


Prenled

tridy se do VM natahuji dynamicky

- |lze zmenit
* odkud se natahuji
* jak se natahuji

java.lang.ClasslLoader
- VM pouziva classloadery pro natahovani trid
kazda trida je natazena nejakym classloaderem
- Class.getClassLoader()
vyjimka
— tridy pro pole
* vytvareny automaticky, kdyz je potreba
* Class.getClasslLoader() vraci stejnou tridu jako pro
elementy pole



POsIUD natanovanl trid cdo Vi

1. natazeni tridy
- classloader
— muze zpusobit vyjimky (potomci LinkageError)
* ClassCircularityError
e ClassFormatError
* NoClassDefFoundError

- muze nastat i OutOfMemoryError
2. "linking"



POsIUD natanovanl trid cdo Vi

2. "linking"
— verification
e test, zda trida odpovida Java Virtual Machine
Specification
* vyjmky (potomci LinkageError)
- VerifyError
— preparation
* vytvoreni static atributu
- ne inicializace
* OutOfMemoryError
— resolution
* symbolické reference na dalsi tridy

* vyjimky — IncompatibleClassChangeError a potomci

- lllegalAccessError, InstantiationError, NoSuchFieldError,
NoSuchMethodError, UnsatisfiedLinkError



POsIUD natanovanl trid cdo Vi

3. Inicializace
4. vytvoreni nove instance



Trida a classloader

(\5

* trida je ve VM urCena nejen jménem ale i
classloaderem
- jedna tfida natazena ruznymi classloadery =>
z pohledu VM dvé ruzné tridy

* kazdy classloader ma predka (ted ne dedicnost)
- vyjimka
* bootstrap classloader
- nema predka
- pokud se nespecifikuje => systémovy classloader
* pri natahovani tridy classloader nejdrive deleguje
natazeni na predka a pokud ten tridu nenalezl,

natahne classloader tridu sam



Trida a classloader

e pokud jsou pri natahovani tridy potreba dalsi tridy,
natahuji se stejnym classloaderem



Viastni classloader

potomek od java.lang.ClasslLoader
- predefinovat metodu findClass()

class MyClassLoader extends ClassLoader {
public Class<?> findClass (String name) {
byte[] b = loadClassData (name) ;
return defineClass (name, b, 0, b.length);

}

private byte[] loadClassData (String name) {
}
}
* pouziti
Class.forName ("trida", true, new MyClassLoader()):
nebo

new MyClassLoader () .loadClass ("trida");



Viastni classloader

* |ze predefinovat i metody loadClass()
- nevhodné

— cinnost metody
* findLoadedClass()
- test, zda je trida uz natazena
* deleguje natazeni na rodiCovsky classloader
* findClass()
* resolveClass()
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Priglacy pouziil

e natazeni tfid z riznych zdroju — napf. ze sité

private byte[] loadClassData(String name) throws
ClassNotFoundException {
URL url = new URL("........ ")
URLConnection con = defURL.openConnection();
InputStream 1s = con.getInputStream() ;

ByteArrayOutputStream bo = new ByteArrayOutputStream() ;
int a = 1s.read();

while (a != -1) {
bo.write (a):;
a = 1s.read();
}
is.close () ;
byte[] ar = bo.toByteArray()

bo.close () ;
return ar;



Priglacy pouzi
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Prixlacy oouziil
e oddéleni jmennych prostoru
- (od Java 9 — lepsi reSeni pouzit moduly)

— pr. aplikacni server
* jedna VM

* "aplikace" jsou natahovany vilastnimi classloadery

— mohou vyuzivat rizné verze stejnych knihoven
* (rizné tridy se stejnymi nazvy)

— nastavaji problemy, pokud spolu "aplikace" chteji
primo komunikovat
* freseni — pro komunikaci se pouzivaji interfacy a tridy
natazené spolecnym predkem (classloaderem)

* nevhodné reseni — pouziti reflection API
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Nacliani dalsicn ,,zcdroju®

e classloader muze naditat ,cokoliv”
* nacitani se ridi stejnymi pravidly
* metody

URL getResource (String name)

InputStream getResourceAsStream(String name)

Enumeration<URL> getResources (String name)






Prenled

* mejme nejaky interface pro nejakou ,sluzbu”
— pr. jJavax.xml.parsers.DocumentBuilderFactory
* ruzni ,dodavatelé” implementace sluzby
— pokud bychom chteli pouzit v programu, museli bychom

jméno implementace mit napevno v kodu
* prfi zmene dodavatele nutno zmenit kod
- lépe => pouzijeme ServiceLoader<S>



Pouzit

* implementaci zabalit do JAR
- pridat do JAR soubor
META-INF/services/jmeno.interfacu.sluzby
p‘f: META-INF/services/javax.xml.parsers.DocumentBuilderFactory
— v ném co radek, to jméno tridy implementujici interface
* v kodu
- sl = ServiceLoader.load(interface.class, classloader);
— sl.iterator()

* ServicelLoader je az od JDK 6

- META-INF/services se pouziva uz od JDK 1.3
* bylo nutné si obdobu ServiceLoaderu napsat ru¢né

* explicitné podporovan moduly (od Java 9)
— definice v module-info.java






DYiecorde

 The Java Virtual Machine Specification,

* https://docs.oracle.com/javase/specs/
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Format class souboru

ClassFile {
u4 magic;
uZ2 minor version;
uZ2 major version;
u2 constant pool count;
cp info constant pool[constant pool count-1];
u2 access flags;
uZ this class;
u2 super class;
u2 interfaces count;
u2 interfaces[interfaces count];
uZ2 fields count;
field info fields[fields count];
uz2 methods count;
method info methods[methods count];
u2 attributes count;
attribute info attributes[attributes count];
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Format class souboru

* magic
- OxCAFEBABE

* version

Java SE||class file format version range

1.02 450=w=453

1.1 450= v= 4565535

1.2 450=v=46.0

1.3 450=v=470

1.4 450=v=480

5.0 450=wv=490

G 450=wv=30.0

7 450=v=510

g 450=wv=32.0

9 450=w= 530

10 450=wv=340

11 450=wv= 550




O]

e zasobnikovy assembler

void spin () {

Method void spin()

0

S = O o o N

=

int 1i;
for (1 = 0; 1 < 100; i++) { ; }

iconst 0
istore 1
goto 8

iinc 1 1
iload 1
bipush 100
if 1cmplt 5
return

//
//
//
//
//
//
//
//

Push int constant O

Store into local wvariable 1 (1=0)
First time through don't increment
Increment local variable 1 by 1 (i++)
Push local wvariable 1 (1)

Push int constant 100

Compare and loop 1f less than (1<100)
Return void when done



Instrukce

e opcodes

* velikost — 1 byte
— max 256 moznych instrukci
* ne vSechny jsou pouzité
* kategorie instrukci
- load a store (aload_0, istore,...)
— aritmetické a logic (ladd, fcmpl,...)
- konverzie typu (i2b, d2i,...)
- vytvareni objektu a manipulace s nimi (new, putfield)
— manipulace s operandy na zasobniku (swap, dup2,...)
— fizeni behu (ifeq, goto,...)
- volani metod a navrat (invokespecial, areturn,...)



Instrukce

* invokedynamic
- od Java 7
— podpora pro pfeklad dynamickych jazyku do Java
bytekodu

- od Java 8 pouzita i pro preklad lambda vyrazu



DYiecorde

* nastroje pro praci s byte kodem
- ASM, BCEL, SERP, ...

* ASM

- http://asm.ow2.org/
* manipulace s bytekddem
* vytvareni novych trid
* upravovani existujicich






Prenled

* integrace nativnino kodu (v C, C++,...) do Javy
* integrace Java kodu do nativniho kodu

* obvyklé pouziti
- platformé zavislé operace



Priklacdl

class HelloWorld {
public native void displayHelloWorld():;

static {
System.loadLibrary ("hello");

}

public static void main (String[] args) {
new HelloWorld() .displayHelloWorld();

}



* javac -h <output_dir> HelloWorld.java
e (stary zpusob — javah -jni HelloWorld)
- > HelloWorld.h

/* DO NOT EDIT THIS FILE - it is machine generated */
#include <jni.h>

/* Header for class HelloWorld */

#ifndef Included HelloWorld

#define Included HelloWorld

#ifdef  cplusplus

extern "C" {

#endif
/
* Class: HelloWorld
* Method: displayHelloWorld
* Signature: ()V
*/

JNIEXPORT void JNICALL Java HelloWorld displayHelloWorld
(ONIEnv *, jobject);

#ifdef  cplusplus

}

#endif

fendif



Prikladl

* naimplementovat nativni metodu

#include <jni.h>
#include "HelloWorld.h"
#include <stdio.h>

IJNIEXPORT void JNICALL
Java HelloWorld displayHelloWorld (JNIEnv *env,
jobject obj) {
printf ("Hello world!\n");



Prikladl

* prelozit nativni kdd (HelloWorld.c)

- vysledek — sdilena knihovna (.so, .dll)
- UNIX

e gcc -shared -Wall -fPIC -o libhello.so
-I/java/include -I/java/include/linux HelloWorld.c

- Windows

e ¢l -Ic:\javalinclude -Ic:\javalinclude\win32
—-LD HelloWorldImp.c -Fehello.dll

* spustit program
- java HelloWorld



Mzapovani tyoul

Java Type Native Type Size in bits
boolean jboolean 8, unsigned
byte jbyte 8

char jchar 16, unsigned
short jshort 16

int jint 32

long jlong 64

float jfloat 32

double jdouble 64

void void n/a



Mapovani typu

* "neprimitivni” typy
— jobject
- Jstring
- jclass
- jthrowable
— jarray
— jobjectArray
- jbooleanArray
— jintArray




Pristup xe Siringurn

* typ Jstring nelze primo pouzit
- preveést na char”*

Java ..... (INIEnv *env, jobject obj, jstring prompt) {
char *str = (*env)->GetStringUTFChars (env, prompt, 0);
printf ("$s", str);

(*env) ->ReleaseStringUTFChars (env, prompt, str);

— novy string
char buf[128];

Jstring jstr = (*env)->NewStringUTF (env, buf);



Pristup kK polim

Java ... sumArray (JNIEnv *env, jobject obj,
JintArray arr) {
int 1, sum = 0;
Jjsize len = (*env)->GetArraylLength (env, arr);
jint *body = (*env)->GetIntArrayElements (env,arr,0);

for (i=0; i<len; i++) {
sum += body[i];
}

(*env) —>ReleaselIntArrayElements (env, arr, body, 0);
return sum;



Pristuo K metoclarm

IJNIEXPORT void JNICALL

Java ... nativeMethod (JNIEnv *env, jobject obj, jint 1) {
Jjclass cls = (*env)->GetObjectClass (env, obj);
JmethodID mid = (*env)->GetMethodID (env, cls, "method", "(I)V");
(*env) ->CallVoidMethod (env, obj, mid, 1i); 7

* signatura metody

— program javap Signzatura JbavaI typ
° | - i oolean
javap -s trida 5 o

C char

S short

| int

J long

F float
D double

Ltrida; trida

[typ typ (]
(parametry)navratovy-typ metoda




Pristuo K metoclarm

* GetMethodID()
* GetStaticMethodID()

CallVoidMethod()
CalllntMethod()

CallStaticVoidMethod()
CallStaticIntMethod()



Pristup « atrioutirn

obdobneé jako k metodam

fid = (*env)->GetStaticFieldlD(env, cls, "si", "I");
fid = (*env)->GetFieldID(env, cls, "s"
"Ljaval/lang/String;");

si = (*env)->GetStaticlntField(env, cls, fid);
jstr = (*env)->GetObjectField(env, obj, fid);

SetObjectField
SetStaticlntField



Y A B |

OsSetrenl vyjirmex
JmethodID mid =

(*env)->CallVoidMethod (env, obj, mid);
Jthroable exc = (*env)->ExceptionOccurred (env);
1f (exc) |

(*env) —>ExceptionDescribe (env) ;

(*env) ->ExceptionClear (env) ;



Pocoora syncnronizace

(*env) —->MonitorEnter (env, o0b7j);
synchronizovany blok
(*env) ->MonitorExit (env, o0b7j);

* wait() a notify() nejsou primo podporovany
- |ze je ale zavolat jako kazdou jinou metodu



« C

- Jstring Jstr

e C++
- Jstring Jstr

(*env) ->GetObjectArrayElement

(Jstring)

(env, arr,

1);

env->GetObjectArrayElement
(arr,

1);







Prenled

* neni soucast JDK
* https://github.com/java-native-access/jna

e automatické mapovani mezi Javou a nativnimi

Knihovnami
— podpora pro ,vSechny” platformy

* neni potreba psat rucneé zadny nativni kod
— Interné pouziva JNI



’

JNA , rlello world®

import com.sun.jna.Library;
import com.sun.jna.Native;

public interface JNAApilInterface extends Library {

JNAApiInterface INSTANCE = (JNAApiInterface)
Native.load((Platform.isWindows () ? "msvcrt" : "c¢"),
JNAApiInterface.class) ;

public static void main(String args[]) {
JNAApiInterface jnalib = JNAApilInterface.INSTANCE;
("Hello World") ;



Mapovani tyot

Native Type
char
short

w char _t
int

Int

long

long long
float
double
char*”
void*

Size

8-bit integer
16-bit integer
16/32-bit character
32-bit integer
boolean value
32/64-bit integer
64-bit integer
32-bit FP

64-bit FP

C string

pointer

Java Type
byte

short
char

Int

boolean
NativelLong
long

float
double
String
Pointer



Mzapovani tyoul

pole (ukazatel) — pole
struct — ... extends Structure

predavani parametru referenci
- char **bufp — PointerByReference bufp
- int* lenp — IntByReference lenp

JNAerator
- https://github.com/nativelibs4java/JNAerator
— generovani hlavicek Java metod





http://creativecommons.org/licenses/by-nc/4.0/
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