ASM, JEP 457: Class-File API
1 Apyrme cTpallHble c/ioBa



Cepren Bnagumupos

* 33 net pa3pabOoTKu (c 1995 roga)
* 19 neT KOMMepPUYECKOM pa3padOoTKU (c 2004 roga)

* Beaywmin pa3paboTumk B AHAOEKC

» [1o atoro: NetCracker, OaHOKNaCCHUKK
(VK), CbepbaHk, HCIK, Huawei

» Java, JavaScript; InfoSec
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JVM, ASM, JEP 457: Class-File API

* 3auem cenyac ncnonb3yrT 6nonnoteky ASM
* Kakne ecTb npobGemsbl
* Kak atu npobniemsl pewaet JEP 457 Class File API

» Kak B runtime co3garb cBon Java-kniacc (U UCrnosib30Barthb €ro)

- Kak 6e3 3arpy3ku knacca B Classloader npoBepuTb €ro cBoncTBa
« Kak caenarb NPOCTEeNLINA CTaTUYeCKN aHanim3arTop aas Java
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3aueM HyxHa 6unbnmnorteka ASM?

* [Mporpamma-nucaTesnb: Co34aHNe HOBbIX K/1TacCoB
* [MporpaMmma-umTtaresib: CTaTUYeCKNin aHaIN3 CYLLIECTBYIOLLMX
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Co3naHne HOBbIX K/1acCoB

* [be3 ASM] Co3gaHune knacca:
* Co3paém MyClass.java
* BbI3biBaeMm javax.tools.JavaCompier
- 3arpyxaem B ClassLoader
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Co3naHne HOBbIX K/1acCoB

* [be3 ASM] Co3gaHune knacca:
* Co3paém MyClass.java
* BbI3biBaeMm javax.tools.JavaCompier
- 3arpyxaem B ClassLoader

* TpaTbl BpeMeHU Ha:
° aHa/m3 1 yctaHoBka classpath

° napcuHr / nekcuyecknm /
CUHTaKCM4yeckni / ctatmyeckmni
aHann3

° OorpaHnyeHmnsda KoMmnmnadaTtopa
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Co3naHne HOBbIX K/1acCoB

* [be3 ASM] Co3pgaHne knacca: * [c ASM] Co3paHune knacca:
* Cospaém MyClass.java - OnucbiBaeM CTPYKTYpY Knacca
* Bbi3biBaem javax.tools.JavaCompier N KOO METOA0B
° 3arpyxaem B ClassLoader * [Mpeobpasyem B GaiTbl 1-B-1

- 3arpyxaewm B ClassLoader

* TpaTbl BpeMeHU Ha:
° aHa/m3 1 yctaHoBka classpath

° napcuHr / nekcuyecknm /
CUHTaKCM4yeckni / ctatmyeckmni
aHann3

° OorpaHnyeHmnsda KoMmnmnadaTtopa
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Co3naHne HOBbIX K/1acCoB

* [be3 ASM] Co3pgaHne knacca: * [c ASM] Co3paHune knacca:
* Cospaém MyClass.java - OnucbiBaeM CTPYKTYpY Knacca
* Bbi3biBaem javax.tools.JavaCompier N KOO METOA0B
° 3arpyxaem B ClassLoader * [Mpeobpasyem B GaiTbl 1-B-1

- 3arpyxaewm B ClassLoader

* TpaTbl BpeMeHU Ha:

° aHasiM3 1 yctaHoBKa classpath - Tpartbl KOCbe Ha:
° napcuHr / nekcuyecknm /

CUHTaKCUYECKWI / cTaTnuecknii * MNOHMMaHKMe CTPYKTYPbI Kf1acca

aHasus °  MOHUMaHue NHCTPyKunn JVM
° OorpaHnyeHmnsda KoMmnmnadaTtopa
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Co3naHne HOBbIX K/1acCoB

public class Helloworld {
public static void (String[] args) {
System.out.println("Hello, World!");
}
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Co3naHne HOBbIX K/1acCoB

public class Helloworld {
public static void (String[] args) {
System.out.println("Hello, World!");
}

javac Helloworld. java

17 anpensa 2024 10/81
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Co3naHne HOBbIX K/1acCoB

public class Helloworld {
public static void (String[] args) {
System.out.println("Hello, World!");
}

javac Helloworld. java
javap -v HellowWorld.class
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Co3naHne HOBbIX K/1acCoB

// class version 65.0 (65)
public class Helloworld {

public <init>()V
ALOAD 0
INVOKESPECIAL java/lang/Object.<init> ()V
RETURN

public static main([Ljava/lang/String; )V
GETSTATIC java/lang/System.out : Ljava/io/PrintStream;
LDC "Hello, World!"
INVOKEVIRTUAL java/io/PrintStream.println (Ljava/lang/String;)V
RETURN

}
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Co3naHne HOBbIX K/1acCoB

'// class version 65.0 (65)
public class Helloworld {

public <init>()V
ALOAD 0
INVOKESPECIAL java/lang/Object.<init> ()V
RETURN

public static main([Ljava/lang/String; )V
GETSTATIC java/lang/System.out : Ljava/io/PrintStream;
' LDC "Hello, World!"
INVOKEVIRTUAL java/io/PrintStream.println (Ljava/lang/String;)V
RETURN

}
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Co3naHne HOBbIX K/1acCoB
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Co3naHne HOBbIX K/1acCoB

* Proxy B Spring:
- @Async, @Cacheable,
@CachePut, @CacheEvict,

@Lazy, @Retryable,
@Transactional, @Validated
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Co3naHne HOBbIX K/1acCoB

@Service
public class FooService {

@Transactional
void upsertData(..) {
/* . */

}
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Co3naHne HOBbIX K/1acCoB

BarController > ? > FooService
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Co3naHne HOBbIX K/1acCoB

@RestController
class BarController {

@Autowlre
FooService fooService

void myFunction() {
fooService.upsertDatal()

}

@Service
class Fo

@Tra
void

oService {

nsactional

upsertbData(..) {

/* Lt/
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Co3naHne HOBbIX K/1acCoB

?

BarController | ——* ' .
extends FooService

E— FooService
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Co3naHne HOBbIX K/1acCoB

?

BarController | ——* ' .
extends FooService

E— FooService

Ecnun 661 FooService 6bin MHTEPdIENCcoM,

TO MOXHO ObI/10 Obl UCMOJIb30BaTh
java. lang.reflect.Proxy
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Co3naHne HOBbIX K/1acCoB

public class FooServiceProxy extends FooService {
private FooService delegate;

public void setDelegate(FooService delegate) {
this.delegate = delegate;
}

@Override
void upsertData() {
// TODO: open TX
try {
delegate.upsertData();
} finally {
// TODO: close TX
}
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Co3naHne HOBbIX K/1acCoB

new class here! .
. B— FooService
extends FooService

T l

« Spring

BarController | ——*

NBOVYHOE NpeAcTaB/IeHNe Kracca
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Co3naHne HOBbIX K/1acCoB

application
context

!

new class here! .
. B— FooService
extends FooService

T l

« Spring

BarController | ——*

NBOVYHOE NpeAcTaB/IeHNe Kracca
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Co3naHne HOBbIX K/1acCoB

* Proxy B Spring:
- @Async, @Cacheable,
@CachePut, @CacheEvict,

@Lazy, @Retryable,
@Transactional, @Validated
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Co3naHne HOBbIX K/1acCoB

* Proxy B Spring:

- @Async, @Cacheable,
@CachePut, @CacheEvict,
@Lazy, @Retryable,
@Transactional, @Validated

- JPA / Hibernate:
- lazy entity reference
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Co3naHne HOBbIX K/1acCoB

// JPA EntityManager

User user =
em.getReference(
User.class, userlId)

class User {
@Id
private String userlId;

private String name;
<.>
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Co3naHne HOBbIX K/1acCoB

?

—> H
MyRepo extends User

B User
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Co3naHne HOBbIX K/1acCoB

public class UserProxy extends User {
private final Supplier<User> loader;
private final String userld;
private User delegate = null;

public UserProxy(String userld, Supplier<User> loader) {
this.userld = userld;
this.loader = loader;

}

@Override
public String getUserld() {
return userld;

}

@Override

public String getName() {
if (delegate == null) this.delegate = loader.get();
return super.getName();

}
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Co3naHne HOBbIX K/1acCoB

1st level cache

!

class UserProxy |
extends User

T l

< Hibernate

MyRepo > User

NBOVYHOE NpeAcTaB/IeHNe Kracca
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Co3naHne HOBbIX K/1acCoB

* Proxy B Spring:

- @Async, @Cacheable,
@CachePut, @CacheEvict,
@Lazy, @Retryable,
@Transactional, @Validated

- JPA / Hibernate:
- lazy entity reference
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Co3naHne HOBbIX K/1acCoB

* Kakne MHCTPYMEHTbI MOXHO [1/151 3TOr0 MCMNOJ/b30BaTh,
ec/In Mbl XOTUM B runtime nosy4ynTb HOBbIA KNacc?

* [eHepupoBaTb ABOWNYHbIA 6AWUT-KOA caMOoMy

* KWcnonb3oBartb 6nbnunoteky ASM mnnn Class-File API
* Wcnonb3osartb ByteBuddy, CGLib, Javassist u np.

* [eHepupoBaTb Java-kog 1 Bbi3biBaTb Compiler API
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Co3naHne HOBbIX K/1acCoB

* Kakne MHCTPYMEHTbI MOXHO [1/151 3TOr0 MCMNOJ/b30BaTh,
ec/In Mbl XOTUM B runtime nosy4ynTb HOBbIA KNacc?

hardcore

* [eHepupoBaTb ABOWNYHbIA 6AWUT-KOA caMOoMy

* KWcnonb3oBartb 6nbnunoteky ASM mnnn Class-File API
* Wcnonb3osartb ByteBuddy, CGLib, Javassist u np.

* [eHepupoBaTb Java-kog 1 Bbi3biBaTb Compiler API
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Co3naHne HOBbIX K/1acCoB

4.1. The ClassFile Structure
* C/NOXHOCTU:

A class file consists of a single ClassFile structure:

* binary class file structure .
ClassFile {
u4 magic;
° COnStant pOOI u2 minor version;
. . . u2 major version;
» stack map frames [optimization] u2 constant_pool_count;
cp_info constant pool[constant pool count-1];
u2 access fTlags;
uz2 this class;
u2 super_class;
uz interfaces count;
u2 interfaces[interfaces count];
uz fields count;
field info fields[fields count];
u2 methods count;
method info methods [methods count];
u2 attributes count;
attribute info attributes[attributes count];
}
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Co3naHne HOBbIX K/1acCoB

4.1. The ClassFile Structure

* CNOXHOCTMW:
* binary class file structure
* constant pool
» stack map frames [optimization]

* bubnmnoreka ASM ycneLiHo
CKpbIBaET 3TW Npob6/emMbl 1 OT Bac,
N OT Apyrnx 6mubnmnortek

A class file consists of a single ClassFile structure:

}

ClassFile {

u4 magic;

u2 minor version;

u2 major version;

uz2 constant pool count;

cp_info constant pool[constant pool count-1];
u2 access flags;

uz2 this class;

u2 super class;

uz interfaces count;

u2 interfaces[interfaces count];
uz Tields count;

field info Tields[fields count];

u2 methods count;

method info methods[methods count];

uz attributes count;

attribute info attributes[attributes count];
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Co3naHne HOBbIX K/1acCoB

« Co3paaMm Knacc, KOTopblii nepexBaTbiBaeT 0bpalleHne Ko BCeEM
MeToaam Apyroro Knacca u Yto-Hubyab nenaet:

° MeyartaeT Ums cepsuca B nor

°  OTKPbIBAET M 3aKpbIBAET TPaH3aKLNI0

°  OTC/NEeXWBAET BPEMS UCMNOMHEHNA MeToAa

° MpoBepsIET NpaBa Nonb3oBaTess Ha BbI30B METoAA
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Co3naHne HOBbIX K/1acCoB

« Co3paaMm Knacc, KOTopblii nepexBaTbiBaeT 0bpalleHne Ko BCeEM
MeToaam Apyroro Knacca u Yto-Hubyab nenaet:

° nedaraet nMmsda cepBuca B /10l
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Co3aaHune npokcu-knacca: CGLIb

class MyMethodInterceptor implements MethodInterceptor {

@Override
public Object intercept(Object obj, Method method, Object[] args, MethodProxy proxy)
throws Throwable {

System.out.println("Bbi3BaH MeTofn: " + method.getName());

return proxy.invokeSuper(obj, args);

Enhancer enhancer = new Enhancer();

enhancer.setSuperclass(0OriginalClass.class);

enhancer.setCallback(new MyMethodInterceptor());

OriginalClass proxyObject = (OriginalClass) enhancer.create();

proxyObject.someMethod();
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Co3aaHune npokcu-knacca: ByteBuddy

class Interceptor implements InvocationHandler {
private final Object original;

public Interceptor(Object original) { /* ... */ }

@Override
public Object invoke(Object proxy, Method method, Object[] args) throws /* ... */ {
System.out.printin(method.getName());
return method.invoke(original, args);
}
}

Original original = new Original();

Class<?> dynamicType = new ByteBuddy()
.subclass(Original.class)
.method(ElementMatchers.any())
.intercept(InvocationHandlerAdapter.of(new Interceptor(original)))
.make().load(ProxyDemo.class.getClassLoader()).getLoaded();

Original instance = (Original) dynamicType.getDeclaredConstructor().newlnstance();
instance.someMethod();

17 anpensa 2024




Co3aaHne npoKcu-knacca

* Spring AOP ncnonb3syet Aspectd / CGLIb

* Aspect], ByteBuddy n CGLib ncnonb3ytot 6uonmoteky ASM
«Mof, KarnoTom»

* ASM reHepupyert byte-koa
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Co3naHune npokcu-knacca: ASM

1. Hanncartb npumepHbIn Java-knacc pykamm B IDE

2. CKoMnmnnpoBaTtb ero 1 NoCMOTPETb Ha CTPYKTYPY Knacca n 6ant-
KoA MeToaoB (Hanp. ¢ NOMOLLbLI javap)

3. ABTOMaTM3MpoBaThb co3laHne AaHHOro Kiacca
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Co3aaHune npokcu-knacca: ASM

public class ProxyClass extends OriginalClass {
private OriginalClass originalObject = null;
public void setOriginalObject(OriginalClass originalObject) {

this.originalObject = originalObject;
}

@Override

public void someMethod() {
System.out.println("Bw3BaH mMeTon: someMethod");
super.someMethod();

}
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Co3naHune npokcu-knacca: ASM

// class version 65.0 (65)

public class ProxyClass extends OriginalClass {

private LOriginalClass; originalObject

public <init>()V
ALOAD 0
INVOKESPECIAL OriginalClass.<init> ()V
ALOAD 0
ACONST_NULL
PUTFIELD ProxyClass.originalObject

LOriginalClass;

RETURN
MAXSTACK = 2
MAXLOCALS = 1

public someMethod()V
GETSTATIC java/lang/System.out

Ljava/io/PrintStream;

LDC "Bbi3BaH meTopg: someMethod"
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INVOKEVIRTUAL java/io/PrintStream.println

(Ljava/lang/String; )V

ALOAD 0

GETFIELD ProxyClass.originalObject
LOriginalClass;

INVOKEVIRTUAL OriginalClass.someMethod ()V

RETURN

MAXSTACK = 2

MAXLOCALS = 1

public setOriginalObject(LOriginalClass; )V

ALOAD 0

ALOAD 1

PUTFIELD ProxyClass.originalObject
LOriginalClass;

RETURN

MAXSTACK = 2
MAXLOCALS = 2




Co3aaHune npokcu-knacca: ASM

ClassWriter cw = new
ClassWriter(ClassWriter.COMPUTE_FRAMES);

String className = "ProxyClass";
String superClassName =
Type.getInternalName(OriginalClass.class);

cw.visit(Opcodes.Vi_8, Opcodes.ACC_PUBLIC,
className, null, superClassName, null);

// nose A/ XpaHeHWs opuruHasibHOro obbekTa
FieldVisitor fv =
cw.visitField(Opcodes.ACC_PRIVATE,
"originalObject",

Type.getDescriptor(OriginalClass.class),
null, null);
fv.visitEnd();

17 anpensa 2024

// FeHepupyemM KOHCTPYKTOpP K/lacca
MethodVisitor mv =
cw.visitMethod(Opcodes.ACC_PUBLIC,
"<init>", "()V", null, null);
mv.visitCode();
mv.visitVarInsn(Opcodes.ALOAD, 0);
mv.visitMethodInsn(Opcodes.INVOKESPECIAL,
superClassName, '"<init>", "()Vv'", false);

mv.visitVarInsn(Opcodes.ALOAD, 0);
mv.visitVarInsn(Opcodes.ACONST_NULL, 1);
mv.visitFieldInsn(Opcodes.PUTFIELD,
className, "originalObject",
Type.getDescriptor(OriginalClass.class));

mv.visitInsn(Opcodes.RETURN);
mv.visitMaxs(2, 1);
mv.visitEnd();




Co3aaHune npokcu-knacca: ASM

// T'eHepupyeM MeTof-nepexBaTyuk

mv = cw.visitMethod(Opcodes.ACC PUBLIC,
"someMethod", "()V", null, null);
mv.visitCode();
mv.visitFieldInsn(Opcodes.GETSTATIC,
"java/lang/System", "out",
“Ljava/io/PrintStream;");
mv.visitLdcInsn("Bbi3BaH MeTof: someMethod");
mv.visitMethodInsn(Opcodes.INVOKEVIRTUAL,
"java/io/PrintStream", "println",
“(Ljava/lang/String;)V", false);

// Bbi3blBaeM OpuUruHaNbHLIN MeTofd
mv.visitVarInsn(Opcodes.ALOAD, 0);
mv.visitFieldInsn(Opcodes.GETFIELD, className,
"originalObject”,
Type.getDescriptor(0OriginalClass.class));
mv.visitMethodInsn(Opcodes.INVOKEVIRTUAL,
Type.getInternalName(OriginalClass.class),
"someMethod", "()V", false);

mv.visitInsn(Opcodes.RETURN);
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mv.visitMaxs(2, 1);
mv.visitEnd();

// TeHepupyeM MeTof ONA YyCTaHOBKW OPUTrMHANbHOIO
obbekTa

mv = cw.visitMethod(Opcodes.ACC PUBLIC,
"setOriginalObject", "(" +
Type.getDescriptor(OriginalClass.class) + ")V",
null, null);

mv.visitCode();

mv.visitVarInsn(Opcodes.ALOAD, 0);
mv.visitVarInsn(Opcodes.ALOAD, 1);
mv.visitFieldInsn(Opcodes.PUTFIELD, className,
"originalObject”,
Type.getDescriptor(OriginalClass.class));
mv.visitInsn(Opcodes.RETURN);

mv.visitMaxs(2, 2);

mv.visitEnd();

// 3aBepwaeM reHepaumi Kracca
cw.visitEnd();




Co3aaHune npokcu-knacca: ASM

// Tony4aeM MaccuB 6anT-Koma M 3arpyxaem Kracc

byte[] classBytes = cw.toByteArray();

MyClassLoader classLoader = new MyClassloader();

Class<?> proxyClass = classLoader.defineClass(className, classBytes);

// Co3pmaeM 3K3eMnigp proxy-knacca
OriginalClass originalObject = new QOriginalClass();
Object proxyObject = proxyClass.getDeclaredConstructor().newInstance();

// YCTaHaBNMMBaeM OpUTrMHaNbHLIN 0O0bEKT
Method setOriginalObjectMethod =

proxyClass.getMethod("setOriginalObject", OriginalClass.class);
setOriginalObjectMethod.invoke(proxyObject, originalObject);

// Bbi3biIBaeM MeTof Ha proxy-obbekte
proxyObject.someMethod();
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[TonckK KnaccoB C aHHOoTaLuuneun

* Hapgo HanTu BCe K/iacChbl BHYTPWM HEKOTOPOTrO NakeTa, KOTopble
CHabXeHbl aHHOoTauuen @Controller
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[TonckK KnaccoB C aHHOoTaLuuneun

* Hapgo HanTu BCe K/iacChbl BHYTPWM HEKOTOPOTrO NakeTa, KOTopble
CHabXeHbl aHHOoTauuen @Controller

 org.reflections.reflections ( https://github.com/ronmamol/reflections ):

new Reflections('"my.package")
.getTypesAnnotatedwWith(MyAnnotation.class)
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[1poBepKa Hanmyma aHHoTauum y knacca: ASM

new ClassReader( /* byte[] */).accept(new ClassVisitor(Opcodes.ASM9) {
@Override
public AnnotationVisitor visitAnnotation(String descriptor, boolean visible) {
if (descriptor.equals("Lorg/springframework/stereotype/Component;")) {
System.out.printin("Found annotation @Component");
}
return super.visitAnnotation(descriptor, visible);
}
}, 0);
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/icnonb3oBaHune ASM

* Spring ncnonb3yet Aspectd / CGLIb / etc.

* Aspect], ByteBuddy, CGLIib, reflections ncnosb3ytot 6ubnoteky
ASM «noa KanoTom»

* ASM nuwet n untaet byte-kona
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/icnonb3oBaHune ASM

* Spring ncnonb3yet Aspectd / CGLIb / etc.

* AspectJ, ByteBuddy, CGLib, reflections ncnonb3sytot 6ubnoTeky
ASM «noa KanoTom»

* ASM nuwet n untaet byte-kona

Mbl GYACTIIHBDI, BAHGEHT?
3
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/icnonb3oBaHune ASM

* Spring ncnonb3yet Aspectd / CGLIb / etc.

* Aspect], ByteBuddy, CGLIib, reflections ncnosb3ytot 6ubnoteky
ASM «noa KanoTom»

* ASM nuwet n untaet byte-kona
° ...JloMaeTca Kaxabii major-penus JDK
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/icnonb3oBaHune ASM

Caused by: org.springframework.core.NestedIOException: ASM ClassReader
failed to parse class file - probably due to a new Java class file version
that isn't supported yet: URL [jar:...ApplicationConfig.class]; nested
exception is java.lang.IllegalArgumentException: Unsupported class file
major version 65

Caused by: java.lang.IllegalArgumentException: Unsupported class file major
version 65

at org.springframework.asm.ClassReader.<init>(ClassReader.java:195)
~[spring-core-5.2.2.RELEASE.jar!/:5.2.2.RELEASE]
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/icnonb3oBaHune ASM

* Spring ¢ nomoulbo 6nénmotekn ASM mnileT KaHaAnAaToB B GUHbI
- @ComponentsScan

» [1na noucka kaHanaarta Spring:
* [Mpoxogut BCce JAR-dhaunnbl B classpath (kpome boostrap)
* [IpoxoaunT Bce class-thannbl B HUX (C YYETOM MMEH MaKeTOB)
e CMOTpUT Ha aHHoTauuun K knaccam (@Component, @Service, etc.)
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/icnonb3oBaHune ASM

* Spring ¢ nomoulbo 6nénmotekn ASM mnileT KaHaAnAaToB B GUHbI
- @ComponentsScan

» [1na noucka kaHanaarta Spring:
* [Mpoxogut BCce JAR-dhaunnbl B classpath (kpome boostrap)
* [IpoxoaunT Bce class-thannbl B HUX (C YYETOM MMEH MaKeTOB)
e CMOTpUT Ha aHHoTauuun K knaccam (@Component, @Service, etc.)

* Spring He 3arpyxaeT Kaxabin knacc B Classloader npunoxeHus
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/icnonb3oBaHune ASM

* Spring ¢ nomoulbo 6nénmotekn ASM mnileT KaHaAnAaToB B GUHbI
- @ComponentsScan

» [1na noucka kaHanaarta Spring:
* [Mpoxogut BCce JAR-dhaunnbl B classpath (kpome boostrap)
* [IpoxoaunT Bce class-thannbl B HUX (C YYETOM MMEH MaKeTOB)
e CMOTpUT Ha aHHoTauuun K knaccam (@Component, @Service, etc.)

* Spring He 3arpyxaeT Kaxabin knacc B Classloader npunoxeHus
* Knaccbl ckomnunanpoBaHHble B HOBbIX JDK He pacnapcatcd B ASM
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Kak nomaetca ASM KaxkabIin penn3?

* Ecnu ckomnunuposasnin Ha JDK 18 cBOE npunioxeHue
c 6ubnnorekon OW2 ASM ana JDK 18 (9.2),
N 3anyckaeTte ero Ha JDK 21 — BCé XopoLuo

* Ecnu ckomnunuposasnin Ha JDK 21 cBOé npunioxeHue
c 6ubnnorekon OW2 ASM ana JDK 18 (9.2),
N 3anyckaete ero Ha JDK 21+ — BCé nsioxo?

ljava.lang.lllegalArgumentException: Unsupported class file major version 65
at org.springframework.context.annotation.ClassPathScanningCandidateComponentProvider
.scanCandidateComponents(ClassPathScanningCandidateComponentProvider.java:457)
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JEP 457: Class-File API

* lNpobnemsil:

* Bunbnnorteka ASM TpebyeT 06HOBEHUS Kaxabli major penn3 JDK

*  YCNOXHAETCA TeM, 4YTo 1 Spring, n gaxke OpenJDK
cogepxat shadow-sepcuio OW2 ASM

* 1o mHeHuto aBTopoB JEP ko n APl 6nbnnotekn mopasibHO ycTapesnu

In 2002, the visitor approach used by ASM seemed clever, and was surely more pleasant to use
than what came before. However, the Java programming language has improved tremendously
since then — with the introduction of lambdas, records, sealed classes, and pattern matching —
and the Java Platform now has a standard API for describing class-file constants
(Java.lang.constant). We can use these features to design an API that is more flexible and
pleasant to use, less verbose, and less error-prone.
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JEP 457: Class-File API

Hibernate; Spring

Aspect] / ByteBuddy / CGLIib / etc.

ASM

JVM
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JEP 457: Class-File API

Hibernate; Spring

Aspect] / ByteBuddy / CGLIib / etc.

>&< Class-File AP

JVM
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JEP 457: Class-File API

17 (LTS) September 2021 September 2026
21 (LTS) September 2023 September 2028
25 (LTS) September 2025 September 2030
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JEP 457: Class-File API

17 (LTS) September 2021 September 2026
21 (LTS) September 2023 September 2028
25 (LTS) <September 2025 >  September 2030
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JEP 457: Class-File API

17 (LTS) September 2021 September 2026
21 (LTS) September 2023 @ember 2028
25 (LTS) <September 2025 >  September 2030
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[Mpumep: Co3gaHme Knacca

* Mbl XOTM NPOCTO CcO3AaThb Knacc
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Co3paHune knacca: ASM

ClassWriter cw = new ClassWriter(0);
cw.visit(49, ACC PUBLIC + ACC_SUPER, "Hello", null, "java/lang/Object", null);
cw.visitSource("Hello.java", null);

MethodVisitor mv = cw.visitMethod(ACC_PUBLIC, "<init>", "()V", null, null);
mv.visitVarInsn(ALOAD, O);

mv.visitMethodInsn(INVOKESPECIAL, "java/lang/Object", "<init>", "()V", false);
mv.visitInsn(RETURN) ;

mv.visitMaxs(1l, 1);

mv.visitEnd();

cw.visitEnd();
cw.toByteArray();
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Co3paHue knacca: Class File API

ClassFile.of().build(ClassDesc.of("Hello"), handler -> {
handler.withFlags(ClassFile.ACC PUBLIC);
}); // returns byte[]
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Co3paHue knacca: Class File API

var myClassDesc = ClassDesc.of("MethodCallLoggerProxy"); var originalClass = ClassDesc.of("my.package.OriginalClass");

ClassFile.of().build(myClassDesc, handler -> {

1

handler .withFlags(ClassFile.ACC_PUBLIC);
handler .withSuperclass(originalClass);
handler .withField("originalObject", originalClass, field -> field.withFlags(ClassFile.ACC_PRIVATE));

// MeToA ANs YCTAHOBKW CCbUIKM Ha OPUTMHa/bHbIA O6bEKT
handler .withMethodBody("setOriginalObject", ConstantDescs.MTD_void, ClassFile.ACC PUBLIC, code -> {
code.aload(0);
code.aload(1);
code.putfield(myClassDesc, "originalObject", originalClass);
code.return_();

)i

// MeToA nepexBaT4yuk

handler .withMethodBody ("someMethod", ConstantDescs.MTD_void, ClassFile.ACC_PUBLIC, code -> {
code.getstatic(ClassDesc.of("java.lang.System"), "out", ClassDesc.of("java.io.PrintStream"));
code.ldc("BrizBaH meTog someMethod");
code.invokevirtual(ClassDesc.of("java.io.PrintStream"), "print1ln",6 MethodTypeDesc.of(ConstantDescs.CD_String));

code.aload(0);
code.getfield(myClassDesc, "originalObject", originalClass);
code.invokevirtual(originalClass, "someMethod", ConstantDescs.MTD_void);

1
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Co3paHue knacca: Class File API

* bonee komnakTHbIN API
* bonee I'IpOCTOI7I AP (<<java/1ang/0bject>> — «java.lang.Object»)
* Bbonblie noBeaeHN N0 yMoA4aHMo (KOHCTPYKTOPbI U np.)
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Class-File APIl: Ctatnyeckumn aHains

* 3apava no cratnyeckomy aHasimsy knaccosB («read only»):

* Hantn B JAR dhansie Bce BbI30Bbl «3arpeLléHHbIX» METO/10B:
» Java.time.LocalDate.now()
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Class-File APIl: Ctatnyeckun aHains

void visitClassesInJar(File jar, Consumer<InputStream> classBytesConsumer)
throws IOException {

try (var zipFile = new ZipFile(jar.getCanonicalFile())) {
zipFile.stream()
.filter(entry -> entry.getName().endsWith(".class"))
.forEach(entry -> {
try (var stream = zipFile.getInputStream(entry)) {
classBytesConsumer.accept(stream);
} catch (IOException e) {
// ignore
b

1)
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llem BbI30BbI MeToAoB: ASM

visitClassesInJar(jar, clsBytes -> {
var reader = new ClassReader(clsBytes);
reader.accept(new MyClassVisitor(consumer), 0);

1)
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llem BbI30BbI MeToAoB: ASM

public class MyClassVisitor extends ClassVisitor {

private final BiConsumer<MethodKey, MethodKey> consumer;

private String className;

public MyClassVisitor(BiConsumer<MethodKey, MethodKey> consumer) {
super (Opcodes.ASM9) ;
this.consumer = consumer;

}

@Override

public void visit(int version, int access, String name,
String signature, String superName, String[] interfaces) {

className = name;

super.visit(version, access, name, signature, superName, interfaces);

}
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llem BbI30BbI MeToAoB: ASM

public MethodVisitor visitMethod( int access, String name, String descriptor,
String signature, String[] exceptions ) {
var callerKey = new MethodKey(className, name, descriptor);
return new AnalyzerAdapter(Opcodes.ASM9, className, access, name, descriptor, null) {
@Override
public void visitMethodInsn(int opcodeAndSource, String owner, String name,
String descriptor, boolean isInterface) {
consumer.accept(callerKey, new MethodKey(owner, name, descriptor));

super.visitMethodInsn(opcodeAndSource, owner, name, descriptor, isInterface);
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wem aHHOTUPOBaHHbIE METOAbI

 ASM: « Class-File API:

- bytes - ClassReader

« ClassReader ~ ClassVisitor

- ClassVisitor ~ MethedVisiter
AnalyzerAdapter

- AnalyzerAdapter.visitMethodInsn()
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wem Bbi30Bbl MeToa0B: Class-File APl

ClassModel classModel = ClassFile.of().parse(clsBytes.readAllBytes());
for (MethodModel method : classModel.methods()) {
var callerKey = new MethodKey(classModel.thisClass().asInternalName(),
method.methodName(), method.methodType());

method.code().stream()

.flatMap (CodeModel: :elementStream)

.filter(InvokeInstruction.class::isInstance)

.map(InvokeInstruction.class::cast)

.forEach(ii -> {
var callee = new MethodKey(ii.owner(), ii.name(), ii.typeSymbol());
consumer.accept(callerKey, callee);
break;

})s

}
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wem aHHOTUPOBaHHbIE METOAbI

* ASM: - Class-File API:

- bytes - ClassReader - bytes - ClassModel

- ClassReader ~ ClassVisitor - ClassModel - methods()

- ClassVisitor ~ MetheodVisiter - MethodModel - CodeModel
AnalyzerAdapter - CodeModel - CodeElement

- AnalyzerAdapter.visitMethodInsn()
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lwem BbI30BLI METO/0B

public void analyzelar(File jarFile) throws IOException {

this.collectAllMethodCalls(jarFile, (src, dst) -> {

if (dst.className().equals("java/time/LocalDate")
&& dst.descriptor().contains("now")) {
out.println(String.format("Found call from %s.%s to %s.%s",
src.className(), src.name(),

dst.className(), dst.name()));
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Class-File AP| vs ASM

» Ob6euatot nogaepxuBaTb Npu Bbixoae HOBbIX Bepcun JDK,
BK/1t04asi BCE HOBblE BO3MOXHOCTU A3bIKa

* Bbonee nakoHW4HbIN (B 0ocCHOBHOM) API anga B3anmMoaencTeBus

* YyTb 60/1€€ HN3KOYPOBHEBLIN, YeM ASM
* HO Mpu 3TOM eCTb 60/bLIOE YNCO0 (PYHKUMN-NMOMOLLIHVKOB
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Class-File AP| vs ASM

- O6eLllaloT nogaepXxuBarb Npu Bbixoae HOBbIX Bepcuin JDK, Bktovas
BCE HOBble BO3MOXXHOCTU fA3bIKa

* Bboniee nakoHWYHbIN (B OCHOBHOM) API ona B3aMMoaencTBus

* YyTb 60/51€E HU3KOYPOBHEBLIN, YeM ASM
° HO Np” 3TOM eCTb 60/1bLL0E YMCM0 (PYHKUMN-MOMOLLHNKOB

* J)XOEM WMpOKoro BHeapeHus (umtam — B Spring) B 2028
nocne okoH4YaHuA nogaepxkn JDK 21

* Ho ecnu Bbl aBTOp OMOANOTEKM UK ncnonb3dyete ASM —
3alymartbCs O Nepexofe yxe cenyac
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Class-File AP| vs ASM

* https://openjdk.org/jeps/457 — JEP 457

* https://www.youtube.com/watch?v=pcg-E_qyMOI
« A Classfile API for the JDK» by Brian Goetz, Oracle
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Q&A
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CpaBHEHME CKOPOCTU

baseline Byte Buddy cglib Javassist Java proxy
trivial class 0.003 (0.001) 142.772 (1.390) 515.174 (26.753) 193.733 (4.430) 70.712 (0.645)
creation
interface 0.004 (0.001) 1'126.364 (10.328) 960.527 (11.788) 1'070.766 (59.865) 1'060.766 (12.231)
implementation
stub method 0.002 (0.001) 0.002 (0.001)  0.003 (0.001) 0.011 (0.001) 0.008 (0.001)
invocation
class 0.004 (0.001) 885.983 (7.901) 1'632.730 (52.737) 683.478 (6.735) -
extension 5'408.329 (52.437)
super method 0.004 (0.001) 0.004 (0.001)  0.021 (0.001)  0.025 (0.001) -
invocation 0.004 (0.001)

http://bytebuddy.net/#/tutorial
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JVM vs «00bI4HbIN» CPU

17 anpensa 2024



JVM vs «00bl4HbIN» CPU
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JVM vs «00bl4HbIN» CPU
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JVM vs «00bl4HbIN» CPU
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JVM vs «00bl4HbIN» CPU
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JVM vs «00bl4HbIN» CPU
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JVM vs «00bI4HbIN» CPU

»
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JVM vs «00bl4HbIN» CPU
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JVM vs «00bl4HbIN» CPU
&

e
9

—
HeT TUMNOoB, agpecHas apudmeTka, cTporas TMnM3aums, AaHHble = kog,
06L|.||a;| NnamMATb Koda U AaHHbIX HEeT ap,peCHOﬁ apMCbMeTVlKVI

17 anpensa 2024 91/81



JVM vs «00bl4HbIN» CPU

HeT TUMNOB, aZlpecHasi apudPMeTHKa, cTporasi Tunusauus, AaHHble '= kog,
06LLIas NaMsTb Kofla U AaHHbIX HET afpecHOo apudMETUNKN
«MocKasi» Moaenb Koaa Knacchbl, PYHKUNN, 0O6BEKTbI
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JVM vs «00bI4HbIN» CPU

* «O0OblYHbIN» CPU:

mov eax, 14
mov ebx, 10
add eax, ebx
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JVM vs «00bI4HbIN» CPU

* «O0OblYHbIN» CPU:

mov eax, 14
mov ebx, 10

add ebx
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JVM vs «00bI4HbIN» CPU

* «OO6bIYHbIN» CPU: * Java-«npoueccop»:
mov eax, 14 bipush 14
mov ebx, 10 bipush 10

add ebx iadd
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JVM vs «00bI4HbIN» CPU

* «Ob6bIYHbIN» CPU: * Java-«npoueccop»:
mov eax, 14 bipush 14
mov ebx, 10 bipush 10 10

add ebx iadd 14 @
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JVM vs «00bI4HbIN» CPU

* «OO6bIYHbIN» CPU: * Java-«npoueccop»:

mov eax, 14 bipush 14

mov ebx, 10 bipush 10 10| |—
add ebx iadd 14 @

- paboTa Cc perucrtpamu - paboTa co CcTekoM
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JVM vs «00bI4HbIN» CPU

* «OO6bIYHbIN» CPU: * Java-«npoueccop»:

° CKOJIbKO pa3HblX PerncTtpoB? ° KaKoro pasmepa cTek?
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JVM vs «00bI4HbIN» CPU

* «OO6bIYHbIN» CPU: * Java-«npoueccop»:
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JVM vs «00bI4HbIN» CPU

* «OO6bIYHbIN» CPU: * Java-«npoueccop»:

* YTO MOXXHO MOIOXUTb * YTO MOXXHO NOJTIOXUTb
B perncrp? «Ha CTeK»?
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JVM vs «00bl4HbIN» CPU

* «O0OblYHbIN» CPU:

Java-«npoueccop»:

* YTO MOXXHO MOJIOXUTb * YTO MOXXHO MOJIOXUTb
B perncrp? «Ha CTeK»?

° yucna, ymcna, ymcna ° yucna,...
(B T. U. agpeca) N CCbI/IKU HA 0OBLEKTDI!
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JVM vs «00bI4HbIN» CPU

* «O6blYHbIN» CPU: * Java-«npoLleccop»:
yncna, yicna, ymcna ° eCTb Yncna, a ectb
(B T. . agpeca) «CCbIJTIKN Ha Ky4y>»

* paboTa c maccuBamu:
 arr[2]
 *(arr + 2)
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JVM vs «00bl4HbIN» CPU

* «OO6bIYHbIN» CPU: * Java-«npoueccop»:
YnCJsia, HNC/a, HAC/Ia °* eCTb HUACJIa, a eCTb
(B T. 4. anpeca) «CCbI/IKM Ha Ky4y>»
o pa60Ta C MaccmBamun: (ccblnika Ha MaccuB CBepPXY CTeka)
« arr[2] iconst 2
« *(arr + 2) iaload 2
arr 42
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JVM vs «00bl4HbIN» CPU

* «OO6bIYHbIN» CPU: * Java-«npoueccop»:
YnCJsia, HNC/a, HAC/Ia °* eCTb HAC/Ia, a eCTb
(B T. 4. anpeca) «CCbI/IKM Ha Ky4y>»
o pa60Ta C MaccmBamun: (ccblnika Ha MaccuB CBepPXY CTeka)
« arr[2] iconst 2
« *(arr + 2) iaload 2
arr 42

HeTt aagpecHoin apudmMeTnkn — HeT Segmentation Fault n atak nepenosiHeHnsa éydoepal
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JVM vs «00bI4HbIN» CPU

* «O6blYHbIN» CPU: * Java-«npoLeccop»

° BbI30B OYHKLNM:

°  NOMECTUTb afipec cneayoulemn
NHCTPYKLWK Ha CTEK

* nepeaaTb ynpas/ieHne (PyHKUUK
ncnosnb3yda eé agpec (cMmelleHue)

° B KOHLIE B35iTb a/]pEC CO CTeKa U
nepeaatb ynpasneHne obpaTHO
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JVM vs «00bl4HbIN» CPU

* «Ob6bIYHbIN» CPU: * Java-«npoueccop»
° BbI30OB (QYHKLNMK: ° Bbl30B METO/0B:
°  NOMECTUTb afipec cneayoulemn ° NMOMECTUTb CCbI/IKY
VHCTPYKUMU Ha CTEK Ha OOBLEKT B CTEK
°  nepejarb ynpasneHne (yHKLum *  BbINOMHUTL invokevirtual /

MCnonb3ys e€ afpec (CMelleHve) invokespecial /

° B KOHLIE B35iTb a/]pEC CO CTeKa U
nepeaatb ynpasneHne obpaTHO
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JVM vs «00bl4HbIN» CPU

* «O6blYHbIN» CPU: * Java-«npoLeccop»
° BbI30OB (QYHKLNMK: ° Bbl30B METO/0B:
°  NOMECTUTb afipec cneayoulemn ° NMOMECTUTb CCbI/IKY
VHCTPYKLUMN Ha CTeK Ha 0OBbEKT B CTEK
° nepeaatb ynpasneHne oyHKUum s BbINOAHUTL

MCMonb3yst e€ afpec (CMeLleHve) invokevirtual[descriptor]

° B KOHLE B35ITb a/Ipec CO cTeka U

nepenars yrnpassieHne 06parTHo ° B KOHLe BbI3BaTb _return

Koa 370 He gaHHble, a 3HauYuT HET aTaku Java code injection

(Bnpoyem, y Hac Bcé elwé ectb SQL, LDAP, XML 1 Ky4a ApYrix NHTEPECHbIX MECT)
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JVM vs «00bl4HbIN» CPU

* JVM

° yucna ato vncna, a 06beKTbl (CCbIIKN) 3TO 06bEKTbI (CCbIMIKN)
° HeT agpecHOon apnPMeTnKn
° CTEK W BCE MHCTPYKLUUM CTPOro TMNU3npoBaHbl

°*  WCMOJIHSAEMbI KOf, 3TO HE AAHHbIE
° 3alpy3nmTtb gaHHblE KaK HOBbIW" KOoA BCE-Taky MOXHO, HO He <<C]'Iy‘-|aI7IHO»

° Ko HaxoauTcsi B METOAAX, METO/bl B 0OBbEKTAX, 0O6bEKTbI B KyYe,
a onncbIBaeTCs BCE 3TO Knaccamm
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