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(IEFERDE -FEiESynchronized)
(HEEFPDE -ynchronized FIEEE)

1.1 =M AR

/] REFELBEELE, BiZBIsLA)
public synchronized void instanceLock() {
// code

}
/] Rg=agSraii ., $iEniClassiis

public static synchronized void classLock() {
// code

}

/] KEFERRER L, SAESEEAINSR
public void blockLock() {
Object o = new Object();
synchronized (o) {
// code
}
}

1. 28BN FIRTS
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KSR

(RE%IZID (AFJIDK1.63Fsynchronizedffiiit -> REI%H)
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RERIN RPFNREASHEE, B8 7 EFNIDREE
RIRESATNRRIZE, (EHBEESIEFECPU ERIMMERE, FSR
TEEIEEIR

EERIN ZERFAERABE, FRiEFECPU %
PHZE, IMRIRYEILEIE EREINE, RALRIVTEERE
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1.5.1, MAES
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SFMANZLERMBENINSEERAEE CHERRd, PBARSEEARHEERM
1.6.2 BREHHMHREEE

ERERVIRST, M5 ERNTe)iE—/  LockRecord , LockRecord&iBMarkWordgd
BizitE, FEE/OwnerigfHEMMINEAINISR (AITEC

oint_down)
Thread-0 Object
@ Hashcode Age Bias 01
@ _ Klass Word
lock record fiitht 00 Object body
Object reference

MR EHRLEMB I LIEHITRRIU, BASHR=HER
BR— (AtEERTSH, casizBigid10/RX3REVEE)

BR= (HfttERERTF, casi@Bd 102 BRIMESi—UbBA R AHEE R

BRZE (ZZIEFSREIXRIMITSynchronized{{i3iR) BBASBRIN—5LockRecord{fEAEAN
ROHERES (BRIREHIERRII—1 Lock Record RERFHMHEANMTEDpo

nt down)
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lock record itéfik 00
null > =
Klass Word
Object reference

Object reference

Hashcode Age Bias 01 Object body

1.6.3. fREIZEE

2 £572iR Hsynchronized (KIS ERAORHIE, SNSRIRENAOR BVES null OEHER, FREMEN, XA
BHCR, RRENTERE—

FERRHIE, SMERACASIEZESHITEEINPRAY Displaced Mard Word #if[E] Mark Word
. WNREFGRETN, MikPR/MIEEAIINGT, HESBEHMEELRESIBIR,

(BNREFEEN T, FTRUNEEENTRSNERGE, BHALEBRERR, SEEEREEE
FHY, BBABSSIZAKREES R

1.5E SR

EINSRREREERERRR mutexidXiESEM, FREASIER ARE
RZSZ BRI, IEEFEERE !

1.5.1 R ER
HUWRRBIPZSRMOINR, HIBAITRFHFEZIRCASRIXIREN KM
1. Thread2iEFIsynchronized(obj) RS S EAIRHE

B &18synchronized RIS PRIS LEIMarkWord X EiiSHFERFRIMonitorlIR (5
AIRITRIEIEE—A) . iLBirISABIMarkWordflMonitor I SiBXEx. dNSRXEXRAIN, $8objxd
SAEIMarkWordBI3dseiRS 01887310,

**EJaMonitor;gBf1EftiiYobjiIMarkWordt8XEx, FREAThread28kp%J/3YiZMonitorfiOwner
FE#E).
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**2,. NFET P Thread1#iiFsynchronized(obj){tH3, **

CEASEFHAENTIZIEREACHE:; BB objEEXEX 7 Montior, KINEB&EEXILT. B
S£XEXEFEEH ZMontiorGi8BB&E(Owner), EMBAEBEE 7 (Thread2); Thread1tEh£#1iZMonito
XX, iZZIEHMSHAZISHYEntryList(BEZERAT);

**3, HThread2MTRIGREAKBEE, **

MonitorfiJOwner(FRAEE)FRZHE T . IIF @ IMonitordBJEntryListBEZEPAFIFRAIZLR, X
ZiZEdTF, Bk AFRIFFEE

WAITING
© Monitor
f WaitSet [
BLOCKED
e EntryList »|  Thread-1 | Thread-3
= Owner
synchronized(obj) {
obj
: MarkWord // ﬁﬁgﬁf@
/
WAITING
Thread-0 Thread-1 Monitor
k BLOCKED
I
WaitSet ’/_/l\‘
EntryList » Thread-3 | Thread-4 | Thread-5
Thread-2
A

Elrh WaitSet f9Thread-0, Thread-1 2ZEIEXEiEH, BRHEFRFHEHAN WAITING KEhIZ
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, EmEi#wait-notify &S
=. FRYEH-AET

R -

FMENFFA ", MREX, SRFHIR. FUMS2FELNHEZERINLEEENR, %iE
ARSI, TEMUELTESS. M—ES RELRERR, FRMEESER—HIRACASH
AFFRELERITHRSHE.

AETRER -

LS FAFE RN, WFEMEERE, SEBAATRHEEEITERNSRERR, FRLAGR
FRERIREIN LS, PMRIEIRFRXREFR—BIARERE— M ZHEENT.

=. f4=RCAS (Compare And Swap)

HFIE—iFCAS
CASHIBIRERT EAMEFFEE: RAFILYV, HROTIHIE A, FE(EMAIFHEB

gﬁag%’l\"*x‘iﬁgﬂ\jﬂiﬂﬁ SAFEVHRRIEINE 1 FEMTHREAHERR, F2EAFIEIEVIIRAY
= B

package net.yscyx.lk_3.syn lock;
import java.util.concurrent.atomic.Atomicinteger;

public class CAS {
staticinta = 0;
public static void main(String[] args) throws InterruptedException {
testUnSafe();
testAtomic();

}

//EREALZERIER
public static void testUnSafe() throws InterruptedException {
Thread t1 = new Thread(() -> {
for (inti=0;i < 100000; i++) {
a++;

}
1;
Thread t2 = new Thread(() -> {
for (inti = 0;i < 100000; i++) {
a--;

}
1;
t1.start();
t2.start();
/R GREE T FERIEE R 57 8e R 80517,
t1,join();
t2.join();
System.out.printin(a);
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System.out.printIn(t2.isAlive());
System.out.printIn(t1.isAlive());
}

/IIRFZE
public static void testAtomic() throws InterruptedException {
Atomiclnteger atomiclnteger = new Atomicinteger();
Thread t1 = new Thread(() -> {
for (inti = 0;i < 100000; i++) {
atomiclnteger.incrementAndGet();

}
)
Thread t2 = new Thread(() -> {
for (inti = 0;i < 100000; i++) {
atomiclnteger.decrementAndGet();

}
1;
t1.start();

t2.start();
System.out.printIn(t2.isAlive());
System.out.printIn(t1.isAlive());
System.out.printIn(atomicinteger.get());

}
}

=. ReentrantLock

Java R T {#EMASynchronized4t, #aJLA{EHReentrantLock=EIR I G45iTNEE, 7 EReentrantloc
fHttFSynchronized S EEEMFEE, BEMEREHIRE, BEESSENFH LG,

3.1. ReentrantLock#ll Synchronized33tt

o FEEPRMGH, (BRESynHifRHEER, ReenlIHiBHEEFNARIRME, BRERE

o MEETENSyn(RIFFIEERINAGIBUOREESEEMIT . ReenIfFIRSTEHER
o SynAuJlRIhlT, —MEIERINAZIMBEE—EFE, ReentJLARRARER

o SynZIEAFH, ReendLLREREBAATM, RADIELFE

3.2, AEH—AFAFH

2 EEFRIRIEHS AP A R iESTIRENEH

JERFH: IELTHAPFABEHAYZREY, EESEF, cpuldERREI IR

3.3, ImRFRER

BX: —NMEERNARM, Ae—H FTE. Reentrantlock&ig5—4 HhEhEIR
**3.4, interrupt, interrupted A **isInterrupted

1. interrupt™ : FRILLERE, HEAEA—ERIREIE, JLEEBEMXTZRThreadLAlFr
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HILFEFIaN0point_ down**

public static void main(String[] args) {
Thread thread1 = new Thread(()->>{

.
thread1.start();

threadl.interrupt();
}

2. interrupted** X ZRILEREW TR , IRE—booleanFHEFRFHIRE, EIXERE
HBHEHRPASESWIER, IREI—Malse, **

3. isinterrupted** : R EEH PR, FERFEIRE, **
3.5, lock, tryLock5lockinterruptiblyf9X3zl

**Iock *%
(R5CErEIRANE, FFIRENERINIG, ZMHRI-RER.
**lockinterruptibly **

(R ERImRhE, MARIMRNAYEEIRENEKE N\IREY,

FHXR: **

**ReentrantLock.lockinterruptibly i EEFI HE CEIEABAEFFEIENThread. interrupts
SRR FGFEIENSGMERERE, XEARIRG, maitti—/  InterruptedException, Reen
rantLock.lockFiEAR fR1FThread.interruptrlth, B){EI N Thread.isinterrupted, — ¥ S 4kEEE

IRHNEH, KMUBEHAR. REERERINHRIEBIESREEE interruptediRis, 2ARH R

=

tryLock

P=MiEREITIE
o FRENELH
o {EISERSIRIPISRENEI
o {EIEERIAIPAIREIRANE Y

3.6, FTHLHNEY

1. &iZEfEsleepFwait,join, BETUNIRZIRHIZRAALLHIZRY interrupt () &, WEIESURIREE
HERLEInterruptedException; (threadfE{IOIR{ERItEAIEER2E{LITTH, Wjava thread api)
2. WEIEEIE(THR, WASITRIREE. (B2 EEN "{IHGT" g8, vJlliBidisinterrupt
dO0EEFH (EHLE,

lockinterruptiblyOFl_ LERIFE—HERE2—HRY, EiEEIEKlockHHEFEZER, WNR#interrupt
W IR RIRERHEE R EInterruptedException” ., HEMNREESE#Hinterrupt, B
lockinterruptiblyfJaH®, IEERESBEERLEinterruptedException
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3.7. &ZiEZERNEE
wait, notifyAll, notify
3.8, &F=E/EHEHIER

package net.yscyx.lk 3.syn lock;

import java.util.LinkedList;

import java.util.Queue;

import java.util.LRandom;

import java.util.concurrent.TimeUnit;

/**

*ZETE. ZIEHE

*/

public class ProducerConsumer {
[IEX—BFIEHX, HUEInteger

private final Queue<Integer> queue = new LinkedList<>();

/BRERPXEATE
private static final int MAX_SIZE = 100;

/** N

* e,

* <p>HEFFERITVIRIERIE</p>
* <ul>

I* <li>WRFFXIKBIAZEIMAX SIZE, WEF—1NFm (nMB1T) MAEHX, HIGEERE%
</li>
* <li>BNFEE SHANEHPXAIFDSHE</1i>
* </ul>
*/
class Producer implements Runnable {
@Override
public void run() {
while (true) {
try {
TimeUnit.SECONDS.sleep(1);
} catch (InterruptedException e) {
e.printStackTrace();

synchronized (queue) {
if (queue.size() < MAX SIZE) {
int num = new Random().nextInt(100);
queue.offer(num);
queue.notifyAll();
System.out.printin("45*&" + Thread.currentThread().getName() + "&£/= 7=
"+ num + ", IBTEIPXEIEE N " + queue.size();
} else {
try {
queue.wait();
} catch (InterruptedException e) {
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e.printStackTrace();

}
}
}
}
}

}
/**

*HEE,

* < p|> IHEREHTPIRIBRE</p>
* <ul>

* <li>WREHXEEYE, WANEFXEE—Nm (nMB1T) |, FIREEFBLZIE</li>

* <li>BNFEESHANEPXAIFF L </1i>
* </ul>
*/
class Consumer implements Runnable {
@Override
public void run() {
while (true) {
try {
TimeUnit.SECONDS.sleep(1);
} catch (InterruptedException e) {
e.printStackTrace();
}
synchronized (queue) {
if (queue.size() > 0) {
int num = queue.poll();

System.out.printin(";B##&" + Thread.currentThread().getName() + "BZ 7=

", R XEIEE S
queue.notifyAll();
} else {
try {
queue.wait();
} catch (InterruptedException e) {
e.printStackTrace();

: "+ num +

public static void main(String[] args) {

+ queue.size());

ProducerConsumer pc = new ProducerConsumer();
//Threadi@iEEREFEE—""RunnableXISRBIEI¥E— N2, RunnableXdSRAILAEEF!

. Ahinewz AN
[[—NBEE, —MEFE
Consumer ¢ = pc.new Consumer();
Producer p = pc.new Producer();
/1B B E S TstartEl—HF
new Thread(c).start();
new Thread(p).start();
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}
3.8i¥f#AQS

(EFR)iE—NReentrantLock|FIE)
3.8.1, Ffia9EsS

public ReentrantLock() {
sync = new NonfairSync();

}

public ReentrantLock(boolean fair) {
sync = fair ? new FairSync() : new NonfairSync();

}

ERIAMIIEZEMIIALINonfairSynci SR, BIEAFEN, MwmSHnaiESalUSEER2FHMFHERD
fi. Alock()FfunlockfSERBTLIER, CiIRESAIERT syncISRE) lock()flrelease(1)75i%.

**3.8.2. **NonfairSync

final void lock() {
if (compareAndSetState(0, 1))
setExclusiveOwnerThread(Thread.currentThread());
else
acquire(1);
}
BRBE—1CASIEE, HliistateRER0 (RTIJpBIKRESA) . MRE2ONBEER1, HHIRE
BEIEDZHIRE &R, RRIREVERI). SSMEERNSIKGHER—MUES, CASIER(EREER
—NEIERERETN, RTARGETRhYZHERARIL,

o ERE BMABIEIXE, NSRS RABRIZAERIREEL, stateE90, MIHBAFEFHAISAREIEAR
EERY, FrREVSAERERISS 7Tixil, BBAm "N T. **

o ELMEIE = MEEERESM, RIREEANCASEERINT, E3THFFFVORNREI T, BBALZ
BFICNIigEstatescl, E£ZETelseBmE. FfiJFETEHacquire, **

3.8.3AQS ASINANEEREHE

private transient volatile Node head;//FAFIE

private transient volatile Node tail;//BAFIE

private volatile int state;//8PIR7S, INZEINT, FEBIAKIN0, B +1
private transient Thread exclusiveOwnerThread;//435ESiHIBBNETE

3.8.4, NodeMREMHMER

static final class Node {
static final Node SHARED = new Node();
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static final Node EXCLUSIVE = null;
static final int CANCELLED = 1;
static final int SIGNAL = -1;
static final int CONDITION = -2;
static final int PROPAGATE = -3;
volatile int waitStatus;
volatile Node prev;
volatile Node next;
volatile Thread thread;
Node nextWaiter;
final boolean isShared() {
return nextWaiter == SHARED;
}
final Node predecessor() throws NullPointerException {
Node p = prey;
if (p == null)
throw new NullPointerException();
else
return p;
}

Node() { // Used to establish initial head or SHARED marker

}

Node(Thread thread, Node mode) { // Used by addWaiter
this.nextWaiter = mode;
this.thread = thread;

}

Node(Thread thread, int waitStatus) { // Used by Condition
this.waitStatus = waitStatus;
this.thread = thread;

}

}

AQSPAFUFHEAFUSLFh Thread A=

3.8.5. ReentrantLockfi%5i%

private static final long serialVersionUID = 7373984872572414699L;
/B E

private final Sync sync;

/] FHSRIBRE

abstract static class Sync extends AbstractQueuedSynchronizer
//AELN -4 _EERYSYnc

static final class NonfairSync extends Sync

[/ FEE- 47K EERYSYNnc

static final class FairSync extends Sync

/] ¥EIETTE

public ReentrantLock()

public ReentrantLock(boolean fair)

/] T3

public void lock()

public void unlock()

public boolean isLocked()

/BREAZ i B R[]

public boolean tryLock()
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public boolean tryLock(long timeout, TimeUnit unit)
//AILAE TR A Al ock T i

public void lockInterruptibly()

public Condition newCondition()

public int getHoldCount()

public boolean isHeldByCurrentThread()

public final boolean isFair()

protected Thread getOwner()

public final boolean hasQueuedThreads()

public final boolean hasQueuedThread(Thread thread)
public final int getQueuelLength()

protected Collection<Thread> getQueuedThreads()
public boolean hasWaiters(Condition condition)
public int getWaitQueuelLength(Condition condition)
protected Collection<Thread> getWaitingThreads(Condition condition)
public String toString()

3.8.6 ReentrantLockiN§ifyB{Fidi2

3.8.6. 1B Gi— T XRIGHS

lockiRB— 1 synciE@td . BAIEIENIREIB X EFHEF NonfairSync . FairSync JE2QFHiF1 2 F40i

AP X &R FESync Masync 4k AbstractQueuedSynchronizer, FrLAiRi#ReentrantLock
SLFEIHAQS

2, lockEEBF—MASRPATIEEEE. PAFIEEILNMEEREZRENE head, tail, state, exclus
veOwnerThread BEEB/NMFSAEENodeth iR EIET =, BHEAwaitStatus, prev, next,
hread

3.8.6.2 ARRAIRH—TINBRIT=E

** LA TEBlock 3 ARIRNE, HSCHATAIRE **acquire();
public final void acquire(int arg) {

if ('tryAcquire(arg) &&
acquireQueued(addWaiter(Node.EXCLUSIVE), arg))
selfinterrupt();

}
1. tryAcquire(arg) BFEFHITER

protected final boolean tryAcquire(int acquires) {
final Thread current = Thread.currentThread();
int ¢ = getState();
//ANRIRIRBEHAERE
if (c==0){
[/ REEEHEBA
if ('"hasQueuedPredecessors() &&
//casEt SREN
compareAndSetState(0, acquires)) {
/BB BRI HRISE
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setExclusiveOwnerThread(current);
return true;

}

}
//F IS E I RIEER NLERILIE, R Estate ++ (AJEA)

else if (current == getExclusiveOwnerThread()) {
int nextc = ¢ + acquires;
if (nextc < 0)

throw new Error("Maximum lock count exceeded");

setState(nextc);
return true;

}

return false;

}

w1, A%EHLIINESERGRINELENER bikEstate==0

.2, HETSERIZENSRMNEERES

public final void acquire(int arg) {
if ('tryAcquire(arg) &&
acquireQueued(addWaiter(Node.EXCLUSIVE), arg))
selfInterrupt();

}

XEHRSGR T —1M 12, EBE— M &iEtryAcquire XY, BBXIEHATT addWaiter(Node.EXCLUSI

E) TRXR
** SREHAT acquireQueued | EIRINEIRAGY**

final boolean acquireQueued(final Node node, int arg) {
boolean failed = true;
try {
boolean interrupted = false;
for (i) {
/] L5 p
final Node p = node.predecessor();
if (p == head && tryAcquire(arg)) {
setHead(node);
p.next = null; // help GC
failed = false;
return interrupted;

}

if (shouldParkAfterFailedAcquire(p, node) &&
parkAndCheckInterrupt())
interrupted = true;

}
} finally {
if (failed)
cancelAcquire(node);

SRS
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WRIGRIZLIERpre T RABTRANE, RFHT—IXENE (BIXEAR tryAcquire () ) WMRIREY 8

%&:gﬁéﬁm PRALLR, FRBEELTRMnextES, #IIGC, EFImTHRRRE/false,
; =H °

MRLGBIZLENpreTRARAT R, HEELTR, BERHUKY, BARITshouldParkAfte
%ailedAcquire(p, node) (RFMKWEREFZEPark) MRRE, BAMHITparkiIRAFTE, 4
1 W@

3.8.6.2 Bif—T 3BT E

Synchronized#IReentrantLockIX 5!

e synchronized2 JVM Bi&3Z#509, ReentrantLockEjavass

o {FHANAR, synchronizedZ2ISVINEIFNFEFEEE, ReentrantLock2i@idiFHJava API{EHAY
o ZFEE AR, SynchronizedAaJrlifi, ReentrantLockrJLAFRER

o SynchronizedJE2A¥4i, ReentrantLockBILAFEiE A FEIFNAEL T8

e Synchronized R GEIEEMREEZTE, ReentrantLockBE SN RS, RElEEIRERLTE

LEEZJE%%?E%&HH‘J’I%)R‘F. SynchronizedBJ1EEES TRV 1S, {BEReetrantLockBIIEEERELE
[ X
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