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FOBRHRERF (Waiting)

FHHELERIIRE, SNASWSES CPU BHEF.

HNTE BHAiE

REIRE Timeout 22{HY Object.wait() F5i& Object.notify() / Object.notifyAll()
IRBIRE Timeout Z4{/Y Thread.join() 73i% RN TR
LockSupport.park() 773% LockSupport.unpark(Thread)

PREAZE (Timed Waiting)

TRSFHHEAETIURE, T—ENAZESNRRKENIRE,

18 Thread.sleep() JTAEEFBHNREFERPRSE, BERACE—SEER"HTHIA.

1A Object.wait() J5iAEAFEH N IREASRFa & TOIREIS Y, BERSEE— MR H#HTHA.
MEIRFIE R SRR T, MERAIE SRR,

FEENSHHXIET, EEERENY, BRESEBAN—Hei. MEFTFRERY, EIIEA Thread.sleep() F1
Object.wait() FJTIEHEN.

HATGE BHiE

Thread.sleep() 73i% AiBZEER

®E T Timeout 289 Object.wait() J73% A E]455R / Object.notify() / Object.notifyAll()
RET Timeout S4AY Thread.join() 737% BEIEEER / VBRI EAE AT 25
LockSupport.parkNanos() /57% LockSupport.unpark(Thread)
LockSupport.parkUntil() /57 LockSupport.unpark(Thread)

SEL- (Terminated)

HJUIREARERIS ZEECER, BETETREMER.

—. [EH%iE

B=MERZERE:

e SCIY Runnable #ZO;
o SCHY Callable #[1;
o 47K Thread £,
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SEHE Runnable 7] Callable ORISR RBEAM— NI LUMELAEFIETHES, AREEEX ERISE, F&EES
i@ Thread M. AILURES 2BISEAZRAMTTHITAY.

SCIR Runnable 30

FELH run() 3%,
1BiJ Thread VA start() J55RBENEAE.

public class MyRunnable implements Runnable {
public void run() {
/] ...

public static void main(String[] args) {
MyRunnable instance = new MyRunnable();
Thread thread = new Thread(instance);
thread.start();

SEIR Callable 200

5 Runnable #8LE, Callable JLABIRENE, IRENEET FutureTask HH{TE%,

public class MyCallable implements Callable<Integer> {
public Integer call() {
return 123;

public static void main(String[] args) throws ExecutionException, InterruptedException {
MyCallable mc = new MyCallable();
FutureTask<Integer> ft = new FutureTask<>(mc);
Thread thread = new Thread(ft);
thread.start();
System.out.println(ft.get());

4£75 Thread 3£

FEHFEERFESL run() 1%, FE Thread SEHICIT Runable 1M,

LiFA start() FIEBEI—NEER, EIWSBZEREMNARENT I PEEFHEE, Y— P ERAERNSHIITIZE
2HY run() i,
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public class MyThread extends Thread {
public void run() {
/] ...

}
}

public static void main(String[] args) {
MyThread mt = new MyThread();
mt.start();

SCHE ] VS 4%i% Thread

SSIEOSEFr—%, FA:

o Java RUFEEME, RIMET Thread EHTEMWEHEER, (BREAILSSHZ M ED,
o KATREREKATHITHIIT, PIEREA Thread KFFHHI K,

=. Eflt=H

Executor

Executor EIEZNREEZHINIT, MAFIEFREXMERLENEGREY., XENRLEREZ MESIHITER
T, FREHTRSEE.

FEH=F Executor:

e CachedThreadPool: —MESCIFE— LR,
* FixedThreadPool: FFB1ESRebERERER/INNILIE;
o SingleThreadExecutor: fH2FX/\J3 1 Y FixedThreadPool,

public static void main(String[] args) {
ExecutorService executorService = Executors.newCachedThreadPool();
for (int 1 = 0; i < 5; i++) {
executorService.execute(new MyRunnable());

}
executorService.shutdown();
}
Daemon

TIFEAERIEFETHERARMIRSISE, FTETIEFPAASRATERS.
LFTEAFTIFSAEERAY, BFEHRLE, RNSREMETRAIE.
main() BTIFFIFEAE.
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{55 setDaemon() FiEE— MEIRIRENTIFEIE.

public static void main(String[] args) {
Thread thread = new Thread(new MyRunnable());
thread.setDaemon(true);

sleep()

Thread.sleep(millisec) 75iASABRSRIIEEFITHIZAZE, millisec BALAZERD,

sleep() ATBESHMLH InterruptedException, BEIARENEEELAZERER] main() o, EILLRER TR, LiE+
NHNHERECREFEEAIE T,

public void run() {

try {
Thread.sleep(3000);

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

}

yield()
XIEFSTTi% Thread.yield() ROBFIFEER T HRISAECE5TH 7 PP REEND, TS EEAIERN
17. ZHERENEZAERN— MR, MEEREENEBERAERNEEEELUET.

public void run() {

Thread.yield();
}

M. e

—PMEAERTREZRSEHER, WREETIETRERELSIRERER.

InterruptedException
BITER—MERERY interrupt() SRPBETZEAE, NRIZLFELTIEE. REBSGHELRPEERT, BAaFSHtH
InterruptedException, MITIIRRIZERIZELFE. 1BE2ABEHHT 1/0 FEZEFN synchronized HifEZE,

SHFLATRAES, 7 main() PFIEE—MEEZEETIE, RTFEETREBET Threadsleep() 5i%, BEtSHIH—
InterruptedException, MTTIRRIZGRLAE, AHITZEENED.

public class InterruptExample {

private static class MyThreadl extends Thread {
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@Override
public void run() {
try {
Thread.sleep(2000);
System.out.println("Thread run");
} catch (InterruptedException e) {
e.printStackTrace();

public static void main(String[] args) throws InterruptedException {
Thread threadl = new MyThreadl1();
threadl.start();
thread1.interrupt();
System.out.println("Main run");

Main run

java.lang.InterruptedException: sleep interrupted
at java.lang.Thread.sleep(Native Method)
at InterruptExample.lambdaSmain$@(InterruptExample.java:5)
at InterruptExample$SLambda$1/713338599.run(Unknown Source)
at java.lang.Thread.run(Thread.java:745)

interrupted()

ANER—NEAEHY run() BIEHUT—ANTBREIR, HEIREWIT sleep() FE2HH InterruptedException BYR{E, BBAR
FBEAERY interrupt() FiARL I AR EAEIERISS

{EE2REHA interrupt() FERIRELAZRIPRITRC, LATAR interrupted() 757A&IRE] true, ELERTLATEEIAMAH (R
interrupted() 7iERFIRTEFZR DM T HIRAS, MIMIRRIGEREIE.

public class InterruptExample {

private static class MyThread2 extends Thread {
@0verride
public void run() {
while (!interrupted()) {
/..
}

System.out.println("Thread end");
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public static void main(String[] args) throws InterruptedException {
Thread thread2 = new MyThread2();
thread2.start();
thread2.interrupt();

Thread end

Executor BYFRETHEVE

& Executor B9 shutdown() 52 EFEAEEIITREZ EHEXE, BRNERERRZ shutdownNow() /7%, NIHE
LTFRARSANEED interrupt() /5i%.

AR Lambda IR, ST RIET —MERRERLIE.

public static void main(String[] args) {
ExecutorService executorService = Executors.newCachedThreadPool();
executorService.execute(() -> {
try {
Thread.sleep(2000) ;
System.out.println("Thread run");
} catch (InterruptedException e) {
e.printStackTrace();

});
executorService.shutdownNow() ;
System.out.println("Main run");

Main run

java.lang.InterruptedException: sleep interrupted
at java.lang.Thread.sleep(Native Method)
at ExecutorInterruptExample.lambdaSmain$0(ExecutorInterruptExample.java:9)
at ExecutorInterruptExample$SLambda$1/1160460865. run(Unknown Source)
at java.util.concurrent.ThreadPoolExecutor.runWorker(ThreadPoolExecutor.java:1142)
at java.util.concurrent.ThreadPoolExecutor$Worker.run(ThreadPoolExecutor.java:617)
at java.lang.Thread.run(Thread.java:745)

WNERRAEART Executor PEI—NMEFR, BTLUBIZ(ERE submit() FiERIRR—1NEFE, BRIREI— Future<?> IR,
BT ERIZITSRM cancel(true) 7555 LAFRRTEAR.

Future<?> future = executorService.submit(() -> {
/..
1)

future.cancel(true);

h. BEREY

Java IR T RS EISRISHI SN EE N HEERFENE RAE, F— 12 JVM SEIIAY synchronized, MIHB—1NE JDK
SCINAY ReentrantLock,
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synchronized

1. RE—MREBER

public void func() {
synchronized (this) {
/...

}
EREATRE— SR, MREARNNSR ENESAER, MASHETERL,

SIFLATCE, {FH ExecutorService T T RNERZ, HTFEBHNEE—MNISAELSRER, AEXANMEES
BITRE, S EHEHANRSEORE, B— 1 EEMVIRESS.

public class SynchronizedExample {

public void func1() {
synchronized (this) {
for (int 1 = 0; i < 10; i++) {
System.out.print(i + " ");

public static void main(String[] args) {
SynchronizedExample el = new SynchronizedExample();
ExecutorService executorService = Executors.newCachedThreadPool();
executorService.execute(() -> el.func1());
executorService.execute(() -> el.func1());

©0123456789061234567289

HFLUTREE, BNEAEER T ARNSNESABR, EEXAMENARTERS. NaHERIUES, BmD
HARER XU,

public static void main(String[] args) {
SynchronizedExample el = new SynchronizedExample();
SynchronizedExample e2 = new SynchronizedExample();
ExecutorService executorService = Executors.newCachedThreadPool();
executorService.execute(() -> el.func1());
executorService.execute(() -> e2.func1());

001122334455667788909

2. AE—1"GE
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public synchronized void func () {
/] ...

CHEERBR—E, (FATRE—IEER.
3. AE—

public void func() {
synchronized (SynchronizedExample.class) {
/] ...

}
ERTEANE, URERRAENEFEREBRRE— M ENRENR ERXMELSIEG, R TEE,
public class SynchronizedExample {

public void func2() {
synchronized (SynchronizedExample.class) {
for (int 1 = 0; i < 10; i++) {
System.out.print(i + " ");

public static void main(String[] args) {
SynchronizedExample e1 = new SynchronizedExample();
SynchronizedExample €2 = new SynchronizedExample();
ExecutorService executorService = Executors.newCachedThreadPool();
executorService.execute(() -> el.func2());
executorService.execute(() -> e2.func2());

8123456789086123456789
4. AE—NESHE

public synchronized static void fun() {
/] ...

ERTEANE,

ReentrantLock

ReentrantLock & java.util.concurrent (J.U.C) EHRI%H,
public class LockExample {

private Lock lock = new ReentrantLock();
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public void func() {

lock.lock();

try {
for (int 1 = 0; i < 10; i++) {

System.out.print(i + " ");

}

} finally {
lock.unlock(); // FafRFEEM, MmERRETLH.

public static void main(String[] args) {
LockExample lockExample = new LockExample();
ExecutorService executorService = Executors.newCachedThreadPool();
executorService.execute(() -> lockExample.func());
executorService.execute(() -> lockExample.func());

01234567890612345672829

EbER

1. §A9SCIN
synchronized 2 JVM SETRRY, [ ReentrantLock & JDK SCIRAY,
2. 1&gE

FThRZAS Java X5 synchronized BT TRSMA, BIUNELEHIE, synchronized 5 ReentrantLock AZMAEEL.
3. ErFnIrhiR

SIFE MRV BRI E, [ERESFRIZETINISENGSE, SUIERMES.
ReentrantLock BRI, T synchronized 717,

4. 4

ANERRIES N ELRESFER— T, DR EBHRIREIFRAORIRE .

synchronized FRIBIEIFAFHI, ReentrantLock BRIAER FEEIFAFHN, EREAILIZEATFH,

5. SES I SR

— ReentrantLock ATLAEIRTSBESZ A Condition XJ&:,

{ERERF
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FRrIFFEE(ER ReentrantLock FIEZRINEE, BN CEER synchronized, 1X2FE I synchronized 2 JVM SCIIA—Fh
L, JVM [REEMISZIFE, 1M ReentrantLock ANZ2FTERY JDK hRAESSH:F. FFEFF synchronized AAFHEINEBEREN
PMESEFrEinE, FEA VM STRHIRBE0RER.

7~ ZiEZIARIME

WE AR — R TIEAMDRE NSRS, NSRS NRIEE TS B, IBAREERI AR T,
join()

ELREPREAR—IMAZR join() 77i%, SRZRIEIEERE, MARILER, ERBREREER.

XMFLATED, 224 b LA2ScEs, BRENTE b LAETERT a L2l join() 737X, b LAELFHF a BSR4 4
Z1T, BIEREREBIRIE a ZFEAVMIHSTT b ZA2RTHEH.

public class JoinExample {

private class A extends Thread {
@Override
public void run() {
System.out.println("A");
}
}

private class B extends Thread {
private A a;

B(A a) {
this.a = a;

}

@0Override
public void run() {
try {
a.join();
} catch (InterruptedException e) {
e.printStackTrace();

}
System.out.println("B");

}

public void test() {
A a = new A();
B b = new B(a);
b.start();
a.start();
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public static void main(String[] args) {
JoinExample example = new JoinExample();
example.test();

wait() notify() notifyAll()

AR wait() (HELEFHENFMRHE, SEESEHSRIERE, SEMSENETEEXNMFMRER, Hediz
S8R notify() BiE notifyAll() SRIGEEERCAIZAE.

EA1EBET Object B9—EF%, MAETF Thread,
ReeRERE HEEERSERRPER, BUNSEEITAIHE lllegalMonitorStateException,

{EF wait() #FEiCHAE), SAESREMN. XEE, WRKERENH, BARCHENLTEZHNGRINELSSENER
SIEHIRG, BBAFTIEIFUT notify() BeE notifyAll() SRIRERIERHIZAE, IERITHN.

public class WaitNotifyExample {

public synchronized void before() {
System.out.println("before");

notifyAll();
}
public synchronized void after() {
try {
wait();

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

}
System.out.println("after");

public static void main(String[] args) {
ExecutorService executorService = Executors.newCachedThreadPool();
WaitNotifyExample example = new WaitNotifyExample();
executorService.execute(() -> example.after());
executorService.execute(() -> example.before());

before
after

wait() F sleep() BIXZI
o wait() 2 Object B9757%, T sleep() 2 Thread AUREST%;

o wait() SFEIEL, sleep() A2,
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await() signal() signalAll()

java.util.concurrent ZEEFIRMHT Condition ZEEELZAZ ZBIRINE, BILATE Condition AR await() 75 LRSS
5, HELZLREREMA signal() 5% signalAll() 73 XIREEEFRIZFE.

FBEETF wait() IXFRERFS T, await() ILUBESESNEM, EHENRE.
{$F Lock SEFEEY—™ Condition XJ&8.

public class AwaitSignalExample ({

private Lock lock = new ReentrantlLock();
private Condition condition = lock.newCondition();

public void before() {
lock.lock();
try {
System.out.println("before");
condition.signalAll();
} finally {
lock.unlock();

public void after() {

lock.lock();

try {
condition.await();
System.out.println("after");

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

} finally {
lock.unlock();

public static void main(String[] args) {
ExecutorService executorService = Executors.newCachedThreadPool();
AwaitSignalExample example = new AwaitSignalExample();
executorService.execute(() -> example.after());
executorService.execute(() -> example.before());

before
after

+. J.U.C-AQS

java.util.concurrent (J.U.C) KKIES THAEMRE, AQS HIAAR J.U.C HIZLY.
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CountDownLatch

PSRRI — M EAESHE NI

HEP T —NMTEIES ont, XA countDown() FiASTHTEEEHYER 1, FZ 0 BUBHERE, BRLLEDEA await() ik
MTEESHNEIE R SR IREE,

cnt=3

await() s
awaiting...
TA """" 9
countDown() continue
- ARREENEER. @ SEEEEL >
counTDuwn[; continue
T2 b======-= L= 222 >
countDown() continue
T3 NN R NS 4 ¢ RN NN

public class CountdownLatchExample {

public static void main(String[] args) throws InterruptedException {
final int totalThread = 10;
CountDownLatch countDownLatch = new CountDownLatch(totalThread);
ExecutorService executorService = Executors.newCachedThreadPool();
for (int 1 = 0; i < totalThread; i++) {
executorService.execute(() -> {
System.out.print("run..");
countDownLatch.countDown() ;
)
}

countDownLatch.await();
System.out.println("end");
executorService.shutdown();

run..run..run..run..run..run..run..run..run..run..end
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CyclicBarrier

FREHSNMEAEERFR, REIS MEIZERIAR, XEEIES SWEEHNIT.

# CountdownLatch fE{iA, ERBEISHEIFITEIRRRSCIAT. LARHIT await() DA EERSR 1, FHITES, B
ZHEER N 0, FTETER await() J3iAMAEFFAVLEAZ A BEREHTT,

CyclicBarrier ] CountdownLatch F9—/ X BIZ, CyclicBarrier BTE(EE BT reset() JERJLMEINMER, FRLAEA
NI FERR.

CyclicBarrier BFMEIEEREY, Hr parties IERITERRHIVIMA(E, barrierAction FERTELAEEEIAFIERIRHR ST

—
No

public CyclicBarrier(int parties, Runnable barrierAction) {
if (parties <= 0) throw new IllegalArgumentException();
this.parties = parties;
this.count = parties;
this.barrierCommand = barrierAction;

}

public CyclicBarrier(int parties) {
this(parties, null);
}

await() awaiting...
- ======= » 2 F====== >

await awaiting...
PH RO (P SN

await() awaiting...
NS ======= 4 ' | EEEEEE

public class CyclicBarrierExample {

public static void main(String[] args) {
final int totalThread = 10;
CyclicBarrier cyclicBarrier = new CyclicBarrier(totalThread);
ExecutorService executorService = Executors.newCachedThreadPool();
for (int i = @; i < totalThread; i++) {
executorService.execute(() -> {
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System.out.print("before..");

try {
cyclicBarrier.await();

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

}

System.out.print("after..");

1)
}

executorService.shutdown();

before. .before..before. .before..before..before..before..before..before..before
er..after..after..after..after..after..after..after..

Semaphore

Semaphore KUTFRERFZHTIESE, LU EREIRATHIDLZIZEL,
ARSI TSI ENRSIIF RIBER, BRREEE 3 M EFimEREE, BREE 10,
public class SemaphoreExample {

public static void main(String[] args) {
final int clientCount = 3;
final int totalRequestCount = 10;
Semaphore semaphore = new Semaphore(clientCount);
ExecutorService executorService = Executors.newCachedThreadPool();
for (int 1 = 0; i < totalRequestCount; i++) {
executorService.execute(()->{
try {
semaphore.acquire();
System.out.print(semaphore.availablePermits() + " ");
} catch (InterruptedException e) {
e.printStackTrace();
} finally {
semaphore.release();

b))
}

executorService.shutdown();

2122222122

J\. Ju.c-HuEAH

..after..after.

.aft
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FutureTask

ENB Callable BRI ECHLAEIRENE, IREMEIEIT Future I{TE12E, FutureTask SCHL Y RunnableFuture 2
A, ZZO4%7%E Runnable F0 Future 20, 1X{$18 FutureTask BT LAMM— MESHT, B EIREE.

public class FutureTask<V> implements RunnableFuture<V>

public interface RunnableFuture<V> extends Runnable, Future<V>

FutureTask J BT SERBBUTERIEHITES AR, S—MIEESFERTRIKIIE, BAKATLA
FutureTask SREIIRIXMESS, TEAEESTAE CRMES ZEBEIREE

public class FutureTaskExample {

public static void main(String[] args) throws ExecutionException, InterruptedException {
FutureTask<Integer> futureTask = new FutureTask<Integer>(new Callable<Integer>() {
@0verride
public Integer call() throws Exception {
int result = 0;
for (int 1 = 0; i < 100; i++) {
Thread.sleep(10);
result += i;
}

return result;

b3

Thread computeThread = new Thread(futureTask);
computeThread.start();

Thread otherThread = new Thread(() -> {
System.out.println("other task is running...");
try {

Thread.sleep(1000);
} catch (InterruptedException e) {
e.printStackTrace();

b
otherThread.start();
System.out.println(futureTask.get());

other task is running...
4950

BlockingQueue

java.util.concurrent.BlockingQueue B LA TNPEZEAFIRISCIR :
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o FIFOPAFI : LinkedBlockingQueue, ArrayBlockingQueue (EIEIKE)
o {f564RBAF : PriorityBlockingQueue

TR T BHZERT take() 70 put() 73i%: RISRBAFIAZ take() 15REZE, EHEIAFIPERZ; WRAFII9H put() 1SEE, B
E\FIBERE.

{5 BlockingQueue SEMAEF= & B H SR
public class ProducerConsumer {
private static BlockingQueue<String> queue = new ArrayBlockingQueue<>(5);

private static class Producer extends Thread {
@0Override
public void run() {
try {
queue.put("product");
} catch (InterruptedException e) {
e.printStackTrace();
}

System.out.print("produce..");

private static class Consumer extends Thread {

@0verride
public void run() {
try {
String product = queue.take();
} catch (InterruptedException e) {
e.printStackTrace();
}

System.out.print("consume..");

public static void main(String[] args) {

for (int 1 = 0; i < 2; i++) {
Producer producer = new Producer();
producer.start();

}

for (int 1 = @; i < 5; i++) {
Consumer consumer = new Consumer();
consumer .start();

}

for (int 1 = 0; i < 3; i++) {
Producer producer = new Producer();
producer.start();



produce. .produce. .consume. .consume. .produce. .consume. .produce. .consume. .produce. .consume. .

ForkJoin

FERTFTHTITED, #MapReduce [REEZ(, ERIBRRITTEESIFRD RS NMIMESHITIHE.
public class ForkJoinExample extends RecursiveTask<Integer> {

private final int threshold = 5;
private int first;
private int last;

public ForkJoinExample(int first, int last) {
this.first = first;
this.last = last;

@0verride
protected Integer compute() {
int result = 0;
if (last - first <= threshold) {
/1 ESEBNNEETE
for (int i = first; i <= last; i++) {
result += 1i;
}
} else {
/1 R RIMES
int middle = first + (last - first) / 2;
ForkJoinExample leftTask = new ForkJoinExample(first, middle);
ForkJoinExample rightTask = new ForkJoinExample(middle + 1, last);
leftTask.fork();
rightTask.fork();
result = leftTask.join() + rightTask.join();
}

return result;

public static void main(String[] args) throws ExecutionException, InterruptedException {
ForkJoinExample example = new ForkJoinExample(1, 10000);
ForkJoinPool forkJoinPool = new ForkJoinPool();
Future result = forkJoinPool.submit(example);
System.out.println(result.get());

ForkJoin {#F8 ForkJoinPool 3kf25], BR2— MImAI&iEl, SfEEEURET CPU 284,

public class ForkJoinPool extends AbstractExecutorService
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ForkJoinPool SCER Y TFEFENELZSRIZS CPU BIRIFER, S EIEEMEIR T — R, FREFEEENITAME
%. TIEGBEEARTFSHNEENECEEINURIAGPHFE—MES KT, TRESHREREANES, &
RIS BLE Rt RS . BIMITED, Thread2 M Threadl FIRAFIFEHERIZAY Taskl {55, Threadl @F
Task2 SRHT, XHEFERARERS. EBRUNRMIIFRE—MESHERERERS.

Oldest A

1 i i

. ! Taskl b-==--._ .

: b i :"r

E Task2 Taskl
Newest | Thread1 Thread?

N, SEAZ2FH

RSN A E— N HZHIEHATHEMAKNEL R ERE, BARFRNERERA—EH.
PATRBIETR 7 1000 NMEFERIATRT cnt UITEIGIRE, BIEERZBEEEBAR/F 1000,
public class ThreadUnsafeExample {
private int cnt = @;

public void add() {
cnt++;

}

public int get() {
return cnt;
}
}

public static void main(String[] args) throws InterruptedException {
final int threadSize = 1000;
ThreadUnsafeExample example = new ThreadUnsafeExample();
final CountDownLatch countDownLatch = new CountDownLatch(threadSize);
ExecutorService executorService = Executors.newCachedThreadPool();
for (int 1 = 0; i < threadSize; i++) {
executorService.execute(() -> {
example.add();
countDownLatch.countDown();

3
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}

countDownLatch.await();
executorService.shutdown();
System.out.println(example.get());

}

997

4. Java ATFREY

Java RFRENAE R SMEA R ERFENRFLRES, LASSIIL Java FEFESTIFE TR —HINTE
HRRER.

FAFEETIERF

SLIERE FROS RS SRR ARV NER, ATHRRXTNERYXE, EE(IZENNT BEET.

IMABEEFHRT— MR . URSMEFHER—RERNTFXE, BASPMEFHEETES
F—H, FELDICRERIXNERE.

Thread €===== » Cache ‘€===== >
Thread €-=-==- »  Cache ‘€-=-==== >
Protocol <«===== » Memory
Thread €===== » Cache ‘€===-== >
Thread €----- » Cache ‘€-====3 >

FTENZERMFHEEIATT, BMGEEEECHNIERT, LIFRNTRHESREFHESFRT, RE 1L
EERNTENERNFRIAEN,

HRERRERRFLERETINEE, FREAEZENEEEREFEBIEREFRTH.


af://n263
af://n265

Thread €-=-==== > TERE €-=-=- >

Thread €-====- > THEHRE <€----- >
Load
T -
Store
Thread €-=-=--=- > THERE €----- >
Thread €----- > THEAE <€-====3 >
AFEIRZEIEE
Java ATFREENT 8 MEERFTERFA TIFRFAISZ EIR(F.
load
AT,
use ) read
Thread | IfARE | FHE
assign store v 7

o read: IEB—NTERENFAFHERZ TIERFF

o load: TEread Z/5H{T, 1B read BEIBEMALIEFRENTER A+
o use: BITIERFP—NEZERNEEIRLENITSIE

e assign: IB—PAHITE | EERKEIRVERLS TIERNEFNEE

o store: BTIEREFEN—ZENEEEZEAEFF

o write: fE store ZfEH#4T, 18 store BRIFMEMAFTAEFHEZEF

o lock: ERFEREFNEE

e unlock
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AFRBE=XI51E

1. [FFE

Java RTFEEURIET read. load, use, assign, store, write, lock 0 unlock I{EEBRETFIE, HIEOXT— int 358

JTEHT assign IEZRME, XMERFMERTHERN. BR Java RFERELAFEIMIIESIKBEMH volatile IZ1HAY 64 i
#4E (long, double) ANEEEREXIZAFIR 32 (UAMERIERFIT, BD load, store, read Fl write #{FAILATREREIR
T,

B—MERARE, int FRFUERNREESLENETASHIZREZ 2. sIENSERZ2R BT,
cnt BT int SEBU3RE, 1000 MEAEICHITERREZ/E, BEIRYEN 997 MAZ 1000,
ATHEHIE, BAFERRZREREEL 31! load, assign, store,

TEER T NRERRRT cnt #TIR{E, load, assign. store IX—ZRFIRFEIA LERESRFIE, BBATETLIE
X cnt HERSEBIESENEBAETRNE, T2E&ARTLUEANBE. FTUEY, XBENMEESEANTTRRBEE
B, BEENEPR ot BNEREHN 1 AR 2. BELXT int 2EUEERERERFHER 21 load, assign. store X
WEMEMERERRETE.

T1 T2

cnt=0 Load

o

LLoqd ] cnt=0

cnt=0 | Assign

{-—"T

1
v [ Assign ] cnt=0
Store J :

Y

[ Store J cnt=1

cnt=1

e W i

Atomiclnteger BERIFZ MNEARIEAIRF .
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T _T2 |

cnt=0 Lﬂ'ﬂd

I
L
Y
K

ent=0 I Assign l
L
Y

E”t=1| Store l

Load cnt=1

Assign cnt=1

Store cnt=2

I

@yl2018

{5 Atomicinteger B Z BIAIEAR ERIREZ BB RILA NERIZZ ST



public class AtomicExample {
private AtomicInteger cnt = new AtomicInteger();

public void add() {
cnt.incrementAndGet () ;

public int get() {
return cnt.get();

public static void main(String[] args) throws InterruptedException {
final int threadSize = 1000;
AtomicExample example = new AtomicExample(); // RIEXUXSIES
final CountDownlLatch countDownLatch = new CountDownlLatch(threadSize);
ExecutorService executorService = Executors.newCachedThreadPool();
for (int 1 = 0; i < threadSize; i++) {
executorService.execute(() -> {
example.add();
countDownLatch.countDown() ;
Y
}
countDownLatch.await();
executorService.shutdown();
System.out.println(example.get());

1000

BRT EREFEZAM, tBaJLAER synchronized B REBERIERERIR T, SMAIRFERREREA: lock 1
unlock, TEREHWNELIN EXNAI=ZTR835S 9 monitorenter I monitorexit,

public class AtomicSynchronizedExample {
private int cnt = 0;

public synchronized void add() {
cnt++;

public synchronized int get() {
return cnt;

public static void main(String[] args) throws InterruptedException {
final int threadSize = 1000;
AtomicSynchronizedExample example = new AtomicSynchronizedExample();
final CountDownlLatch countDownLatch = new CountDownLatch(threadSize);
ExecutorService executorService = Executors.newCachedThreadPool();
for (int 1 = @; i < threadSize; i++) {
executorService.execute(() -> {
example.add();



countDownLatch.countDown() ;
1)
}
countDownLatch.await();
executorService.shutdown() ;
System.out.println(example.get());

1000

2. o

A IMHES—MERER T HEZENE, HELRERBIREHIXMEN. Java AFEEREI TR E]
FEREEERNT, EXREENEINEREFRIFTZEERTINAT WM.

FEEAE=MLIE MRS

53
)
]|
iy

e volatile

e synchronized, X—NNEEHIT unlock B{EZEI, VB EEERIPEENTE.

o final, # final XEEFEIMNFEREMIEEET— BRI, HESERE this iR (HE&RE this 518
HRERIRN T —FRINS) | BPAETEEMEERN final FERRYE.

RIBTEHILAERZ LTI et R volatile (E115, FAGRRBAZRRLIE, B volatile HEERIERIER
T,
3. A%

BFtERIE: EALIEANER, ERIFBREFN. £ MHEURE—HE, ERIFRTFN, TFEE
ARETIESERHF. £ Java RFRES, RIFRFESRMGIERSESHITERF, BEfFTEASTINEIRLSIE
EFRRINIT, BEINEISEAEF ARITRIERM.

volatile REFFIBLNNAFFRAISTRELLISESERE, MEAIFNAECEENESHEIRFREZALL

WA LUEBIY synchronized RIEEFME, BRIEEMNIZIRE—NEENTEESRE, BETREULLAERFENTES
K13,

FATREREN

L ERE T LAA volatile 1 synchronized SRERIERFFE. FRIELZSM, JWMIEHIE T FRATRERN, iL—PMRIELH
EHIRBE S T B — MEFFTAL.

1. B—E2[Em)

Single Thread rule

E—NEAERN, EREFRIEATRERITRETREAERIE.
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2.

e
=]

TERIERL

Monitor Lock Rule

Thread

statement 3;

—4" unlock BMESEATRAETFIREIA—MNHAQ lock 1B4E.

Thread 1

 lock() |

=

: h J
\ unlock() | -

[}
{

L
L1
S

II"-|.

-

e 28

3. volatile =M

Volatile Variable Rule

XF— volatile LENSEIFFATRAETREIX

-

AR
T2

Thread 2|

) ¥
J unlock() |

==

HYISEER(F.
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volatile x

4. i REIHN

Thread Start Rule

Thread XIERAY start() FSiEERA TR ETLLEAZRIT— TN,

Thread 1

iThr'e.ﬂd 2 sTuﬁ‘()I
TR Rl f ,,,,,,

5. TN

Thread Join Rule

Thread JISRAVGERITITRET join() FFiZIRE]

statement 1;

4
statement 2;
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Thread 1 Thread 2

statement 1; [ _Ihreud%iuin(}:
v P 00 v
! statement;

statement 2; ;

6. ZeF=rRERFANY

| Thread Interruption Rule

XIEAZ interrupt() JTARERSATRETWARTEAZAINAIRNEIPITSAIARE, FTLUET interrupted() 73542
FEREHPHTARE.

7. WRELEHN

| Finalizer Rule

— A SIS (EREHTER) FTRETEN finalize() F5EH0FHE.

8. &

| Transitivity

SISBME A SATRAETIRIEB, 1B B IGTRETIMEC, FBABE A SATRETERME C.
+—. &iERZ2

EASERENTHERIMIRAE, HEEEAREFREENTRS, HaERNERIITA.
SRR AT UM

A%

AHZE (Immutable) AINR—ERLIEREM, FEEFRPHANLIELSRIEREE. RE— M ZRIIRE
IEFtigZ sk, KEHASBICES NMEEZPLETA—ERPRE. SLERRT, NIREFENRMAATRE
T, KHELHERE.
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RETLEHIR

o final REEHEIMHRUEREHERE

e String

o MWIHERE

* Number Z353F3%, 0l Long#{] Double FEERHE, Biginteger ] BigDecimal FAEEIREL, {B[E]/I Number
AYJEF3E Atomicinteger ] AtomicLong MIZAT Y,

XTFEGRE, FLUER Collections.unmodifiableXXX() J3iAFRIRER— M AJ ZAIES .

public class ImmutableExample {
public static void main(String[] args) {
Map<String, Integer> map = new HashMap<>();
Map<String, Integer> unmodifiableMap = Collections.unmodifiableMap(map);
unmodifiableMap.put("a", 1);

}

Exception in thread "main" java.lang.UnsupportedOperationException
at java.util.Collections$UnmodifiableMap.put(Collections.java:1457)
at ImmutableExample.main(ImmutableExample.java:9)

Collections.unmodifiableXXX() FeXIFIRAVEEHITEN, FENESHITIENIG L EENHEE.

public V put(K key, V value) {
throw new UnsupportedOperationException();

}

BRRE

synchronized ] ReentrantLock,

IEFEERZ

B RES&REEMNOEHM AR EIREEF TR, RIXMESHIRABEERL.

BERFEZ BT SRR, SRIANAREAEXMERNRELER, BHsEctIEE. TeH=ERS
BENSHISRS, SEEHTINH (XETCHEESEE, iR EEMNSMHERA—ED A oENMH) . B
PSR, PSRN E R A B R EEN L ET R IRAE TR,

1. CAS

BEERHESENIARRE, BATTLMERETIPSRENRIRNAARE: SHTEE, NRKEECEEFAHZEN
12, BREMERiAIN Y, BNREAMEERE (RENEER, BEIRIhALL) . XMAMAHAREIITS TNHBIRE
BEAEEE, FXMEEER(ERIIFEERE.

FRANFERFANPRENXAI N T RESRFE, XERTERERERREERMIET, RecsEkTk. @
SRR TR PR IAIRRE . LHRHAIR (Compare-and-Swap, CAS) . CASIESLH/ER 3 MR, DHIRNTF
HelE v, |BRYTRHA(E A FOFE B. SHVUTRMERY, RBZAVEYEST A, 2K VEEEHH B,
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2. Atomicinteger
J.U.C BEmMAYEEIR T Atomicinteger B975iAARE T Unsafe 289 CAS $1E.
IATRBER T Atomicinteger $14T 7 EHEHGIRIE,

private AtomicInteger cnt = new AtomicInteger();

public void add() {
cnt.incrementAndGet () ;

}

LATCEBE incrementAndGet() BYVERS, BT Unsafe BY getAndAddint() ,

public final int incrementAndGet() {
return unsafe.getAndAddInt(this, valueOffset, 1) + 1;
}

PATEHABE getAndAddint() JBRD, varl ISRAISRATEIEIE, var2 36 RZFERBXIXI S RIFMIEAO(RES, vars 3ERIRIE
FEMNNEE, XE 1. 1B getintVolatile(varl, var2) {S2|HUFHAE, BIEVER compareAndSwaplnt() EiH{T
CAS LUER, MNRZFERATAMILFRIEFT vars, BBAREFTINAIULS varl+var2 RIZZE ST vars+vars,

HJLIEE] getAndAddint() FE— MBI T, KEPRAERFMAIHTERL.

public final int getAndAddInt(Object var1, long var2, int var4) {
int var5;
do {
var5 = this.getIntVolatile(var1, var2);
} while(!this.compareAndSwapInt(varl, var2, var5, var5 + var4));

return vars;

3.ABA
MR—ANEEYDRIZEHIRHNER AME, THREHKRT B, ERXFMEN A, 3B CAS BIEMSIRANECARIZEH

J.U.C B T — M EEIRCAIRT 5 | FAZE AtomicStampedReference SRAZRIXMAR, ERILIBSEHIZEEERIRA
SKERILE CAS RULERME. KEPDIBIR T ABA [HEASRINARFHARRIERME, WMRFEMR ABA B, MRERNE
FREAIgEALRFRESN.

ZRFLHE

BRI&IERE, AFE—EMERTREY. MR—DESKHATREZEE, BEERNTMHIELSEiEE
{RIEIERAME.

1. 16

ENEERAE—TDENEREER, FatlGiEReRE, RARMBEEFMEEITILT, BTHENE
9.
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public class StackClosedExample {
public void add1e0() {
int cnt = ©

for (int 1 = 0; i < 100; i++) {
cnt++;

}
System.out.println(cnt);

public static void main(String[] args) {
StackClosedExample example = new StackClosedExample();
ExecutorService executorService = Executors.newCachedThreadPool();
executorService.execute(() -> example.add100());
executorService.execute(() -> example.add100());
executorService.shutdown();

100
100

2. HIEFRMTEE (Thread Local Storage)

MR—RABTRENAEORSEMABHLE, BREEXEHZHRENRBESERIEER— 2T,
SNERAEMRIE, Fe(IMATLABH=EUERAI ISEEIRBIER—MAEZA, X, TAES e RIEEAEZ B HINEY
TEFRRIIAE,

FFEXMMSRINAHADR, KEBDERBEENIRZEIELN (Er-E-HREE1RN) BB RalERTRE
REFE—EiEFiEET. HPREEN—MNALFIHERHE Web SXEERFR) —MERYN— MRS

£ (Thread-per-Request) AIRMERTTT, XFRMBTSTAI 2R FAESIRE Web AR5 IR FRERAT LAE LA HAFE
KARREAZRZ 2R,

AJLAf#EFE java.lang ThreadLocal ZEESCM AR A HTZAEINAE,

IFFLATARRES, threadl HHiRE threadlocal 9 1, [ thread2 iZE threadlocal g 2, T T —ERAYE]ZfS, threadl i
EX threadLocal {KZAR 1, A thread2 BISZMH,

public class ThreadLocalExample {
public static void main(String[] args) {
ThreadLocal threadLocal = new ThreadLocal();
Thread threadl = new Thread(() -> {
threadLocal.set(1);
try {
Thread.sleep(1000);
} catch (InterruptedException e) {
e.printStackTrace();
}
System.out.println(threadLocal.get());
threadLocal.remove();
1)
Thread thread2 = new Thread(() -> {
threadlLocal.set(2);
threadLocal.remove();
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3
threadl.start();
thread2.start();

)
JITIEfE ThreadLocal, FcELATED:

public class ThreadLocalExamplel {
public static void main(String[] args) {

ThreadLocal threadlLocall = new ThreadLocal();

ThreadLocal threadLocal2 = new ThreadLocal();

Thread threadl = new Thread(() -> {
threadLocall.set(1);
threadLocal2.set(1);

})i

Thread thread2 = new Thread(() -> {
threadlLocall.set(2);
threadLocal2.set(2);

)

threadl.start();

thread2.start();

}
BT N AREEE

11

ThreadLocal. ThreadLocalMap

threadlocall -> 1
threadlocal2 -> 1 |

L 1 |

B Thread PE— ThreadLocal ThreadLocalMap XI5,

T2

ThreadLocal. ThreadlLocalMap

threadlocall -> 2
threadlocal2 -> 2




/* ThreadlLocal values pertaining to this thread. This map is maintained
* by the ThreadlLocal class. */
ThreadLocal.ThreadLocalMap threadLocals = null;

AR ThreadLocal BY set(T value) F5iERY, FSEIZHBIZAERY ThreadLocalMap X35, /515 ThreadLocal->value
BEXEARNZ Map .,

public void set(T value) {
Thread t = Thread.currentThread();
ThreadLocalMap map = getMap(t);
if (map != null)
map.set(this, value);
else
createMap(t, value);

}
get() 73iESE(EL

public T get() {
Thread t = Thread.currentThread();
ThreadLocalMap map = getMap(t);
if (map != null) {
ThreadLocalMap.Entry e = map.getEntry(this);
if (e !'= null) {
@SuppressWarnings("unchecked")
T result = (T)e.value;
return result;
}
}

return setInitialValue();

}

ThreadLocal WIS LI H A RRRMBASELIEFRIEN, BRI EESEHERS.

F—ins (CEEFRLIEW) T, BT ThreadLocal.ThreadLocalMap FIREEIELEII S ThreadLocal BRTF TR
AUIES, ROZRETREEEIRER Threadlocal [FFahEAR remove(), LU HIL ThreadLocal REAIAFRE RS
&R BB ESREBIXEE.

3. BN (Reentrant Code)

XMCESBAYSEECED (Pure Code) , BTLAEARRBHTAYEMARSZIFMTE, EMEFTHRIM R (BiFEFE
BERs) , MEEENERER, RREOEFASHIEEER.

AJENBE—LHEIMHE, FINIAKETFIEESE ERVEIRIIRBNRRRR. BRIKSERMHESEPEN. &
ERIFRTEANNTGES.

+=. fifift

XEBRBHL I EERRS JUM 3T synchronized BIfG1L.
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EIhEsH

BREZHNBRINERIFFHERK, NizREES, TTFSNAT, HEHENIHERSRSFEMREN—RAY
B, BieMifRERILL—MIEEER— M HIERSRHTICEIR (Bhe) —ERAEJE), WREXERIIAREEAE
B, BATLABSRENEEIRE.

BlietiEAEERH BRI RO TTH, EREFEHTITENEESA CPU iYE), ERERTHEEIEN
WERSTREDR.

£ JOK 1.6 F5INT BENAIBIEH. BENEWEBIRIVAEABEZE Y, MEHR—XER—MILABIRRE
RHIAEEIPREHRIRE.

iR

BUHPR RIS T AN H AT S E R R = EURAI B THR.

MR EEREIESTTHRTS, RHE SRR TR AWE C AR NTE], BBAMATLIEE]ZmK
FMEEIERT, EHELASENIRBEITIERR.

MF—LEEEFLAMMUAIE, ELRIRIMITRSM. Fn M ENFA RN T 8

public static String concatString(String s1, String s2, String s3) {
return s1 + s2 + s3;

}

String B— M AEZRHIZE, FRIFEFSNY String BIHHEBENL. 7E JDK 1.5 2RI, S5 StringBuffer IISRATZELS
append() #E:

public static String concatString(String s1, String s2, String s3) {
StringBuffer sb = new StringBuffer();
sb.append(s1);
sb.append(s2);
sb.append(s3) ;
return sb.toString();
}

B append() ITEFEE—IMRELR, EMNMEREZE sb, RIRMESANCHIEIEA/EREMBIRHIE concatString() 75
ERER. BELR, sb BIFFEE|IRKIEASbRE] concatString() 7575250, HEttE&AELARIEIE, ELALUHT

kB

SNER—RVIRGELHE PR R — MR R EMNBFAIE, SRZEAINISHRE S SEERERAE.

E—TRYREUCABHIELLR) append() 7TiERUB TIXEENR. MREMTURNEIHX A —HB AR IR —
XIS, HSICIUEGEET ' () BENMBREFFIRIINGE. T E—TRRGFINBHMET BEIE—
append() F{FZRIEZERE— append() BM{FZ/E, XHFERFEMPU—IRHALLT .
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R

JDK 1.6 SINT {mESFIEER, NMLBHHE TN TR (unlocked) . {RMAIBEIRZ (biasble) . &
ERIURE (lightweight locked) FIEERIUAZS (inflated) ,

LA HotSpot IEHNISELRIREME, XEEIRERFRA Mark Word, HH tag bits RN 7T HMRE, XEARSE

GMIAY state FTAZFLZEH, BT marked for go K7, EEMMASELERIENEET.
bitfields tag bits state
hash |age| O 01 unlocked
ptr to lock record 00 lightweight locked
ptr to heavyweight monitor 10 inflated
11 marked for gc
thread id | epoch |age| 1 01 biasable

TEAMZE—MEREIEINE, EPBE—EBHOFRI Lock Record (KIS, XEAERERPIETIIRECIEN, BTFE
PBERIERAY Mark Word, TIAMIBE— ISR, B&T Mark Word FIHEER.

Execution f
stack

Object

mark word
Method hash | age | 01 P E—
activation

Lock displaced hdr
record owner

BRERUIBRBENTERNEERMMS, ©FEMR CAS BIERaEERMERERENTTHE., NFESBOMIB, &
BENEEERNSEAFERFHN, AtEHAZTESFEREREHTEE, TLUERA CAS BERHITRE, R
CAS KW T B A E REH1TRELE,

LIRE N ISRAT, WRBIISRFRC A 001, IRBABRISRAIBIRBIE (unlocked) K. LERTREHIWIE AL
FRRVREHIN L BI52 Lock Record, PAIS{ERE CAS HAEEIISRAY Mark Word BBF 9 Lock Record 355t. UNER CAS #E
BINT, BBALIERARN Tizxd5 bR, FEXISAY Mark Word BISHFRIEZS A 00, FRZWSEATFRERBUR

=

10N
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Execution T
stack

Object
Method - stack pointer
activation
hash | age | 01
owner

SN CAS BMERN T, ERHWELSIEEXISRAY Mark Word EBRIERAXSEILIZNEMNE, MRENERANRIZ
EELRAE TXMNNSR, BRI LUERHABSREENT, SNRBXMINIREEREMEIZESIEenT. W
RERFZULNEESFRR— ), BRERUMABEN, EWKAEERM.

{4

REAMABERREATILE — M REBIREE, X MR RIRBIZ A BB R TR ERE, BEE CAS
BRI ABEE.

SUIFRBEIREEABRERIR, HNRERT, tRCH 101, ERIER CAS BBIBEAE 1D iICRE] Mark Word
B, G0ER CAS BRI, RNMEIELEERENX MMERNRELSRAFTEFH TR ERE.

ZERINEEEZTIRBXMISRE, (RERESHESER, WATHEEERRE (Revoke Bias) FIREZEIRBIEIX
SHERERIRE.
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Object

Allocate
Bias enabled Bias disabled
Unlock Unlock
0 epoch |Age | 1 |01 Hash Code | Age | 0| 01
A Recursive IockT
Initial / 'l' A
lock Rebias  Revoke _
bias Pointer to lock record 00
locked
ThIrSad epoch | Age| 1 |01 i
Pointer to heavyweight i
ST monitor 10

Lock / Unlock

T=. ZHEFALRIFAILEE

o LBEEENMEENNETE, XEJLGERK Bug.

o YR/ NEESEE, MmE8iER. HIR033TF synchronized, NIZREFERELSHRMAZREEAE.

o ZHEEZTE/DA wait() #1 notify(), BE3%t, CountDownlatch, CyclicBarrier, Semaphore #[] Exchanger IXLE[E]E2E
BT mASERIE, MR wait() F0 notify() fRYESCEISZUSHIR,; HX, XLRLEEZHFRTFODREFILER,
FESELRY JDK IR RITE.

o {#FH BlockingQueue LI =& HZREDRA,

o ZRAHRESLVBRZES, BIMIRAZER ConcurrentHashMap [fIANE Hashtable,

o FRARMEENATLIRFIILERZS.

o [FR&GETNMAERERCELRE, XERNIBERERANES, LRI AERSGERGE
%

SEEH

o BruceEckel. Java fRF2EAE: 58 4 hix [M]. HU T\ HhR+t, 2007.
o [EEBE. RNIEAE Java FEFMN [M]. T T Hhftt, 2011

e Threads and Locks

o SZIEBE

e Java &IZHEIXER Top 50

¢ BlockingQueue

¢ thread state java

e (CSC456 Spring 2012/ch7 MN

¢ Java- Understanding Happens-before relationship

o 6% Thread Synchronization

e How is Java's ThreadLocal implemented under the hood?
e Concurrent

e JAVA FORK JOIN EXAMPLE

o HIEIFHE (J\) —Fork/Join {ESRANA


af://n464
af://n480
https://docs.oracle.com/javase/specs/jvms/se6/html/Threads.doc.html
http://ifeve.com/thread-signaling/#missed_signal
http://www.importnew.com/12773.html
http://tutorials.jenkov.com/java-util-concurrent/blockingqueue.html
https://stackoverflow.com/questions/11265289/thread-state-java
http://wiki.expertiza.ncsu.edu/index.php/CSC_456_Spring_2012/ch7_MN
https://www.logicbig.com/tutorials/core-java-tutorial/java-multi-threading/happens-before.html
https://www.slideshare.net/novathinker/6-thread-synchronization
https://stackoverflow.com/questions/1202444/how-is-javas-threadlocal-implemented-under-the-hood/15653015
https://sites.google.com/site/webdevelopart/21-compile/06-java/javase/concurrent?tmpl=%2Fsystem%2Fapp%2Ftemplates%2Fprint%2F&showPrintDialog=1
http://www.javacreed.com/java-fork-join-example/
http://ifeve.com/talk-concurrency-forkjoin/

¢ Eliminating SynchronizationRelated Atomic Operations with Biased Locking and Bulk Rebiasing

github: https://github.com/sjsdfg/CS-Notes-PDF


http://www.oracle.com/technetwork/java/javase/tech/biasedlocking-oopsla2006-preso-150106.pdf
https://github.com/sjsdfg/CS-Notes-PDF
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