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MEE TNRIMA.

 An iImplementation can be very
different from the “mental model”

> You can cheat as long as you don't
get caught

o Don't trust microbenchmarks
> Profile your typical application
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http://jcp.org/en/jsr/detail?id=14
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http://gcc.gnu.org/java/
http://www.excelsior-usa.com/jet.html
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Java® SE Platform at a Glance

Java Language

Tool APls -.-.-----

Tools &

Deplo ment
Technologies

User
Interface
Toolkits

Integration
JDK Li raries

Java
JRE Other que
Concurrency

lang angutll lang and util Collections Utilities Logging Management
ase

Libraries Preferences Ref : Regular _— : _

AP Objects Reflection ¢ 0 essions Versioning Zip Instrumentation
Java virtual Java Hotspot Client VM Java Hotspot Server VM

Plaorms | Sofaris | Umux | Windows | Other
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http://download.oracle.com/javase/6/docs/

Java¥&ae

« JVME5JRE, JDKRJKZE
- JVM : Java Virtual Machine
REPITRFEASBRYClass 34
- JRE : Java Runtime Environment
BEIVME3EE
- JDK : Java Development Kit
S82JRES—EH KT E , Wljavac




Java¥&ae

JavaZEFOn A3
JavatzLaEE

JavaEHH,



Java¥&ae

JavaZEAI N FE
Javaizi/')API

JavatziU2EE

JavaEHH,



Java¥&ae

JavaZEAI N FE

Java JavatziU2EE

Class3 14
JavaEHH,



Java¥&ae

JavaZEflR A
JavatzIL3E e
[ JavaRzHit,
RS

[ FEHFE




Java¥&ae

JavaZEFIR A
JavatziL2ERE
JavajgzHitl
EERSGE
IR

(BRZ2E8 (R . RaSiHErERTe) Bl4)



Java¥&ae

JavalZEAI N FE
Javatzi)2RE
) JavaEZfil
E e Y
( System Call )
BERS

e



JavaEE

JavaERO M FH
JavatzibRFE
KFHRISA JavagzHAn,
FPZRISA IRIERG
HE SRR L iR

(ISA )

FAF4RISA



BRESIERF EI’J?JHEN%

BRESER
l JaiFESFli
SHIENES
l FiFas i
SLANREL

-2
| Y/ le=754

TFRR{&

(a) (BANERESM AT |
Eﬁﬁh%ﬁﬁ?&ﬁ’]ﬁhﬁﬁ% ,
e U EEEN S BT

(BRZ2%8 (EU . RESHENERTS) E1.10)

RES = *Er_

l IIFES

QL2 e

&1h
l EHYIINE S

FEFARFRR (&

EZHHT
RS Y758

BEES
(b) BRIES EMUTIIER |

B RTINS
T MBI AR T



BRESER
l IiFEES

A ERS

&t
| EHYIES

FEPAR IR

EZHHIHT
FEFEES Y758

BEES

BE{KZ|)Javafyis)

JavatEFiRig

l Java BEiomIEes

Class3 {4

&1h
l £zess

ClassBIERRZ

JavaiZiyieg
RS Y58

BEES

JavaR IR IBEIME I SERR
PR ERYRTRER RS T



A RERYSEIN 5=

JavatERiEr

l Java EiomIEes

Class3 {4

&1h
\ £zess

ClassBIERRZ~

JavaiZyieg
RS Y1758

BEES
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public class 77727 {
private int value;
public void foo() {
int v = this.value;

}
| v
2a /* aload_© */
b40002 /* getfield #2; //Field value:I */
3c /* istore_ 1 iy
Class 222z

methods ‘\\12

Method foo()V

dcdeo@l1ee /* fast iaccess 0 #1 */
3c /* istore_1 */

v

8b4108 ; mov eax,dword ptr ds:[ecx+8]
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Javal.:. SAECRRIEMENTS
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» SunfyJDKR
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HHFERE S T JavaR9E3: ( bootstrap )
HI1FsCIavaB &85 S JavaElY)avaEZ il

- HE JavailRiBgkimiFas
- ECJ : Eclipse Compiler for Java
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http://homepages.inf.ed.ac.uk/wadler/gj/Distribution/installation.html
http://homepages.inf.ed.ac.uk/wadler/gj/Distribution/installation.html
http://homepages.inf.ed.ac.uk/wadler/gj/Distribution/installation.html
http://homepages.inf.ed.ac.uk/wadler/gj/Distribution/installation.html
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DT CD NNS VBP NNS VBG IN NNP CC NNP PUNC

These 7 people include astronauts coming from France and Russia


http://www.imakenews.com/lweaver/e_article001005588.cfm?x=bdS7pcv,b6wMC6pH,w

javacTAERmiZ

Farse and Annotation Analyse and
.{ } ( Enter Processing ) Genergte ’ ﬁ%

com.sun.tools.javac.main.JavaCompilert ,
compile():

initProcessAnnotations(processors);

// These method calls must be chained to avoid memory leaks

delegateCompiler =

processAnnotations (enterTrees(stopIfError(parseFiles(sourceFileObjects))),
classnames);

delegateCompiler.compile2();

compile2():

while (todo.nonEmpty())
generate(desugar(flow(attribute(todo.next()))));



javac T{ERiE
o Bt ( parse ) SEIAZEIFFSER ( enter)

o iEfERLIE (annotation processing )

o DTSR
- BEIRESHHE ( Attr5Check )
o FEMRDTT ( Flow )
o 1z BUSERIEER 9SSR ( TransType )
o ARPMEIZNE (Lower) [rawope
- AEpkClass3{% ( Gen)



http://openjdk.java.net/groups/compiler/doc/compilation-overview/index.html

T ( parse )

- com.sun.tools.javac.parser.Scanner

- FEMNad-hoch TERNRLEDHTEs
- IRIBIE RIS =R YA atoken 75

> com.sun.tools.javac.parser.Parser
- FERY + 1B =D HTEs
- tRIEIEAHtokenF5I 4Rk

© 18RS \ﬁ:E’JﬁE*’% BEEHRIE AN BT
RN EREANEE H%%BZ’ R "NAER"



http://en.wikipedia.org/wiki/Lexical_analysis
http://en.wikipedia.org/wiki/Parsing
http://en.wikipedia.org/wiki/Recursive_descent_parser
http://en.wikipedia.org/wiki/Operator-precedence_parser
http://en.wikipedia.org/wiki/Abstract_syntax_tree

TEDH ey -xon

i n t y = X + 1 :

Token.INT Token.IDENTIFIER Token.EQ TokenIDENTIFIER 4 Token.PLUS 4 Token.INTLITERAL 4 Token.SEMI

name: int name: name: = name: X name: + stringVal: 1 name: ;



AT aneyexen

vartype

JCPrimitiveTypeTree JCBinary
typetag: 4 tag: 69
(int) y (+)

oper%tor
OperatorSymbol JClLiteral
I
I
I
:_+ (int, int) value: 1

BFRFmREM ERFT
HRATRE IR T =
BIFEMIEHEAIR




RESWARINTSER (enter)

» com.sun.tools.javac.comp.Enter

o BNMRERTHHSIEZNNINET RERCAREITLIES IR
o BMEEIFRPHT R

o FTEXRAFSHEMAZSNEFREAIFT SRS

« E#EFlpackage-info java , KEINEMT RIMAZHEESIZRF
o MBS (WZEIEME ) . BRENEO

o« RIBEERINFOALISES

o RRFHIRIFSHAREESHNFSERT

o OTFORESHEHEYERE ( annotation )



PYZRTE M AT

public class CompilerTransformationDemo {

}
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public class CompilerTransformationDemo {

ST BRI AR 558 public Comp%ler‘Tr'ansfor'mationDemo () {
super();
}
}
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FHREQLTER

« com.sun.tools.javac.processing.JavacProcessingEnvironment

. (Java 6)

- BT AR TR
E#EERE (comment )

o I AR SSBINE N,

- ETLAGIERTA2EE

- RIBIRIESS

JavacProcessingEnvironment

( annotation processing )

parse, enter, process parse, enter, process parse, enter, -':'II“I.':'I|3I'EE. generate



http://jcp.org/en/jsr/detail?id=269
http://jcp.org/en/jsr/detail?id=269
http://jcp.org/en/jsr/detail?id=269
http://projectlombok.org/

i ERECTERRL

// user code
public @Data class LombokPojoDemo {
private String name;

}

// from project lombok
@Target(ElementType.TYPE)
@Retention(RetentionPolicy.SOURCE)
public @interface Data {

String staticConstructor() default "";

}



@DatajEEE L EIE

public class LombokPojoDemo { ;E%EQIZEEE

private String name;

public LombokPojoDemo() { gxiﬁﬁgE%%ZEE
; ERARTSER
___ public String getName() { E"JHT_I-1I%7%I'\E\7JDE/‘J

return name;
}
public void setName(final String name) {
this.name = name;
}
EELombok @java.lang.Override
. public boolean equals(final java.lang.Object o) {
HI\J;HE%E:%EE if (o == this) return true;
DR A if (o == null) return false;
Eﬁ%ld“)]u if (o.getClass() != this.getClass()) return false;
final LombokPojoDemo other = (LombokPojoDemo)o;
if (this.name == null ? other.name != null : !this.name.equals(other.name)) return false;
— return true;
}
@java.lang.Override
public int hashCode() {
final int PRIME = 31;
int result = 1;
result = result * PRIME + (this.name == null ? @ : this.name.hashCode());
return result;
}
@java.lang.Override
public java.lang.String toString() {
return "LombokPojoDemo(name=" + name + ")";
— }

}



tmE (Attr) F04€F ( Check )

« com.sun.tools.javac.comp.Attr
5 com.sun.tools.javac.comp.Check
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YrERD

public class CompilerTransformationDemo {
private static final String NAME = "DEMO";
private String instanceName = NAME + "ins" + O;

) JCBinary

tag: 69
(+)

lhs hs

JCBinary JClLiteral
tag: 69
(+) value: ©

lhs hs

JCIdent

name I

JClLiteral

value: ins

NAME



mw TER

FIAEE type. Value
BEIRE DEMQOins®

1lhs

JCBinary OperatorSymbol JClLiteral

+ (String,

T value: ©

rhs

JCIdent OperatorSymbol JCliteral

+ (String,

S value: 1ins

name

NAME



R R ( Flow)

« com.sun.tools.javac.comp.Flow
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# ( TransTypes )

» com.sun.tools.javac.comp.TransTypes
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R IRSREIEY

public void desugarGenericToRawAndCheckcastDemo() {
List<Integer> list = Arrays.aslList(1l, 2, 3);
list.add(4);
int 1 = list.get(9);



Rt e
B Sl yp
raw type

public void desugarGenericToRawAndCheckcastDemo() {
List list = Arrays.aslList(1l, 2, 3);
list.add(4);
int i = (Integer)list.get(9);

Il T S mISS e iR
FIRFFZEINENX



fRFRIEIZVE ( Lower )

« com.sun.tools.javac.comp.Lower

REPRIEEEN— PR

HIBRif (false) { .. HEEVHIFTRIES

° #Eﬁ%iﬁiﬁﬁﬁfahemﬂthenikjjfﬁﬁﬁﬁ% : Rz Melsetk TR

BEEEEEIE ENNE N REERIESEERNE AR
- BRRER/ERARPE/RTEHE

- WS (assertion )

- BnhiEfa/iE

- foreachf&ii

- enumzEEYAYswitch

o Stringz&&Hyswitch (Java7)

- etc...


http://java.sun.com/docs/books/jls/third_edition/html/statements.html
http://java.sun.com/docs/books/jls/third_edition/html/expressions.html

=

BI— MilFLower[5

public void desugarGenericToRawAndCheckcastDemo() {
List list = Arrays.aslList(

new Integerll A KSR
Integer.valueOf(1), ARG S S

Integer.valueOf(2),
Integer.valueOf(3)

- A
list.add(Integer.value0Of(4));
int i = ((Integer)list.get(@)).intValue();

Sl EIE



Lowergl ( BE—151 )

public class CompilerTransformationDemo {

public CompilerTransformationDemo() {
super();

}

public void desugarDemo() {
Integer[] array = {1, 2, 3};
for (int i : array) {
System.out.println(i);
}

assert array[@] == 1;



public class CompilerTransformationDemo {
/*synthetic*/ static final boolean fassertionsDisabled =
ICompilerTransformationDemo.class.desiredAssertionStatus();

public CompilerTransformationDemo() {
super();

} Lowerfg

public void desugarDemo() {
Integer[] array = {
Integer.valueOf (1), Integer.valueOf(2), Integer.valueOf(3)};
for (Integer[] arr$ = array, len$ = arr$.length, i$ = 0;
i$ < len$; ++i%) {
int i = arr$[i$].intValue();

{

}

}

if (!$assertionsDisabled && !(array[0].intValue() == 1))
throw new AssertionError();

System.out.println(i);



Rk Class3i4 ( Gen )

e com.sun.tools.javac.jvm.Gen

o JFLIpkRIIIR R NERE ISR Ak /I<init> ()
SRR aRITEE /9<clinit> ()

o MH ?‘lef*ﬁiﬁi
o [EFRERIE AN

- TRV EMIDER
StringAY+#74E Bk /9StringBuildert2{E
X+ +/X--FESRAF SRIFAIRLAL /9 + +X/--X

etc ...

o MFEFEFREMClass3 {4
- 4R ClassSXAFRIEHE R
- ERTEGE (BEERER)
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http://rednaxelafx.javaeye.com/blog/492667
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o —XIhrlavailRUEEH "EERY 5 "EE" YN ER
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- SFEANIEESE
- BEEIR S RETEX K
o IREEURRIEBYCR ( StackMapTable |, Java 6FF44 )
- IR ESEE (WLineNumberTable, LocalVariableTable )
XthJavailgaied “E9" 5 "FEAN WHAEER

o



http://java.sun.com/javase/6/docs/api/java/lang/annotation/RetentionPolicy.html

ClassX{FFcRANER

o ZIER
o ClassMH&RAES
o ZEBDHIEIES AN
o JTEURE
o 2B/ PRATHESE / SCOIRYEOEIRE R
o S5 HIERBER
o BE
- FHFBENXR. RetentionPolicy/JCLASSERRUNTIMERY;E/#%
o — XM JavailfiEF "FERY 5 "EE" YNAER
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. meghmees | RRClassXHRSEMRDEFZ—
o EBMEEHIRSRETEX A/
o EREEIRRYZEBYCR ( StackMapTable , Java 67745 )
- JERXBFE(ER (LineNumberTable, LocalVariableTable )
XhavalfftiEd B9 5 "FE" WHAER
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http://java.sun.com/javase/6/docs/api/java/lang/annotation/RetentionPolicy.html

ClassSZ{&51-F

import java.io.Serializable; _|
B -
public class Foo implements Serializable { FHSEE
public void bar() {
int i = 31;
if (i > 0) {
int § = 42; R
} B Sk
}
}
IR 5 B
friFavaiihs javac -g Foo.java

javap -c -s -1 -verbose Foo

[ ¥miEClass 34



Class3Z{54511—+

K=
public class Foo extends java.lang.Object implements java.io.Serializable

mﬁjZ##éé SourceFile: "Foo.java"

minor version: ©
Class3Zf4 —{: major version: 50

EIHER — Constant pool:

const #1 = Method #3.#19; // Jjava/lang/Object."<init>":()V
const #2 = class #20; // Foo
const #3 = class #21; // Jjava/lang/Object
const #4 = class #22; // Jjava/io/Serializable
const #5 = Asciz <init>;
const #6 = Asciz (O)V;
const #7 = Asciz Code;
const #8 = Asciz LineNumberTable;
const #9 = Asciz LocalVariableTable;

PP const #10 = Asciz this;

BEID —  const #11 = Asciz LFoo;;
const #12 = Asciz bar;
const #13 = Asciz js
const #14 = Asciz I;
const #15 = Asciz i;
const #16 = Asciz StackMapTable;
const #17 = Asciz SourceFile;
const #18 = Asciz Foo.java;
const #19 = NameAndType #5:#6;// "<init>":()V
const #20 = Asciz Foo;
const #21 = Asciz java/lang/Object;

—const #22 = Asciz java/io/Serializable;



Class3Z{54511—+

— public Foo();
Signature: ()V
LineNumberTable:

: line 2: ©

T3i%

TCEE — LocalVariableTable:

Start Length Slot Name  Signature

0 5 0 this LFoo;

Code:
Stack=1, Locals=1, Args_size=1

0 aload_o

| — =

FHh ._{: 1: invokespecial #1; //Method java/lang/Object."<init>":()V
4: return



Class3Z{54511—+

—public void bar();
Signature: ()V
LineNumberTable:

line 4: ©
line 5: 3
line 6: 7
line 8: 10

LocalVariableTable:

i Start Length Slot Name Signature
TLER — 10 0 2 I
0 11 0 this LFoo;
3 8 1 i I

StackMapTable: number_of_entries =1
frame_type = 252 /* append */
offset _delta = 10
locals = [ int ]

Code:
— Stack=1, Locals=3, Args_size=1
| e: bipush 31
2: istore_1
S 3: iload 1
FhE — 4: ifle 10
7: bipush 42
9: istore_2
10: return

Java 67HR , BOX
BHEIRN A RS
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http://jcp.org/en/jsr/detail?id=202
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http://java.sun.com/docs/books/jvms/
http://java.sun.com/docs/books/jvms/
http://java.sun.com/javase/technologies/hotspot/
http://en.wikipedia.org/wiki/IBM_J9
http://www.oracle.com/technology/products/jrockit/index.html
https://jck.dev.java.net/
http://www.scala-lang.org/
http://clojure.org/
http://groovy.codehaus.org/
http://fantom.org/
http://projectfortress.sun.com/Projects/Community
http://nice.sourceforge.net/
http://www.jython.org/
http://jruby.org/
http://www.mozilla.org/rhino/
http://ioke.org/
http://docs.codehaus.org/display/JASKELL/Home
http://en.wikipedia.org/wiki/Java_Virtual_Machine
http://www.netlib.org/utk/people/JackDongarra/PAPERS/f2jreport.pdf
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http://java.sun.com/docs/books/jvms/second_edition/html/Overview.doc.html
http://db.usenix.org/events/vee05/full_papers/p153-yunhe.pdf
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public class Demo {

- " ;
foo ()& R HHKE (PC) public static void foo() {
BBE THE Bk [_] e
@ 04 iconst 1 [ ®aeHK : _ . c.
1 3B istore @ int c = (a+b) "5
2 B85 iconst_2 t
3 3C istore_ 1 B }
4 1A iload_©
5 1B ilnad_:l EiERE
6 60 iadd
7 ©8 iconst 5 0 BESRIDalvik EZA
8 68 imul 1
9 3D istore 2 ) (" foo() k&
A Bl return EHE Hm i
B8 1216 const/4 v, #int 1
A A 44 1 1221 const/4 vl, #int 2
BESPAYJavagE L 2 BO10 add-int/2addr v@, v1
3 DAee eees mul-int/lit8 wve, v, #int 5
5 ©EBB8 return-void

P
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- BT RFESHERIZE
- RTBEAFIRRMRIFIRENE ( finally )
- e RERFretis<SAUIR B
o LAslotREA( , B slotZE /D327
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Code:
Stack=2, Locals=6, Args size=3
9: iload_1

1 istore 3 .
public class LocalVariableDemo { 2 iload 1 \\\
public int demo(int i, Object o) { 3 iload_3 "~y
int j = ij NN
5: i2l AFQRN
{ : : 6 lstore 4 ___ | BESET
long 1 =1+ j; 8: iload 3=----_ EfFARslot
} 9: dinc  3,-=T 7| fEjavac/miFEHy
while (j-- > 90) { 12: ifle 23 __ BT
int k = i * 3; 15: iload 1~~~ ,
} 16: iconst_3 /C;
return j; 17: imul .
} 18: istore 47 -

20: goto 87
23: iload 37
24: ireturn

StackMapTable: number_of_entries = 2

frame_type =
offset_delta = 8
locals = [ int ]

252 /* append */

frame_type = 14 /* same */
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public class LocalVariableDemo {
public int demo(int i, Object o) { 0
int j = i;
{ 1
long 1 =1 + j;
} 2
while (j-- > 0) { 3
int k =1 * 3;
} 4
return j;
} 5
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Ok

[ EXAIslotiIE

public class LocalVariableDemo {

publ%c int dgmo(int i, Object o) { %) this
int j = 1;
{ 1 i
long 1 = i + j;
} 2 o]
while (j-- > 0) { 3
int k =i * 3;
} 4
return j;
) 5




EANLES

Ok

[ EXAIslotiIE

public class LocalVariableDemo {

public int demo(int i, Object o) { 0 this
int j = i;
{ 1 i
long 1 =1 + j;
} 2 o
while (j-- > 0) { 3 5
int k =1 * 3;
t 4
return j; {#1zlongBY c 1
} T EfT , 1896
} N slot&FH

79— MERA.
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Ok

[ EXAIslotiIE

public class LocalVariableDemo {

public int demo(int i, Object o) { %) this
int j = i;
{ 1 i
long 1 = i + j;
} 2 o
while (j-- > 0) { 3 j
int k = i * 3;
} 4
return j; 5 :
}
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Ok

[ EXAIslotiIE

public class LocalVariableDemo {

public int demo(int i, Object o) { %) this
int j = i;
{ 1 i
long 1 = 1 + j;
} 2 0
while (j-- > 0) { 3 j
int k =1 * 3;
} 4
return j;
) 5




EANLES

Ok

[ EXAIslotiIE

public class LocalVariableDemo {

public int demo(int i, Object o) { %) this
int j = i;
{ 1 i
long 1 = i + j;
} 2 o
while (j-- > 0) { 3 j
int k = i * 3;
} 4 k
return j;
) 5




EANLES

Ok

[ EXAIslotiIE

public class LocalVariableDemo {

public int demo(int i, Object o) { %) this
int j = i;
{ 1 i
long 1 = i + j;
} 2 o
while (j-- > 0) { 3 j
int k = i * 3;
} 4
return j;
) 5




EANLES

Ok

[ EXAIslotiIE

public class LocalVariableDemo {

public int demo(int i, Object o) { %) this
int j = i;
{ 1 i
long 1 = i + j;
} 2 o
while (j-- > 0) { 3 j
int k = i * 3;
} 4
return j;
) 5
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» format checking (JVMS3 4.8)
» bytecode verification (JVMS3 4.10)


http://blogs.sun.com/abuckley/en_US/entry/draft_of_the_java_vm

Class {53258
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reference
uninitialized Object
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uninitializedThis uninitializedioffser)

null

Figure 1: The verification type Hierarchy
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Sun HotSpotRZf],

« Oracle(Sun)=CIpY—FE£mARIJVM
«  MJDK 1.3F485A%/9Sun JIDKRIERIAVM
o FE(FEHC++ICI , INIEOERS FACSEHL

o SRR, IS YmiEeRSGC
o RS ERmESRE SRS ITIEI
o BUABSIERERERIT , WHUTIERSRINAME (R ) MahSimF
o &2z "HotSpot VM"

« 2006F[EFFR
- H&EOpen)DKA (GPL 2.0)

o OracIeJDKETiihE’JEE#F"‘*
Java SE: x86(i386)/x86_64/Itanium(ia64)(*)/SPARC
- Java SE Embedded(*): x86/ARM/PowerPC

wmMRIREFER , AfAE&7EOpen)DKH
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o IAJEFSmalltalk/sel {BYSCINEZRLE
> Animorphic
» 199954527
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o Oracleﬂ_&ﬂ’]Sunl , HotSpoth'ﬁ
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http://research.sun.com/self/
http://www.strongtalk.org/
http://java.sun.com/developer/technicalArticles/Networking/HotSpot/
http://java.sun.com/developer/technicalArticles/Networking/HotSpot/
http://java.sun.com/developer/technicalArticles/Networking/HotSpot/
http://java.sun.com/developer/technicalArticles/Networking/HotSpot/
http://java.sun.com/developer/technicalArticles/Networking/HotSpot/
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L,L‘FEF'EJJ%I‘ (launcher) , R2IVMBES

%JAVA_HOME%\bin\java.exe $JAVA_HOME/bin/java
o %JAVA HOME%\bin\javaw.exe  $JAVA HOME/bin/javaws
o %JAVA_HOME%\bin\javaws.exe

o %WINDIR%\system32\java.exe

o IRIERSECRIEEHEEIVMERHI T)avatEF

THE #ED TEY H#RE TED B an
D) | ) C:\sdkUavalidk1.6.0_20'bin v| B %3
I x| é | y— [—rr] i5yac.exe i

) = aval(TM) Platform SE binar Java(TM) Flatform SE binary
= [a gj"ﬁ'n—m h] .‘=J, un Microsystems, Inc, Sun Microsystems, Inc,
bin —_
=) demo [T 5vadocexe [ oah.exe 3
[ indude Java(TM) Platform SE binary Java(TM) Platform SE binary
@ jre Sun Micrasystems, Inc. Sun Microsystems, Inc.
B L H [—rs) javap.exe [—rs) java-rmi.exe
) sample Java(TM) Platform SE binary Java(TM) Platform SE binary
[h Python28 Sun Microsystems, Inc. Sun Microsystems, Inc.
I SlikSwn e, e,
) [igvaw. exe VAW, EXE
E TurtofseHg M ‘Gl,f..JI avalTM) Platform SE binar Javal(TM) Web Start Launcher
< Tme'ﬁ'w| [i] “— B5un Microsystems, Inc, ' '
o S—
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o HotSpot VMHYSLHK ( Windows/dll )
o %JAVA HOME%\jre\bin\client\jvm.dll
o %JAVA_HOME%\jre\bin\server\jvm.dll

& client RS
THE @EE TEW W®Ee IAD o ax IHE ®EEO TEY ®@E IAD B a
HIHE©) |23 C:\sdk\Java\jdk1.6.0_20\jre \bin\dient v B3 HIBH©) | C:\sdk\Javaljdk1.6.0_20\jre \bin\server v B3
735#5@ I xﬁ | dasses.isa Xk x_ ! v, dil
= [ jdk1.6.0_20 ] JSA I = ) jdk1.6.0_20 ] ‘&l 16:3.0,1
(2 bin - g 13,376 KB (2 bin Tl .| Java HotSpot Server YM
# 1) demo F # |3 demo i
# |3 indude %l 16.3.0, # |3 indude %
= ) jre (3 = =2 D je ' =
= 3 bin H = 3 bin |
2 dient i F; () dient t i
() new_plugin = | 7%s () new_plugin
) server I server
B ib B i
® Db # 12 lb
# |5) sample s & |5) sample [
< \ | i . | > < ] [ i » |Z|

X BBEZclientBRttserverBREZ TN classes. jsa/ ?
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http://openjdk.java.net/groups/hotspot/docs/HotSpotGlossary.html
http://download.oracle.com/javase/6/docs/technotes/tools/solaris/jdkfiles.html
http://download.oracle.com/javase/6/docs/technotes/tools/linux/jdkfiles.html
http://download.oracle.com/javase/6/docs/technotes/tools/windows/jdkfiles.html
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« —Ei={THIAE
o [BE— MRS
SEMCHIERERS | WITEIIMEBRRBERAFERKE
ERARSmFEFERE. AEERE—ME
- [A—HGC
BEMMGCEILLI Al ik
- BRImIEESS  HERD LE
Aidclient5servertZzs{(BAERNENAEE
o BNIRIERS
- Clientfmi%ss (C1)
28, RV ENEETTHE BRI , SRRERD
ERTREEmRE M , A0GUIRNA
- ServerfgiEss (C2 , (R /A0pto)
EE , KENBERRERMANIS , SAREESL
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BT RS E5imN


http://java.sun.com/products/hotspot/whitepaper.html
http://java.sun.com/products/hotspot/whitepaper.html
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http://java.sun.com/javase/technologies/hotspot/publications/3198_D1.pdf
http://java.sun.com/javase/technologies/hotspot/publications/3198_D1.pdf
http://java.sun.com/javase/technologies/hotspot/publications/3198_D1.pdf
http://java.sun.com/javase/technologies/hotspot/publications/3198_D1.pdf

HotSpot VMBIWRZAE 2

java -version

java version "1.6.0 18"
Java(TM) SE Runtime Environment (build 1.6.0 18-b07)
Java HotSpot(TM) Client VM (build 16.0-b13, mixed mode, sharing)

HotSpot VMBBHIMAS :

java -server -version version 16.0, build 13

java version "1.6.0 18"
Java(TM) SE Runtime Environment (build 1.6.0 18-b07)
Java HotSpot(TM) Server VM (build 16.0-b13, mixed mode)

INE : 32(Windows XP SP3_EAYSun JDK 1.6.0 update 18
(FEERIDKHjava , FEREVALTIRETRYjava )



HotSpot VMBIWRZAE 2

java version "1.6.0 18"
Java(TM) SE Runtime Environment (build 1.6.0 18-b07)
Java HotSpot(TM) Client VM (build 16.0-b13, mixed mode, sharing)

java version "1.6.0 18"
Java(TM) SE Runtime Environment (build 1.6.0 18-b07)
Java HotSpot(TM) Server VM (build 16.0-b13, mixed mode)

MJava 5Fa , Sun HotSpot VME]JLARIEINE B oiskiE
[Bohe#l , & "IRSS8R" 18 L& BahikA-serveriEs)
({B1fE32{i/Windows_ LR 2ERIAER-clientt®z ) .

"ARSS AR FECPUM2iZE A £ (BeE&E2 CPUGLLIL ) |
FHEARFE2GBHESHINE.



HotSpot VMBIWRZAE 2

java version "1.6.0 18"
Java(TM) SE Runtime Environment (build 1.6.0 18-b07)
Java HotSpot(TM) Client VM (build 16.0-b13, mixed mode, sharing)

BRSmEES class data
AU THREZC sharing

java version "1.6.0 18"
Java(TM) SE Runtime Environment (build 1.6.0 18-b07)
Java HotSpot(TM) Server VM (build 16.0-b13, mixed mode)




HotSpot VMBIWRZAE 2

java -Xint -version

java version "1.6.0 18"
Java(TM) SE Runtime Environment (build 1.6.0 _18-b07)
Java HotSpot(TM) Client VM (build 16.0-b13, interpreted mode, sharing)

SEREEAR,
. . *& 2
java -Xcomp -version ( BERITYRIE )
java version "1.6.0 18"
Java(TM) SE Runtime Environment (build 1.6.0 _18-b07)
Java HotSpot(TM) Client VM (build 16.0-b13, compiled mode, sharing)
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. : ((EIBBIT RS
EOAGEARZ-Xmixed , sER , SEERIREE
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o (EANEBUF ?


http://www.oracle.com/technetwork/java/whitepaper-135217.html

HotSpotFid)avaliSRm/E

- AR T2E05H
- FieldsAllocationStyle

0 - oops, longs/doubles, ints/floats,
shorts/chars, bytes/booleans

1 (BN ) - longs/doubles, ints/floats,
shorts/chars, bytes/booleans, oops

- CompactFields
true (BUA ) =EUFEHZR S5 ECERIEIRISE
HIZEE 2 [BIHY=PREF
false
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( FTBEHFE )

Javayd gLl

_mark : markOop

_klass : klassOop

instance data

padding

PUESS
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R

XIFTIETE
( FIBEAFAE )

Java#ZBsLf|
B,

_mark : markOop

_klass : klassOop

_length : int

array data

padding



http://hg.openjdk.java.net/jdk6/jdk6/hotspot/file/tip/src/share/vm/oops/instanceOop.hpp
http://hg.openjdk.java.net/jdk6/jdk6/hotspot/file/tip/src/share/vm/oops/objArrayOop.hpp
http://hg.openjdk.java.net/jdk6/jdk6/hotspot/file/tip/src/share/vm/oops/typeArrayOop.hpp
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padding
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JavaXdgsLfl
( instanceOopDesc )

_mark : markOop
PUE S

_klass : klassOop
Xﬁi%kﬁm n instance data
XJTFIETE :
(AT ) pEReiiE

RTCEUEISET

HotSpotE& , FrEFEEHGCE
B ( BiF)avatE5PermGen )
FREIRTE M C++EEBE00pDesc
AOFSRA9SLHI, BNXERIXTSER
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BERITTEIERINER.

X Javayig 580BRklassHARE
JavaiES4kHJjava.lang.Class,
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5 _java_mirrorFEiEEEE.
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Java#{ZasLfl
( objArrayOopDesc
)7
typeArrayOopDesc )

_mark : markOop

_klass : klassOop

_length : int

array data

~ JavaRd Ll ¢AsLFIRER A _length
( instanceOopDesc ) FEERICREEAKE
_mark : markOop
POE S S
_klass : klassOop POE-D
Niféw — instance data
EASThR
3 =
XJTFETE -
(At ) pezlelmE
XJTFETE
( FIRETFTE )

padding




java.lang.Integer 32f{i/HotSpot

+0 _mark : markOop e
| 4+4=8F7
Integeryig:
+4 _klass : klassOop - ;2196%:*{5
Xﬂ%?ﬂ:]‘fﬁ& _
+8 value : int 45D ﬁ?&%ﬂé@fﬁﬁ%:
. LAXI3F
+12 padding 4=y

public final class Integer
extends Number
implements Comparable<Integer> {

private final int value;

/] ...



instanceOopDesc
java.lang.Integer
@ ©x13168810

_mark = 0x00000101

_klass = 0x1808da78

klassOopDesc
instanceKlass

(java.lang.Integer)
@ ©x1808da78

_mark = 0x00000001

klassOopDesc
instanceKlassKlass
@ ©0x18010168

_mark = 0x00000001

klassOopDesc

@ 0x18010000

_klass = 0x18010000

_mark = 0x00000001

_klass = 0x18010000

value = 123 _klass = 0x18010168
0x00000000 -
_java_mirror
vtable
itable
instanceOopDesc MAX_VALUE = 0x80000000
java.lang.Integer
@ ©x1339a200 MAX_VALUE = oOx7fffffff
_mark = 0x00001101
klass = 0x1808da78 serialVersionUID
_ = 1360826667806852920L
value = 234
0x00000000
()
>
S 0x000000
1}

$assertionsDisabled

java.lang.Integerfy
BSTE (HER

“NinstanceKlassXy

SN, BEEXD

klassHYSCIZEE—Hz




a )

instanceOopDesc instanceOopDesc klassOopDesc
. . klassOopDesc klassOopDesc )
java.lang.Integer java.lang.Integer . instanceKlass
klassKlass instanceKlassKlass .
(value = 123) (value = 234) (java.lang.Integer)
J
\/ V
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java.lang.String 32{i/HotSpot

+0 mark : markOo
= P L[ wsx

4 x2=8F1
+4 _klass : klassOop -
+8 value : char[]
+12 offset : int XISRLPREE

4 x 4 =165
+16 count : int

: =1ANpat

+20 hash : int 0==%5

public final class String

implements java.io.Serializable, Comparable<String>, CharSequence
{

private final char value[];

private final int offset;

private final int count;

private int hash; // Default to ©

/] ...



java.lang.String “main” 32{i/HotSpot

instanceOopDesc
java.lang.String
@ 0x7100b140

_mark = 0x00000001 typeArrayOopDesc

char[]

_klass = 0x70e6c6a0 @ 0x7100b158

value = 0x7100b158 5 3k = Ox0EPREO1

offset = 0 _klass = 0x70e60440

count = 4 _length = 4

hash = 0 [0] = ‘m’ [ [1] = ‘@’
[2] = ‘i’ [ [3] = ‘n’

0x00000000




java.lang.String “main”

instanceOopDesc
java.lang.String
@ 0x7100b140

_mark = 0x00000001

_klass = 0x70e6c6a0

value = 0x7100b158

32{iJHotSpot
“main”
StringXJ&: +char[1#8
4875

typeArrayOopDesc
char[]
@ ©x7100b158

_mark = 0x00000001

_klass = 0x70e60440

offset = 0
count = 4
hash = 0

_length = 4
[e] = ‘m |[1] = &’
[2] = i |[3] = “n’

0x00000000

HIFEEIE G AR
16.7%



oop

» ordinary object pointer
- B ERobject oriented pointer

e
» Self -> Strongtalk -> HotSpot



http://code.google.com/p/strongtalk/wiki/VMTypesForSmalltalkObjects
http://code.google.com/p/strongtalk/wiki/VMTypesForSmalltalkObjects
http://code.google.com/p/strongtalk/wiki/VMTypesForSmalltalkObjects
http://openjdk.java.net/groups/hotspot/docs/HotSpotGlossary.html

oop5Sklass

instance(OopDesc)

instanceKlass

instanceKlassKlass

klassKlass
s

Fields ] Klass =
| Fields |s | VTable

-
o
CEEOEU e NN e gsenn®®



http://openjdk.java.net/groups/hotspot/docs/FOSDEM-2007-HotSpot.pdf

markOop

Bitfields Tag State

Hashcode Age | 0| O1]Unlocked

Lock record address 00 | Light-weight locked

Monitor address 10 J Heavy-weight locked

Forwarding address, etc. 11 | Marked for GC

Thread ID Age | 1| 01 |]Biased/biasable




Compressed oop

o -XX:+UseCompressedOops
- BT\ Ifalse
o £64{i\/HotSpoth{sEH32{i\[F5%ET

- 3BT, , TRIE-Xmx/-XX:MaxHeapSize.
XX: HeapBaseMinAddressLANHEA:

EjJ |9Ej::|: // Narrow Oop encoding mode:

// © - UnscaledNarrowOop

éi]]h |

// - Use 32-bits oops without encoding when
< 4GB // HeapBaseMinAddress + heap_size < 4Gb
// 1 - ZeroBasedNarrowOop
~ 26GB // - Use zero based compressed oops with encoding when

// HeapBaseMinAddress + heap_size < 32Gb

~ 32GB // 2 - HeapBasedNarrowOop

// - Use compressed oops with heap base + encoding.


http://wikis.sun.com/display/HotSpotInternals/CompressedOops

constantPoolCache



RINESRNNEES



RINEREIHEIRIT T


http://download.oracle.com/javase/6/docs/technotes/tools/findingclasses.html

ZNN#ES SystemDictionary

- ICREFMEZRICINERISRE

- IDRAVIRET R R E
MavaEHE :

(class name, classloader) => class

MVME®mZE :

(symbolOop, oop) => klassOop

[EREJava/JVMeEa—NavazZ 2HENERE

AZSNNEERISEINEEEEEEER |, mAsEERIK
=) EKHG%BEZE% E%ZE
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RFE
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it
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split verifier

o (Java 6)

o FLIECLDCIE N{FEFE



http://jcp.org/en/jsr/detail?id=202
http://jcp.org/en/jsr/detail?id=202
http://openjdk.java.net/groups/hotspot/docs/RuntimeOverview.html

EF ISR ES



FRSRAFERE (1)




HotSpotHfi)avassiEfEx T8
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HotSpotdfd)avafFiEZtBXIT5

methodOop

o JIIENISR

methodKlass

- methodOop#iklassiig:

InvocationCounter ( x2)

- ARSEIDITEES

methodDataOop

- methodOopfiprofilel58

nmethod

- BITmiEeRmiEE2Irv%E
PES

...... RBIFZRERTR

« methodHandle
- methodOopgyhandle
« constMethodOop
° ;ﬂava?’ii%clﬂlﬁl;fﬁ?ﬁ%ﬁ’ﬂ%

(€PN

R REUL R/
[EEREEER K/
SHIEI\

BIifiaE

FHHG
StackMapTable
Exceptions
LineNumberTable
... etc

- FMEEEETAE
« constantPoolOop
o JavalsiERURE]



constMethodOop

» First, methodOops in the server VM
are larger than client. On 1.4.2 client,
methodOops are 108 bytes in size, on
server, they are 132 bytes in size. In
Tiger, part of the methodOop has
been split off into the
constantMethodOop, but the total
space required for a method grows to
140 and 156 bytes, respectively. We
can't "fix" this problem.


http://bugs.sun.com/bugdatabase/view_bug.do?bug_id=4957990

methodOopRYZ AL

» from_interpreted_entry
o MERREESE R A
( Mnativeld)avamiAZtE&diZzAN )
o BHEIACHINERIE , NI i 23 NmiERHE

- GBI EZEBLZBTRANEmF NG | UERHEAN
%ﬁ:l:ﬁ%

A RERRARHEIRIE , BAIEEmEREEIL

» from_compiled_entry
> WNImFEABERSRIGE
- BIRIACHEINERE | NEERERImERD

ﬁﬁé BT EE RSB RIEmFEES | N c2ig
FFE




1&fdgsiEin ( adapter frame )

° 12C

o C2I

e C2N

» code patching / JIT direct call




ERZIESIRIE
- JERREE

]

=+
R

T

BE2HUE

-



http://blogs.azulsystems.com/cliff/2010/04/jitd-code-calling-conventions-or-answering-the-plea-for-geekyness.html
http://blogs.azulsystems.com/cliff/2010/04/jitd-code-calling-conventions-or-answering-the-plea-for-geekyness.html
http://blogs.azulsystems.com/cliff/2010/04/jitd-code-calling-conventions-or-answering-the-plea-for-geekyness.html
http://blogs.sun.com/fatcatair/entry/calling_conventions
http://blogs.sun.com/fatcatair/entry/calling_conventions
http://blogs.sun.com/fatcatair/entry/calling_conventions

FE—HIE TR

» [E—ZAEF B ava i ES AN G AL

— A%
- [E—SAET | EESsPia T avagikS
éﬁi%r:lﬂ’JJavaﬁlzm HEHERE—NME K
s TR L MRIgH 17y
- X86_ L RFEZRESP , FEEZIMITFFEEK
ICRJavaK(BEtkigEt

» TODO:EHT4EHIE



http://wikis.sun.com/display/HotSpotInternals/JavaControlStack

FE—HIE TR

o I |

—




PRIEFHEBIGE ( fast subtype-checking )

- JavalE R S EIF S HERE FRENE!
rh

> instanceofizE&F
YJhZinstanceof==1RE

> SRS BIEEHA
Ll&iﬁﬁifélﬁlﬁ%iﬂé%%&ﬂ’qﬁ =
LARRRISRBL N Z RIS I R T &
Y checkcast=T85

- 5| FARBIEA TR E
JavaRyEH 2 ETHY
- (5| RSB TTZERREATSE
- EEETHIRREEE
XJMaastore==515

o EEFSIIENEFREIXR
. REAEBEER




PRIEFHEBIGE ( fast subtype-checking )

» LT
o JavaZE RIS RREIE I THIANAI R
o — N RMEEEIREHN "RE" AT
- BrLARTLAEE “XskmE" ( display ) %
PRIRIGUEFRBI XK

o (ERp B LARJITH

ZHIFR )




RIEFEBIGE ( fast subtype-checking )

» klassHRFRIMEKREUE

class Klass : public Klass_vtbl {
protected:
enum { _primary_super_limit = 8 };

// Where to look to observe a supertype (it is & secondary super_cache for
// secondary supers, else is & primary supers[depth()].

juint _super_check _offset;
protected:

// Cache of last observed secondary supertype
klassOop _secondary_super_cache;

// Array of all secondary supertypes

objArrayOop _secondary_supers;

// Ordered list of all primary supertypes

klassOop _primary_ supers[_primary_super_limit];

}s



RIEFEBIGE ( fast subtype-checking )
«  RAIICEE

S.is_subtype of(T) := {

int off = T.offset;

if (T == S[off]) return true;

if (off != &cache) return false;

if (S ==T) return true;

if ( S.scan_secondary subtype array(T) ) {
S.cache = T;
return true;

}

return false;



http://portal.acm.org/citation.cfm?id=583810.583821

RIEFEBIGE ( fast subtype-checking )

o fEJava 65hLHIVEE

S.is_subtype of(T) := {
int off = T.offset;

if (S ==T) return true;
if (S[off] ==T) return true;
if (off != &cache) return false;

if ( S.scan_secondary subtype array(T) ) {
S.cache = T;
return true;

}

return false;



RIEFSEEIGE ( fast subtype-checking )

» & | Subtype lattice!




HotSpotE LR

o JavalFAZAE

o

P

// Class hierarchy

// - Thread

// - NamedThread

// - VMThread

// - WorkerThread

// - GangWorker

// - GCTaskThread

// - ConcurrentGCThread

// - ConcurrentMarkSweepThread
// - WatcherThread

// - JavaThread

// - CompilerThread

// - SurrogatelLockerThread
// - JvmtiAgentThread

// - ServiceThread


http://hg.openjdk.java.net/jdk6/jdk6/hotspot/file/tip/src/share/vm/runtime/vmThread.hpp
http://hg.openjdk.java.net/jdk6/jdk6/jdk/file/tip/src/share/classes/java/lang/ref/Finalizer.java
http://hg.openjdk.java.net/jdk6/jdk6/jdk/file/tip/src/share/classes/java/lang/ref/Reference.java
http://hg.openjdk.java.net/jdk6/jdk6/hotspot/file/tip/src/share/vm/runtime/thread.hpp
http://hg.openjdk.java.net/jdk6/jdk6/hotspot/file/tip/src/share/vm/runtime/thread.hpp
http://hg.openjdk.java.net/jdk6/jdk6/hotspot/file/tip/src/share/vm/runtime/os.cpp
http://hg.openjdk.java.net/jdk6/jdk6/hotspot/file/tip/src/share/vm/services/attachListener.cpp
http://hg.openjdk.java.net/jdk6/jdk6/hotspot/file/tip/src/share/vm/services/lowMemoryDetector.cpp
http://hg.openjdk.java.net/jdk6/jdk6/hotspot/file/tip/src/share/vm/gc_implementation/shared/concurrentGCThread.hpp
http://hg.openjdk.java.net/jdk6/jdk6/hotspot/file/tip/src/share/vm/gc_implementation/concurrentMarkSweep/concurrentMarkSweepThread.hpp
http://hg.openjdk.java.net/jdk6/jdk6/jdk/file/tip/src/share/classes/sun/misc/GC.java
http://hg.openjdk.java.net/jdk6/jdk6/hotspot/file/tip/src/os/linux/launcher/java.c
http://hg.openjdk.java.net/jdk6/jdk6/jdk/file/tip/src/share/back/eventHelper.c
http://hg.openjdk.java.net/jdk6/jdk6/jdk/file/tip/src/share/back/transport.c

HotSpotE LR

o JavalFAZAE
o RIFZIE \

° XA
JavaftUABsCIRY


http://hg.openjdk.java.net/jdk6/jdk6/jdk/file/tip/src/share/classes/java/lang/ref/Finalizer.java
http://hg.openjdk.java.net/jdk6/jdk6/jdk/file/tip/src/share/classes/java/lang/ref/Reference.java

HotSpotE LR
: ;‘25’1‘ (1) :

o MEIE{TEHOtSpot LAY avaiHfiERI e
Wi, REXIMWAIE

-52561‘(2):

> ( Linux/Solaris ) ¥iz=HotSpotHHJJava

ZAZEH , JavatRin S AR E R3S
HINAY



http://download.oracle.com/javase/6/docs/technotes/tools/share/jstack.html
http://download.oracle.com/javase/6/docs/technotes/tools/share/jstack.html
http://download.oracle.com/javase/6/docs/technotes/tools/share/jstack.html
http://www.oracle.com/technetwork/java/javase/tooldescr-136044.html
http://www.oracle.com/technetwork/java/javase/tooldescr-136044.html
http://www.oracle.com/technetwork/java/javase/tooldescr-136044.html
http://www.oracle.com/technetwork/java/javase/tooldescr-136044.html
http://www.oracle.com/technetwork/java/javase/tooldescr-136044.html
http://www.oracle.com/technetwork/java/javase/tooldescr-136044.html

HotSpotEBHYZLFE

OGN ssy S >HEE

A

AHEFT R
BEYmiFERY)avars AR

fRRENITEJava s iARIE IR

IVMB BB

\
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Y Y
JavaZF2a9E Atk MR R EIZAE %
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http://www.atmarkit.co.jp/fjava/rensai3/javavm01/javavm01_1.html

ZeHEIEE&FE——safepoint


http://labs.oracle.com/techrep/1998/abstract-70.html
http://labs.oracle.com/techrep/1998/abstract-70.html
http://xiao-feng.blogspot.com/2008/01/gc-safe-point-and-safe-region.html

Lightweight Locking



Biased Locking



HKEWEHE ( class data sharing)

« TODO : ER{+A ?
- MJava SE 5.0FF4&5 I\
- TODO !

- -Xshare:auto | on | off | dump



http://publib.boulder.ibm.com/infocenter/javasdk/v6r0/index.jsp?topic=/com.ibm.java.doc.diagnostics.60/diag/understanding/shared_classes.html
http://publib.boulder.ibm.com/infocenter/javasdk/v6r0/index.jsp?topic=/com.ibm.java.doc.diagnostics.60/diag/understanding/shared_classes.html
http://publib.boulder.ibm.com/infocenter/javasdk/v6r0/index.jsp?topic=/com.ibm.java.doc.diagnostics.60/diag/understanding/shared_classes.html
http://openjdk.java.net/groups/hotspot/docs/RuntimeOverview.html
http://openjdk.java.net/groups/hotspot/docs/RuntimeOverview.html
http://openjdk.java.net/groups/hotspot/docs/RuntimeOverview.html
http://download.oracle.com/javase/6/docs/technotes/guides/vm/class-data-sharing.html
http://download.oracle.com/javase/6/docs/technotes/guides/vm/class-data-sharing.html
http://download.oracle.com/javase/6/docs/technotes/guides/vm/class-data-sharing.html

" HOTSPOT VMRIRTZEIE



UM ERRT

- EET HotSpotEI’JGCiEEI’J =%

(1984)

HotSootEl’JGCéEJ , REGIAMERZME

- iTtEBBerkeley Smalltalk -> Self ->

- 1Z18 X 2008F3K15Retrospective

ACM SIGSOFT Impact Paper Award


http://en.wikipedia.org/wiki/David_Ungar
http://en.wikipedia.org/wiki/David_Ungar
http://portal.acm.org/citation.cfm?id=808261
http://portal.acm.org/citation.cfm?id=808261
http://portal.acm.org/citation.cfm?id=808261
http://portal.acm.org/citation.cfm?id=808261
http://portal.acm.org/citation.cfm?id=808261
http://portal.acm.org/citation.cfm?id=808261
http://code.google.com/p/strongtalk/source/browse/trunk/vm/memory/generation.hpp
http://code.google.com/p/strongtalk/source/browse/trunk/vm/memory/generation.hpp
http://code.google.com/p/strongtalk/source/browse/trunk/vm/memory/generation.hpp

EhZAHotSpot VMRRIZHIGC

%EI’JHotSpot VMEZRMT -Xincgc
7‘%*51 JFiEE(EHincremental
“train” collection

Three Collectors At Work

New generation Copying collecto
- Efficie hen object
Train generation rain algorithm copying
- ollector
- - Incremental collection of ald
-] objects
Mark-comp llec
Permanent generati - Relocate ce
ypical pau m
Software write barrier



GCHisto
e http://java.net/projects/gchisto/



http://java.net/projects/gchisto/
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FEIEFITEAAI=ZL

o F: fetch
o SRENN—5R18< . RS ITTEESIN—
» D; decode
xj-j;b/\ 73
- XGRS E’JTA’E%’&Z
o (D: dispatch)
DIREI BRI TR TR TR
» X: execute
- PITIESHIELE



http://en.wikipedia.org/wiki/Instruction_cycle
http://en.wikipedia.org/wiki/Instruction_cycle
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FDXTEARIE M EEI——switch threading

#define FETCH_OPCODE (opcode
#define PUSH(val) (*++sp = (val))

#define POP (*sp--)

int execute() {
// ... declarations
while (true) {
FETCH_OPCODE;
switch (opcode) {
case ICONST_o:
PUSH(9);
break;
case IADD:

y = POP;
X = POP;
PUSH(Xx + Vy);

break;

bytecode[pc++])

fetch

dispatch

execute
iconst_0

execute
ladd

Sun JDK 1.0RARIVMEY
AR B R AR 5 =USE



FOX{EIARRIE N SE——

» NfFG
° [JoERE
« FRENRE

E:L

switch threading

o -

- FRFDXIEBNE S Eiz/ Bl

o FHG
ﬁ'ﬁ/X

=]
3F

STELY

RZ1F (d- cache) ==

i ECP

U BB S TRIHAOIE

SE (i-cache )

- OJFZIEN XS TNBEZHERESSLI
FIL B Z1 A28 S fBiEtt




token-threading

#define FETCH_OPCODE
#define DISPATCH
#define PUSH(val)
#define POP

int execute() {

(opcode = bytecode[pc++])
goto *handlers[opcode]
(*++sp = (val))

(*sp--)

// ... declarations
ICONST @: { // first-class label

PUSH(O9);
FETCH_OPCODE;
DISPATCH;

}

IADD: {
y = POP;
X = POP;
PUSH(x + y);
FETCH_OPCODE;
DISPATCH;



token-threading

- RELEE switchFRFEZ (fetchs
dispatch{{hE iR )

- [AEhMERE | BEA FSswitch=t—4E
» FREINEMERE : Ebswitch G TUREF

o DT BREERNIREN
o BEEELswitch T TS ZFu—LL

- OJRIEME | ZACEHL , FARIS AR E



http://www.complang.tuwien.ac.at/forth/threaded-code.html

el e T aAYfs
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t&TRZETF ( top-of-stack caching )


http://www.complang.tuwien.ac.at/papers/

ERAEERAIMRIVIAZE ( TosState )

» atos — Object, Array ( TOSTEEAX )
 btos — byte, boolean ( TOS#EEAX)
» ctos — char ( TOSTEEAX )

o stos — short ( TOSTEEAX )

o 1tOS — Int ( TOSTEEAX )

» ltos — long ( TOSTEEDX/EAX )
 ftos — float

» dtos — double

e vtos — void ( NS EEFESESED)




ETiRtRAVRFRESs ( template based interpreter )

HotSpotiiEREss A2 E LIRS
HotSpotNERE—NLREE . BT EiE 1 TAT R 2805

EBiTEFmInterpreterMacroAssembler , HotSpotfE BxhRT
*ETETD?EEI% é’n?a*%ﬁi VMF‘E)J’A‘*SILX&EE#%‘#@EEE' % FE

° XSGL%—JY_ Ry | R OEIAFEA LRBEEN
° 1‘321515%7(_ TEEAXBKEDX/EAXXR | KRR BRI FEiR{ BT H

o IRE| T IR 15FJ?31=|=EI’J><51% RE ﬁ-ﬁ%%ﬁﬁ%ﬂﬁﬁﬁblb e ENE
?..EJZVEH ill] ebug. proflle traceZ

> AJLISKIREF BZHRERIFIESE | BINREEES
© PEVMEBREEGEERNNI. FRES *EEJ:;%)\&F%@%EP

IXER L)JI‘ Bl S BB S 271' ZAE L YRes
lngﬂ] TR SROEERR, , o> £ SMaBn i



http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.41.4951

— MBI ERAYFESIRIR—iconst

e r1zZie<SInHEAR
jCE%KTEOvS)T%%E\m void TemplateTable: :iconst(int value) {

=BT TRt S transition(vtos, itos);

SEANTOSRES if (value —= 0) {
___xorptr(rax, rax);

IRIBESIFERK < } else {

SHl IS ES L __ movptr(rax, value);

-}

}

FMBIE<SIRR , HLHETBRIC++5AME



— MBI ERAYFESIRIR—iconst

transition(vtos, itos);

WRBI—5I5 SR TOSIKER atos
atos , MMIXEH NiconstHyLbiE !
97 IEffi# Niconst
ESAMBERRFRTIHT
TOSIRTSEEHR
atos -> vtos
y
NRFI—FIESERIITOSIREZE vtos
vtos , MIMXE#H NiconstRy4hiE v
iconstfE SN IEER
RITOSIKSEEHR
vtos -> itos
HEig<., EBHATOS v

IRSRIBAORSSHE itos



iconst_17Eclientt&LEATA S RIS

def(Bytecodes:: iconst 1, | | | , vtos, itos, iconst, 1);

Ox0097aa20: sub esp, 4
ftos A\l ©x0097aa23: fstp dword ptr ss:[esp]
Ox0097aa26: jmp  Ox0097aad4
Ox0097aa2b: sub esp, 8
dtosA Ox0097aa2e: fstp qword ptr ss:[esp]
Ox0097aa31l: jmp  Ox0097aad4
Ox0097aa36: push edx
ltos A0 Px0097aa37: push eax
Ox0097aa38: jmp  Ox0097aad4
atos A\ ©x0097aa3d: push eax
itos A\ Ox0097aa3e: jmp  Ox0097aad4
Ox0097aa43: push eax
igﬁfﬁ&g& Ox0097aad4: mov  eax, 1
p(SEv Ox0097aa49: movzx ebx, byte ptr ds:[esi+l]
BES Ox0097aa4d: inc esi
Ox0097aade: jmp dword ptr ds:[ebx*4+0x6dbl88c8]
SRS
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http://www.complang.tuwien.ac.at/papers/

HotSpotfh—&ZERIES fast iload2

void TemplateTable::fast_iload2() {

%—% transition(vtos, itos);
iloadfy — locals_index(rbx);
WS - __ movl(rax, iaddress(rbx));
~ __ push(itos);
s locals_index(rbx, 3);
—Z — .
iloadty ___movl(rax, iaddress(rbx));

Qb3 -

Figkiloadfg< Z[EIRY
BigSDIRE<SH

FrEwEIR T
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- token-threading
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MR THIFEE (1)

JavaiFfhg : JWWVMZET55S

public class TOSDemo {
public static int test() {

int i = 31; iload ©
int j = 42; iload_1
return x; .
. . istore 2 —
} Fjavacimi® _ BT 7



ecx,dword
edx,dword
dword ptr
eax,dword
dword ptr
dword ptr
javai.1l000
eax,dword
bl,byte pt
eax, eax
al,bl

eax, 0FF
short java
dword ptr
ecx,dword
edx, dword
dword ptr
eax,dword
dword ptr
dword ptr
javai.1loe00
eax,dword
bl,byte pt
eax,eax
al,bl

eax, OFF
short java
dword ptr

iload 0------------ iload 9

ptr ss:[esp+1C] -

ptr ss:[esp+14] Hﬂsun JDK ]'_OZE’\J }load_l

ss:[esp+14],4 JVM%E*?FHWT }add

ptr ds: [ecx] RIS HIXB6H S S istore_2

ss:[esp+10]

ds:[edx+10],eax

E182

PP 55 [es+10] FSun JDK 1.1.8(1

r ds:[eax —

e VMBI T
ZIIRIx8615S 5

i.100AF130
jymmmmmmmmmm iadd-------------- jymmmmmmm e e iload 0------------- 53----
mov ecx,dword ptr ss:[esp+14] movzx eax,byte ptr ds:[esi+l] mov
inc dword ptr ss:[esp+10] mov  ebx,dword ptr ss:[ebp] movzx
sub dword ptr ss:[esp+14],4 inc esi inc
mov edx,dword ptr ds:[ecx+C] jmp  dword ptr ds:[eax*4+1003FBD4 ] jmp
add dword ptr ds:[ecx+8],edx 3ymmmmmm o iload 1------------- 55----
jmp javai.l000E182 movzx eax,byte ptr ds:[esi+l] push
mov eax,dword ptr ss:[esp+10] mov  ecx,dword ptr ss:[ebp+4] mov
mov bl,byte ptr ds:[eax] inc esi movzx
Xor eax,eax jmp  dword ptr ds:[eax*4+1003FFD4 ] inc
mov al,bl T iadd--------------- jmp
cmp eax,OFF add ebx,ecx 53----
ja short javai.l000E130 movzx eax,byte ptr ds:[esi+1] pop
jmp dword ptr ds:[eax*4+10011B54] inc esi add
T istore 2------------ jmp  dword ptr ds:[eax*4+1003FBD4 ] movzx
mov eax,dword ptr ss:[esp+14] I istore 2------------- inc
mov ecx,dword ptr ss:[esp+1C] movzx eax,byte ptr ds:[esi+1] jmp
sub dword ptr ss:[esp+14],4 mov  dword ptr ss:[ebp+8],ebx 55===-
mov edx,dword ptr ds:[eax+C] inc esi mov
inc dword ptr ss:[esp+10] jmp  dword ptr ds:[eax*4+1003F7D4 ] movzx
mov dword ptr ds:[ecx+8],edx inc
jmp javai.l000E182 jmp
mov eax,dword ptr ss:[esp+10]
mov bl,byte ptr ds:[eax]
Xor eax,eax
mov al,bl
cmp eax,OFF

ja short javai.l000E130
dword ptr ds:[eax*4+10011B54]

EHSun JDK 6ul8pY
HotSpotf#REeT
ZTHIx8615S T

————————— iload_@-------------
eax,dword ptr ds:[edi]
ebx,byte ptr ds:[esi+l]

esi

dword ptr ds:[ebx*4+6DB188(C8]

eax
eax,dword ptr ds:[edi-4]
ebx,byte ptr ds:[esi+l]

esi

dword ptr ds:[ebx*4+6DB188C8]

edx

eax,edx

ebx,byte ptr ds:[esi+1]

esi

dword ptr ds:[ebx*4+6DB188(C8]

dword ptr ds:[edi-8],eax
ebx,byte ptr ds:[esi+l]

esi

dword ptr ds:[ebx*4+6DB19CC8]

# : $8< =% (instruction traces )



MR THYS

iload ©
iload_1
iadd

istore 2

l HHotSpotf#IFHIT

eax,dword ptr as:[edi]
ebx,byte ptr ds:[esi+l1]

esi
dword ptr ds:[ebx*4+6DB188C8]
————————— iload 1-------------
eax

eax,dword ptr ds:[edi-4]
ebx,byte ptr ds:[esi+l]

esi

dword ptr ds:[ebx*4+6DB188C8]

edx

eax,edx

ebx,byte ptr ds:[esi+l]

esi

dword ptr ds:[ebx*4+6DB188C8]
———————— istore 2-------------
dword ptr ds:[edi-8],eax
ebx,byte ptr ds:[esi+l]

esi

dword ptr ds:[ebx*4+6DB19CC8]

tH (f1)

B8 -

HPRIE<S DRI

( inline-threading

ANIAZIIEER )

eax,dword ptr ds:[edi]
————————— iload 1-------------
eax

eax,dword ptr ds:[edi-4]

edx
eax,edx

dword ptr ds:[gdi-8],eax

BAE -
HITEEER/IS.
e Y=y A

\ 4

mov eaxXx,ecxX



inline-threading
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//

HotSpotfFREaRRItLINTh B

// A frame represents a physical stack frame (an activation). Frames can be

// C or Java frames, and the Java frames can be interpreted or compiled.

// In contrast, vframes represent source-level activations, so that one physical frame
// can correspond to multiple source level frames because of inlining.

// A frame is comprised of {pc, fp, sp}

»

Asm interpreter

// Layout of asm interpreter frame:

//
!/
//
//
//
//
//
//
//
//
//
//
!/
//
//
//
//
//

[expression stack ] *
[monitors ]
[monitors ]
[monitor block size ]
[byte code index/pointr]
[pointer to locals ]
[constant pool cache ]
[methodData ]
[methodOop ]
[last sp ]
[old stack pointer ]
[old frame pointer ]
[return pc ]
[oop temp ]
[locals and parameters ]

<- sp
\
| monitor block size

/
bcx() bcx_offset
locals() locals offset
cache() cache_offset

= mdp() mdx_offset

method() method offset
last sp() last sp offset
(sender_sp) sender_sp_offset

<- fp link()
(only for native calls)

<- sender sp
Asm interpreter



HotSpotfFfEesRYiENT

Entry points

Here we generate the various kind of entries into the interpreter.

The two main entry type are generic bytecode methods and native call method.
These both come in synchronized and non-synchronized versions but the

frame layout they create is very similar. The other method entry

types are really just special purpose entries that are really entry

and interpretation all in one. These are for trivial methods like

accessor, empty, or special math methods.

Assuming that we don't go to one of the trivial specialized

entries the stack will look like below when we are ready to execute

the first bytecode (or call the native routine). The register usage

will be as the template based interpreter expects (see interpreter_x86.hpp).

local variables follow incoming parameters immediately; i.e.
the return address is moved to the end of the locals).

[

monitor entry

monitor entry

When control flow reaches any of the entry types for the interpreter
the following holds ->

Arguments:

rbx, : methodOop

rcx: receiver

Stack layout immediately at entry

[ return address 1 <--- rsp

[ parameter n 1

[ parameter 1 1

[ expression stack ] (caller's java expression stack)

en el N e N W N |

—

expr. stack bottom
saved rsi

current rdi
methodOop

saved rbp,

return address
local variable m

local variable 1
parameter n

parameter 1

] <--- rsp

]
]
]
]
]

] <--- rbp,

—_

] <--- rdi
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HotSpot interpreter in action!

PP 7 1600
DOIHEGG]  eFBOSL WY mowzn eby byte ptr dszfesiet] S aload 0ot sanoons
BOPTBNGA] AL inc osi AZAIRISN =
NITHNON|  FF2A9D CRYSR1AD 1M dwnrd ptr gs:[ebxensADRIPRCS] LLLTTTNE
NN Ab:ve nep oV cea
WmIuNTh|  soee #0¢ Dyt prr #s:[wax).al wovsCEn
NM70a7A|  obde 04 Dyte prr @s:[eax).al AresE160
WIM78A7TH| DR *0¢ byte ptr @s:feax].al WPNCF O
OWTUETH,  bbde »0¢ byte ptr gs:ifeax],.al
OmTURIG  boRe »6¢ byte ptr ds:[eax],al "
umranrE Y1 Y] 04 Dyte ptr ds:[eax],al 0" ES UMY 22b4% OVIFFEFFF)
N sunne he Pl vax ForOCS DM aZbit eCriRNeNrr)
0@ uuEY]  bee a0t DYte ptr @6:[eax),.al N 55 0 a2nit S(FFERERFE)
020883 RTR 28 ¥0¢ DYTte prr Os:[eax+24) b 20 05 03 32hit G(FFEFEFFF)
0M7A8E6| 0B stes dword ptr es:[edl) S 9 FS OMIE 3201t FEESCODD(FFF)
nw7aser| 60 ins dword ptr es:fedi], dx T & G5 000D MILL
n7RARE| B30 sab eax dword ptr ds:ieax) [
UMTHREA|  BOBe »06 byte pir ds:[eax),al 0" LestErr ENROR_SHCSESS (80000000)
UL epre S04 DYte pir is:esx], al > oY b
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NI REYY|  WIEC O el @5p.A gty UMK ESDF NOGHEO38 TCON 76N
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compiler tactics
delayed compilation
tiered compilation
on-stack replacement
delayed reoptimization

program dependence graph representation
static single assignment representation

proof-based techniques
exact type inference
memory value inference
memory value tracking
constant folding
reassociation
operator strength reduction
null check elimination
type test strength reduction
type test elimination
algebraic simplification
common subexpression elimination
integer range typing
flow-sensitive rewrites
conditional constant propagation
dominating test detection
flow-carnied type narrowing
dead code elimination

language-specific techniques
class hierarchy analysis
devirtualization
symbolic constant propagation
autobox elimination
escape analysis
lock elision
lock fusion
de-reflection

speculative (profile-based) techniques
optimistic nullness assertions
optimistic type assertions
optimistic type strengthening
optimistic array length strengthening
untaken branch pruning
optimistic N-morphic inlining
branch frequency prediction
call frequency prediction

memory and placement transformation
expression hoisting
expression sinking
redundant store elimination
adjacent store fusion
card-mark elimination
merge-point splitting

loop transformations
loop unrolling
loop peeling
safepoint elimination
iteration range splitting
range check elimination
loop vectorization

global code shaping
inlining (graph integration)
global code motion
heat-based code layout
switch balancing
throw inlining

control flow graph transformation
local code scheduling
local code bundling
delay slot filling
graph-coloring register allocation
linear scan register allocation
live range splitting
copy coalescing
constant splitting
copy removal
address mode matching
instruction peepholing
DFA-based code generator
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class InvocationCounter {
private: // bit no: [31 3| 2 | 10 |
unsigned int _counter; // format: [count|carry|state]
enum PrivateConstants {
number_of state bits = 2,
number_of carry bits = 1,
number_of _noncount_bits = number_of state_bits + number_of carry bits,
number_of _count_bits = BitsPerInt - number_of _noncount_bits,
//
}s
/] ...
}s

void InvocationCounter::reinitialize(bool delay_overflow) {
InterpreterInvocationLimit =
CompileThreshold << number_of noncount_bits;
InterpreterProfileLimit =
((CompileThreshold * InterpreterProfilePercentage) / 100)<< number_of noncount_bits;
/] ...
if (ProfilelInterpreter) {
InterpreterBackwardBranchLimit =
(CompileThreshold * (OnStackReplacePercentage - InterpreterProfilePercentage)) / 1090;
} else {
InterpreterBackwardBranchLimit =
((CompileThreshold * OnStackReplacePercentage) / 100) << number_of noncount bits;
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o FiXRARITEEE ( >= CompileThreshold )
- CompileThreshold

client: 1500
server: 10000

HeiHotSpothHi&
B RMEEIZESE

o A OSRYHEIFE ( >= InterpreterBackwardBranchLimit )

- OnStackReplacePercentage
client: 933
server: 140

- InterpreterProfilePercentage
server: 33
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o FiEEARITEES ( >= CompileThreshold )
o CompileThreshold

8|
client;: 1500 °
server: 10000 ,5_\’7%%
+ [ENOVHEES /Ka
- BackEdgeThreshold @
client; 2100000 ){f\’&/
server: 100000(\\\;&

o /& OSRZ = InterpreterBackwardBranchLimit )
0 On epIacePercentage

nt: 933
}\' gserver 140
InterpreterProflIePercentage
server: 33
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- HHXSE
- UseCounterDecay = true
- CounterHalfLifeTime = 30 ()
- CounterDecayMinIntervalLength = 500 ( Z#} )
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- IAMath.sin().
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nE&H ( scalar replacement )

 ( )



http://rednaxelafx.javaeye.com/blog/659108
http://rednaxelafx.javaeye.com/blog/659108

% EHC ( stack object allocation )

» HotSpotBRIEBFERIZIUK




#iglfR ( lock elision )

o XWTEERZEBIAYESAZRIRISRIM B A
=B {HMER

« (BEME Y XM ICEE=Z S S )ava
Memory ModelfJr]gEHs

- monitorenterSmonitorexitgfEZfull
memory barrier




IRk E (lock coarsening )



—

IITmiEas AR EERCHD

« NFEER :
- ExceptionHandlerTable /
ImplicitExceptionTable

- oopMap / relocinfo Z&

- NP ERN—EAREEEERRETHEE

> write barrier
N T xFHRAIGC/KiFFGC
HotSpotBaI%E{£Aread barrier

- safepoint
IH— MR AFELE R R L& E
GCREEfEsafepointiGLLiZE T
safepointfiFfE A\l [ElAE 5, AR EKE




NITHR1FERSEAINmMethodXT5R

// A nmethod contains:

// - header (the nmethod structure)

// [Relocation]

// - relocation information

// - constant part (doubles, longs and floats used in nmethod)
// [Code]

// - code body

// - exception handler

// - stub code
// [Debugging information]

// - oop array
// - data array
// - pcs

// [Exception handler table]

// - handler entry point array

// [Implicit Null Pointer exception table]
// - implicit null table array
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REJ3i 552 IRAYSE R

| RRRERN SRR AT
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N EEN G TN EEMR (callsite) _fAYinl ine—cache



EREL ( method mImmg )

» HREXNRWEIRIMEERRENVESZE

o TIizAREAILUERMRERER 2

R R TBLL IR B RS N | B
E}EJZE’JWH%/J\ 1 \

w15 FRERSEERAIASEEAERS ARk

- BEEENEErLUIEXEEEI/ERLE,
o (EIREAD T LUXRRIZRD T 2B 0 HrEIER

o WiEEJavalEFEREEREE



http://portal.acm.org/citation.cfm?id=744889
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C++RRE WA

o C++RAYSmEEEsCUI ] LURIE S I RENELIE

P REAEY

o (BRI EREREITIR RIS ZHE R

a2 JF)

e RT3 RE R

o FEHGN , (BIEEDU : eq.




KRR (CHA)

» class hierarchy analysis

o JavatZE FH— 2R o1

i%’&?ﬁlzpﬁ%%/ﬂﬁ&qu] ot , B)avase
FEISINERERE | AR RINEER
SNEREIE

. Eb*ﬁl#ﬁ%J\J_ILJ\,%&L EI’J A EBIE00ERY
SEAKIBIILY , ARERRET(LET
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A MmN W@ >

EEERISE

a.m ->
b.m ->
a; A d.m ->
b; virtual m d.n ->
C; f.m ->
d; f.n ->
€, B D
f; virtual m virtual n
" / /\
C E F
virtual m virtual n
L T
G
YIIESTRES [vir‘tual m]
ARNNEEL

O >»O0O>w>
S5 3 S5 3

.m, B.m


http://java.sun.com/javase/technologies/hotspot/publications/3198_D1.pdf

ERELIL ( devirtualization )

» CHAEEL

° CHA;EHbU.EEE

B=EE

- HigNEX

> mrguardpt

AR

FAREE,

E

f2 R B

A1 A B PRAT

> TeguardAIIEX
LABE, #hE

( guarded inline-cache)



inline cache

« B¥roERIIER
o INSEEHR

> ¥J45 ( clean)
o E_,U ( ?

N

Z Bl



inline cachef R4

// The CompiledIC represents a compiled inline cache.

//

// In order to make patching of the inline cache MT-safe, we only allow the following
// transitions (when not at a safepoint):

//

//

// [1] --<-- Clean -->--- [1]

// / (null) \

// / \ /-<-\
// / [2] \ / \
// Interpreted --------- > Monomorphic | [3]
// (compiledICHolderOop) (klassOop) |
// \ / \ /
// [4] \ / [4] \->-/
// \->- Megamorphic -<-/

// (methodOop)

//

// The text in paranteses () refere to the value of the inline cache receiver (mov instruction)

//

// The numbers in square brackets refere to the kind of transition:

// [1]: Initial fixup. Receiver it found from debug information

// [2]: Compilation of a method

// [3]: Recompilation of a method (note: only entry is changed. The klassOop must stay the same)

// [4]: Inline cache miss. We go directly to megamorphic call.

//

// The class automatically inserts transition stubs (using the InlineCacheBuffer) when an MT-unsafe
// transition is made to a stub.



Self-modifying code



HotSpot=LMMIEF i ED K

» monomorphic inline cache


http://blogs.azulsystems.com/cliff/2010/04/inline-caches-and-call-site-optimization.html

t L&k (OSR)

» on-stack replacement

IEENS
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: PrlntCompllatlonEI’J
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A AT ES m s | & TRIER | &
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SIEI=YaRiE

FFH1=|=J
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http://java.sun.com/developer/technicalArticles/Networking/HotSpot/
http://java.sun.com/developer/technicalArticles/Networking/HotSpot/
http://java.sun.com/developer/technicalArticles/Networking/HotSpot/
http://java.sun.com/developer/technicalArticles/Networking/HotSpot/
http://java.sun.com/developer/technicalArticles/Networking/HotSpot/

F5i&AREX ( method inlining )
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HotSpotRYPIEXIZELR

o X EEERERISA

o« HotSpotEr=fm+aIS#]
-XX:+Inlining
-XX:+ClipInlining
-XX:InlineSmallCode=1000
-XX:MaxInlineSize=35
-XX:FreqgInlineSize=325

HotSpotHUIZHTIFEIR
-XX:+PrintInlining

- HotSpotZEFF RIS FHISE -
-XX:+InlineAccessors
-XX:MaxTrivialSize=6
-XX:MinInliningThreshold =250
-XX:MaxInlineLevel=9
-XX:MaxRecursivelnlineLevel=1
-XX:DesiredMethodLimit=8000



W4t ( deoptimization )

o BUACRIBIRBRI AR ZAY
o INZE T ETHYZE | I TEEIR
> H147&) T uncommon trap
- BRREITHEN T RS

o etc ...
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« JavalZEixitikiistack walking

« (B3 2REAfE | SERRBYIE TR T seqRsk
T BBt

o NTHISLTEHOERNEXK | HotSpot
GO R T —ERE DT, =
?.-'Ei:za_{iz{%,,Mﬁﬂ&ér OB Hﬂlee_f A



http://hg.openjdk.java.net/jdk6/jdk6/hotspot/file/tip/src/share/vm/runtime/vframe.hpp

~

SCI6 : HotSpotlBnhE&Ek

-Xint

-Xcomp
-XX:+UnlockDiagnosticVMOptions
-XX:+PrintInterpreter

-XX:+PrintCompilation EEASEEIE BaE
-XX:+PrintAssembly Open)DK 6R FFIRESI {4

-XX:+PrintInlining
-XX:+PrintIntrinsics
-XX:+PrintNMethods
-XX:-BackgroundCompilation
-XX:+Traceltables
-XX:+TracelCs


http://hg.openjdk.java.net/jdk6/jdk6/hotspot/file/13f94cc87253/src/share/vm/runtime/globals.hpp
http://hg.openjdk.java.net/jdk6/jdk6/hotspot/file/13f94cc87253/src/share/vm/runtime/globals_extension.hpp
http://hg.openjdk.java.net/jdk6/jdk6/hotspot/file/13f94cc87253/src/share/vm/c1/c1_globals.hpp
http://hg.openjdk.java.net/jdk6/jdk6/hotspot/file/13f94cc87253/src/share/vm/opto/c2_globals.hpp
http://hg.openjdk.java.net/jdk6/jdk6/hotspot/file/13f94cc87253/src/cpu/x86/vm/globals_x86.hpp
http://hg.openjdk.java.net/jdk6/jdk6/hotspot/file/13f94cc87253/src/cpu/x86/vm/c1_globals_x86.hpp
http://hg.openjdk.java.net/jdk6/jdk6/hotspot/file/13f94cc87253/src/cpu/x86/vm/c2_globals_x86.hpp
http://hg.openjdk.java.net/jdk6/jdk6/hotspot/file/13f94cc87253/src/os/windows/vm/globals_windows.hpp
http://hg.openjdk.java.net/jdk6/jdk6/hotspot/file/13f94cc87253/src/os_cpu/windows_x86/vm/globals_windows_x86.hpp
http://hg.openjdk.java.net/jdk6/jdk6/hotspot/file/13f94cc87253/src/os/linux/vm/globals_linux.hpp
http://hg.openjdk.java.net/jdk6/jdk6/hotspot/file/13f94cc87253/src/os_cpu/linux_x86/vm/globals_linux_x86.hpp
http://hg.openjdk.java.net/jdk6/jdk6/hotspot/file/13f94cc87253/src/share/vm/runtime/arguments.cpp

-XX:+PrintAssembly
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java -XX:+PrintCompilation



HotSpot Client Compiler ( C1)



HotSpot Client

VM

Execution Engine

JIT Compiler

compiles

l generates

Interpreter
executes
loads Y
Class Loader y/ Bytecodes

dCcCcess memory

Heap

Garbage Collector
collects

Young Generation/ Eden /Frcm/ To /’:’:

Old Generation / Old Space /

Stop-and-Copy

Mark-and-Compact
collects



http://www.prog.uni-saarland.de/ssasem/talks/Christian.Wimmer.pdf

CINT{ERIZ

bytecodes

front end

HIR generation

HIR

LIR generation

[>

back end

code generation

] ; [> LIR

optimization

machine code

] >

register allocation

Fig. 2. Structure of the Java HotSpot™ client compiler.




HIR

» High-level Intermediate Representation
» EARRBRAEFIRE
« BARNZESSAZZRIE




SSA

» static single-assignment form



&5 ( abstract interpretation )

» FRARFSIHAIT ( symbolic
execution )




FRSRAFERE (2)




F5i&AREX ( method inlining )

o NFoEiet AIHIRANIFEP TR,
o EFCHAR A ZRFTRE A/
o AETISWERprofile(5R




LIR

» Low-level Intermediate Representation
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http://www.ssw.uni-linz.ac.at/Research/Papers/Wimmer04Master/
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clvisualizer

o RClmFERREmESERAVEUESA T IR RN TR
- JRIRF TR
o HIR&ER,
- LIR&ER
- BHFssnhc
o BRZEAREER
- FJLIETEHIR. SRR, FEesotiXESE
- BL&JDK 684 7H9debughirHotSpot{EFS
> {EF-XX:+PrintCFGToFileiEIizkE output.cfg

o B/Mub :


http://java.net/projects/c1visualizer/

HotSpot Server Compiler (C2)



i

e develop(intx, ImplicitNullCheckThreshold, 3,
\

. "Don't do implicit null checks if NPE's in a method exceeds limit")



Sea-of-nodes

» Program Dependence Graph
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http://wikis.sun.com/display/HotSpotInternals/Overview+of+Ideal,+C2's+high+level+intermediate+representation

£B{ERS (GVN)

» global value numbering




IBIAAZENIDIME (LICM )

» loop invariant code motion




1BIANEFF (loop unrolling )



HIFR T REBEILF9E ( RCE)

» Range Check Elimination




uncommon trap
: 71' JHITIER(RRIERREMRS |, T2

& pk— 1~ uncommon trap
» R FMSREL A fr
> PR(RgmIEHYRT (B)/ =SB

——

» BEAYH11TEluncommon traphAt , iR[E

2RI BB EFmIF




HER NS ES ( BURS)

» bottom-up rewrite system
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http://wikis.sun.com/display/HotSpotInternals/Graph+Coloring+Register+Allocation+Papers

—

=22 =R DR

- EAFEAE AR

> Architecture Description

o -XX:+PrintOptoAssemblyfEIttsCI)]



http://hg.openjdk.java.net/jdk6/jdk6/hotspot/file/tip/src/cpu/x86/vm/x86_32.ad
http://hg.openjdk.java.net/jdk6/jdk6/hotspot/file/tip/src/cpu/x86/vm/x86_64.ad
http://hg.openjdk.java.net/jdk6/jdk6/hotspot/file/tip/src/cpu/sparc/vm/sparc.ad

-XX:+PrintOptoAssembly
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ZE4iZ ( tiered-compilation )

o ZEREFNESHITIEL
- -serveriFClmFEREEEHXK
- ZE0R : RREsAEIBprofile®ss . RATRohFHitAClHE
o F1E : Cl¥giE , AR profileiZERIEE
o 2R Cl¥miE , £ BEHIERITEES profileAYHS
o B3R ClmR , £ EFTIRESHRprofilef3

o B4R C249miFE , FIRCLEEREIRHMprofileFREHITEIHNL
LR RIR A B RIZET , ATLURRIZIfERRSs e & 5 1ERICAD

o EMAT/EST (JDK 6 update 259 )
o it : BORE -> FB3RE -> F4=E
o Bl AR -> F0R/ F—E
o KIEA : B2E
o TEEI’JHotSpotEI’J Fﬁwaﬁﬁ%ﬁ%

o Oracle JDK7EI’J*§‘/\7,€¥E H&EL%J"HWE#JEXLMET
» J95JRockittBFRAZERIFL T T)avatiB


http://hg.openjdk.java.net/hsx/hotspot-main/hotspot/file/tip/src/share/vm/runtime/advancedThresholdPolicy.hpp
http://www.azulsystems.com/blog/cliff-click/2010-07-16-tiered-compilation
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Ideal Graph Visualizer

o BC2mEEeEmIFZHERAIEY

RITE
- AlBcE

JdebughrHotSpotfsEHE

J[=]

A EIE A

i/l

> -XX:PrintldealGraphLevel=n -XX:PrintldealGraphFile=filename

> nH0-4 , filename HigEHIHogAIS 4R IR

- ESRH

OpenJDK7

« B0k

LL


http://ssw.jku.at/General/Staff/TW/igv.html

- HOTSPOT VMI&ES TR


http://wikis.sun.com/display/mlvm/Home

JConsole



VisualVM



Serviceability Agent

- RSP LE
» Windows_EJDK 7-b642 [ v]LAFE




- HOTSPOT VMZAERRREEE


http://wikis.sun.com/display/mlvm/Home

AR ZA<51.0f89Class {4

« ZRjsr5jsr wFT1E1E<S
o WA BIEETURIGEE (
» method handleg&

)


http://bugs.sun.com/bugdatabase/view_bug.do?bug_id=6911922
http://bugs.sun.com/bugdatabase/view_bug.do?bug_id=6693236
http://bugs.sun.com/bugdatabase/view_bug.do?bug_id=6939203

MethodHandle



Invokedynamic



HotSwap

» Sun JDKM1.4.0;

YN
Bb

satef

tHotSwapIj]

- (BZH9HotSWapsLHL...... ? ( HBEAREF ?

Ihee R/ ? )

» FTHIHOotSwap3EHt (
PR |, ATLARIMZEEEIANE |, EEA
L‘M'%ﬂ%%ﬁ@é% , TiBlfEswapRifEi%

BENEITHHE

) R



http://ssw.jku.at/dcevm/
http://wikis.sun.com/download/attachments/172493511/wuerthinger-hotswap-20090401.pdf
http://wikis.sun.com/download/attachments/172493511/wuerthinger-hotswap-20090401.pdf
http://wikis.sun.com/download/attachments/172493511/wuerthinger-hotswap-20090401.pdf
http://wikis.sun.com/display/mlvm/HotSwap
http://wikis.sun.com/display/mlvm/HotSwap
http://wikis.sun.com/display/mlvm/HotSwap
http://wiki.jvmlangsummit.com/Hotswap
http://wiki.jvmlangsummit.com/Hotswap
http://wiki.jvmlangsummit.com/Hotswap

ihF2 ( coroutine )


http://wikis.sun.com/display/mlvm/Coroutines

Automatic object inlining


http://ssw.jku.at/Research/Papers/Wimmer08PhD/

Multi-Tasking Virtual Machine (MVM)


http://www.jcp.org/en/jsr/detail?id=121
http://java.sun.com/developer/technicalArticles/Programming/mvm/
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SUNBNEEIVM (1)
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HETX

o 1BfEJVM
- Classic VM
SRR
(540 )

- (BRERNGERESTEAATET

- EEINBRMIIITmESSRERII TS

- 1996%EBorlandfISymanteciB4¥ & o) THmi%es

- SunSETY SymantecHYJIT4RIFESANFATIE
BEF108258SunkHmE— 1 EcEFERIITHIFESS

}\AJZSDK 1.4.0FRAEhEIDKAf ( Solaris EM 1.3.0F745 )

« SHotSpotic/RETEHEIRAYVM
- Exact VM ( )

=AHiTERClassic VM |, B8R T XEXUH

BE T HERSESHEN ITJI-H:‘B1=FE§

- LI TRAERIAHITUR Z ERiE

FEBERZ

7£)DK 1. 2Bt NZISERREER ( Solaris k)
SHotSpot&ZSunfiyr= VM HIRHEAER , TRE#ZRLE
HResearch VMBS f53kEAMaxine VMEH(Y,


ftp://ftp.csie.nctu.edu.tw/pub/csie/Documents/Java/jit_interface.pdf
ftp://ftp.csie.nctu.edu.tw/pub/csie/Documents/Java/jit_interface.pdf
ftp://ftp.csie.nctu.edu.tw/pub/csie/Documents/Java/jit_interface.pdf
http://www.symantec.com/about/news/release/article.jsp?prid=19970407_03
http://www.symantec.com/about/news/release/article.jsp?prid=19970407_03
http://www.sunlabs.com/people/detlefs/talks/rice-98-talk/evm-hist.html
http://research.sun.com/features/tenyears/volcd/papers/heller.htm
http://research.sun.com/features/tenyears/volcd/papers/heller.htm

SUNIEEIVM ( 2) BRI

'k" for "kilobyte”
B, B8, SEAURE , BRIE

FH19985RY fiTEmsk , F19994FHyJavaOne L &R
- B A9=ESLI ( reference implementation ) ; BRI ZEE
s (GPL2.0)
o tHFRA Advanced VMsak (C Virtual Machine)

KEBoIHeeACKH , LRI T —YilR ( B1TAR )
o FRIEESRIRAINVRERITHS VM
. (GPL2.0)
- tFRAIphoneME Feature VM
FXIEH iR BRA VIR FIRITHIVM
- BHKVM
. (GPL2.0)
- BT
VMRYRKER D =R Javastiily ( eslLABRTTIRIAVMAT—FH )
EERISTHEREIFENC , BERBICRBREEEEDPEIIRES

HAPgVMER Fi 2K mEiRHotSpot , Z1 RN BRI
HotSpotAIFFF A tEAHEEIXSEFEK , ANGL-LitefRIEIRGC


http://java.sun.com/products/cldc/wp/
http://labs.oracle.com/techrep/1999/abstract-73.html
http://labs.oracle.com/techrep/1999/abstract-73.html
http://java.sun.com/products/cldc/
http://java.sun.com/j2me/docs/cdc_hotspotds.pdf
https://phoneme.dev.java.net/
http://developers.sun.com/mobility/configurations/articles/cdc/
http://java.sun.com/j2me/docs/pdf/CLDC-HI_whitepaper-February_2005.pdf
http://java.sun.com/j2me/docs/pdf/CLDC-HI_whitepaper-February_2005.pdf
https://squawk.dev.java.net/
http://www.sunspotworld.com/
http://www.oracle.com/technetwork/java/embedded/overview/index.html

SUNnBIEEBJIVM (2)
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Resources


http://wiki.debian.org/Java/DevJam/2009/Fosdem?action=AttachFile&do=view&target=FOSDEM-phoneME.pdf

SUNBIEEBIVM ( 3 ) —TiEIRVM

FJava5/gyJVM

meta-circular VM
BA—ME S BERIETIMNE

. (1997-1998)
° #iJavastill , RS

o IMRE—NMEEIVM_EIETT |, IEES
. ( 2005-B17E ) (GPL2.0)

JLF4t)avascif
REMRTFENIVMEINEEHCRES

BRANTRESSGC |, RERREES
A EEFR IR AT
EEERclienti&EzAYHOtSpot
WIS HEEI90%[IJCK ( Java Compatibility Kit ) sz
KT BIBREIZRIVMBIERLES - . . %
BERERFT — NI EHWHEER
o (2010-ift) (GPL2.0)
> Maxine VMARC1X4miE2eH0iH iR
“h)avaSRInNSYmIERS | S Rx6411255
Befla\ZE/HotSpot VMH{ER
RIFHIaIY B |, g8t ABECHESRENMY B


http://research.sun.com/kanban/JavaInJava.html
http://research.sun.com/kanban/JavaInJava.html
http://research.sun.com/projects/maxine/
http://jikesrvm.org/
http://joeq.sourceforge.net/
http://moxie.sourceforge.net/
http://labs.oracle.com/self/
http://www.iolanguage.com/Library/Papers/Ungar/p11-ungar.pdf
http://wikis.sun.com/display/MaxineVM/Graal

SUnfIEEIVM (4) SCHTJava

> SUNAJEE—1 ( ) L3
- =T HotSpot VM



http://labs.oracle.com/projects/mackinac/
http://www.rtsj.org/
http://jcp.org/en/jsr/detail?id=1
http://research.sun.com/projects/mackinac/mackinac_whitepaper.pdf
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http://en.wikipedia.org/wiki/PicoJava
http://isdl.snu.ac.kr/classes/comparch/java/m2045.pdf
http://java.epicentertech.com/Archive_Embedded/Sun_Microsystems/Micro & Pico Java/picoJava-II.pdf
http://java.epicentertech.com/Archive_Embedded/Sun_Microsystems/Micro & Pico Java/picoJava-II.pdf
http://java.epicentertech.com/Archive_Embedded/Sun_Microsystems/Micro & Pico Java/picoJava-II.pdf
https://users.cs.jmu.edu/abzugcx/public/Student-Produced-Term-Projects/Computer-Organization-1998-FALL/MicroJava-701-by-Baecker-Bungert-Gladisch-Titze-1998-FALL.ppt
http://bwrc.eecs.berkeley.edu/CIC/announce/1996/java-procs.html
http://www.javaworld.com/javaworld/jw-11-1998/jw-11-idgns-javachip.html
http://www.ajile.com/index.php?option=com_content&task=view&id=21&Itemid=28
http://www.arm.com/products/processors/technologies/jazelle.php
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e IBM J9 e« MRP

e Oracle JRockit e Moxie JVM
e« Apache Harmony  Jikes RVM
e JamVM e« ORP

e Cacaovm e jOEq

e SableVM o VMKt

o Kaffe e Ovm

e Jelatine JVM e kissme

e NanoVM e shuJIT

e Symantec JIT e OpenlIT



http://www.ibm.com/developerworks/java/jdk/
http://www.oracle.com/technology/products/jrockit/index.html
http://harmony.apache.org/
http://jamvm.sourceforge.net/
http://www.cacaovm.org/
http://www.sablevm.org/
http://www.kaffe.org/
http://jelatine.sourceforge.net/
http://www.harbaum.org/till/nanovm/index.shtml
http://web.archive.org/web/19961225035910/http:/cafe.symantec.com/
http://mrp.codehaus.org/
http://moxie.sourceforge.net/
http://moxie.sourceforge.net/
http://jikesrvm.org/
http://orp.sourceforge.net/
http://joeq.sourceforge.net/
http://vmkit.llvm.org/
http://www.cs.purdue.edu/homes/jv/pubs/scp04.pdf
http://sourceforge.net/projects/kissme/
http://www.shudo.net/jit/
http://www.openjit.org/
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http://www.azulsystems.com/products/vega/overview
http://www.azulsystems.com/products/zing/whatisit
http://www.managedruntime.org/
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http://www.amazon.com/dp/1430219580
http://www.amazon.com/dp/1430219580
http://www.amazon.com/dp/1430219580
http://www.amazon.com/dp/1430219580
http://webdocs.cs.ualberta.ca/~amaral/IBM-Stoodley-talks/UofAKASWorkshop.pdf

IBM Sovereign JVM

» KEHESSun Exact VMZE{LL
» B4JJEESun Classic VM , 1B X

S0

- fEERHAIBM JDK&4h

FaBI 9B

EZIIBM JDK5




IBM JIT Compiler Dynamic Optimization Framework

Level-1 Level-2 and Level-3

Mixed Mode Compile Dynamic Compiler Compile Requests Compile Plan
B de —Rannadge P
Interpreter Requests (level-1 to level-3) < ¢~

Code Installationl

Start

i - Raw Profile Data Instrumenting f-’ﬂﬁ"ﬂ Recompilation
@ > Profiler Controller
Cog_e)< = - P
Enable/Disable Profiling Profile
Jump/ Data
Hot Method
List

Hot Method
Sampling

Back Compiled Method Promotion

Level-3
Compiled
Code

Sampling
—p Profiler

Raw
Profile Data

Level-2
Compiled
Code



http://dspace.wul.waseda.ac.jp/dspace/bitstream/2065/28702/3/Honbun-4601.pdf
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Jikes RVM Adaptive Optimization System
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http://domino.research.ibm.com/comm/research_people.nsf/pages/dgrove.RC23429.html
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Apache Harmony Jitrino Compiler Architecture
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http://harmony.apache.org/subcomponents/drlvm/JIT.html
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Figure 1. Overview of the Joeq system. Arrows between blocks signify either the flow of data between components, or the fact that
one component uses another component.
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http://weblogs.java.net/blog/2006/11/30/cvm-stacks-and-code-execution
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« Virtual Machines: Versatile Platforms for Systems and Processes
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« Compilers: Principles, Techniques, and Tools (2nd Edition)
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« Advanced Compiler Design and Implementation
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http://java.sun.com/docs/books/jls/
http://java.sun.com/docs/books/jvms/
http://java.sun.com/docs/books/jvms/second_edition/jvms-clarify.html
http://java.sun.com/docs/books/jvms/second_edition/jvms-clarify.html
http://java.sun.com/docs/books/jvms/second_edition/jvms-clarify.html
http://jcp.org/en/jsr/detail?id=202
http://jcp.org/en/jsr/detail?id=202
http://jcp.org/en/jsr/detail?id=202
http://jcp.org/en/jsr/detail?id=202
http://jcp.org/en/jsr/detail?id=202
http://jcp.org/aboutJava/communityprocess/maintenance/jsr924/index3.html
http://jcp.org/aboutJava/communityprocess/maintenance/jsr924/index3.html
http://jcp.org/aboutJava/communityprocess/maintenance/jsr924/index3.html
http://jcp.org/aboutJava/communityprocess/maintenance/jsr924/index3.html
https://www.packtpub.com/oracle-jrockit-the-definitive-guide/book
https://www.packtpub.com/oracle-jrockit-the-definitive-guide/book
https://www.packtpub.com/oracle-jrockit-the-definitive-guide/book
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» Java and the Java Virtual Machine

 Programming for the Java Virtual Machine

« Virtual Machines (Iain D. Craig3)


http://www.artima.com/insidejvm/ed2/
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John Rose
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Ian Rogers

The JRockit Blog
Christian Thalinger
Lukas Stadler
Gary Benson
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Xiao-Feng Li
Christian Wimmer
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Joseph D. Darcy
Ben L. Titzer

Steve Blackburn



http://java.sun.com/javase/technologies/hotspot/publications/
http://wiki.jvmlangsummit.com/Main_Page
http://openjdk.java.net/
http://openjdk.java.net/groups/hotspot/
http://openjdk.java.net/groups/compiler/
http://openjdk.java.net/groups/compiler/
http://openjdk.java.net/groups/compiler/
http://openjdk.java.net/projects/mlvm/
http://java.sun.com/products/hotspot/whitepaper.html
http://java.sun.com/products/hotspot/whitepaper.html
http://java.sun.com/javase/7/docs/technotes/guides/vm/
http://java.sun.com/javase/7/docs/technotes/guides/vm/
http://java.sun.com/javase/7/docs/technotes/guides/vm/
http://java.sun.com/javase/7/docs/technotes/guides/vm/
http://wikis.sun.com/display/HotSpotInternals/Home
http://wikis.sun.com/display/HotSpotInternals/Home
http://wikis.sun.com/display/mlvm/Home
http://ssw.jku.at/Research/Papers/
http://ssw.jku.at/Research/Papers/
http://www.trl.ibm.com/projects/jit/pub_int.htm
http://www.trl.ibm.com/projects/jit/pub_int.htm
http://jikesrvm.org/
http://www.azulsystems.com/blogs
http://blogs.sun.com/jrose/
http://www.java.net/blog/280273
http://blogs.oracle.com/ohrstrom/
http://blogs.oracle.com/ohrstrom/
http://www.cs.man.ac.uk/~irogers/
http://blogs.oracle.com/jrockit/
http://blogs.oracle.com/jrockit/
http://blogs.oracle.com/jrockit/
http://blogs.oracle.com/jrockit/
http://blogs.sun.com/twisti/
http://gbenson.net/
http://classparser.blogspot.com/
http://classparser.blogspot.com/
http://gbenson.net/
http://gbenson.net/
http://blogs.sun.com/fatcatair
http://xiao-feng.blogspot.com/
http://xiao-feng.blogspot.com/
http://xiao-feng.blogspot.com/
http://xiao-feng.blogspot.com/
http://xiao-feng.blogspot.com/
http://www.christianwimmer.at/
http://www.christianwimmer.at/
http://blogs.sun.com/mcimadamore/
http://blogs.sun.com/mcimadamore/
http://blogs.sun.com/darcy/
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http://compilers.cs.ucla.edu/titzer/
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Sun JDKRRZS

e JDK 1.0

D
D

D

K 1.0
K 1.0.1

K 1.0.2

1996-01-23


http://www.wdic.org/w/TECH/Java

Sun JDKRRZS

e JDK 1.1
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Sparkler
Pumpkin
Abigail
Brutus
Chelsea

1997-02-18

1997-09-12
1997-12-03
1998-04-24
1998-09-28
1999-04-08


http://java.sun.com/j2se/codenames.html

Sun JDKRRZS

e J2SE 1.2
o J2SE 1.2.0 Playground 1998-12-04
- J2SE 1.2.1 (none) 1999-03-30

° J2SE 1.2.2 Cricket 1999-07-08


http://java.sun.com/products/archive/j2se/1.2.2_017/ReleaseNotes.html

Sun JDKRRZS

e J2SE 1.3
o J2SE 1.3.0 Kestrel 2000-05-08

J2SE 1.3.0 [1.3.0] (HotSpot 1.3.0-C)
J2SE 1.3.0 update 1 [1.3.0 01]
J2SE 1.3.0 update 2 [1.3.0 02]
J2SE 1.3.0 update 3 [1.3.0 03]
J2SE 1.3.0 update 4 [1.3.0 04]
[1.3.0 05]
o J2SE 1.3.1 Ladybird 2001-05-17
J2SE 1.3.1 [1.3.1]
J2SE 1.3.1 update 1 [1.3.1_01]
J2SE 1.3.1 update 1a [1.3.1_01la]
J2SE 1.3.1 update 2 [1.3.1_02]
J2SE 1.3.1 update 3 [1.3.1 03]
J2SE 1.3.1 update 4 [1.3.1_04]
J2SE 1.3.1 update 5 [1.3.1 05]
J2SE 1.3.1 update 6 [1.3.1_06]
J2SE 1.3.1 update 7 [1.3.1_07-b02]
J2SE 1.3.1 update 8 [1.3.1 @8]
J2SE 1.3.1 update 9 [1.3.1 09]
J2SE 1.3.1 update 10 [1.3.1_10]
J2SE 1.3.1 update 11 [1.3.1 11]
J2SE 1.3.1 update 12 [1.3.1 12]


http://java.sun.com/products/archive/j2se/1.3.0_05/ReleaseNotes.html

Sun JDKRRZS

e J2SE 1.4
o J2SE 1.4.0 Merlin 2002-02-13
[1.4.0]
J2SE Update 1 [1.4.0_01]

1.4.0
J2SE 1.4.0 Update 2 [1.4.0 02]
J2SE 1.4.0 Update 3 [1.4.0 03]
[1.4.0_04-b04]

o J2SE 1.4.1 Hopper 2002-09-16

[1.4.1-b21]

J2SE 1.4.1 Update 1 [1.4.1 01-bo1]
J2SE 1.4.1 Update 2 [1.4.1_02]
J2SE 1.4.1 Update 3 [1.4.1_03]
J2SE 1.4.1 Update 4 [1.4.1_04]
J2SE 1.4.1 Update 5 [1.4.1_05]
J2SE 1.4.1 Update 6 [1.4.1_06]

[1.4.1_07-b02]

J2SE 1.

J2SE
J2SE
J2SE
J2SE
J2SE
J2SE
J2SE
J2SE
J2SE
J2SE
J2SE
J2SE
J2SE
J2SE
J2SE
J2SE
J2SE
J2SE
J2SE

4.2 Mantis 2003-06-26
[1.4.2-b28]

1.4.2 Update 1 [1.4.2_01]
1.4.2 Update 2 [1.4.2_02]
1.4.2 Update 3 [1.4.2_03]
1.4.2 Update 4 [1.4.2_04]
1.4.2 Update 5 [1.4.2_05]
1.4.2 Update 6 [1.4.2_06]
1.4.2 Update 7 [1.4.2 07]
1.4.2 Update 8 [1.4.2_08-b03]
1.4.2 Update 9 [1.4.2_09-b05]
1.4.2 Update 10 [1.4.2 10-b03]
1.4.2 Update 11 [1.4.2_11-b06]
1.4.2 Update 12 [1.4.2_12-b03]
1.4.2 Update 13 [1.4.2 13-b03]
1.4.2 Update 14 [1.4.2_14-bo5]
1.4.2 Update 15 [1.4.2 15-b02]
1.4.2 Update 16 [1.4.2_16-b01]
1.4.2 Update 17 [1.4.2_17-b06]
1.4.2 Update 18 [1.4.2 18-b06]
1.4.2 Update 19 [1.4.2_19-b04]


http://java.sun.com/products/archive/j2se/1.4.0_04/relnotes.html
http://java.sun.com/products/archive/j2se/1.4.0_04/ReleaseNotes.html
http://java.sun.com/products/archive/j2se/1.4.1_07/relnotes.html
http://java.sun.com/products/archive/j2se/1.4.1_07/ReleaseNotes.html
http://java.sun.com/j2se/1.4.2/relnotes.html

Sun JDKRRZS

e J2SE 5.0
> J2SE 5.8 (1.5.0) Tiger 2004-09-29
[1.5.0-b64]

[1.5.0 01]
[1.5.0 02-b09]
[1.5.0_03-bo7]
[1.5.0_04-bo5]
[1.5.0 _05-b05]
[1.5.0_06-b@5]
[1.5.0_07-b03]
[1.5.0 08-b03]
[1.5.0_09-b03]
[1.5.0_10-b02]
[1.5.0 11-b03]
[1.5.0_12-b04]
[1.5.0_13-b01]
[1.5.0 14-b03]
[1.5.0_15-be4]
[1.5.0_16-b02]
[1.5.0 17-be4]
[1.5.0_18-b02]
[1.5.0_19-b02]
[1.5.0 20-b02]
[1.5.0 21-bo1]

[1.5.0 22-b03]
> J2SE 5.1 (1.5.1) Dragonfly k&%


http://java.sun.com/j2se/1.5.0/relnotes.html
http://java.sun.com/j2se/1.5.0/ReleaseNotes.html
http://java.sun.com/j2se/1.5.0/ReleaseNotes.html
http://java.sun.com/j2se/1.5.0/ReleaseNotes.html
http://java.sun.com/j2se/1.5.0/ReleaseNotes.html
http://java.sun.com/j2se/1.5.0/ReleaseNotes.html
http://java.sun.com/j2se/1.5.0/ReleaseNotes.html
http://java.sun.com/j2se/1.5.0/ReleaseNotes.html
http://java.sun.com/j2se/1.5.0/ReleaseNotes.html
http://java.sun.com/j2se/1.5.0/ReleaseNotes.html
http://java.sun.com/j2se/1.5.0/ReleaseNotes.html
http://java.sun.com/j2se/1.5.0/ReleaseNotes.html
http://java.sun.com/j2se/1.5.0/ReleaseNotes.html
http://java.sun.com/j2se/1.5.0/ReleaseNotes.html
http://java.sun.com/j2se/1.5.0/ReleaseNotes.html
http://java.sun.com/j2se/1.5.0/ReleaseNotes.html
http://java.sun.com/j2se/1.5.0/ReleaseNotes.html
http://java.sun.com/j2se/1.5.0/ReleaseNotes.html
http://java.sun.com/j2se/1.5.0/ReleaseNotes.html
http://java.sun.com/j2se/1.5.0/ReleaseNotes.html
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http://www.oracle.com/technetwork/java/javase/index-140291.html
http://www.oracle.com/technetwork/java/javase/6u1-142458.html
http://www.oracle.com/technetwork/java/javase/6u2-142965.html
http://www.oracle.com/technetwork/java/javase/6u3-137914.html
http://www.oracle.com/technetwork/java/javase/6u4-140071.html
http://www.oracle.com/technetwork/java/javase/6u5-135446.html
http://www.oracle.com/technetwork/java/javase/6u6-141234.html
http://www.oracle.com/technetwork/java/javase/6u7-136303.html
http://www.oracle.com/technetwork/java/javase/6u10-142936.html
http://www.oracle.com/technetwork/java/javase/6u11-139394.html
http://www.oracle.com/technetwork/java/javase/6u12-137788.html
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