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e The Power of Bytecode Instrumentation in Java - Part 5
e The Power of Bytecode Instrumentation in Java - Part 6

O 0O : http://ukja.tistory.com(O0 O 0O,00)

The Power of Byte Code Instrumentation in Java - Partl

Byte Code Instrumentationd [0 ?

JavaOO OO O0OOOO OOO ODOOOO boo-e

OO0 OO0 OO BCI, O Byte Code Instrumentationd O . (O O Byte Code Insertion) Byte Code
Instrumenationd O Javal ByteCoded 00O OO0 ODOD OD0O0O,00 OO0 ODOD OO0 OOO
oodno ood ooa.

OO0 00 D00 JavalOODODOO OODOO OO0 ODOOBCIODOO OOOO OOO,BCID OO
ugooo bbb oo bobooobb obbo bbb bbb bbb bboo oo o oo,
BytecodeO 00O O0OD0O O OO OOOBCIOD OO0 OO0 O ODOOD OODOO OODOOOO
oooo.

0 00000 [AOP(Aspected Oriented Programming) InJaval0 0 00O O0OOO OO OOO, AOP
0000000000 dOoBClOO.ACPOODOOO OO0 ODOODD OO OO,00 000 O
O 0O Aspectd Business Logicld WeavingD O OO OO0 OO BClL,O JavaOODO OO0 OO OO
0000 ouo oooo oooa.

OO0 00O AOPO OO OOOD OO0 OO0 OO0 OO ODODoOoOBCID OODODOD OOO O OO
u.

O 0O Jennifer, Performizer0 OO0 WASOOOD OO0 OO0 OO0 OO0 DOO,00 0000 OO
0000 0000 00 00 00000 0000 Oooo oo BClIoO.00OO0 O OO0 OO Oooo
000000 O00dBClO OO0 OO0 ODO0O0O0 0dOo0oOoO DDOO 0O OO Ooooa.

Java Bytecode

Javall BytecodeO O OO0 OOO(@OOO)D ODO0ODODO OO OO0 OO0 OOOO.

O000 0000 00 O0S/00000 oboo0n OO0 Java Bytecodel JVM(Java Virtual Machine)O
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0000000000 000 o00.000 jvMO oO0doo oo os/boooonoo ood
Bytecode DO 0OOODO.Javall OO0 OO0OO OO0 O OO0 OO OSOOOO OOODO
Bytecode DO O O.

000 DOOO Java BytecodeO OO O0O.

public getValue()I

LO (O)

LINENUMBER 28 LO

SIPUSH 1000

ISTORE 1

L1 (3)

LINENUMBER 29 L1

ILOAD 1

IRETURN

L2 (6)

LOCALVARIABLE this Lflowlite/io/ASMTest; LO L2 O
LOCALVARIABLE value I L1 L2 1
MAXSTACK =1

MAXLOCALS = 2

OO0 00 0000 Bytecoded OO0 JavaSourceD OO OOOO OOO.

public int getValue() {
int value = 1000;
return value;

000 SunO 0O JVMO OO0 OO O Bytecode OO0 ODOOO ODDOOO OOO,000 0000
000 Bytecode OO OO OO ODO((COUOODODOOODODO)

http://java.sun.com/docs/books/jvms/00 O Java Virtual Machined OO0 OO0 OO O OO.0 OO
0O 0000 JavacClass Filed OO0 Class FileD OO0 Bytecoded OO OO0 OO0 OO O O0O.
000 0 oo oo oo oo oo oooooooag.™m

00 Bytecode OO0 U0 OO0 OO0 OD0ODO0OO OOODO,000 0000 ODOODO.0O0 OO
0 Bytecode 00O O00U0O OO0 0O0O0OO0OO ODO0OUO0 ODOOODOO ODOODOO OODOO ODOO
gob oboboo b obobbobbobobob oooboo.

BCID DO0OO O0OOODOO

OO0 00 00 000000 BytecodeOUOO ODOUO0O OO ODDOOOODO ODOOD ODO.

e ASM : Object WebO O O O http://asm.objectweb.org/
e BCEL: Apache 0O OO OO OO http://jakarta.apache.org/bcel/
e SERP : Sourceforge 00 OO OO OO http://serp.sourceforge.net/
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e Javassist: JBoss 00 0O 00O OO http://www.csg.is.titech.ac.jp/~chiba/javassist/(0 0 00 O
Oo0oooo..oo)

O 000000 ASMO OO0 OO0 OboOo oo BClID OOOD ODOD ODODODO ODODO OOD
0 oogdg oo obod.

The Power of Byte Code Instrumenation in Java - Part2

Byte Code Instrumentation(J O BC)O OO0 ODO0O0O OO0 OO0 DO O0ODOO0OO O0OOBCIODOODO
OO0 ASMO O0O0O0 OO0 OD0D0O0 Ooooo

ASM

ASMO http://asm.objectweb.org/00 OO0 OO0 O0OO0OOO0O OO OO (Eclipse Plugin - AMS
Bytecode Outline Plugin)D 0 OOO0O O OO. Eclipse PluginD ODO0O0O ASMO 000OO0OO0OOO0O O
00000000 00 0O 00.00 OO0 Eclipse ASM Bytecode Outline PluginD OO OO0 OO
00 OO0 000 Bytecode OODO ODOODO.

)] ASMTestjava 53 . [J] ExceptionTest2 java s = O || 3% outline &3

package fllc:wlite.icu: b 13 & W

o . - - B flowlite.io
€ Fimport java.io.®:[] ::: import declar

=-£9, ASMTest
S . N
«i public class ASMTIest extends Exception { N

@ test]
@ © ASMTest
= puoblic static void main(5tring [] args) { =0 Cross Referenc 52
new ASMTest(): 4
, =ik

B flowlite.io

\Ve v

(2 Problems | @ Javadoc |[&, Declaration | B Console | {gh Bytecode %5 Debug _% = RZ

/i class ve mum 2]

/ compiled from: ASMTest java

// access flags @
public static main([Ljava/lang/String;)\V
LO () T ——
LIMNEMUMEBER 19 LO
MEW flowlites/io/ASMTest
MWORESPECIAL flowlite/io/ASMTest. <init=(V

BytecodeD 00 0O OO OO0 OO OO0 OO0 ODOOO0.000 0OD0ODDODDOOOODDOOO O
0O 00000 BytecodeD DO D OO OO.ASM Bytecode Outline Plugind OO OO0 OO0 ASMO
O000 000 000 0000 0b0o0.000 oo [ASM]DO 000 D000 0000 oooo
BytecodeD 0 OO JavaCodeD ODODOD OO ODOO O O0O.
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[£. Problems | @ Javadoc | [, Declaration | & Console r’@; Bytecode i Lﬁ? Debug |§|E| = .

package asm.flowlite.ic;

import java.util *;

import org.objectweb.asm #;

import org.objectweb.asm.attrs.*;

public class ASMTestDump implements Opcodes {

public static byte[] dump () throws Exception {

ClassWriter cw = new ClassWriter(0;
FieldVisitor fv;

RIethoavIsIitor mv;
Annotationwvisitor avo:

cw.visit(v1_5, ACC_PUBLIC + ACC_SUPER, "flowlite/io/ASMTest", null, "java/lang/Exception”, null); I

cw visitSource("ASMTest java”, null);

my = cw.visitMethod(ACC_PUBLIC + ACC_STATIC, "main”, "([Ljava/lang/String;)v", null, null);
mv.vistCoaer:

Label [0 = new Label(;

v visitLabel(10);

mv.visitLineMumber(19, [0);

mv.visitTypelnsn(MEW, "flowlite/io/ASMTest");

mv.visitMethodInsn{INVOKESPECIAL, "flowlite/io/ASMTest", "<init=", "OV";

Label 11 = new Label();

mv.visitLabel{l1);
ASMO O OO (ASMified Code)d ASM OO ODOD0O ODOOO APIO ODOOO Bytecoded ODOOO
O00 O00.0 ASMOOODOO O0O0OCopy/Paste/Edit0 0 OO0 OO OO Bytecodel OO OO
00 000 O0D0OO0.0000 bo0o?00 000 00 O0OO0OO0.O0000 0DO0O0O0 OO0 Java
goooooooo o000t o000 ooooooo oo ooob oo oobo.oo0ob ooo
0 000000.00 000000 Java Monitor/Profiler/Analyzer0 OO0 OO0 O0O0O OOO
00 0000 BCIO OOOO OO0.00 00000000 OOD0O0O0O0OO0OOoOOoDOo.ASMOOOOO
OO0 000 000 http://asm.objectweb.org/0D0 0000 OOOO JavaDocO OO OO O OO.
O00 OD0OD0O0O 000 00 OO0O0.ASMO Visitor PatternD OO0 0000 OOO OOODO OO
0000 O0oooOo ooo oo.

The Power of Byte Code Instrumentation in Java - Part 3

One Simple but Powerful Example of BCI

ASMOOOOO0O OO0 Byte Code Instrumentationd OO OO0 OO0 OO0 OO0OOOO.

U0 o0 oo oooboobo,0oboog b0 bbdg bobaa.
0o ooobb bbb oo boobbo bbo b ooob.

U0 oob oo oooo.

“ 00 0000 OO0 OOWAS ApplicationD 0 OO0O0O Exceptiond OO0O0O0O O0O0OO0 O00O0OO
O00.0 Exception CatchODOD O OOOO ODODOO oOoOoO...”

(000 D DOD0OD OO0 oooo “Aspected Oriented Programming in Java”0 0 OO O 0O0O)
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goog bbb oo oo bbb ooo oooag.
[ public static wvoid main(String[] args) {
try {

ExceptionTest?.deException(troe) ;
} catch(Exception ex) {

fr gomething about 2 cions=...
I ceptionManager. recordExpepntion (ex) ;

L.

0O, Application00 OO0 OO0 00 OO OO0 trycatchOOO 00O Exceptiond CatchOD O OO0
goou ood.o0 oo ooo ob ooooo oo.

e 0O UOOODOODLO ODOOOOO?

e 00 OO OOODO OO Java Core Library(java.*, javax.*, ...)0 3rd Party Libraryd O OO O O
go-?

e ExceptionD 0 ODODO ODOODO OO O OODOODOOO?

e 000 O0OULO0O ODODODODODUOUOOOOODOD ODDOOO?

Business Logic OO OO OO0 ExceptionD OO OO0 OO0 OO0 OO OO0 ODOOO0 OOODOO
gooo ogooao.

OO0 000 DOO0ODO OO AOPOD OO DOODO DOoUOO DbOoO..
0000 do0ob o0 oo oob oobog...
U0 00 oo ooo oo oooo.

e “java.lang.Excetpion” 0000 OO ExceptiondD OO OOO DOoO?
e“ 0,00 OO OExceptionD OO O0ODO java.lang.ExceptionD O0O0O0O ODOOO OODOO O
oo og”
e “ 00 0OJava.lang.Exceptiond OO0 O ExceptionO 0 OO0 O0O0O0O OO OO0 OoOOO”
gogn
000 java.ang.Exception OO 00 OOO0O OO0 O0O0OOOO OOO.
000 OO BCl, O Byte Code Instrumentationd 00O OO0 O0O0O.

00 java.lang.ExceptionD 000 OO0 OO0 OO0O0O OO0 JavabDecompilerd OO0 OO0 OO
gao.

Decompiler OO0 ExceptionO OO0 OO OO0 OOO OO.

package java.lang;

// Referenced classes of package java.lang:
// Throwable, String

public class Exception extends Throwable {

public Exception() {
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}

public Exception(String s) {
super(s);

}

public Exception(String s, Throwable throwable) {
super(s, throwable);

}

public Exception(Throwable throwable) {
super(throwable);

}

static final long serialVersionUID = 0xd0fdlf3ela3blcc4l;

ASM Bytecode Outline PluginD O OO O ByteCodel OO O ODO.

/ class version 49.0 (49)
// access flags 33
public class Exception extends Throwable {

// access flags 24
final static long serialVersionUID = -3387516993124229948

// access flags 1
public () : void

ALOAD 0

INVOKESPECIAL Throwable.() : void
RETURN

MAXSTACK = 1

MAXLOCALS =1

// access flags 1
public (String) : void

ALOAD 0

ALOAD 1

INVOKESPECIAL Throwable. (String) : void
RETURN

MAXSTACK = 2

MAXLOCALS = 2

// access flags 1

public (String,Throwable) : void
ALOAD 0O

ALOAD 1
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ALOAD 2

INVOKESPECIAL Throwable. (String,Throwable) : void
RETURN

MAXSTACK = 3

MAXLOCALS = 3

// access flags 1

public (Throwable) : void

ALOAD 0

ALOAD 1

INVOKESPECIAL Throwable. (Throwable) : void
RETURN

MAXSTACK = 2

MAXLOCALS = 2

}

OO0 Exception0 000 OO0DO0ODO OO0 OD0 OO0 OOOODO OOO?

public class Exception extends Throwable {

public Exception() {
ExceptionCallBack.exceptionOccurred(this);

}

public Exception(String s) {
super(s);
ExceptionCallBack.exceptionOccurred(this);

}

public Exception(String s, Throwable throwable) {
super(s, throwable);
ExceptionCallBack.exceptionOccurred(this);

}

public Exception(Throwable throwable) {
super(throwable);
ExceptionCallBack.exceptionOccurred(this);

}

static final long serialVersionUID = 0xd0@fdlf3ela3blcc4l;

O00 OO0 OO Exceptiond O0OODOO OO ExceptionCallBack.exceptionOccurred(this) 00O O O
0000 0D0000.000 JavaCorelibraryd 0000 O0O0O O0ODODO OO0ODO Exceptiond
Ooooooo.

Part40 0O ASMO OO0 java.dang.Exception 00O OO OO0 O0O0C OO0 O0O0O0O OOO OO OO
go.
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gd

OO0 000 0O 0O 0oo0od. “avadang.Exception" 0000 OO0O0O0O OO0 OO OO0O0OO OOO
java.lang.Exception0 000 OO ODOO oOg?

oo oboog.0obdg oo boboo boda.

JVMO VersionO O Vendord OO OO0 OO OO O 0OQ0.000 OO0 OO OO0 OOODOO O
uobobb obb bbb oo oo.booobb b oOb bbb o boob oobobo
b0 oo dogo.ogo bbb bbb b bbb b b boo boo boo b

000 000.000 JavaCorelibraryDl 00 OO0 ODO0O0O 0000 OO0 OO@DO 000 OO
o ogogd.

The Power of Byte Code Instrumentation in Java - Part 4

One Simple but Powerful Example of BCI

Part300 OO0 OO OO java.lang.ExceptionOD OO0 OO0 OO0 OO O0OOOO OO
Exceptiond OO0 OO0 O OO.ExceptionO 000 ODOOOODO OO0 OO OO0 OOOOO
oo ouo ooono ogd.

public Exception(String s)
{

super(s);
ExceptionCallBack.exceptionOccurred(this);

ASMO O00O0ODO LibraryD OO0OC O OO0 OO ODOODOO DO OO.

ASMOOOOOO ODOOO OO0 ObOoOo Oob O OobOobO Oobo bOoDbo
http://asm.objectweb.org OO OOOO O0OO0O OO0 OO0 ODOOQOO DODQOO OO OO.

OO0 OO0 000 java.ang.Exception DO OO ASM LibraryD OO0 OO (Read), 00 O@OO0O)
WriteO O DOOO.

package flowlite.exception2;
import java.io.FileOQOutputStream;

import org.objectweb.asm.*;
import org.objectweb.asm.commons.*;

public class ExceptionTransformer implements Opcodes {

// Convert class
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public void transform(String newClassName) throws Exception {

System.out.println("Starting transformation of

java.lang.Exception...");
// Reader
ClassReader reader = new ClassReader("java.lang.Exception");
// Writer

ClassWriter writer = new ClassWriter(ClassWriter.COMPUTE MAXS);
// Class Adapter
ClassAdapter adapter = new ExceptionClassAdapter(writer);

reader.accept(adapter, ClassReader.SKIP FRAMES);

byte[] b = writer.toByteArray();

FileOutputStream fos = new FileOutputStream(newClassName +
“.class");

fos.write(b);

fos.flush();

}
public static void main(String[] args) {
try {
String newClassName = "Exception";

if (args.length >= 1)
newClassName = args[0];
ExceptionTransformer fit = new ExceptionTransformer();
fit.transform(newClassName) ;
} catch (Exception ex) {
ex.printStackTrace();

}

}

class ExceptionClassAdapter extends ClassAdapter implements Opcodes {

public ExceptionClassAdapter(ClassVisitor visitor) {
super(visitor);

ug bbb oot oo bbb oo oo bbb bbb oo bbb Obboboboob oo b o oag.

e ClassReader 000 OO0 OO0 ODODOD ODOO OO0 DOODODO.
e ClassAdapter 000 ODOO OO0 DODO ODOODO.
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00 000 0000 ExceptionclassO000 OO OO0 OO0 000000 OOOO.
=) project 1KE PROJECT I}¢
= 1KB CLASSPATH
1KB CLASS File
33,142KB LE jar MY

M0 aspectirt 113KB &H jar -
Ll aspect ]

B asm-commons-3.0 25KB =E jar mbY
M asm-3.0 42KB = jar It

-Xbootclasspath OO0 0D OO0

000 000 00 00 JvMO rtjar00 OOO0O ExceptionO0O O OOO OO0 OO OO0
ExceptionO0 00O OO0 OO0 O0ODOQO.rtjarO0O0 00 O0ODOOO OO OO OO00OO,00000
(0 0obo oo)yooo b boboooob booo ooD.,

00 -XbootclasspathOOO ODDOO ODOO0.%ava-X"000 0000 000 DO OO0 OO
0O0oo.
:#Documents and Settings¥mulder>java —X
-¥Xmixed mixed mode execution {default)
-Xint interpreted mode execution only
-Xbootclasspath:<directories and zip/jar files separated by ;>

set search path for bootstrap classes and resources
-Xbootclasspath/a:<directories and zip/jar files separated by ;>

append to end of bootstrap class path
-Xbootclasspath/p:<directories and zip/jar files separated b

O, -Xbootclasspath/p:<O 0 OO0 Exception Classd O0O=0 O0OO0O JVMO rtjard O
OO(prepend) OO OO0 ExceptionClassO 00 OO0 ODOD.000 O0DOO rtjar0OQdo OO O
0o o000 ooo oo.

OO0 000 OO0 TestClassOO O OO O

public class ExceptionTest2 {

public static void doException(boolean bException) throws
RuntimeException {
if (bException)
throw new RuntimeException("test");

}
public static void main(String[] args) {

try {
ExceptionTest2.doException(true); // <-- 000 ExceptiondO
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} catch (Exception ex) {

}

try {
ExceptionTest2.doException(false);
} catch (Exception ex) {

}

000 OO -XbootclasspathOOO OOOO OOOO. (./converted classes/java/lang 00O 0O
OO OO Exception ClassCl O O...)

java -Xbootclasspath/p:./converted classes ExcetpionTest2

java.lang.Exception 00 000 OO0 OO OOOO

000 java.lang.Exception 0000 O0OO0O OODOOO OO OO0 OOO OO.

ExceptionCallBack.exceptionOccurred(this);

00000 000000000000 O0O00O0 000000 oooooo. ASM Bytecode
Outline Plugin0 0000 OO0 OO0 OO0 0O0OO O O0O.

public void test() { @ test()
ExceptionCal lBac]-::I. exceptionfccurred (this) ;
¥

4 b
[/ Problems | @ Javadoc |[&, Declaration | & Console | fi) Bytecode 2 . %% Debug |%IE§I| |E| ¥~

mv = cw.visitMethod{(ACC_PUBLIC, "test”, "OW", null, null);
v visitCode();

Label 10 = new Label();

mv.visitLabel(10);

mv.visitLineMumber(29, [0);

mv.visitVarinsnal QAD, 0);
mv.visitMethodInsn{INVOKESTATIC, "flowlite/exception2/ExceptionCallBack”, "exceptionCccurred” (| java/lang/Excention ")
Ca0RT 1L = Tew Laneny,
mv.visitLabel(11);
mv.visitLineMumber(31, [1);
v visitinsn(RETURM);

mv.visitLabel(12);
v visitLocalVariabled"this", "Lflowlite/io/ASMTest:", null, 10, 12, 0);
mv visitMaxs(1, 1;

b oobb bob bbb bbb obb Obbo bbb bboo bbb bboo.bbo0o oooo...

e mv.visitVarinsn(ALOAD, 0) : 0U D OO0 OO O O0O(this) OOODO.
e mv.visitMethodInsns(INVOKESTATIC, [className], [methodName], [methodDescription]) : O O
oo oogo.
o INVOKESTATICO Static MethodDl 00O 00O O OO0 O. methodDescriptionD OO0 0O
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oo ooono oooao.

o (Ljava/lang/Exception;) O java.lang.Exception OO 00 OO0 0000 OODOOO OOO
oo oo ooga.,

oVO OOD0OOO voidOO OO ODOODO.

OO0 0000000000000 0D 000 000 javadang.ExceptionOOOO OOOOO O
gooo obo.0boo bbb obob oo.

package flowlite.exception2;
import java.io.FileOutputStream;

import org.objectweb.asm.*;
import org.objectweb.asm.commons.*;

public class ExceptionTransformer implements Opcodes {

// Convert class
public void transform(String newClassName) throws Exception {

System.out.println("Starting transformation of
java.lang.Exception...");

ClassReader reader = new ClassReader("java.lang.Exception");
ClassWriter writer = new ClassWriter(ClassWriter.COMPUTE MAXS);
ClassAdapter adapter = new ExceptionClassAdapter(writer);

reader.accept(adapter, ClassReader.SKIP FRAMES);

byte[] b = writer.toByteArray();

FileOutputStream fos = new FileOutputStream(newClassName +
“.class");

fos.write(b);

fos.flush();

}
public static void main(String[] args) {
try {
String newClassName = "Exception";

if (args.length >= 1)
newClassName = args[0];
ExceptionTransformer fit = new ExceptionTransformer();
fit.transform(newClassName) ;
} catch (Exception ex) {
ex.printStackTrace();

}
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}

class ExceptionClassAdapter extends ClassAdapter implements Opcodes {

public ExceptionClassAdapter(ClassVisitor visitor) {
super(visitor);

}

public MethodVisitor visitMethod(int access, String name, String desc,
String sig, String[] exes) {
MethodVisitor mv = super.visitMethod(access, name, desc, sig, exes);

if (name.equals("")) { // Constructor
System.out.println("Redefine Constructor...");
ExceptionConstructorAdviceAdapter ecaa = new
ExceptionConstructorAdviceAdapter(access, name, desc, mv);
return ecaa;

}

return mv;

}
class ExceptionConstructorAdviceAdapter extends AdviceAdapter {

public ExceptionConstructorAdviceAdapter(int access, String name, String
desc, MethodVisitor mv) {
super(mv, access, name, desc);

}

protected void onMethodEnter() {

}

protected void onMethodExit(int opcode) {
if (opcode == RETURN) {
mv.visitVarInsn(ALOAD, 0);
mv.visitMethodInsn(INVOKESTATIC,
“flowlite/exception2/ExceptionCallBack"”, "exceptionOccurred",
"(Ljava/lang/Exception;)V");
mv.visitEnd();

}

ugg oo oot oo obob bbb ag.

e ClassReaderd OO0 rt.jarD OO java.lang.ExceptionO0 O OO OO0O.
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e ExceptionClassAdapter(extends ClassAdapter)0 00 OO0 OO0 000 000 OO0 0O0OO O
ogo.

o ExceptionClassAdpaterd visitMethodDD 00O 0O ExceptionO0 000 O0OO0 OO OO0
goon.

o ClassAdapter.visitMethodD OO0 O0O0O0O OO0 O0OD0OO OO0 OO0 OO0 O OOO
O.000 visitMethodD DD 00000 OO0 ODOO0 OO ODOO OO OOO O O
0.
o 00O (Constructor)D OO0 OODO OO OO.
e ExceptionClassAdapter.visitMethod 0000 OO0 0000 O0O0OQOO

ExceptionConstructorAdviceAdapter(extends AdviceAdapter) D00 OO0 ODO0OO OO OO
oo oooad.
o AdviceAdpater O O O onMethodEnter, onMethodExit(opcode)D 0 O O0OO0O OOOO.
o onMethodEnterD OO0 OO OO0O,onMethodExitd OO0 OO0 OO0 OO0 OOO O
00 o000 oo ooood.
o [0, ExceptionConstructorAdviceAdapter 01 00 O O OO0OD0O O0ODOOO0O ODOOO
00d/0 000 000 ooo oo obooo oa.

OO0 000 OO0 000 ClassAdapterd AdviceAdpaterd 0000 OO0 OO0 OOD ODOO O
gao.

O 00000 onMethodExitD DO 00O O0O0DO OD0OO0 O0D0O OO0 DOD0 DOO OO0 OO
O 0. ExceptionConstructorAdviceAdapter.onMethodExit OO OO O O OO0 OOO0O.

protected void onMethodExit(int opcode) {
if(opcode == RETURN) {
mv.visitVarInsn(ALOAD, 0);
mv.visitMethodInsn(INVOKESTATIC,
"flowlite/exception2/ExceptionCallBack"”, "exceptionOccurred",
"(Ljava/lang/Exception;)V");
mv.visitEnd();

}

OO0 000 D000 OD0000 000 O (opcode == RETURN)
“ExceptionCallBack.exceptionOccurred(this)” 000 ODO0DODO OO0 OO0 OOOO.

ExceptionTransformerdd OO 0O O OO0 ExceptionClass OO0 OO0 OO OO0 OO0 OOO
oo ouoo o oaaoo.

// class version 49.0 (49)
// access flags 33
public class Exception extends Throwable {

// access flags 24
final static long serialVersionUID = -3387516993124229948

// access flags 1
public () : void
ALOAD 0
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INVOKESPECIAL Throwable.() : void

ALOAD 0

INVOKESTATIC ExceptionCallBack.exceptionOccurred(Exception) : void
RETURN

MAXSTACK = 1

MAXLOCALS =1

// access flags 1

public (String) : void

ALOAD 0

ALOAD 1

INVOKESPECIAL Throwable. (String) : void

ALOAD 0

INVOKESTATIC ExceptionCallBack.exceptionOccurred(Exception) : void
RETURN

MAXSTACK = 2

MAXLOCALS = 2

// access flags 1

public (String,Throwable) : void

ALOAD 0

ALOAD 1

ALOAD 2

INVOKESPECIAL Throwable. (String,Throwable) : void
ALOAD 0

INVOKESTATIC ExceptionCallBack.exceptionOccurred(Exception) : void
RETURN

MAXSTACK = 3

MAXLOCALS = 3

// access flags 1

public (Throwable) : void

ALOAD 0

ALOAD 1

INVOKESPECIAL Throwable.(Throwable) : void

ALOAD 0

INVOKESTATIC ExceptionCallBack.exceptionOccurred(Exception) : void
RETURN

MAXSTACK = 2

MAXLOCALS = 2

}

OO0 000 OO0 ExceptionCallBack.exceptionOccurredd OO OO0 OO0ODO0 OO0 OO OO0OO.

package flowlite.exception2;
public class ExceptionCallBack {

public static void exceptionOccurred(Exception ex) {
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System.out.println("Oops~ " + ex + " has occurred...");
ex.printStackTrace();

0000 00000,000 OO0 -Xbootclasspath OO O OOOO Exceptiond ODOOO0O
ExceptionTest20 OO OO O. (OO OO0 Exception.class O OO converted classes/java/lang O O
OO0 OoDooOg oo ooy

java -Xbootclasspath/p:./converted classes ExcetpionTest2

OO Exceptiond OO O 0O0ODO ExceptionCallBack.exceptionOccurred DO D OO OO0 OO OO
goo oooao.
Cop %ava.lanq.RuntimEExc;EEinn: test has occurred...
Jayh.lang.BuntimeException: st
at flowlite.exceptionl .ExceptionTe=st

TAdoException (ExceptionTest? . java:ls)
Jain (ExceptionTest? . javat:l2?)

est?
est?

at flowlite.exceptio .ExceptionTest

gob oboo?
OO0 D0OC0C0O DO 00000 O000D0OD OO ExceptionO0O0 OO OO ODOCO ODOO O OO,

OO0 000 DO ASMO ODOO BCIOD OO0 ODOOOOD OO0, 00000 O0ODO0Ob0O0U0ooOoo
b oob ooob oo,

The Power of Byte Code Instrumentation in Java - Part 5

Part4] O Byte Code Instrumentation(C O BCI)O ODOO0O OO0 OO0 OO0OOO,00 OO0 OO
O 000 00D BCOOOD OO0 O0OD0O OO0 OO0 oooo.

goog

I I A A A

“0O0java0000000 Socketd OO OO OO OOODO
O00O0 0OO0.0,00 SocketD OO OO OOOO DOOO
/OO ODO0DODOO0ODO ODOoDoo oo

BIUODOODOO DO UODODO UOOOD ODDO OSOO O0OOO Network Monitoring ToolO O APIO OO
00 Java Applicationd OO PortD ODO0OOOO OOO.000 OO ToolDO APID ODOO OO O
oo oo oo oo oo oo oo oo ooooo.
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OO0 BCIOD OODOD0O 0O OD0ODO DO DOUODOOODUODOO.O0DDDOOODOO?

java.net..Socketl OO0 OO0 OOdoO?

00 SocketClassO O OOCO OOO OO APIO OO.

public InputStream getInputStream()throws IOException
public OutputStream getOutputStream()throws IOException

OO0 0O 0000 Socketd 00O ODOOO OO OO InputStreamO OutputStreamd OO OO. OO
O 0000 OO0 OO0 InputStreemO0 OO O0O. InputStream ClassO 0 OO0 OO0 OOO APIO
goo og.

public int read(byte[]b,intoff,intlen)throws IOException

OO0 0000 InputStreemd 000 OO OOO(M[DD OO0 OO0 OO0 OOOO0 OO0 OO
recurnD0 OO0 O0.0 0000 OO0 ODO0ODO OO0 00 OO OO0,

BCIO OOOO InputStream.read OO0 OO0 OO0 OO0O0O OO0 OO0ODOO,000 000 O
I I A N

e [0 0 Socket.getlnputStream() O O OO OO O origégetinputStreamO0 0 OO OO .
e Socket.getinputStream() OO 00 OO0 OO OO0OO0O.

public InputStream getInputStream() {
// 000 getInputStream(O OO  orig$getInputStream 00O O0O)O OOOO
InputStreamO OO ODO.
InputStream is = orig$getInputStream ();
// 0 InputStreamd OOOO OO0 InputStreamO OODODOO.
FlowLiteSocketInputStream fsis = new FlowLiteSocketInputStream(this,
is);

return fsis;

O00 0000 SocketDh OO0 InputStreamO 0 D000 OO0 OO0 OO0 O O0O0O.)DKO OO0
O SocketO InputStreamd OO O OO0 InputStream, O FlowLiteSocketinputStreamd OO0 OO
InputStreamd O OOO0O,0 O0O0O0 OO0 OO0 OO0 O O0OO OOOO.

package java.net;

public class FlowLiteSocketInputStream extends InputStream {

Socket s = null;
InputStream is = null;
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public FlowLiteSocketInputStream(Socket s, InputStream is) {
this.s = s;
this.is = is;
SocketIOCallBack.createCalled(this);

}

public int read() throws IOException {
int len = is.read();
SocketIOCallBack.readCalled(this, 4);

return len;

}

public int read(byte[] b) throws IOException {
int len = is.read(b);
SocketIOCallBack.readCalled(this, len);
return len;

}

public int read(byte[] b, int off, int len) throws IOException {
int len2 = is.read(b, off, len);
SocketIOCallBack.readCalled(this, len2);
return len2;

}

public int available() throws IOException {
return is.available();

}

public void close() throws IOException {
is.close();

}

public void mark(int readlimit) {
is.mark(readlimit);

}

public boolean markSupported() {
return is.markSupported();

}

public Socket getSocket() {
return this.s;

}

SocketlOCallBack O 0 O O FlowLitelnputStreemO 000 DO0O0O 000 OO0OO0 O 00O OOO
go ogoog ga.
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ASMO 000 java.net.Socketd 000D OO ODOO0O

ASMODOOOO0O0 0000 000000 0000 D00 DOD OO0 java.net.SocketD O OO OO
Ugoboboooboobob.0bbboobobbb og.

package flowlite.net;

import java.io.*;
import org.objectweb.asm.*;
import org.objectweb.asm.commons.*;

/**

* Net io class transformer. Execute byte code transformation to convert

* NetInputStream class You must convert native java.io.Socket class using
this

* class

*

* The technique is the most powerful. So keep in mind~~
*

* Must use ASM 3.0 library

>k

* @history 2007/07/17Dongwook ChoInitial Coding

*k

*/

public class SocketTransformer implements Opcodes {

public SocketTransformer() {

}

// Convert class

public void transform(String newClassName) throws Exception {
System.out.println("Starting transformation of java.net.Socket...");
// Prepared reader, writer, adapter

ClassReader reader = new ClassReader("java.net.Socket");

ClassWriter writer = new ClassWriter(ClassWriter.COMPUTE MAXS +
ClassWriter.COMPUTE_ FRAMES) ;

ClassAdapter adapter = new SocketClassAdapter(writer);

reader.accept(adapter, ClassReader.SKIP DEBUG);

byte[] b = writer.toByteArray();

FileOutputStream fos = new FileOutputStream(newClassName +
".class");

fos.write(b);

fos.flush();

}

public static void main(String[] args) {
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03:00
try {
String newClassName = "Socket";
if (args.length >= 1)
newClassName = args[0];
SocketTransformer fit = new SocketTransformer();
fit.transform(newClassName) ;
} catch (Exception ex) {
ex.printStackTrace();
}
}
}

// Socket Class OO0
class SocketClassAdapter extends ClassAdapter implements Opcodes {

public SocketClassAdapter(ClassVisitor cv) {
super(cv);

}

/00000 00000 0000 oooo.
public MethodVisitor visitMethod(int access, String name, String

descriptor, String signature,
String[] exceptions) {

if (name.equals("getInputStream")) {
// getInputStreamd  orig$getInputStreram 00O 0O0O0O.

System.out.println("Rename getInputStream to

__orig$getInputStream ");
MethodVisitor mv = cv.visitMethod(ACC PUBLIC,

" orig$getInputStream ", "()Ljava/io/InputStream;",
null, new String[] { "java/io/IOException" });
mv.visitCode();
mv.visitEnd();

return mv;
}
return super.visitMethod(access, name, descriptor, signature,
exceptions);
}

//000getInputStream DODOO ODODODO.

public void visitEnd() {
MethodVisitor mv = cv.visitMethod(ACC PUBLIC, "getInputStream",

"()Ljava/io/InputStream;",
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null, new String[] { "java/io/IOException" });

mv.visitCode();

mv.visitTypeInsn(NEW, "java/net/FlowLiteSocketInputStream");
mv.visitInsn(DUP);

mv.visitVarInsn(ALOAD, 0);

mv.visitVarInsn(ALOAD, 0);

/000000 ooOooa,
mv.visitMethodInsn(INVOKEVIRTUAL, "java/net/Socket",

" orig$getInputStream ", "()Ljava/io/InputStream;");
mv.visitMethodInsn(INVOKESPECIAL,
"jav a/net/FlowLiteSocketInputStream",

"', "(Ljava/net/Socket;Ljava/io/InputStream;)V");
mv.visitInsn(ARETURN) ;
mv.visitMaxs(4, 1);
mv.visitEnd();

OO0 000 000 000 FlowLitelnputStream, Socket, SocketlOCallBackCl 0 O 0O Socket O OO O
O 0000 o000 oooo oo.

[Socket Info] Thread id = 20, Host name =localhost:10583, Status = 1, Access
time = Fri Aug 10 18:11:06 KST 2007

[Net I0], Thread id = 20, Bytes read = 1024, Access time
18:11:06 KST 2007
[Net I0O], Thread id
18:11:06 KST 2007
[Net I0], Thread id
18:11:06 KST 2007
[Net I0], Thread id
18:11:06 KST 2007
[Net IO], Thread id
18:11:06 KST 2007
[Net I0], Thread id
18:11:06 KST 2007

Fri Aug 10

20, Bytes read = 1024, Access time = Fri Aug 10

20, Bytes read = 1024, Access time = Fri Aug 10

20, Bytes read = 1024, Access time = Fri Aug 10

20, Bytes read = 1024, Access time = Fri Aug 10

20, Bytes read = 1024, Access time = Fri Aug 10

[Net IO], Thread id
18:11:06 KST 2007

20, Bytes read = 736, Access time = Fri Aug 10

000 0O0O0?2000 BytecodeOOOOO OO0 SocketD O OOOO OO /OO OOO O ODO.
000 000 D000 000000 0000 00 0oDooogoao.Filel/O, Network 1/0, JDBC Request,

Servlet Request, EJB Request, Struts Request, Spring Framework Request [0 Enterprise Javall OO O
oo ood oo oot oooo booo oo o go.
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O00 0000000 00 00 DOD0000 0obOoo oo,0000 Byte Code Instrumentation O
OO0 OO0 WASO Java ApplicationD OO0 ODODODOO0 OOOO.

OBCIO OOODO OO0 OO0 ODOOO DOO,0Db0 OO0 O0DUOOOD OO DOOODDODOD
ogob ob ogo.

OO0 Partd DO Java5 (DK 1.5)00 BCIO JDKOO ODOODO ODOODOO OO0 OO0 OO0
java.lang.instrument 0000 OO0 O0O0O0O Byte Code Instrumetationd OO0 OO0 ODO0OOO
goo.

PS)

000 BCIO OO0 Exception Tracking, Object Creation Tracking, File I/O Tracking, Network 1/0
Tracking, JDBCTrackingO O OO0 OO0 0O0OO,000 OO0 O OO0O0O OO0 OO.000 OO
oo oo oo ooo oooom

The Power of Byte Code Instrumentation in Java- Part 6

JDKO O0OO0O00 jVvMO 000 O 0O JVMOOD OO0 000 000 O0O0O(Agent), 0 OO0 OO
O000000O00000.java5,0 JDK1.500 000003 JVMPI(JVM Profiler Interface)0 O O
O00.Java50 00 JVMTI(JVM Tool Interface)00 OO0 ODOOOOO OOOO.JVMPIJVMTIO OO0
CC++0 00 00D OODDO DODDODOODDO ODDOO OOoa.

Javab0 OO0O0O OO0 O O0ODO Javal OO OO0 DOODO DODOODO DOODO OODO.
Ub0~-—-4ou bbb oo oooo.

Prompt> java

-agentlib: [=]

load native agent library , e.g. -agentlib:hprof

see also, -agentlib:jdwp=help and -agentlib:hprof=help
-agentpath: [=]

load native agent library by full pathname

-javaagent: [=]

load Java programming language agent, see java.lang.instrument

00 OO0 O O agentlib/agentpath DO O JVMPI/VMTIOOOODO 00000 0OO. OO0 javaagent
000 Javal 000 00000 00000 00O OO.

OO0 000 (@)ODDOO0 0000 00000 javadang.nstrument0 000 JavaOO OO0 OO0
ugg ooo oo.

java.lang.instrument 0000 OO OO0 OO0
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http://java.sun.com/j2se/1.5.0/docs/api/java/lang/instrument/package-summary.htmlO0 OO O 0.

JavaAgent BCIO 00

OO0 000 javaang.nstrument0 000 0000 OO0 O0O0O0 OOODO ODOO OOO.

1. Premain

2. addTransformer

5. redefineClass

4. transform
ClassLoader

ClassFile
2. When Transformer

loading...

U0 oob oobbo boboo boo og.

1. Java Agentd premaind 00 OOO0O OOOO.JVMO Java Agentd premain D000 OO0
0 AgentD OO0 OO ApplicationD mainO0 OO0 O0ODOO.

2. Java Agentd ClassFileTransformer(C 0000 O0O0) 000000 0OOO,
Instrumentation.addTransformerd] O OO0 OO0OO0O OOO0O JVvMO ODO0OO.

3.JVMO 000 OO0 OO0 O 0oOd ClassFileTransformerd transform 0000 0O0OO0O O

ugoodog oo oo gL ,0odb oUob o0b b Db oo Uooob.oob o
O0 0000 oOoo ASMOOODOO ODOOO.

4. Agentd 0O 0O OO0 Instrumentation.redefineClasses 0000 OO0 OO0 ODOO0O OOO
o0 oooo ooogd.

JavaAgentD] 000 OO

000 JavaAgentD 00 000 00 000 0000 000 OO0 0000 ASMOOOCOOO OO
00)

public class SimpleProfiler implements ClassFileTransformer {

public SimpleProfiler() {
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super();

}

public static void premain(String args, Instrumentation inst) {
try {
// Redefine preloadedclasses. Especially rt.jar boot class
ArrayList defs = new ArrayList();
for( Class c : inst.getAllLoadedClasses()) {
try {
if(c.getName().equals("java.io.File")) { // OOOO OO
O java.io.File O OOODO.
System.out.println("Redefining class " +
c.getName());

ClassReader reader = new ClassReader(c.getName());
ClassWriter writer = new
ClassWriter(ClassWriter.COMPUTE MAXS+ClassWriter.COMPUTE FRAMES) ;

/000 000. ASM O0O0O00O0 0oooo.
//--=>0000 0000000 oo0,00b000 oo 0ooo oooo oo
Ood ogod
// --> Method StartO Method Endd OUOO OO0 O0OOO.

ClassAdapter adapter = new
SimpleClassAdapter(writer, c.getName));
reader.accept(adapter, ClassReader.SKIP DEBUG);
byte[] result = writer.toByteArray();
if(result != null) defs.add(new ClassDefinition(c,
result));
}
} catch(Exception ex) {
ex.printStackTrace();
}
}

ClassDefinition[] cdef = defs.toArray(new
ClassDefinition[defs.size()]);

inst.redefineClasses(cdef);
inst.addTransformer(new SimpleProfiler());
(new Thread(new MonitoringThread())).start();

} catch(Exception ex) {
ex.printStackTrace();

}

}

public byte[] transform(ClassLoader 1, String className, Class c,
ProtectionDomain pd, byte[] b)
throws IllegalClassFormatException {

if (U != ClassLoader.getSystemClassLoader()) {
return b;

}
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if (className.startsWith("instrument/profiler")) {

return b;
}
System.out.println("Classloader = " + 1);
System.out.println("Class = " + className);

byte[] result = b;

ClassReader reader

ClassWriter writer
ClassWriter.COMPUTE FRAMES) ;

ClassAdapter adapter = new SimpleClassAdapter(writer, className); //
ooo ooo...

reader.accept(adapter, ClassReader.SKIP DEBUG);

new ClassReader(b);
new ClassWriter(ClassWriter.COMPUTE MAXS +

result = writer.toByteArray();

return result;

SimpleProfiler 0 OO 0O JavaAgentd OO0 OO OO OoOOO.

1. premain0 0000 O00O0OLeadD 0000 (O Ortjard OO0 0OClassO )0 RedefineO O .(0 0O
0000 OO0 ODoOo00obO 00D OO Oo0obO Ooob ooob o o)
2. transform 00000000 ODOOOO ODO0OO OO0 ODOOO.

Manifest O O

JavaAgent OO0 OODO O0OOC OOODO Jarddd 00O VMO DOOO OO.(@OOO
profilerjar00 0O O0O)

OO0 JVMOO JavaAgentD 00O OO0 OOOO OO0O Manifest000 OOOO JarddO0 0O OO
000 DODO0.MainfestD00 ODOO0O O OO0 OODO O0O.

e Premain-Class: Premain 0000 OO OO AgentClassOO O O.00 0O)
instrument.profiler.SimpleProfiler

e Boot-Class-Path: Boot classloaderd] 00O OO0 JarOO0O OO.0O0O O) profiler.jar;asm-3.0.jar

e Can-Redefine-Classes: Instrmentation.redefineClassesd 0O O RuntimeO O OO0 OO0 OO
O0 00 00000 0DO.00. Defaultd False O) True

000 000 000 Manifest00O0 OO.

Premain-Class: instrument.profiler.SimpleProfiler
Can-Redefine-Classes: True
Boot-Class-Path: profiler.jar;asm-3.0.jar

o0 oob oooo
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1. instrument.profiler.SimpleProfilerd premain 0000 OO0O0O OO JavaAgentd O
2.000 00O OO0 OO (Instrumentation.redefineClasses)d 0000

3. profiler.jar(JavaAgent 0 0) OO O asm-3.0.jarffASM O OO O 0O) OO O Boot class pathd OO
oo.

O00 000 000 000 000 0D00 000o0.00 00 000 00 rtjarh OO0 ODOO0O, O
BootclasspathD OO O0O0O0O OO0 OO0 OOOOO Profiler OO0 Boot class pathd OO0
O00.000 ClassLoaderl OO JVMOOO OO0 ODOOO.

JavaAgent] 0O [

OO0 O0 JavaAgentjarO OO OO0 O,000 OO JavaOO0OD0 OODODO OO.

java -javaagent:profiler.jar [Your Target Applicatin]

oo obbob dobb ob.oo oo oo bbb O oob oo o ba.

---------- Call Table ----------------““““-eme o
instrument/target/RunThread.do31179[4694]
instrument/target/RunThread.do2791[5730]
instrument/target/RunThread.do1396[3189]
java.io.File.14[0]
java.io.File.getPath8[0]
java.io.File.exists6[0]
instrument/target/RunThread.5[0]
java.io.File.lastModified4[0]
java.io.File.length2[0]
java.io.File.getPrefixLength2[0]
java.io.File.getCanonicalPath2[0]
instrument/target/ProfilerTarget.mainl[0]

JavaAgentd JVMTIO O OO. OO0 JMX

JavaAgentO JVMTIO OO Java 5 (JDK1.5) 00 OO0O0O OO OO OO0 OOO.)JavaAgentd JVMTIO
000 0000000 00.000 00000000 0D0DO0O0DODO0O0O0O,Java000OO0DO OODO
O000 000 0000 OO0 OO0 0ooogao. (Instrumentation.getObjectSized JVMTIO
GetObjectSize)

00 000 D000 00000 oo BClOODO0OODOD O00O0 00D OO0 OooOo0O oo BCIO
b gobobo ooo obobooo.

e StaticBCI: OO OO0OD OO0 OO0 OOODO ODOOO OO
e load-Time BCI: OO OO0O0O ODOOD ODOO ODOOO OO
e Runt-Time BCl: VMO O00OCOO OO OO0 OO0 O0O0OO0 OO0 OO0 OO0OODO OO
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SunO Java 500 JVMTIO JavaAgentD OO0ODOO OO0 OO0 O OO0 OO0 OO ODOoOoO O
o000 ooo.Oo,)vMOODO O0O0O0O0O0O0O OO OO0 JvMTIOD OO COD OO0O APID ODOO
O,BCIO OO0 OO0 O0O0OO ODOD DODOODOOD DO JavaAgentD OO JavaOO OO0 APIO O
goboooog.

000 JMXO Platform MBean(VM O OO OOO0O MBean) OO OO ODOOOOO, 00O Javal OO
00 o0 goboogg boo gboo oooo ooo.

OO0 000 OO0 JvMvTIlD (MXOO OO0OO0 OO0DOO0o OO0ooO0o 0ob Oooo oooboo oo.

Epilogue

BCID OO OO0 OO ODDOUODOOD ODODODOD ODOD O OO ODODOD ODOD ODOD.OO OO O
O0000 0000 oOo,00Jjvab000 jVMOODOO BCIO DODOO.

00 WASO 00O Java ApplicationD0 00O 00000 O0DO0O OOO,BCIOD OO0 000 OO0 OO
U ooo.

00000 0000 000 0DO0O 0DO0O 0o0ooo,3dpartydl OO0O0O0 OO0 OO OO0OD0OO
U ogdb oob oobo bbb bbb oo oo oo o bbb ooo.

PS)

00 OO0 BCIO OO0 Exception, Call Tree, File 1/0, Net /O, JDBCRequest 00 OO O OO0 OO
O00.00 0000 000 0000 00 00 Db oo oo BClo Do oo oo o
0d.

Exception count = 9

[Exception] Exception = java.io.IOException, Message = Something Bad2~~,
Thread id = 11, Caller =
[Sigature]flowlite.server.ExceptionGenerator.doSomething2, Called from =
[Sigature]flowlite.server.ExceptionGenerator.doSomething2, When = Mon Aug 13
11:06:10 KST 2007

flowlite.server.ExceptionGenerator.doSomething2 (FlowLiteMBeanServer.java:128
)

flowlite.server.ExceptionGenerator.run(FlowLiteMBeanServer.java:113)
java.lang.Thread. run(Unknown Source)

[Exception] Exception = java.io.IOException, Message = Something Bad2~~,
Thread id = 11, Caller =
[Sigature]flowlite.server.ExceptionGenerator.doSomething2, Called from =
[Sigature]flowlite.server.ExceptionGenerator.run, When = Mon Aug 13 11:06:10
KST 2007
flowlite.server.ExceptionGenerator.doSomething2(FlowLiteMBeanServer.java:128
)

flowlite.server.ExceptionGenerator.run(FlowLiteMBeanServer.java:113)
java.lang.Thread. run(Unknown Source)
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Thread count = 26

[ActiveThread] Thread id = 62, Thread name = Thread-49, Group name = main
[Call Tree]
[Call][Sigature]flowlite.server.CallTreeGenerator$InnerGenerator.depthl 1,
duration = 31[ms]

[Call] [Sigature]java.util.Random.nextLong, duration = O[ms]
[Call][Sigature]java.lang.Math.abs, duration = 0[ms]

[Call] [Sigature]java.lang.Thread.sleep, duration = O[ms]
[Call][Sigature]flowlite.server.CallTreeGenerator$InnerGenerator.depth2 1,
duration = 15[ms]

[Call] [Sigature]java.util.Random.nextLong, duration = O[ms]

[Call] [Sigature]java.lang.Math.abs, duration = 0[ms]
[Call][Sigature]java.lang.Thread.sleep, duration = 15[ms]

File I/0 count = 22

[File Info] Thread id = 22, File name = c:test.txt, Status = 2, File mode =
[r+w], read time = Mon Aug 13 11:06:15 KST 2007

[File IO0], Thread id = 22, File name =c:test.txt, Bytes read
time = Mon Aug 13 11:06:15 KST 2007

[File I0], Thread id = 22, File name =c:test.txt, Bytes read
time = Mon Aug 13 11:06:15 KST 2007

1024, Access

1024, Access

Socket Info] Thread id = 20, Host name =localhost:17904, Status = 1, Access
time = Mon Aug 13 11:06:13 KST 2007

[Net I0], Thread id = 20, Bytes read = 1024, Access time = Mon Aug 13
11:06:13 KST 2007
[Net IO], Thread id = 20, Bytes read = 1024, Access time = Mon Aug 13
11:06:13 KST 2007
[Net IO], Thread id = 20, Bytes read = 1024, Access time = Mon Aug 13

11:06:13 KST 2007

Connection count =1

Statement count =1

FetchCount count = 100

[Connection] Statement count = 10, DB = Oracle, Oracle Database 10g
Enterprise Edition Release 10.2.0.3.0 - 64bit Production

With the Partitioning, OLAP and Data Mining options, Created = 2007-08-13
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[Statement] Query = SELECT name FROM t pstmt test WHERE id = ?, Execution
count = 10, Fetch size = 10, Statement Type = Prepared

[Execution] Column Count = 1, Fetch count = 1, {Parameters} = (1, 4),
[Fetch] Fetched value count 1

(1, named),

I~
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