stack, illustration

28



