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TakKCOHOMUA

PaboTa co NHCTpYyKUMN
CTEKOM yrnpaBneHus

monitorenter
monitorexit

PaboTta c
o0ObLeKTamMm

ApudmeTUuka
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e O4HO-6aMNTHbIE MHCTPYKLMM


https://en.wikipedia.org/wiki/Java_bytecode_instruction_listings
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bant-Kona

e O4HO-6aMNTHbIE MHCTPYKLMM
e 256 BO3MOXXHbIX BapMaHTOB

* Ncnonb3yetca 200+
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bant-Kona

OAHO-6aMUTHbIE MHCTPYKLMM
256 BO3MOXHbIX BapMaHTOB
Mcnonb3yetca 200+

Google: “Java bytecode instructions listings”


https://en.wikipedia.org/wiki/Java_bytecode_instruction_listings

bant-Kona

e O4HO-6aNTHbIE MHCTPYKLMM
e 256 BO3MOXXHbIX BapMaHTOB
* Ncnonb3yetca 200+

* Google: “Java bytecode instructions listings”™

o https://en.wikipedia.org/wiki/Java bytecode instruction listings
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 <TUM>:=Db,s,c il f d,a
 KoHcTaHThI (Idc, iconst 1)



OMNEPALMS

* <TUN>:=Db,s, ¢l f,d, a
 KoHcTaHThI (Idc, iconst 1)
* JlokanbHble nepemeHHble U cTek (load/store)



OMNEPALMS

<tTun>:=Db,s,c il f d,a

KoHcTaHThI (ldc, iconst 1)

JlokanbHble nepemMeHHble 1 cTek (load/store)
Onepauun c maccnBamu (aaload, aastore)



ONEPALUS

<Tmn>:=Db,s,cil f d, a

KoHcTaHThI (ldc, iconst 1)

JlokanbHble nepemMeHHble 1 cTek (load/store)
Onepaunn c maccnBamu (aaload, aastore)
ApromeTirka (add, sub, mul, div)



ONEPALUS

<tun>:=Db,s, ¢ il f d, a

KoHcTaHThI (ldc, iconst 1)

JlokanbHble nepemMeHHble 1 cTek (load/store)
Onepaunn c maccnBamu (aaload, aastore)
ApromeTirka (add, sub, mul, div)
byneBble/6nTOBLIE onepauynn (land, Ixor)



ONEPALMS

<Tnn>:=Db,s,cil f,d, a

KoHcTaHThI (ldc, iconst 1)

JlokanbHble nepemMeHHble 1 cTek (load/store)
Onepaunn c maccnBamu (aaload, aastore)
ApromeTirka (add, sub, mul, div)
byneBble/6nTOBLIE onepauynn (land, Ixor)
CpaBHeHuVa (cmpg, cmpl, ifne, ifeq)



ONEPALMS

<Tnn>:=Db,s,cil f,d, a

KoHcTaHThI (ldc, iconst 1)

JlokanbHble nepemMeHHble 1 cTek (load/store)
Onepaunn c maccnBamu (aaload, aastore)
ApromeTirka (add, sub, mul, div)
byneBble/6nTOBLIE onepauynn (land, Ixor)
CpaBHeHuVa (cmpg, cmpl, ifne, ifeq)
[TpeocbpaszoBaHus (12d, 12l)
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CtekoBad MallUHa

JVM paboTtaeT co cTeKoM

Y KaxKaoro notoka ecTtb CTeK

CTek coxpaHsaeT “dpenumbl”

HoBbin “penm” co3aaéTca NpM BbI30BE METOA
“OpenMm” coCToOUT U3:

— C1ek onepaumm
— MaccuB NNOKaNbHbIX MEPEMEHHbIX
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dup

POP
swap
dup X1
dup2 X1










dup
POP

swap

dup X1
dup2 X1




dup

pop
swap

dup2 X1




dup
POP
swap
dup X1




JloKanibHble NepeMeHHble CTek
nepemMeHHasa 3HadveHue rmybunHa 3Ha4YeHue
ldc "Hello"
astore 0O
iconst 1
astore 1
aload O




JloKanibHble NepeMeHHble CTek

nepemMeHHasa 3HadveHue - . rmybunHa
ldc "Hello

astore 0O
iconst 1
astore 1
aload O

3Ha4YE€eHNEe




JloKanibHble NepeMeHHble CTek

nepemMeHHasa 3HadeHue rmybunHa 3Ha4eHune
— ldc "Hello"
0| el
iconst 1
astore 1

aload O




JloKanibHble NepeMeHHble CTek

nepemMeHHasi 3HayeHue rnybuHa 3Ha4YeHme

— ldc "Hello”
O | el | astore 0

astore 1
aload O




JloKanibHble NepeMeHHble CTek

nepemMeHHasi 3HayeHue rnybuHa 3Ha4YeHme

— ldc "Hello”
O | e | astore 0

iconst 1

aload O




JloKanibHble NepeMeHHble CTek

nepemMeHHasi 3HayeHue rnybuHa 3Ha4YeHme

) ) ldc "Hello" - -
D I S O
astore 1
2

sl
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Tabnnua

JNOKAJIbHbIX
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invokeXXX

invokestatic
invokespecial
invokevirtual
invokeinterface
invokedynamic



invokestatic

invokestatic
invokespecial
invokevirtual Integer.valueOf(“42”)
invokeinterface
invokedynamic



invokespecial

invokestatic
invokespecial
invokevirtual private void foo();
invokeinterface
invokedynamic

<Init>

super.method();



invokevirtual

invokestatic class A
. . A/method1
invokespecial /‘ A/method2
invokevirtual class B

invokeinterface A/method1
B/method2

invokedynamic B/method3



invokeinterface

e invokestatic class A

. . A/method1
» invokespecial /‘ Almethod2
* invokevirtual class B impl X

* invokeinterface A/method1 _
B/method2 D |mp| X

» invokedynamic S methods Dimethod!

X/methodX

Efficient Implementation of Java Interfaces: Invokeinterface Considered
Harmless, Bowen Alpern, Anthony Cocchi, Stephen Fink, David Grove, and
Derek Lieber, OOPSLA0O1
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obj.method(param1, param2);
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obj.method(param1, param2);



BbI30B MeT0o/a

obj.method(param1, param2);

push obj
push param1
push param2
call method
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obj.method(param1, param2);

push param1
push param2
call method
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obj.method(param1, param2);

push ob]
push param2
call method
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obj.method(param1, param2);

push obj
push param1

push param2

call method



BbI30B MeT0o/a

obj.method(param1, param2);

push obj
push param1
push param2

call method




BbI30B MeT0o/a

this.add(1, 2);

0: aload O
1: Iconst 1
2. Iconst 2
3: Invokevirtual #2; //Method add:(ll)l
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public class Hello {
public static void main(String[] args) {
System.out.println("Hello, World!");

}
}



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

}

} [esaccembnupoBaTtb Hello

> javap -c Hello
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public class Hello {
public static void main(String[] args) {
System.out.println("Hello, World!");

}
}

> javap -c Hello

javap

Awn3accembnep Java knacc-¢annos

[10-yMO4YaHKIO NMOKa3blBaeT TONIbKO CTPYKTYPY Knacca
— MeToabl, cynep-kaacc, MHTepdeucol, UTA

-C NMOKaXeT banTKoJ MeTO/0B

-private nokaxert BCe NMpriBaTHbIE MO/IA N METOAbI

-S NMOKaXeT CUrHaTypbl

-l NokaxxeT HoMepa CTPOK 1 TabanLy NoKaNbHbIX NepeMeHHbIX



public class Hello {

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

}

javap -c Hello

public class Hello extends java.lang.Object{
public Hello();

0: aload 0O

1: Iinvokespecial #1; //IMethod java/lang/Object."<init>":()V
4: return



public class Hello {

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

}
}
javap -c Hello KOHCprKTOP

public class Hello extends java.lang. Object{ - NO-yMOJ/T4YaHUIO

public Hello(); _

0: aload 0O |

1: Iinvokespecial #1; //IMethod java/lang/Object."<init>":()V
4: return



public class Hello {

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

}

javap -c Hello

public class Hello extends java.lang.Object{ BbI{IB)KMTb thIS Ha CTEK

public Hello();

0: aload 0O

1: mvokespelal #1 llMethod javal/lang/Object."<init>":()V
4: return




public class Hello {

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

}

javap -c Hello

BbizBaThb <init> ana Object

public class Hello extends java.lang.Object{
public Hello();

0: aload_0
1: invokespecial #1; //Method javal/lang/Object."<init>":()V &
4: return




public class Hello {

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

}

javap -c Hello

public class Hello extends java.lang.Object{
public Hello();

0: aload 0O

1: Iinvokespecial #1; //IMethod java/lang/Object."<init>":()V
4: return



public class Hello {

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

}

javap -c Hello

public class Hello extends java.lang.Object{
public Hello();

0: aload 0O

1: Iinvokespecial #1; //IMethod java/lang/Object."<init>":()V
4: return

public static void main(java.lang.String[]);

0: getstatic #2; [IField javal/lang/System.out:Ljava/io/PrintStream;
3: ldc #3; //String Hello, World!

5: invokevirtual #4; /[Method javal/io/PrintStream.printin:(Ljava/lang/String;)V



public class Hello {

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

}

javap -c Hello

public class Hello extends java.lang.Object{ OGPaTMTbCﬂ K
pubic nellol) CTaTUYECKOMY MOS0

0: aload 0O

1: Iinvokespecial #1; //IMethod java/lang/Object."<init>":()V
4: return

public static void main(java.lang.String[]);

0: getstatic  #2; //Field java/lang/System.out:Ljava/io/PrintStream; <
3: Idc #3; /IString Hello, World!

5: invokevirtual #4; /[Method javal/io/PrintStream.printin:(Ljava/lang/String;)V



public class Hello {

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

}
}
javap -c Hello
public class Hello extends java.lang.Object{
public Hello(); 3arpy3nTb CTPOKOBYIO

0: algad_() KOHCTaHTy B CTEeK

1: Iinvokespecial #1; //IMethod java/lang/Object."<init>":()V
4: return

public static void main(java.lang.String[]);

0: getstatic #2; [IField javallang ystem , PrintStream-
3: Idc #3; //String Hello, World! €=

5: invokevirtual #4; //Method javallolPrlntStream printin:(Ljaval/lang/String;)V



public class Hello {

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

}
}
javap -c Hello
public class Hello extends java.lang.Object{
public Hello(); Bbi3BaTb MeToA

0: aload 0 C napame\TpOM

1: Iinvokespecial #1; //IMethod java/lang/Object."<init>":()V
4: return

public static void main(java.lang.String[]);

0: getstatic #2; [IField javal/lang/System.out:Ljava/io/PrintStream;
3: ldc #3; //String Hello, World!

5: invokevirtual #4; /[Method javal/io/PrintStream.printin:(Ljava/lang/String;)V




public class Hello {

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

}

javap -c Hello

public class Hello extends java.lang.Object{
public Hello();

0: aload 0O

1: Iinvokespecial #1; //IMethod java/lang/Object."<init>":()V
4: return

public static void main(java.lang.String[]);

0: getstatic #2; [IField javal/lang/System.out:Ljava/io/PrintStream;
3: ldc #3; //String Hello, World!

5: invokevirtual #4; /[Method javal/io/PrintStream.printin:(Ljava/lang/String;)V



public class Hello {

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

} Yto Takoe #1,#2, utn ?

javap -c Hello

public class Hello extends java.lang.Object{
public Hello();

0: aload 0O

1: invokespecial llMethod javal/lang/Object."<init>":()V
4: return

public static void main(java.lang.String[]);

0: getstati IlFieId javal/lang/System.out:Ljava/io/PrintStream;
3: Idc | #3;|//Str

iIng Hello, World!
5: invokevirtual /IMethod javalio/PrintStream.printin:(Ljava/lang/String;)V



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

}
}

javap -c -verbose Hello



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

}
}

javap -c -verbose Hello

public class Hello extends java.lang.Object
SourceFile: "Hello.java"
minor version: 0
major version: 50
Constant pool:
const #1 = Method #6.#20; // javal/lang/Object."<init>":()V
const #2 = Field #21.#22; /I javallang/System.out:Ljaval/io/PrintStream;
const #3 = String #23; [/ Hello, World!
const #4 = Method #24.#25; /I javalio/PrintStream.printin:(Ljaval/lang/String;)V
const #5 = class #26; // Hello
const #6 = class #27; |l javal/lang/Object
const #7 = Asciz <init>;



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

}
}

javap -c -verbose Hello

public class Hello extends java.lang.Object
SourceFile: "Hello.java"
minor version: 0

: #6.#20; // javal/lang/Object."<init>":()V
const #2 = Field #21.#22; /I javallang/System.out:Ljaval/io/PrintStream;
const #3 = String  #23; /| Hello, World!

const #4 = Method #24.#25; /I javalio/PrintStream.printin:(Ljaval/lang/String;)V
const #5 = class #26; [/ Hello

const #6 = class #27; |/ javallang/Object

const #7 = Asciz <init>;



public class Hello {

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

}

javap -c -verbose Hello
public class Hello extends java.lang.Object

public Hello();

Stack=1, Locals=1, Args_size=1

0: aload 0O

1: invokespecial #1; /IMethod java/lang/Object."<init>":()V
4: return

LineNumberTable:

line1: 0

LocalVariableTable:

Start Length Slot Name Signature

0 5 0 this LHello;



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

}
}

javap -c -verbose Hello
public class Hello extends java.lang.Object

public Hello();

1: invokespecial #1; /IMethod java/lang/Object."<init>":()V
4: return

LineNumberTable:

line1: 0

LocalVariableTable:

Start Length Slot Name Signature

0 5 0 this LHello;



public class Hello {

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

}

javap -c -verbose Hello
public class Hello extends java.lang.Object

public Hello();

Stack=1, Locals=1, Args_size=1

0: aload 0O

1: invokespecial #1; /IMethod java/lang/Object."<init>":()V
5, LU
LineNumberTable:
line1: 0
LocalVariableTable:

Start Length Slot Name Signature
0 5 0 this LHello;



public class Hello {

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

}

javap -c -verbose Hello
public class Hello extends java.lang.Object

public Hello();

Stack=1, Locals=1, Args_size=1

0: aload 0O

1: invokespecial #1; /IMethod java/lang/Object."<init>":()V
4: return

LineNumberTable:

line1: 0

LocalVariableTable:

Start Length Slot Name Signature

0 5 0 this LHello;
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Java Bytecode Editor — http://set.ee/jbe/

® O Java Bytecode Editor
File Edit Browse Window Help

i} Q@ || B O

® OO “J /Users/anton/tmp/jpoint/Main.class
[LU] UUS_INTO: LN -Genheric info:
:11; Utf8_info: ma Attribute name index: cp info #9
[12] Utf8_info: ([Lj Attribute length: 21

[13] Utf8_info: Sot
14] Utf8_info: Ma | [ Specific info:
151 NameAndTyr Exception table = Misc = Code EditorJ
[16] Class_info: ja
17] NameAndTyg ; g
(18] Utf8 info: He 2 5
[19] Class_info: ja 4 8
20] NameAndTyr
21] Utf8 info: Ma
22] Utf8_info: jav
23] Utf8_info: jav
24] Utf8_info: out
25] Utf8_info: Lja
26] Utf8_info: jav

27] Utf8_info: pri .~ Copy to clipboard
2 &1 LItfR info (1i: :

getstatic #2 <java/lang/System/out Ljava/io/PrintStream;>

ldc #32 <blah!>

invokevirtual #4 <java/io/PrintStream/println{Ljava/lang/String;)\
return

T



http://set.ee/jbe/

IntelliJ IDEA: ASM Bytecode Outline plugin

O O = Fib.java - standalone - [~/work-src/standalone] - IntelliJ IDEA 2016.3 EAP
1 package com.zt; © AsM: _ ASMified = Groovified T~
2 _ . . ™ Show differences [k Settings
3 import java.util.Scanner; 6
g 7 // access flags 0x1
8 ublic <init>()V
6 public class Fib { 5 pL@ O
7 publlc.statlc v01q malq(Strlng[] afgs) { 10 LINENUMBER 6 L0
8 //input to print Fibonacci series upto how many 11 ALOAD ©
9 System.out.print("Enter number upto which Fibona 19 INVOKESPECIAL java/lang/Object.<init> ()V
e 12 RETURN
11 int number = new Scanner(System.in).nextInt(); 14 L1
12 Systgm.?ut.pflntln(.\n\nflbonacc1 series upto 15 LOCALVARIABLE this Lcom/zt/Fib; L@ L1 ©
13 //printing Fibonacci series upto number
: , : : 16 MAXSTACK = 1
14 for(int i=1; i<=number; i++){
, ) , .. N a7 MAXLOCALS = 1
15 // System.out.print(fibonacciRecusion(i) + 18
ig System.out.print(fibonaccilLoop(i) +" "); 19 // access flags 0x9
) T 20 public static main([Ljava/lang/String;)V
18 }
19 21 LO
o 22 LINENUMBER 9 L©
, , _ , 23 GETSTATIC java/lang/System.out : Ljava/io/PrintStream;
21 // Java program for Fibonacci number using recursion " : : . : . "
- b11 tatic int fib R Lon(int ber){ 24 LDC "Enter number upto which Fibonacci series to print:
Pu %C >tatlc 1nt Tibonacciiecusioniint number 25 INVOKEVIRTUAL java/io/PrintStream.print (Ljava/lang/String;)
23 if(number == 1 || number == 2){ = o 11
i’;’ } return 1; 27 LINENUMBER 11 L1
28 NEW java/util/Scanner
26
27 turn fib iRecusion(number-1) + fib ire 0 PO
e ) return Tiobonaccirecusioninumber ibonacclie g GETSTATIC java/lang/System.in : Ljava/io/InputStream;
S 31 INVOKESPECIAL java/util/Scanner.<init> (Ljava/io/InputStream
_ _ _ 32 INVOKEVIRTUAL java/util/Scanner.nextInt ()I
30 // Java program for Fibonacci number using Loop. 33 ISTORE 1
31 public static int fibonaccilLoop(int number){ 14 Lo
32 if(number == 1 || number == 2){ - LINENUMBER 12 L2

22 b’



public class Get {
String name;

public String getName() {
return name;

}
}

public java.lang.String getName();

Stack=1, Locals=1, Args_size=1
0: aload 0
1: getfield #2; [IField name:Ljaval/lang/String;
4: areturn
LocalVariableTable:
Start Length Slot Name Signature
0 5 0 this LGet;



0 1 2 3 4

s st o [won

public java.lang.String getName();

Stack=1, Locals=1, Args_size=1
0: aload 0
1: getfield #2; [IField name:Ljaval/lang/String;
4: areturn
LocalVariableTable:
Start Length Slot Name Signature
0 5 0 this LGet;



public java.lang.String getName();

Stack=1, Locals=1, Args_size=1
0: aload 0
1: getfield #2; [IField name:Ljaval/lang/String;
4: areturn
LocalVariableTable:
Start Length Slot Name Signature
0 5 0 this LGet;



239 4C 6A 76 61 6E 6/
6E 67 3B D0 A 72 63
b1 00 08 6o /4 76 61
OC V0 U VB 6 U1 6o /4
76 61 Z2F 6C 61 6E 62 6A
VY 03 YO B4 VO Y Do 04
VY 02 Y0 Q1 VLY Q7 b1 0L
Yo Q1 V0 U1 VLB 4 B/ Q4
WZ V0 VA DB VLD QY Do 04
Yo 00 UC BB V1 QU v QC
U1 08 BE VO OF faa i-ldicl, K0
U1 00 YO BB BS 2A | =1%)0%%
VY V0 Y0 V6 VLD UL o QU
VY 01 Y0 BB VO OS5 bD 0L
Vo VY O V2 Vo 11

public java.lang.String getName();

Stack=1, Locals=1, Args_size=1
0: aload 0
1: getfield #2; [IField name:Ljaval/lang/String;
4: areturn
LocalVariableTable:
Start Length Slot Name Signature
0 5 0 this LGet;
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ClassReader

VISIt
ﬁ

visitSource !

visitOutercClass
ﬁ

VvisitAnnotation
ﬁ

visitAttribute
ﬁ

visitinnerClass

visitField
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visitMethod
ﬁ

VisitEnd
ﬁ



ClassReader

VISIt
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visitSource E

visitOutercClass
ﬁ

visitAnnotation ===~~~ » AnnotationVisitor
ﬁ

visitAttribute
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