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synchronzied X#EFMN %2 Java HABEPREENANS 7, EEREZ—. ™ JDK6 LAgI, synch
onized XEFIAEXE—ICEERMY, EILE JUC BEFRHEH T Lock K&K synchronized, R
JDK6 LUSAY synchronized 5346, SIATREH. BE2RVFIEERPHILS, NIEREER
B4&F0 Lock ZERHETT (324 Lock EERAFHHEAFHFIENTISES) . AENRFEIIR.
BHFIVMERZEEHfrsynchronized XK=,

1. synchronized EREXISHAIZRIN

LF—RXERBNINET—NOLLE, F#EAXNTEBRETHSITRIANE. A TPHANSIDIE
EIIRBIRIISLAURE. EXBEFHA R — FRI—mXETRIFRE

<table>

<tr style="background-color:#bfbfbf" >
<td>HPAS </td>
<td colspan="2" >56 bit</td>
<td>1 bit</td>
<td>4 bit</td>
<td>1 bit</td>
<td>2 bit</td>

</tr>

<tr>
<td>FcHi</td>
<td>31 bit kA </td>
<td>25 bit hash</td>
<td>ZkH</td>
<td>CEFR < /td >
<td>Z2&{mmEgi</td>
<td>01</td>

</tr>

<tr>
<td>{RMEgi</td>
<td>54 bit ZF2ID</td >
<td>2 bit Epoch</td>
<td>ZFkH</td>
<td> e </td>
<td>Z2&ERmEHi</td>
<td>01</td>

</tr>

<tr>
<td>EZRERHi</td>
<td colspan="5"> g% HHCRKAEFT </td>
<td>00</td>

</tr>

<tr>
<td>EBERPi</td>
<td colspan="5">}gA&RFHFEMutexhyigFt (LinuxsEH) </td >
<td>10</td>

</tr>

<tr>
<td>GCtric</td>
<td colspan="5">%</td>
<td>11</td>

</tr>
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</table>

1.1 (RESPAS TRIRISR K

REMEFEERIIYN, BE— T HBEHUNSIBREINEEE. el EARGFENRFNERT
HEMNEEATEESRIUNER. XS/ HEFERRESE, ETABERFLE—IEAE
TMMIE, BBAEREHEEEFIMX MR, NBEFEH U EBERAIRHEFAEEEN
BXMIBERTEBART, EEYTHT.

fElavadh, (RAMIERFEXA—MIRE, FHAIRIOLE—T.

BRRIIFEREIVMSE

-XX:BiasedLockingStartupDelay=0

XMREFRRZIVMEEIIHE, SEHRSHAsynchronized XEFRILZAZ, JVMIEE P
BXLEREZ B—ESFENRRIER. EEHIIREEERREMNE, SSEITFEUFAKRY
., EVMSEZFERRERM, AEBIREREMAIER (BUASS) .

KT

import org.openjdk.jol.info.ClassLayout;

public class Test {

public static void main(String[] args) {
Object o = new Object();

System.out.printIn(ClassLayout.parselnstance(o).toPrintable());

synchronized (o) {
System.out.printIn(ClassLayout.parselnstance(o).toPrintable());
}

}
}

w79
java.lang.Object object internals:
OFFSET SIZE TYPE DESCRIPTION VALUE

0 4 (object header) 05 00 00 00 (00000101 00000000 00000000 00
00000) (5)

4 4 (object header) 00 00 00 00 (00000000 00000000 00000000 00
00000) (0)

8 4 (object header) e501 0020 (11100101 00000001 00000000 00
00000) (536871397)

12 4 (loss due to the next object alignment)

Instance size: 16 bytes
Space losses: 0 bytes internal + 4 bytes external = 4 bytes total

java.lang.Object object internals:
OFFSET SIZE TYPE DESCRIPTION VALUE

0 4 (object header) 05 e8 ea 00 (00000101 11101000 11101010 00
00000) (15394821)
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4 4 (object header) 00 00 00 00 (00000000 00000000 00000000 00
00000) (0)

8 4 (object header) e501 00 20 (11100101 00000001 00000000 00
00000) (536871397)
12 4 (loss due to the next object alignment)

Instance size: 16 bytes
Space losses: 0 bytes internal + 4 bytes external = 4 bytes total

BATETLAER], Esynchronized SiEXSEMHEHINSLNE, E—EbitNEE=[IZT/KT101, F
HeftBETH (HLHMESIEID) | JRIHZ&EREE 7 R 8.

SAEEERFHAN T —ER%R, MEE XEHNSLTHE101/9IEREBLEIDA0, XEH
EIVME—FMEL, IWHERRRESE, BIXSREIE THEANRASRTS, BRFHIBEEEIDEA,
RS — RIS RN G R EEIEE SR DEAHE 7.

1.2 BERAVASTRINISR

FERPIBIUEIE, SEABEIFEHBERNIHE, MNRIMKIIESHREERIN,

Bt ATHBRRIVMRERSEEREMM=ERERIIER, HIIERIREIVMSEL:
-XX:BiasedLockingStartupDelay=0

B, HMNFZE—EMERGRE, BRUKAEER,

import org.openjdk jol.info.ClassLayout;

public class Test {

public static void main(String[] args) {
Object o = new Object();

Thread t1 = new Thread(() -> {
synchronized (o) {
// The body has to be easy enough
// Printing object header will raise competition level for lock

}
D

Thread t2 = new Thread(() -> {
synchronized (0) {
System.out.printIn(ClassLayout.parselnstance(o).toPrintable());
}

D

t1.start();
t2.start();

}
}

i

java.lang.Object object internals:
OFFSET SIZE TYPE DESCRIPTION VALUE
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0 4 (object header) 48 719 1b (01001000 11110111 00011001 000
1011) (454686536)

4 4 (object header) 00 00 00 00 (00000000 00000000 00000000 00
00000) (0)

8 4 (object header) e501 0020 (11100101 00000001 00000000 00
00000) (536871397)

12 4 (loss due to the next object alignment)

Instance size: 16 bytes
Space losses: 0 bytes internal + 4 bytes external = 4 bytes total

LESR, mHE—AbitiRE=(Z2000, EXRTMIMEMIRSHEERM. HRS56bit, 22—
ﬁﬁﬁaﬁ%ﬁﬁlﬁm—wmock RecordfiCRAVIEET, H—MELELKRPEERMH R, FES
ATRILE:

1. EEFREREIE—MYLock Recordiy=s[a], FHEKXIHAIMark WordEHZIXR=SEIR, #FRADI
placed Mark Word,

2. (FRCASEE, SUGIRIEMark Word&#J9ig[R B CikitALock RecordrJigtt. (XHEH
ABEhEBRIREE)

3. WNERE AT, MERENE T RIS AV B3,

1.3 EERNIAS RIS

SESRFE=FIRARNR, RERFNSFIK (inflate) AHEERHN, HFEERUNLIESLSHE
FREMCPURR, HERFRBEIN EBEETT.

ETHARMERRT=SEME, BLTRNEMY, ERE—RIE:

1. RERSHEET10XENE, XMBTLUEIE-XX:PreLockSpinskfgE. 1EJDK6LAE, BEENEE (
daptive Self Spin) iz,

2. BNEEFEEEIE CPUIZEIRI—,
BEERIREZHEM, REsynchronizedRAPREBIETTEEHIRIERDAT
import org.openjdk.jol.info.ClassLayout;

public class Test {

public static void main(String[] args) {
Object o = new Object();

Thread t1 = new Thread(() -> {
synchronized (o) {

try {
Thread.sleep(10L);

} catch (InterruptedException e) {
e.printStackTrace();

}

}
D

Thread t2 = new Thread(() -> {
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synchronized (o) {
System.out.printIn(ClassLayout.parselnstance(o).toPrintable());
}
D

t1.start();
t2.start();

}
}

A

java.lang.Object object internals:
OFFSET SIZE TYPE DESCRIPTION VALUE

0 4 (object header) 2a f5 517 (00101010 11110101 11110101 000
0111) (401995050)

4 4 (object header) 00 00 00 00 (00000000 00000000 00000000 00
00000) (0)

8 4 (object header) e501 00 20 (11100101 00000001 00000000 00
00000) (536871397)

12 4 (loss due to the next object alignment)
Instance size: 16 bytes
Space losses: 0 bytes internal + 4 bytes external = 4 bytes total

FE—AbIYENERE=H 7010, EIHANISMERNEERD. MERNDIYESRD, WRIEAR
BERE (mutex) BYEEt.

XBENERFE (Mutex) , AJLIEREFA—BRARIING, FEEFRARERFRE. EER
NRFE+DER, SXHEHFERERZAN—TAYFHNEFST. XMEEERIEERRRAIRE.

2. synchronized XEFEFHHIPAIRIA

JavaiFRSEZ SjavaclImiZE T AFHEXMY, AREIWERIITESESUE, X Fsynchronize
KEFR, HWAREAWIEARREXN ST, BttmFEF=minasxdrzE2—Emn, HIE
TUTCBAFETE B

public class Test {

public static void main(String[] args) {
Object o = new Object();

synchronized (o) {

}
}
}

EETLAFHEAIDEARIBytecode Viewer T EsE NI Tad:

javap -c -p Test.class
FIASEEAT

Compiled from "Test.java"
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public class Test {
public Test();
Code:
0: aload 0
1: invokespecial #1 // Method java/lang/Object.” <init>":()V
4: return

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

Code:
0: new #2 // class java/lang/Object
3: dup
4: invokespecial #1 // Method java/lang/Object." <init>":()V
7: astore 1
8: aload 1
9: dup

10: astore 2

11: monitorenter

12: aload 2

13: monitorexit

14: goto 22

17: astore 3

18: aload 2

19: monitorexit

20: aload 3

21: athrow

22: return

Exception table:

from to target type
12 14 17 any
17 20 17 any

}

BT LAER, =HiE94EE11178monitorenterfi @# N\ELHRAVES, 1317AImonitorexitii
HELSHRNES ., EF1917R9monitorexit, £EBNERERFISEEINEHIES (B TAEH]
) .

3. synchronized>XEF{EJVMARIHITIZIE

AEHEREAZIVMAIC + +EREHRIRTIsynchronized = 2T HATH. (MREZLENER, 1
REEEE, . . 558 .jpg)

3.1 HEARFIR

HIARRAE IR Emonitorenterig<, fxinterpreterRuntime.cpp3 {49, B— monitorenter
W, BEETRXERRND, & if-elseFliT, (CA3U0T:

if (UseBiasedLocking) {
// Retry fast entry if bias is revoked to avoid unnecessary inflation
ObjectSynchronizer:fast enter(h_obj, elem->lock(), true, CHECK);
} else {
ObjectSynchronizer:slow_enter(h_obj, elem->lock(), CHECK);

}
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BEY, EERRASEISRT, JVMiiTfast enterd®sl, BUHITslow enteriRi#, F{i1cMfa
t enter \F, 7Esynchronizer.cpp3{4aILAREIFI NI EREL,

void ObjectSynchronizer::fast enter(Handle obj, BasicLock* lock, bool attempt _rebias, TRAPS)

if (UseBiasedLocking) {
if (ISafepointSynchronize:is_at safepoint()) {
BiasedLocking::Condition cond = BiasedLocking::revoke and rebias(obj, attempt _rebias, T
READ);
if (cond == BiasedLocking::BIAS REVOKED AND_REBIASED) {
return;
}
} else {
assert(!lattempt _rebias, "can not rebias toward VM thread");
BiasedLocking:revoke at safepoint(obj);
}

assert(!obj->mark()->has_bias_pattern(), "biases should be revoked by now");

}

slow_enter (obj, lock, THREAD) ;
}

XEERIBREEXNTRED, Bireturngifirevoke and rebiasii#l, XPMREBNBRIE,
1t|37f' KT, KEAEREEAGTHLMIDRERA. EERERS ZAIRENIAVEIE, tLanCA

BIEfEsy gL E “’LE’JH%_JL,LEEbIasedLockmg cppXiE. WNERXMNREURENEABIAS
EVOKED AND_ REBIASED NEERE], FNGTEHEslow enteri®z],

BBAslow enterX T HANR? FAIHEEF
J =m

// Interpreter/Compiler Slow Case

// This routine is used to handle interpreter/compiler slow case

// We don't need to use fast path here, because it must have been

// failed in the interpreter/compiler code.

void ObjectSynchronizer::slow_enter(Handle obj, BasicLock* lock, TRAPS) {
markOop mark = obj->mark();
assert(!mark->has_bias_pattern(), "should not see bias pattern here");

if (mark->is_neutral()) {
// Anticipate successful CAS -- the ST of the displaced mark must
// be visible <= the ST performed by the CAS.
lock->set dlsplaced header(mark);
if (mark == (markOop) Atomic::cmpxchg_ptr(lock, obj()->mark_addr(), mark)) {
TEVENT (slow_enter: release stacklock) ;
return ;

}
// Fall through to inflate() ...

} else

if (mark->has_locker() && THREAD->is lock owned((address)mark->locker())) {
assert(lock != mark->locker(), "must not re-lock the same lock");
assert(lock !'= (BasicLock*)obj->mark(), "don't relock with same BasicLock");
lock->set displaced _header(NULL);
return;

}
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// The object header will never be displaced to this lock,

// so it does not matter what the value is, except that it

// must be non-zero to avoid looking like a re-entrant lock,
// and must not look locked either.

lock->set _displaced_header(markOopDesc::unused _mark());
ObjectSynchronizer:inflate(THREAD, obj())->enter(THREAD);

}

ioME, HINEHTRslow enteriFEy, HIBRALSEERRBSEZEEfast_enteriZ B RAHILMN
, ELIRTROZ R ER. FrLAE EERBS, FIITLIKEI—LRACASIREEENSLE. W
PR EESRBEMINANE, IMUBHERE—ITERR THN], BERBEFK (inflate) AEERIA.

3.2 RHiAZIR

HAIWEZREZEinterpreterRuntime.cpp, FHEImonitorexitERZy,

//%note monitor 1
IRT_ ENTRY NO_ASYNC(void, InterpreterRuntime::monitorexit(JavaThread* thread, BasicObject
ock* elem))
#ifdef ASSERT
thread->last_frame().interpreter_frame_verify_monitor(elem);
#endif
Handle h_obj(thread, elem->o0bj());
assert(Universe:heap()->is_in_reserved or null(h_obj()),
"must be NULL or an object”);
if (elem == NULL || h_obj()->is_unlocked()) {
THROW(vmSymbols::java _lang_lllegalMonitorStateException());
}
ObjectSynchronizer:slow exit(h_obj(), elem->lock(), thread);
// Free entry. This must be done here, since a pending exception might be installed on
// exit. If it is not cleared, the exception handling code will try to unlock the monitor again.
elem->set obj(NULL);
#ifdef ASSERT
thread->last_frame().interpreter_frame_verify_monitor(elem);
#endif
IRT_END

XEEZONNBSEEFEERD, T slow exitiRE]

void ObjectSynchronizer::slow_exit(oop object, BasicLock* lock, TRAPS) {
fast_exit (object, lock, THREAD) ;

}
slow exitAEEiEAfast exitiRE,

void ObjectSynchronizer:fast_exit(oop object, BasicLock* lock, TRAPS) {

assert(!object->mark()->has_bias_pattern(), "should not see bias pattern here");
// if displaced header is null, the previous enter is recursive enter, no-op
markOop dhw = lock->displaced_header();
markOop mark ;
if (dhw == NULL) {

// Recursive stack-lock.

// Diagnostics -- Could be: stack-locked, inflating, inflated.
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mark = object->mark() ;

assert (Imark->is_neutral(), "invariant") ;

if (mark->has_locker() && mark != markOopDesc::INFLATING()) {
assert(THREAD->is_lock owned((address)mark->locker()), "invariant”) ;

}

if (mark->has_monitor()) {
ObjectMonitor * m = mark->monitor() ;
assert(((oop)(m->object()))->mark() == mark, "invariant”) ;
assert(m->is_entered(THREAD), "invariant”) ;

}

return ;

}

mark = object->mark() ;

// If the object is stack-locked by the current thread, try to
// swing the displaced header from the box back to the mark.
if (mark == (markOop) lock) {
assert (dhw->is_neutral(), "invariant") ;
if ((markOop) Atomic::cmpxchg ptr (dhw, object->mark_addr(), mark) == mark) {
TEVENT (fast_exit: release stacklock) ;
return;

}
}

ObjectSynchronizer:inflate(THREAD, object)->exit (true, THREAD) ;
}

BB RBERNIFRA, B—NifREIELADisplaced Mark Word =z, BAR{RFAIEL, N
L BRI ER AT LURE], SE-NiftRA/9iBDisplaced Mark WordS[E[xd5esk, SNRAINFIIRE]
BURAERFEFE, BIFKAEERIAEIRL.

4. B&5—T

1. synchronized XFFSIEBHBRIRAIIIS L

2. SERBIMNERIEN: wEH -> RERY -> BERMN, RAMERTLRRHHRAONREL, —
RERS, NWEARANRERM. NRZFNE, WEARAEERMN.

3. synchronized X EFEFHEEEAMAIL Imonitorenterflmonitorexit

4. )WVMEM, synchronized<iE=FEHfast enter, slow enter, fast exitflinflate/LNEIESIE
MXJUANT3i%E, BHcmpxchgBREGETER.
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