HE%HE (GHIf: Old Jia)

HERIERIT

javaR— "I HIETRIES. SEEUMEE SN CPURIDRIRS RS M ERY
155, MUERIERE, RIFEFAE, E—EMRERRESnE, SHER avalZFRIaY
BESME.

A ERFHREENRBR TEIL, R ARE. FRFEERERI—MEFRIESH

Z—

HARmEDEEmLPREENSHIEES.
JavaH EREETESRIATILNED

1

FRWE=ER

R B— P AEIBHEOEIRERL. avarh/RFIHERNE— P EE MM FEASEBHITR
NEASEBHITR.

Bt ERPTRIRFRRABICRIRFHRT. (OERRTRESXECHTER )
A SENEAELAE—NEER, MREF—MEAEGEETIEN, HittEiEag Bk
EREI&HRI(E.

- BRERIRAARRES

BT SA new BERFEIZE— P EAZAIRT IR

PEBNS: WA start 730%, ETMERSHLREAT—EDS LHSIT run 75i%, BFESF
FCPURTERE

BT CPU FHAREREEAZ, FIFHAHIT run 73X

PRERIRE: SARRIHVTE TR T —LREFHENBEIREECM: 8 sleep 73, =HESE

FETORAS: run FHEHTS B TS RHEE T— B

- ARSI

A RREESINM, SIEMLIEEE,
R SRR EAINMMERIZLBIPRMETTARTURE, MRENPRIEHAEL, B
FIpTIALE, FRIEREAEEEE,

- LR [ARIIME

ZAZEAOMMES . wait/notify/notifyAllZE

. synchronized x§#=

synchronized@JavadRXiET, B—MELH. BEMIXXSRBLAIT LM
o {EIF—MUIEIR: #WSIHIBEIIRARESIEDR, BIERISERERAESHERR
BIXES, 1ERRINISRERAX MUBHRATNTSR
o {EIF—ANEIEA: HHERIGIEARRARL AE, BIFAISEERENGE, ERNNSR

BREAXATIERNNSR
o Eh—ESHITIE: EERRSEEREN SR, (FRINSREX N EEX
e

o {Eim—1N3E: BEfERRSEERsynchronized EEHESIEERAESD, ERAFAINIS
BIXNEIFBXNS.
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6. CAS
CAS2FRECompare And Swap, BILVEEH:, BLIHAMAZIN—MHAR, BEEE=1
BEM—AEME (V) . THIRE (A) FIEEB). MRAFMNENESTHIREHEILE,
BRASMER S EMEZNEEENAME . BN, IBEEAMUTAEIRIE.
CASTFE=KIGJRR: ABAERR, fEIRATENSTFEA, RREHFRIEI— M HETENRETIRE.
7. &FEith
WMERBHNVERLENIHERECIE— LR, ERER, BEFERANEA. NRHANS
BEHEREZ, HESNMEEHRIMT I IERENESHER Y, XIHIECIEEENSK
KIHERFHEER, ENE R HERAERTENE, SR BBIERURKR L
MO S RAIMERE L AYIREE.

ERNSEZmNEE

1. EHEFE LS SE? W ?
2. Java FETHILockEOMEXI FRIEAMIR (synchronized block) BHAMLE? WRIHRTI—
I EMEEER, SFHREEFRE—EN, (RUEFRIESYETEME.
3. A0faAlfE)avarRsC Il —NMEZREAS .
4, B—ERFEHURED. URiRARTIE)avarhaN{afiRFEs.
5. volatileZzEFflatomic &8 HARE?
6. I AERLFRDR?
7. SCPRunnablezOfCallable# OARIX 5
8. HifTexecute()/5 & Isubmit()FENX BIEHANR?
9. AQSHYSCHNRIE (A7
10. java APIFREfBLLRAR{ER T AQS?
M. ...

FHERFERERZEANE SN DKIFRS TR R,
FEREBE:
1. SEFRRFRIGIHFIR
FERZORS
FRRAYERR
IMMRATFEEY
2.JucC
EEANEES
AtomiczE
Lock5Condition
3. &fEithSFuture
SRR RIS IR
HAEMAIRMRIR R
ThreadPoolExecutor
Executors TEZ
ScheduledThreadPool Executor

CompletableFutureFgi%



4. ForkJoinPool
ForkjoinPool i
BOEHREES
TFE3EBAS
ForkjoinPool{R7& 4
WorkerZei2rIPEZE-IREZALH]
ESRURRIIRED T
TEGEREE: ESHTEREST
ForkJoinTaskRdfork/join
ForkJoinPoolH9{fLER< T

5. ZEFRRITER
Single Threaded Executiont®=;
Immutablet&zS;
Guarded Suspensiont&z,
Balkingt&z,
Producer-Consumert&z
Read-Write Locki&z,
Thread-Per-Messaget&=;
Worker Threadi&z,

Futuret&zl,

B9 SHEHRIGTRIE
1 BEIRER

1.1 Threadf#lRunnable
1.1.1 Javarhiy&i2
B TR E Mg

e ¥ EThread &,
o SCIIRunnable 0.

¥ EThreadZRA75 N BIEEFTLAZ :
package com.lagou.concurrent.demo;

pubTlic class MyThread extends Thread {

@override
public void run(Q) {
while (true) {
System.out.printin(Thread.currentThread().getName() +
try {

O 00N O U1 h W N R


af://n104
af://n105
af://n106
af://n107

Thread.sleep(800);
} catch (InterruptedException e) {
e.printStackTrace();

package com.lagou.concurrent.demo;

public class Main {
pubTlic static void main(string[] args) {
MyThread thread = new MyThread();
thread.start();

SEIIRunnableZ ORISR EIELAE :

package com.Tlagou.concurrent.demo;

public class MyRunnable implements Runnable {

@override

public void run() {

while (true) {
System.out.printin(Thread.currentThread().getName() + " {71 ");

try {

Thread.s1eep(800);
} catch (Interruptedexception e) {

e.printStackTrace(Q);

package com.Tlagou.concurrent.demo;

pubTlic class Main {
public static void main(string[] args) {
Thread thread = new Thread(new MyRunnable());
thread.start();



1.1.2 JavarPR9%eizE: 1SEFIATS

1. frBjava i8fF, MEFAESE, BE—IMRBAELENThread WK, HUTIZIZFRS, Java
R (JVM) BeIE—MThread FHEZEAEFHITMaIN0GE. XEIFFANBERH
ME—RIZAE, BEFANAREFPRISE— I,

2. JavarhNEEHSENAREFTRERER, SEREFIIFNXY, REMESEHEZER.
BRUNERRSS#REIRERS.

3. JavaPHIRTBLELAEZEPE —MATER, XNEBEYENTThread.MIN_PRIORITY (1) %0
Thread.MAX_PRIORITY (10) Z[&], BRIALAEREThread. NORM_PRIORITY (5) . ZF2H9
MTIFFRSERIE, BE, ReRkNEEEER RN Ic Rk aiiiT.

4. TEJava B, FJLAGIEEFIFNEAE :
o STIPLAZ.
o JESPIPLLAR.
XBIEF eI MR R.
JavafR R P TIIIZAI B |
o FEFHITRUNtimeZMexit)5i%, MEBFPERMITIZSIE.
o NAREFNREIETIFEEYBERNT, TR EEETIHTIRGE.
TFPEIREE AR E AR S S E RN EFT, PUTHENTES. E&fEstartZEiA
FBisDaemon() 5 BEAIER A ATIPEKIE, BaILAFERsetDaemon() /5 EE RN EAZHEN HTIR&

=

5. Thread.StatesZrhiE N ZAZRRESI T :

NEW: ThreadXISREZCIE, (BRERKBEFIRIT.

RUNNABLE: ThreadXJgRIiEfE)avaZi i1 7.

BLOCKED : Thread SR IFFEZEEHIE,

WAITING: Thread MSRIEFEEFE— MEFEAIEE.

TIME_WAITING: ThreadSSRIEFEEFH— MEAERYIRIE, (BEER RS,
TERMINATED: Thread%S&BL25%mM 7 #1417,

getState()J7iEZIRENThreadISRATPIRE:, FILIEZREMEAZAPINTE.

TEEEREA, ZRERELT RS, XERERIVMERRPAE, TEEREIZHRMERFRILIE

HARIRSAYIRAD
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€, Thread.java

public enum State {
* Thread state for a thread which has not yet started.

A

NEW,

Vil

* Thread state for a runnable thread. A thread in the runnable

ctate 1s executina in the Java virtual machine hut 1t mav

1.1.3 Thread2$f1Runnable £

RunnableEORENT—M7FE: run(GiE. XEBMNMEENTEE. BHUTstart(75E B0
2Ry, BREArun(EiE,
ThreadZEHfE AL E:
o FRENFIIE B Thread W IRERMSE.
o getld(): ZJFAIREIThreadXHRAWRRFF, IZIMAFFREFRIZCIEN D BRI —NE
B, EHENENMEGERPEE—BERENEN.
o getName()/setName(): IXFFHTASCIHRERENEIZRE ThreadXISRAIEFR, X NE
FRE—StringX5R, tHAILAEThread EAIMEIEREIF R,
o getPriority()/setPriority(): {REJLAERRIXMF T IEFSRENEIRE Thread IRANMLST
.
o isDaemon()/setDaemon(): X T IASCIFTRIRENEZESZ Thread XIS ATIFIRE L,
o getState(): ZFiAIREThreadWIHRATATS.
e interrupt(): FETEREIE, LEMEERE—NHIES, L2 RS,
e interrupted(): FMTBEIFEIZEEW YT, (B2 ERREZNFEIRC,
e isinterrupted(): FIKTEIREEREH TR, FERTRRC.
o sleep(long ms): TR LAZRIHUTE EmSATIAL
o join(): EEEENNT, BEERIZAENEEIITERAL. AILERZGIESEFS—

ThreadXJSREER.
¢ setUncaughtExceptionHandler(): H&RHMTHIARKIGSERN, ZHEBTEIARKES
BRI HIES.

e currentThread(): ThreadZ8a9EaST57%, IREISEFRITIZILIBAIThread g s,

joinfIrERs:
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package com.lagou.concurrent.demo;

public class MyThread extends Thread {

@override
public void run() {
for (int i = 0; i < 10; i++) {
System.out.printin("MyThreadZkfg: " + 1);

package com.lagou.concurrent.demo;

pubTlic class Main {
pubTlic static void main(String[] args) throws InterruptedException {
MyThread myThread = new MyThread();
myThread.start(Q);
myThread.join();
System.out.printIn("main&kfE - PATEN");

1.1.4 Callable

Callable #ZO2—M5Runnable #ZOIFFERILIAYZEO. Callable FZORIEZEAFHET.

N O v AW N

O o

10
11
12
13
14
15

2O, 8E5ERRsY, Sall()AE0REEEETR,

BT cll)FiE. BUTEEIETESE, 1Z5ESmiTesiT. SR EFIEHIEESREN
R,

call(FET L FHT—FIE R E, TSI B CaUi e E R afterExecute()/57E3-4k

BIXERE,

package com.lagou.concurrent.demo;

import java.util.concurrent.ExecutionException;
import java.util.concurrent.FutureTask;

public class Main {
pubTlic static void main(String[] args) throws ExecutionException,
InterruptedException {

MyCallable myCallable = new MycCallable();

// WEcallablext%, z#iFxcallableffik o] 2HA

FutureTask<String> futureTask = new FutureTask<String>(myCallable);
// LA

new Thread(futureTask).start();
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// PSR RIS AT 45 R

String result = futureTask.get();
// 5sJE1FEI4E R
System.out.printin(result);

package com.lagou.concurrent.demo;

import java.util.concurrent.Callable;

pubTlic class MycCallable implements Callable<String> {
@override
public String call() throws Exception {
Thread.sTeep(5000);
return "hello world call() invoked!";

package com.lagou.concurrent.demo;

import java.util.concurrent.*;

public class Main2 {
pubTlic static void main(String[] args) throws ExecutionException,
InterruptedException {

ThreadPoolExecutor executor = new ThreadPoolExecutor(
5, 5, 1, TimeUnit.SECONDS, new ArrayBTlockingQueue<>(10)
) {

@override
protected void aftereExecute(Runnable r, Throwable t) {
super.aftereExecute(r, t);

e

Future<String> future = executor.submit(new MyCallable());

String s = future.get(Q);
System.out.println(s);

executor.shutdown();



1.2 synchronized K=
1.2.1 SRS
synchronized XEF4EFENISRINGE", ~EMLES:

1  public Class MyClass {
2 pubTlic void synchronized methodl() {
3 // ...
4 }
5
6 pubTlic static void synchronized method2() {
7 // ...
8 }
9|1}
FiNF:
1  public class MyClass {
2 public void methodl() {
3 synchronized(this) {
4 // ...
5 }
6 }
7
8 public static void method2() {
9 synchronized(MyClass.class) {
10 // ...
11 }
12 }
13 | }

SERITTERIBIINERSSRmyClass &, 53857358907 EMy Class. class E.

1.2.2 $HROAR

WR—DHREFEZSNMEIZRRSNE, FERGZEFN. NZE, JLURIER—RBERES—
MEEDAZER. BRAUE—EE. — I IRE— I,
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%1

%iz2

TE. ¥R XHFHEZRR

iE3

%124

ME—IFR", (ERWT:

1. XM RAEBEE—MrEAL (stateZE) , IEREBCHRIERFENERELSH. KRERNER
BiX/state§0. 1HMEUE, 0OFRNEEHELSEXNM, 1 RJRIEENESE TN,

2. MRXNMUSFEHENEE S A, IERIXMEFEthread ID,

3. XANNIGRYEIP—Mthread id list, IEREMFIBEERN. SERNESXMHILRE. TH01%
TRz FEMIXMthread id listEBEEN—MEFEIREE,

BFRPIHERREABSHE— IR, HINBIEAXSEMyClass, XA MIRATLASHE— NS,
RASFEE B synchronized(this) {...}, EihRNHZERREZNSRa, BIIENSRa L. HA, BB
E—IIR, EBEAksynchronized(obj1) {...}. XMEHE, HRNHEERREEXSRa, TEIIERERN
35 obj1 k.,

HFANME"N—, {ESfEavaB@E, synchronized XEFAILIIMEEAIRIRAIALR LE. Xk
5 XTNSREAERER, BERtESE 9 HIThEE!

1.2.3 TMFRE
BeanfRIsEEL?

EXSLE, B—HREURENMMark Word, 7E6447fl28 £, Mark Word @815 (6417) RY, X64{u
FENEEFR: MinSAFGREZ#Ethread ID, EARREMARVMEE, SSLAEIREES
BEMER.

1.3 wait5notify
1.3.1 EF=E-HEERE
B HBREREE N EUNSAIERERE, INTEMR:
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EEE HEEE

221
&2 PI=BATY
e oo |918|7|6|5]4]1312|11|0
%23
%24

— AT, SNEFELARERTINIIFIRENE, SN HERELIENAFIANGFEETE. B
WXtF—MRIERE, FEHIE/ 4SS

1. REBNIIASEND, FRELHLERE.

2.[BZE. JREIIRT, EF-ERAHEN, SWEE SREIIRTHINR, HEELE
A, S,

3. WHEEA. HEERERELE, EFEBRAFEE, Enotily(iEEE, k2, EF-EHREEZ
&, HEEBETEIE, Enotify()Er~AE.

BUHFIBOREM, B2oHBIHSBA—EEM. FIa0, TLLSRE—NERRE, EF-El
FEEZE, BERBEVBEL, BRENAIMESE, BERLBEVBEL. EXNNEEER
T, AR, FrLL, BARITICaarEEE, afa@AaYaRE.

1.40{aIpEZE?
R 2B CEEEC, HMEETE. HRELESERAwait)FInotify().
73i%2: B— RS, HEAREEMAEEEIRNENER, NN/ HARESASHZEZE.

2. S0{aTFR [EDiE %N ?
TMET: wait() 5notify(FLH,
#%2: Condition#/ll,

BENEFERNERELENER
package com.lagou.concurrent.demo;

1
2
3 public class Main {

4 public static void main(string[] args) {
5

6

7

MyQueue myQueue = new MyQueue();



ProducerThread producerThread new ProducerThread(myQueue);
ConsumerThread consumerThread = new ConsumerThread(myQueue);

producerThread.start();
consumerThread.start();

package com.Tlagou.concurrent.demo;
pubTlic class MyQueue {

private String[] data = new String[10];
private int getIndex = 0;

private int putIndex = 0;

private int size = 0;

public synchronized void put(String element) {
if (size == data.length) {
try {
wait();
} catch (InterruptedException e) {
e.printStackTrace();

3

data[putIndex] = element;

++putIndex;

if (putIndex == data.length) putIndex = 0;
++size;

notify(Q);

public synchronized String get() {
if (size == 0) {
try {
wait(Q);
} catch (InterruptedException e) {
e.printStackTrace();

}

String result = data[getIndex];
++getIndex;

if (getIndex == data.length) getIndex = 0;
--size;

notify(Q;

return result;

package com.lagou.concurrent.demo;



import java.util.Random;

public class ProducerThread extends Thread {

private final MyQueue myQueue;
private final Random random = new Random();
private int index = 0;

public ProducerThread(MyQueue myQueue) {
this.myQueue = myQueue;

@override
public void run() {
while (true) {
String tmp = "ele-" + index;
myQueue.put(tmp);
System.out.printin("%#IcE: " + tmp);
index++;
try {
Thread.sleep(random.nextInt(1000));
} catch (InterruptedException e) {
e.printStackTrace();

package com.lagou.concurrent.demo;

import java.util.Random;

pubTlic class ConsumerThread extends Thread {

private final MyQueue myQueue;
private final Random random = new Random();

public ConsumerThread(MyQueue myQueue) {
this.myQueue = myQueue;

@override
public void run() {
while (true) {
String s = myQueue.get();
Ssystem.out.printTn("\t\tiH#c&x: " + s);
try {
Thread.sleep(random.nextInt(1000));
} catch (Interruptedexception e) {
e.printStackTrace();



ENEFESNEEENBT:

package com.lagou.concurrent.demo;

public class Main2 {
pubTlic static void main(String[] args) {
MyQueue2 myQueue = new MyQueue2();
for (int i =0; i < 3; i++) {
new ConsumerThread(myQueue).start();
}
for (int i =0; i < 5; i++) {
new ProducerThread(myQueue).start();

package com.lagou.concurrent.demo;
public class MyQueue2 extends MyQueue {

private String[] data = new String[10];
private int getIndex = 0;

private int putIndex = 0;

private int size = 0;

@override
pubTlic synchronized void put(String element) {
if (size == data.length) {
try {
wait(Q);
} catch (InterruptedException e) {
e.printStackTrace();
b
put(element);
} else {
putO(element);
notify(Q;

private void put0(String element) {
data[putIndex] = element;

++putIndex;
if (putIndex == data.length) putIndex = 0;
++size;

}

@override

public synchronized string get() {
if (size == 0) {
try {
wait();
} catch (InterruptedException e) {



38 e.printStackTrace();

39 }

40 return get(Q);

41 } else {

42 String result = get0(Q);

43 notify(Q;

44 return result;

45 }

46 }

47

48 private String get0() {

49 String result = data[getIndex];
50 ++getIndex;

51 if (getIndex == data.length) getIndex = 0;
52 --size;

53 return result;

54 }

55

56 | }

1.3.2 At A% mFlsynchronized—ife (&

fr)avaB@E, wait()F0notify()E20bjectAiUpRREL, SEMAPAVEM. Ht4alavaEitwait()F0
notify BUEMILLEFEREER, MARIEAEThread —EHIRREREL, 50E HAERIRRRER?

B I Await)Fnotify(wsFdsynchronized—iE(FH? {55 FEAMTHE:

1 class MyClassl {

2 private Object objl = new Object();
3

4 public void methodl() {
5 synchronized(objl) {
6 /).

7 objl.wait(Q);

8 /).

g 3
10 }
11
12 public void method2() {
13 synchronized(objl) {
14 Y
15 objl.notify(Q;
16 /).
17 }
18 }
19 1}

B TERIES:
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1 public class MyClassl {

2 public void synchronized methodl() {
3 /] ..

4 this.wait(Q);

5 /] ..

6 }

7

8 public void synchronized method2() {
9 /).
10 this.notify();
11 /).

12 }

13}

AIE, FRNERE, ZiZAEEmethod1(), &FEBIEEMethod2(), EXREEMRBPE: WMEHEZ
BEEE, WFE—MNNEER, —MAEERZISEAwait), B— P EEERIZXESEINotify(), %
WERABMEERL! FrlA, EERAwait(). notify()Zal, ES@Eidsynchronized XEFRERPEXNISR,
BHRLGIZIISI0R,

synchronized XEF A LINEHAIRIRAISLA5E L, (HEAXSSERRT8ER 8. Eitk, wait()F]
notify() RBERFEObject EE 7,

1.3.3 At await() RO BHERS B

HLLFRAF A\ synchronized(obj)F 2[5, tBEiEXobj1 L7481, LA, ERAwaitOENEZERRTE,
—EBEAEERHsynchronizedXABER; BPA, LFEBXKIZIEHAsynchronized(obj)EZRE, Kimi&
Bi=EAnotify(), REFLHH.

XS R— N RERIEE: EwaitORIRER, SEREMEiobj1, REHNBERE, Z2E, BHBI
—NEFEMnotify(IREE, EFFREE! ER, wait)(ERZRE, #UTEENSZERE, REEH
synchronized@E#HR, BB,

wait()REBRIfIAESIN T :

1 waitQ {

2 // R

3 // BHZE, S5 HAMZ ot fy
4 // EHEREU

5|}

SRIEEMIRT AR SR TR

1.3.4 wait()Snotify()AdIaRA
LU ERRAE - BERERERE, BB AET:

1 public void enqueue() {

2 synchronized(queue) {

3 while (queue.full1(Q)) {
4 queue.wait();
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5 }
6 // .. BRG]
7 queue.notify(); // BRIEZE, BAAIRAEEHE T .
8 }
9|1
10
11  public void dequeue() {
12 synchronized(queue) {
13 while (queue.empty()) {
14 queue.wait(Q;
15 }
16 // BRI
17 queue.notifyQ; // @EEIE™#, BAFIHE=E T, WLAARSICEEE 1.
18 }
19  }

SrEEBIEEENERN, BENTEMONG S, HEEEENAEFTENEN, BT Hib
BEE., FREEFwait)Fdnotify(FrERBIXISFsynchronized I ERAINISRER—, REEE— "
%, TEXDFIFIFIBAFHRANFAE, XIEZConditionEf#AAYAIRT,

1.4 InterruptedException5interrupt()/5i%
1.4.1 Interrupted B
ftatER Taittiinterrupted 5
BRigwhile BRI EREAMNEERY, REBENEAEZE, REFTI—TAE, WTFAx.

1 package com.lagou.concurrent.demo;

2

3 public class MyThread extends Thread {

4 @override

5 public void run() {

6 while (true) {

7 boolean interrupted = isInterrupted();
8 System.out.printIn("Hlidsid: " + interrupted);
g }
10 }
11 3}

XAEHE, EELLEFER—Gthread.interrupt(), BEZELEERSMEEE? 72,
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package com.lagou.concurrent.demo;

1
2
3 public class Main42 {

4 pubTlic static void main(String[] args) throws InterruptedException {
5 MyThread42 myThread = new MyThread42();

6 myThread.start();

7 Thread.sleep(10);

8 myThread.interrupt();

9 Thread.sTeep(100);
10 System.exit(0);
11 }
12}

REIBLERT St InterruptedExceptionfIREA SMHERE, S FEIXLEBHIRE:

Y
D

1 public static native void sleep(long millis) throws InterruptedException

{...}
2 public final void wait() throws InterruptedException {...}
public final void join() throws InterruptedeException {...}

1.4.2 ZEREESESRKHEE

REfEHFRITAIPEZEFR R BRAZE, XN AVLIRIASEWAITINGELETIMED_WAITING; &
synchronized XFIAGEHR FHTHIBEEFRAEERAZE, WNAVASE BLOCKED, WEMR: JERARE
NEEE, — I HEINSERITE.

NEW

| Object.wait(long);

Thread.sleep(long);

thread.start() Thread join(long);
LockSupport.park(long);

Object.wait()
Thread.join() /_\\ TIMED WAITING

LockSupport.park()
RUNNABLE
thread.yield() =4

WAITING nz z Object.notify();
ZAEE B Object.notifyAll();
- LockSupport.unpark(Thread);
. . READY
Object.notify() hronized
Object.notifyAll() synehronize BLOCKED
LockSupport.unpark(Thread)
HAT5ER FRENEI3
TERMINATED

IR TFNEWIRT, WAstart0FHaHITE, BHEARUNNINGEZEREADYIRT., WIRiKEIEH
HIRIPEEEREL, LERSTERUNNINGHIREADYZ (AR, tEERFRIBEREE, XIS
R ER SR, FRAFFENERyield)RE, MFXICPURIGR.

—BiERTEPIEEERERE, SEMESHAWAITINGEEETIMED _ WAITINGIRZE, MEHNXE
REFIENFREEE, EEUENT—MYESEL, EE—ERAATE., WREFERT synchronized
XiEzFaEsynchronizedi, MEHNBLOCKEDIAZ.
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K E WAIBEZE/EREREL, LockSupport.park()/unpark(), iXXFEREEFE X%, Concurrentfldh
LockRISEIIRMRIIX — X HRIEIRIE,

Eltthread.interrupted HIEHAE L2 IREEREREE", MARFTEER PHT—NEE".

thread.isinterrupted()5Thread.interrupted()AIX3!

EA thread.interrupted IBHFERLRRERIE 7T —MNREENES, FRLANRLELRELATEIFT
WAITINGERETIMED_WAITINGIRZ, Fieti—NnterruptedException, FEZFEHIREE, TNR
SRS EIEE, WEREAEBAISM. BERL, LETLFIHB CEREREITHMEREAXK
HFEES, A —LXINAILE,

XPNTTEERREAEFAKF B CRANEISTIESH, MBRXNINE RERSHSHE =
BEHNXFIET, AiEREENPERES, MESRE, BEN RTINS, BREETURESAL

1 package com.lagou.concurrent.demo;

2

3 public class Main {

4 public static void main(string[] args) throws InterruptedeException {
5 MyThread myThread = new MyThread();

6 myThread.start();

7 Thread.sleep(10);

8 myThread.interrupt();

9 Thread.sleep(7);
10 System.out.printin("mainH Wk #E-1: " + myThread.isInterrupted());
11 System.out.printin("mainWrR&RK#E-2: " + myThread.isInterrupted());
12
13 }
14  }

1 package com.lagou.concurrent.demo;

2

3  public class MyThread extends Thread {

4 @override

5 public void run() {

6 int i = 0;

7 while (true) {

8 boolean interrupted = isInterrupted();

9 System.out.printIn("#Wibsid: " + interrupted);
10
11 ++1;
12 if (i > 200) {
13 // BEIEE T WRE.
14 boolean interruptedl = Thread.interrupted();
15 system.out.printTn("EEHWIRA: " + interruptedl);
16 interruptedl = Thread.interrupted();
17 system.out.printIn("HEHWRE: " + interruptedl);
18 interrupted = isInterrupted();
19 system.out.printIn("HliFrid: " + interrupted);
20 break;
21 }

N
N



23 }
24 }
25  }

1.5 LAZROMIEXE]
1.5.1 stop5destoryiFH&]
SRR —RETHRMRS, —DNEITHIGIE. BITE RS RFIRIE?

AgE. fEavat, Bstop(). destory(fFrTi%, BXEITEESHMARNGER. RERES, W
SURHIRICEAE, NEAZPFERNRIR, BIISHERTT, MEERSFTEIERXA.

Eit, —MEE—BiETiEk, FERTAE, SGEINMERILHEIE TR (EMESETR
B) |, T#EREERR, ARRE. MRE—AHENETISE, MHEERIISIEENERE
i, IEELAEEAEIR L,

1.5.2 FP&TRE

daemonZFEFNdEdaemonZLi2AYRTLL :

1 package com.lagou.concurrent.demo;

2

3  public class Main {

4 public static void main(string[] args) {

5 MyDaemonThread myDaemonThread = new MyDaemonThread();
6 // WH NdaemonZkfE

7 myDaemonThread.setDaemon(true) ;

8 myDaemonThread.start();

9 // JE3hdEdaemonsifs, *dEdaemonZk RN, AEdaemonk iRt AW, HBLE R IVMitE

2o

10 new MyThread().start();
11
12 }
13 }

1 package com.lagou.concurrent.demo;

2

3 public class MybDaemonThread extends Thread {

4 @override

5 public void run() {

6 while (true) {

7 System.out.printin(Thread.currentThread().getName());
8 try {

9 Thread.sleep(500);
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10 } catch (InterruptedException e) {

11 e.printStackTrace();
12 }
13 }
14 }
15 | }

1 package com.lagou.concurrent.demo;

2

3 public class MyThread extends Thread {
4

5 @override

6 public void run(Q) {

7 for (int i = 0; i < 10; i++) {
8 System.out.printin("dEDaemonZkiz™) ;
9 try {
10 Thread.sleep(500);
11 } catch (Interruptedexception e) {
12 e.printStackTrace();
13 }
14 }
15 }
16  }

SN EERER, fEthread.startOBIEII—{T{CESthread.setDaemon(true), Zmain(...)EREUEH
, LfEthreadfieiBH, BMHEDLSIEL.

SE—NVMEREEEFS NIRRT, XEEREROAMR: TIREAEMARTIREIE. BOAREF
S a5

HlavahBE—MIE: SMBNIFTIFLEERE, BNVVEHENSEBRYH., SEMETIREE TR
BIFEU, SFIPEREARRIE VM HIZANR .,

plgn, SARENEAEMETIFGIE, SNEEEHMIRIE, SFAXBNMEIESIE FTRL
2) #hRHZ /R, BNVMHENERLT.

1.5.3 &%*PHMWIULL
FRAP—RBIRERSMNA, FLIEHENETH%E.

X831

1 package com.lagou.concurrent.demo;

2

3  public class MyThread extends Thread{

4 private boolean running = true;

5

6 @override

7 public void run() {

8 while (running) {

9 System.out.printIn("&RIEEIET. - « ")

10 try {
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11 Thread.sTeep(1000);

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

14 }

15 }

16 }

17

18 pubTic void stopRunning() {

19 this.running = false;

20 }

21

22 public static void main(String[] args) throws InterruptedException {
23 MyThread myThread = new MyThread();

24 myThread.start();

25 Thread.sleep(5000);

26 myThread.stopRunning() ;

27 myThread.join();

28 }

29 |}

B EEARSE—NEE: 1R MyThread tfEwhilefBIRFRIEEER MBS, FINEEmRERET
object.wait()F&, IFEABLKTRBIEEHIT while(! stopped/XFB, tBHi—BETTHBHIER.

IR, FtEFZInterruptedException()Sinterrupt()EREL,

2 FRZRE
2.1 HRSHT

FEEBRANLIERS ERABEITES MESIIAFR. EXMERT, BERFRINESAEREFSRIR
MN—MESTHEEIS—MES, EERRFEIHMESEERINIZ T,

E—REREAREEN. EsRatERR O ERMIETEMES, MEMmMBRYHiT .

B—NMRTHEKNENZ, ERFLEMETSMES (FRES) Bk, MB— 1M XTH
TRENR: RRERMNERENARSS DEfTR—ESHARSEIHEF T,

KTFAHTHRE—ENRE, BRRFENETTEMES. XTHAKNRE—NENRE, —HERE
B RSESTEI =R RIE AR A AR AT EIRTTE.

XFMESAERERI, MEXFME MRS SRR A RBERTIEE,

22 [[EE

EHES, HAITLUSEEE N I—FhERAN S E SES LS EREERTE. BENERE
R :

o EHIEL: Hlg, S—MESHTHAKBT R —MESHERR, S MESTEFF—ME
35 TR ZBIFHA.
o HFENEES: IMIBESESZHOHEEEN, BESNEE, RE—MESTLIAEZ

e
e,
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SREETERN—MESHIERR. GRERE—RAE, BTEILINEAERR, ELLBEE
LERIERN, REER—MESHIT. BEREAFRMEX—ZKRKAE, METLURBAARAGIRE
.

ELE AR BMRESeRF RESHIER B R —LER, (BRCEMRNEESINT —EFFHE. (R
AFBFEHEESHHE, XEESTLURIIIT, MATHTEEZTNERE. XMERALKE
ZRORIE. NREEFEEENE (REEEHAZMES)  BEHEAFEMESRIE. A, WiHEAR
SRRRFFENZL. REZEEMNE (SEBENNEES) | BETENFHEMRES, M
Biz8ENELEREARRT,

HERFHPEARNREEE., NECREES, RRTAEIT:

e {S5& (semaphore) : —MATEHN— ISP RMURFEHTHEONGE. E6—8
TERURARFNENSE, MEJLIRARMREFRERERZEZE. BR (mutex,
mutual exclusionfIEERI) B—MFHEENESE, ERENFME (AIERZHAME
iBIC) |, MEREKERKRESCRBFNHEATURKE. BRFRUUETRIFIRFERFERE)
iR MR,

o IR —MEHERFLIMERANE. BE—IER. — M FEXE. WIHEE (56
FHMBEREN) . —BIRERTIZFY, EFSFENESTRE—SRENT.

RHZLUENME B EZRRSERE, BARE (BUTE. HR) MEEERSM.
#ERYAEREZBAYCAS (compare-and-swap, HUIRFNSHR) [RIBERAAIRAY, XEHATLAEF RN BEERF
SPERIZABMAS HETRRE,

2.3 AAIEHR

FAUERRE—FEIEEEHRIR. EEMRNE, FEEXETIRS (HRELE) . RS
B AENSR, BARBLREIE— RIS,

FAIBHMRNEBRNAET EREERTEN. RAULEFRNARERFHEREMmASHIHEDE

[
o

AR IS — M FRRjavashaIStringss, H{RE—NString SR HFER, S8JFE—
StringXJ&,

2.4 [RHERENREFEE

SN FREFRIEMESHEL, RFRER—IAEERRRRE. EHRNBERS, JLiBg—
MNMEFEREEIRTFRE, LAENBMEERBRELE.

FFEER—TMBIRFRERRENRREENZE, FJLMEREMESNEIREI—RTE
2, EEILUERCASLIENSRELI—NRTRE, MEMARAARZTREAIRLEIE.

2.5 HEHESHEIER

ESTLUBTHRHARNGICREEEE. F— 0 Z2EERE, BERTHER—aUENLE
TEESIIBR. ESEEBRISNERRRERBERNAEXE. HTEBHIEE, MzHEART
RO E— D RS HUHIRIPAIIGSR RN TSR,

B—MRLIHEHEEEE, BERBTEFRUEN LETSESIRY. S—MSFESR—
MESEER, BERRE—MEEMEXIMYANER. MRAIXSREEEFEF0N, BPAZEEH
BRFPH, MREESEAKEEREHEFTECHME, BBARBEMEFL.
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3 H&RAYEE

3.1 HERF

WRERMNEE S MESEIRFRZIG—IHELEHTENERE, EHERREEREHIES
ik, BRANFERAREFEEIERS (BIUMRSRSRMY) .

EXEERT, NAEFRIREERTEERRTESHITIVE.

1 package com.lagou.concurrent.demo;

2

3 public class ConcurrentbDemo {

4

5 private float myFloat;

6

7 pubTlic void modify(float difference) {
8 float value = this.myFloat;

9 this.myFloat = value + difference;
10 }
11
12 public static void main(string[] args) {
13
14 }
15 3}

BRRBRNABIESHIT 7 E—rmodifyf5ix., BTESTEDIIHTINFEAR, REERbS

modifyJ5iEARERFAY, Concurrentbemo thAREE&IEL 2.

3.2 FEsH

IR (331 ESEAEFHUMRRE—SERNINE N ERR, MR EEFFYME
AIRMESZ —BRNA—HERIR, FARNAEFNHIR T8, SERFHRSHIA0 S OMEG
RS, MSSEIXFER. HIMGEFRCoffman &t

o Bi: ZHIFERHNREN. DREFTHZN, —XRE—MESTLUERZER.

s HEHFHFEM: —MEBELBEBRNRRNNBERS—ERIIER. SEEFEH,
FEBREHTRR.

o RERRF: HRARBEHBPEIFEENRNESEL.

o TEIRER: ESVEFHIS2 fTOBNRIR, MES2 NIEESFFHES3 FIaBRR, LA
e, REMESNNESFHFRES 1MOENRR, XEHEI T EAERF.

B—EAH AT LARSE R IEH.

o BERE(]: XE&KBRIONE. FMUTLMRIRECHAFREAISHIZE, MINRLETEHU, 5
R EIRAI LIS LN BEFFEENRITE.

o 1N RRPE—MENNDNREFINEHES, JTLUENERERET M. MREENZETIE
M, TR —LEBERIESIZEE, flin, SREMESHEEFHRIE SR

o FiPBH: NSRAFABBHLERGHIGEM, BLAFRBCoffman 4RI —RKES &N,
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o M MRARILUMER—ESHTZANSEIZESERRRAIEXER, BPATHRETLIMN
B, H—MESEFRITH, R RAF SRS RIESFRENERR IO, X
HERRTLAF IS R R RSB IaHT.

3.3 jEi

WRRFHERMES, BIISRENTSTITAMNEZEE PR, BARMBI T AN, &RELS
BN T IREEBRYEIAT T AR LR AT,

pign, BREMES: ES1MES2 . SNEFERZIMIRR: fSRIER2 . RIRES1HNRR
TINT—18, TES2 MRR2 T —1M . ZeNRELERENERN, HeBECHNRFEAR
BHRER. XMERALTRREE T X, AR MISEASERE CHRITEE.

3.4 BEAE

SRNMESERRPLRHRDEHFERENITIIENRRS, etlRRrE. 385 MESE
FHE—RFRZARERERE, RAEFTEEE T MU LERZRRIES. URFNRGEFIRER
IHRFNEE, BARGHELLERAIBEEIRBIZ R RS FRIKATEL,

BRRX AR ERRAFREN. FEEFERE—RRNESLER—EENBEZALEIXE
R AEARZ—HRLM—EE, AEFET—MROEE—RFVESE, WESCEFHFZRIRRT
RIEEZFILAERE. AT, SCRSRIAFEERINEIMNITTE, XUEEIEFNEILE.

3.5 fliFctN it

S MERSANESTFE T BMARESFAFORIFR, MESREMTIUREE. XS,
RSB ES R SESNIAENES ZAHAIT.

4 ]MMATFRES
4.1 J]MM5happen-before
4.1.1 B AREFE RET R DS

TEFx862M TRCPUBENMRE, BIE—CPU 4ZT, L1, L2, LB3=REFSENENHE.
B EEBL. L2EF, BEFAMERIA.
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CPUO
coreQ corel core? core3
L1 L1 L1 L1
L2 L2 L2 L2
L3
FRE

EAFECPUREF—EUIEMY, HIIIMESI, ZACPUZLZBIEFASHIARLSHNIE#, A8
“RfFE I AR,

EEF—BUHDSOTHEERRAIREE, ATHRAXNIE, TS, flw, i8S
L12Z[8iN T Store Buffer, Load Buffer (AEEfMth&EFhBuffer) , tNTE:

CPUO
coreQ corel core? core3
L1 L1 L1 L1
L2 L2 L2 L2
L3

E=Es




L1, L2, LIFIEREFZERELHN, BEFEUEHMYAYRIE, {B2ZStore Buffer, Load Bufferfl]
L1ZIERREMN. BRFEFEAN—TE, XNTESRFEStore BufferBl, FHEZRESHEAN
L1h, ERBEEEAERER,

RAER G T HICP USSR
Z1CPU. iz, Bt

BEECPU ZtECPU ZtECPU Z48CPU

AitEr AiteEr AHEr BT

EFRE

ZCPU, B1CPUSH, BN LEFRBEES MEMEIE, WTRERSRH, sEIT—M
ROIZEECPU, B NMZIBCPUBBEECHER, XEEFHERATZIEARTEELSH.

XEaval, HUEIVMIMSRATRE, B

21 HFg2 2RFEN
AR AR AR R 57 YN sy e

Y Y Y

4.1.2 EHIFSREFTRERHXER

Store BufferfREESNZEHFH—M, #ARFERRF (Memory Ordering) . BRILZSE, &
BIRIEEMCPURHES EHER.

B
1. RIFEREHF,
MNFEESLRKMXRENED, RESUUEREAZEONRITIRE.
2. CPUIESEHIF,
HERESRT, ILSBKBMAXRINSRIESHT.
3. CPURGFEHF.
CPUBECHER, BSITINFNBAENENINF e,
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E=MEHFT, B=XHMEIEN AT RRAIER, TS
57

X=1

a=Y

ZF22:

BigX. YERNEEERE, YIBRaHE, X=0, Y=0, &A), XM MEERITEZE, a. bHILE
HRERMNIZRHA?

RER, SRR 1SRN TRRINFERHEEN, TaeliFhiT, BRI XiT, S&RIERIN
SRR

1. a=0,b=1
2.a=1,b=0
3. a=1,b=1

EHMEFEWSHER, MMTERNIZEX=M7RPH—M. BLfRIgERa=0, b=0,

PNEFERIESEIRBERF, PTIMFRENBHIRE, BAAsEHMa=0, b=0, RERLE
15e6H4TX=1, BEHfTa=Y, BLRX=1FEECHStore BufferBm, ;@ERRBEANEREFS, AL, %
E2EREIRIXNER0, LAE2pNEBSIER.

BAKE 1 EECRIRABINFESRITH, BREXE2EXR, a=YiIX=1IFE28EN,. 5
BEAF, S5 ARGFHRMESEERT, BHMERTREFT, XHERRTFY LR,

4.1.3 NERE

N TEIREEEHEF CPU B, EmiEesfl CPU EEEBNNANES, thERNFREE
(Memory Barrier) , XtBIEE/MMFIhappen-beforeiMEEKESLIRIE,

RFRNONTRE, REATSRRERAEHECHTERF. SRiFTheE, XMRTFERE
HHKT , CPUHASRRIZIR RS ATFREFE.

MCPURNRFRIERCPURRMRNES, FLIBFAEERER.

NEFEESREENES, XTF Java FFREXRR, —ARF volatile XEFHER T, EMDK 8FF
%A, JavafEUnsafeX iR T =PMREFERE, TR,
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public final class unsafe {
// ...
public native void ToadFence();
public native void storeFence();
public native void fullFence();

JY coc

N O v AW N

HIEICEH, FJLUCERRICPUREREIED BIIF:

1. LoadLoad: ZIEFHEAIEHRERF.
2. StoreStore: ZEIFEFNEHNEHERE.
3. LoadStore: ZIFSEFISAIERFF.
4. StoreLoad: ZEIFSFIEAIEHER.

Unsafedrpy73%:

1. loadFence=LoadlLoad+LoadStore
2. storeFence=StoreStore+LoadStore
3. fullFence=loadFence+storeFence+StorelLoad

4.1.4 as-if-serialiEX
BHIFNFENEAA? 43S TILERR, A% E TAEEHERRE?
1. PR FAEHEFRN

FTRHAIES, IWERFESRAICPURIRESRR, FEEAERF, BEEEFIIITERARE
XA R EARTE FHIEH AN,

BIREERMFZ [ RBERERIE, MFFMCPUERILUERERF, RATTERIEREE, (3
BRFMGERTEHITH—TTALITIIR, XtEHiRas-if-seriaiEX.

T EREAREFHKIL, WiFSFICPURIREM T B, (BFFRERAAR, EAFEREFIRIERE

o

&
o

2. ZE IR FROEHEFRN
PRIFRRFICPURIIX—{T A T REIEIEFRBN, (BNZLEEFAERN.

T SEAREFHIR, SRR EREIRRIMERSER, RIFFTCPUIRBNNE TS EBIXTMREIE
FELCMHRGERIL.

IRIFESFICPURBERIE BN &iEMIas-if-seriaiEX.
SRR BEURKEFIEER N, TEMEEEFCPUR LEXRE.
T EEENRREEIICPUES&IE S M AR LAERF, (AR AREEEHER.

4.1.5 happen-before2{+4

{#Fhappen-beforefBiA P MEIEZ [BRINFEI I,
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javalIfFER (JMM) 2—ERiT, E2%Ed, —AmH, BimFESEMCPULLIRIEMEHER;
B—AHE, ENFREM—LEE, BHRSHIFRENTERAMTAFNER R, SERAMTANE
Hir. A, REFEREXMEFNEFREEEXN. RGN, MEEFAEERbEYT
volatile, synchronized&FERISHHIRE LLEHEFF.

*Fhappen-before:

ANERA happen-before B, BIREARNHITERVAXIBAN, tHHERIEBLENANFT M. A
happen before BAMURA—EEBZAEIHT. EA, WFEZEERFMNS, WM FRIRITINF S
EfY. happen-before RERUNIRATEBZ AIHIT, WARIHITERUAIBA . EX T REFEA ALY
R, EEN T —RIEHFRIZIR,

ETFhappen-beforefUiXFEATTIE, IMMFFAEME T —FRFEE:

1. BREFERIEME(E, happen-before XRIZEAEHEREEURIE (BFRE as-if-seriaiE X (R
iE) .

2. XtvolatileZEBHIB N, happen-beforeXt fG4exHiX NS EHNEEY,

3. XfsynchronizedffEEl, happen-beforeXd R fS4ERHXMEIATINGH,

JMMSSFmIEESFICPU ki, volatile TEABEEHEFF,; 3E volatile TERTLUEREHEF.
4.1.6 happen-beforef{&iE 4

IR T IXEEE AR happen-beforefiMl, happen-beforeifEE{&i#EIE, EIFEA happen-before B, B
happen-before C, MJA happen-before C,

MR—PMEERRvolatileZTE, Z—MHRELW, —MFESE AN TR, BBERAER, ES
SRR, HNEANS, EAVUCHREZEL S HvolatileZTE? XBATAEE, MXHSIFN
Fhappen-beforefU&iE%E,

1 class A {

2 private int a = 0;

3 private volatile int c = 0;
4 public void set() {

5 a=>5; // #fF1

6 c=1; // #fk2

7 }

8

9 public int get() {

10 int d = ¢; // #1E3
11 return a; // #{F4
12 }

13}

RIREIEATTARA Tset, IRE Ta=5; ZIaLiEBAM T get, IREE—ERa=5. AftAlR?

BRI E2RER—MERFFHITRY, BE1 happen-before #2/F2, I, #4E3 happen-
beforei®{F4, XEFcRvolatileZTE, IFcHIS Ahappen-beforeXdcHisEE, FRLAER{E2 happen-
before#®{E3. FlAhappen-beforefyfZiEtt, FEE:

21 happen-before #{E2 happen-before #2{E3 happen-beforeiz{F4,
AL, BETRER, —EXHRE4RT I,
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1 «class A {

2 private int a = 0;

3 private int c = 0;

4 pubTic synchronized void set() {
5 a=>5; // #fFl

6 c=1; // #fk2

7

8

9

}

public synchronized int get() {
10 return a;
11 }
12 | }

RIZAFEASERE T set, IRE T a=5; ZIE&FEBEAE T get, IREIEH—ERKa=5.

EAS5volatile—#¢, synchronized@EEBhappen-beforeiEX, B LEAMCIDEERELT T
A RRES:

LA
et // #MEL
a=>5; // #fF2
c=1; // #{F3
fiest;  // #AF4
ZEFEB:
net; /7 #AES
wila;  // #AF6
fiest; /) #AE7

O 00 N O v A W N R

R¥EsynchronizedfJhappen-beforeig X, 1#{E4 happen-before #{E5, BESEIRME, &ER

21551:

#BE1 happen-before #{E2......happen-before #{E7. FrLl, a. &P ARvolatileZT®, BFAE
FET I,

4.2 volatile&§g=
4.2.1 AU ANBIEFHE (Half Write)

an, SWF—NMongBlTENMHEFIBERIFMS, ES%EFE T, LiEATERset(100), &iEBYF
Figet(), ERLEIHET, REHEATEEARZ100,
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1 public class MyClass {

2 private long a = 0;

3 // ZFEATIHset (100)

4 public void set(long a) {
5 this.a = a;

6 }

7

8 // ZFEBifget(), RIEIE—ER1001?
9 public Tong get() {
10 return this.a;
11 }
12 |}

ERIVMESREEHESEEKRAMlongEE doublelIB NERIRFH., TE32MIANSELE, —N64{RIEE
ENBNFTEEBIR D RN 32N SRIERINT. XHE—R, EBEER T eeER —F/E". R
NEIREE, 7ElongBiENN_tvolatileXE=,

4.2.2 EHEF: DCLIERR
OISR AEERSMSERIE—F, BASEADCL (Double Checking Locking) , I FATR:

1 public class Singleton {

2 private static Singleton instance;

3 public static Singleton getInstance() {
4 if (instance == null) {

5 synchronized(Singleton.class) {
6 if (instance == null) {

7 [/ SEALARHDA i)

8 instance = new Singleton();
9 3
10 }
11 }
12 return instance;
13 }
14 3}

LiABY instance = new SingletonQ; XIBEEE: HEESD A="T1EF:

1. pE—3RRE
2. ERE LR R E.
3. {Binstances | BiEMAEF.

EX=EFR, BE2AR(E3TREEANT, RISGiCinstanceigmRE, BHIIARREE, EX
“EFRESRIRIRR. Wi, BN EETRERE RS RMRNSR. XiF, BEAE
BENREZE, HMAEHE. XM EIETTARH AR,

ERTIEBARER, HENinstanceZENN Lvolatilef2if,
volatilelI=EEINXL: 64UBANRRTFIE. AEFEAIRMEMEELERERF.
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4.2.3 volatileSCIR[RIE

AT ABNCPUSRMREFARRA—R, ERIFIRIEA— =, RN EREESENEE

=
Fto
XEB R AT SEvolatile XEFANE XA —FMSHE:
1. fEvolatile S FRIRIEIBAN—StoreStore &, {RiEvolatile BEMEARINZRINNGERFE

HeRr.
2. fEvolatile SIR{FRIFGEHEN—StoreLoad Fi&E, {RiEvolatile B AR Z BRVEHR(FE
HeRF.

3. fEvolatilesH2/ERYEmEIEN—"LoadLoad EfE+LoadStoreFfE, {FiFvolatileiEB{/EASH]
ZIGANEIRE. BiR{FEHR.

E{RFIx86F &, HsLASHELoadLoad, LoadStorefStoreStoreEHER, REStoreLoad—F
BHF (WEFERE) , tHMEREERvolatile SiR{EfEMENN_LStoreLoad FFE.

4.2.4 )SR-133%3volatileiE X A91E3R

FEJSR -133ZBIMIARFERIG, —/N641zlong/ doubleBIZsE9isE/ SHRIERTLAIR S AN 3201

B/ BRI ERIIT. ISR -133RFEEFFIR  (BIAIDKSFR) | (IR AIFHE—64{ilong/ double

VT ENSIRIEIR D AN 32MMNSERERNT, TENERETISR - 13340 #HUAEERFE (BT
BIREVNEERMESESPHIT) .

XBIEARIL T )avaXthappen-before fiRIAIF=A&IE ST,

4.3 final&ig=x
4.3.1 ¥3iE T LS IR

ST EAIA:

1 public class MyClass {

2 private int numl;

3 private int num2;

4 private static MyClass mycClass;
5

6 pubTic MycClass() {

7 numl = 1;

8 num2 = 2;

9 }
10
11 /
12 * ZFEAIITWrite O
13 &/
14 public static void write() {
15 myClass = new MyClass();
16 }
17
18 JEE
19 * ZEBEEMITWrite O
20 &/
21 public static void read() {
22 if (myClass != null) {

23 int num3 = myClass.numl;
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24 int num4 = mycClass.num2;
25 }

26 }

27}

num3FfInumdfERE—E=Z 15127
num3, numdRIE—EET1, 2. FIDCLAYGIFRM, EHMEEEEREHER,
myClass = new MyClass(iX{TXES, D fER="MEE:

1. PE—RRE;
2. EREFE LA MI=1, j=2;
3. #BmyClassigEXRAE.

EBMF2FAIR(E3TTREERFF, EILEAEBrIREBRRIRIEMWIRMWAYE. NTEEm AR, ME—
MRAEEHAR RFHY, S—PMEEEEEENSRET, BTS2 R LUSZIRIEFAY —F3d

4.3.2 finalfhappen-beforeig ¥
ERRRXNAE, REBE—FMGE.
739E1: #Anum1, num2fi_tvolatile&E=,
&2 Aread/writeF5iEEIN_Esynchronized XK=,
g0SRnum1, num2_AFERUE—IR, EAILMER inal>X#=F,
ZFRLAREfRRIBIER, 2EEvolatile—#E, finalXgEFtEHEMAIhappen-beforeiE Y :

1. Xfinall%NE (H91E737A5MEB) , happen-beforeFfaLaxtfinalldFTEXISRATE,
2. YfinallEFTEXISRAGEE, happen-beforeF/ELExdfinalifAgiE,

BidiX#happen-beforelE XAIBRE, RIET finallEAE, —EEMIETTIEZRISEHK, AN
H—NEABEE TR, ENREANREANRIBRMURIBH, B HIWeiErsiERHA

B D

4.3.3 happen-beforef il 545

1. BRI MEIE, happen-beforeFiZ&iE T EEUR(E,
2. XtvolatileZEEMIE, happen-before FEEXNX N EATE,
3. XIsynchronizedf9f%sti, happen-beforeFfELEXHX M AN,
4. 33finalZEME, happen-beforeFfinaligxg5AUiE, happen-beforeF /4T inalZE=HY
=
INEAANEII_Ehappen-beforefYtZEtE, FATMIMMIIFERERIENEIE, EXNEELAGH
HERD, FEFERnIREEREF, BT RE/IVOINRERTFE] T aE,
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volatile

AR final
synchronized
JMM
JVM/=
=] ( happen-beforeﬂmu )

CPURTFIAE
CPUET CPURNTFEHRF
AfFR=E

B=ER%: JUC
5 H&&8
5.1 BlockingQueue

ERTRRIF AERRT, BlockingQueueR&FENAI—F. BlockingQueue2—MEREZEINEEAIRA
5, SAFIRS, EFICH, WERERE, SHASIR, JFIAZ, NERERE.

f£Concurrent&H, BlockingQueue—MEO, BITEZ MR, WEFR.
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<<interface>>
BlockingQueue<E>

ArrayBlockingQueue LinkedBlockingQueue PriorityBlockingQueue DelayQueue LinkedTransferQueue SynchronousQueue
o v = .
ZIEORIENX AT

1 public interface BlockingQueue<E> extends Queue<E> {

2 /).

3 boolean add(E e);

4 boolean offer(E e);

5 void put(E e) throws InterruptedException;

6 boolean remove(Object 0);

7 E take() throws InterruptedException;

8 E poll(long timeout, TimeuUnit unit) throws InterruptedException;
9

/).

ZEOMDKESBHFIIQueueiZNEFRAN, FREHEEM HIBINTIHRREINRE. mIXE, AR
fftT7add(...). offer(.). put(..)375i%, BHAXEIR? M EEIEXATIAEEI, add(...floffer(.)8d
RENEEM/RARE, MputTREE, BSttHFRIRE, Frlladd(..)floffer(.) @7 EERN, B2
QueueASENHIED, Mput(.)EEZEAI. add(..)Floffer(.)HNIXBIFK, LAFIIHEHE, FIES
mWEBRE, EENERRE/false,

HAFISZ 2L, B4t T remove(). poll(). take()&Gi%, remove()EIEFHEAY, take()Fpoll()
ElEERR.

5.1.1 ArrayBlockingQueue

ArrayBlockingQueue@—\NFEUASCIIRIIZBAGY, EEIET AR, SEKRENENSE.

pubTic ArrayBlockingQueue(int capacity) {
this(capacity, false);

1

2

31

4

5 public ArrayBlockingQueue(int capacity, boolean fair) {
6 /] ...

7}

8

9 pubTic ArrayBlockingQueue(int capacity, boolean fair, Collection<? extends

E> c) {

10 this(capacity, fair);
11 // ...
12 3

Hiz DEUREIT:
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public class ArrayBlockingQueue<E> extends AbstractQueue<gE> implements

BlockingQueue<E>, java.io.Serializable {
/] ...
final object[] items;
// BkTERE
int takeIndex;
// BARfERE
int putIndex;
int count;

// K% R IANBAN I A A

final ReentrantLock lock;

private final Condition notEmpty;
private final Condition notFull;

/]

Hput/takeFiABRER, 0T,
putimi&k:

€. ArrayBlockingQueue.java

* @throws NullPointerException {@inheritDoc}

*/
ol @ public void put(E e) throws InterruptedException {

Objects.requireNonNull(e);

final ReentrantLock lock = this.lock;

lock.lockInterruptibly(); ®J9ifAILock

try {
while (count == items.length)

notFull.await(); ZEPAFIH, MIPEE

enquele(e);

} finally {
lock.unlock();

}

}

€_ ArrayBlockingQueue.java

private void knqueue(E e) {
// assert Lock.isHeldByCurrentThread();
// assert Lock.getHoldCount() == 1;
// assert items[putIndex] == null;
final Object[] items = this.items;
items[putIndex] = e;
if (++putIndex == items.length) putIndex = @;
count++;

notEmpty.signal(); E#dEputTlquevethzfs, MAIIFEHM

takefgiZ:



¢ ArrayBlockingQueue.java

Bl public E take() throws InterruptedException {
final ReentrantLock lock = this.lock;
lock.lockInterruptibly();
try {
while (count == 8)
notEmpty.await(); takefUBHE, tNZRPAZINZ, MIFEZE
return dequeue();
} finally {
lock.unlock();

¢ ArrayBlockingQueue java

private E dequeue() {
// assert lock.isHeldByCurrentThread();
// assert lock.getHoldCount() == 1;
// assert items[takeIndex] != null;
final Object[] items = this.items;
/unchecked/
E e = (E) items[takeIndex];
items[takeIndex] = null;
if (++takeIndex == items.length) takeIndex = ©;
count--;
if (itrs != null)

itrs.elementDequeued();

notFull.signal(); taketfsh, BREAEREME
return e;

5.1.2 LinkedBlockingQueue

LinkedBlockingQueue2—FfhETEEEERAIEZES. EALINERE2MEH 9 FHEIER,
FRUAR T 2188+ 244, ERYA11MAtomicintegerfy/EFEEIERcountE,

1 public class LinkedBlockingQueue<E> extends AbstractQueue<E> implements
BlockingQueue<E>, java.io.Serializable {

2 // ...

3 private final int capacity;

4 // BFEE

5 private final AtomicInteger count = new AtomicInteger(0);

6 // AR B

7 private transient Node<E> head;

8 // BRI

9 private transient Node<E> last;
10
11 // PR PSR
12 private final ReentrantLock takeLock = new ReentrantLock();
13 private final Condition notEmpty = takeLock.newCondition();
14 private final ReentrantLock putLock = new ReentrantLock();
15 private final Condition notFUl1 = putLock.newCondition();
16 // ...


af://n987

17}

EEMISETTET, BALMSEININEEE. MRAEE, FAAInteger. MAX_VALUE,
€ LinkedBlockingQueue.java
7
public LinkedBlockingQueue() {
this(Integer.MAX_VALUE);

€ LinkedBlockingQueue.java

*/
public LinkedBlockingQueue(int capacity) {
if (capacity <= @) throw new IllegalArgumentException();
this.capacity = capacity;
last = head = new Node<E>( 2 null);

put/takesCH,

€ LinkedBlockingQueue.java

] public E take() throws InterruptedException {
final E x;
final int c;
final AtomicInteger count = this.count;
final ReentrantLock takelock = this.takelock;
takelLock.lockInterruptibly();
try {
while (count.get() == @) {
notEmpty.await();
¥

X = dequeue();
¢ = count.getAndDecrement();
if (¢ > 1)
notEmpty.signal(); WRAEHBTR, NEMEH {btakeZiz
} finally {

takeLock.unlock();

¥

if (¢ == capacity)
signalNotFull();

return x;



€, LinkedBlockingQueue.java

o @ public void put(E e) throws InterruptedException {

if (e == null) throw new NullPointerException();

final int c;
final Node<E> node = new Node<E>(e);
final ReentrantlLock putLock = this.putLock;

final AtomicInteger count = this.count;
putLock.lockInterruptibly();

try {

* Note that count 1is used in wait guard even though it 1is
* not protected by lLock. This works because count can
* only decrease at this point (all other puts are shut
* out by Lock), and we (or some other waiting put) are
* signalled if it ever changes from capacity. Similarly
* for all other uses of count in other wait guards.
*/
while (count.get() == capacity) {
notFull.await();
}
enqueue(node);
¢ = count.getAndIncrement();
if (¢ + 1 < capacity)
notFull.signal(); NRFIEEFIRTANENEbputi2

} finally {
putLock.unlock();

}

if (c == 0)

signalNotEmpty();

LinkedBlockingQueue#JArrayBlockingQueuelSZER::

1. ATIREHARE, F21B8, 23HEHIBAk. PAEAYRIE. BREEput(..)fput(..)Z&.
take()Stake(ZBIRERH, put(..)ftake(ZBEHAER. EXfFcountiE, WHEH
BE, LA RFIEE,

2. EAREETEM, FrAAZEEA SR conditionfsignalfy, EMIREINEIS AR,
HzsignalNotEmpty()FlsignalNotFull()75i%, Z~FIg0 TR,



¢ LinkedBlockingQueue.java

private void signalNotEmpty() {
final ReentrantlLock takelLock = this.takelock;

takelock.lock(); | WmscikEltakeLock A BILAEFT
try notEmpty.signal() /5%

notEmpty.signal();
} finally {
takeLock.unlock();

* Signals a waiting put. Called only from take/poll.
*/
private void signalNotFull() {
final ReentrantLock putLock = this.putLock;
putLock.lock();| w&Zm5cikEputlock, ARTLAEA

try { notFull.signal()75i%
notFull.signal();
} finally {

putLock.unlock();
}

3. MY put=iEA] take, take BB put, ZHput KIAEHAIRHE, ESERIEL puttis;
Htake KIAFTHIEHE, BRBRNE btakeLiE.

5.1.3 PriorityBlockingQueue

BAZ B E R5THTHAY, MPriorityQueueBIERRTRAMLIZMNNEIRHNTIA. EFELOLL,
PriorityQueued 92N TR Z BB ERI LALLIR A/, FSCHIComparablezE.

Hiz ORI T :
1  public class PriorityBlockingQueue<E> extends AbstractQueue<E> implements

BlockingQueue<E>, java.io.Serializable {
/).
// FHEUHSEIR — 40 /MR HE
private transient Object[] queue;
private transient int size;

private transient Comparator<? super E> comparator;
// I+ — AN, B IR A

private final ReentrantLock lock;

private final Condition notEmpty;

/]

O 00 N O v h W N

PR
N R O
—

HEmEN IR, MRANMEEDEAN, RESIRE—TEIAMEN, JTEDEEBIXMAN
ZlE, =B &.
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€ PriorityBlockingQueue.java

COLAELrT {@LLAORPpLALN LvompdrqoLe naturdl oraertngf.
*/
public PriorityBlockingQueue() {
this(DEFAULT_INITIAL_CAPACITY, comparator: null);

} 11

€ PriorityBlockingQueue.java

private static final int DEFAULT_INITIAL_CAPACITY = 11;

¢, PriorityBlockingQueue.java

Lriarr 4
*/
public Pr‘ior‘ityBlockingQueue(int initialCapacity,
Comparator<? super E> comparator) {
if (initialCapacity < 1)
throw new IllegalArgumentException();
this.comparator = comparator;
this.queue = new Object[Math.max(1l, initialCapacity)];

TEEXMAYput/takeF5iERISEIR,
putyiEAYsCEL:

€ PriorityBlockingQueue.java
WLl viwa lUULLrUL”L:J'EAL:PL Lo LJ Lrre bP’t

*/
| public void put(E e) {
offer(e); // never need to block




€, PriorityBlockingQueue.java

o @

takedYsCIR :

public boolean offer(E e) {

if (e == null)
throw new NullPointerException();
final ReentrantLock lock = this.lock;
lock.lock();
int n, cap;
Object[] es;
while ((n = size) >= (cap = (es = queue).length))
tryGrow(es, cap); JiEEEE THIENKE, WE
try {
final Comparator<? super E> cmp;
if ((cmp = comparator) == null) WEREHEMEIRE
siftUpComparable(n, e, es); BAILLIRIRE
else TTEAME, BIRATsIftUpIRIE
siftUpUsingComparator(n, e, es, cmp);
size = n + 1;
notEmpty.signal();
} finally {
lock.unlock();
}

return true;

€_ PriorityBlockingQueue.java

Jl

public E [take() throws InterruptedException {

final ReentrantLock lock = this.lock;
lock.lockInterruptibly();
E result;
try { HiBAB
while ( (result = dequeue()) == null)
notEmpty.await();
} finally {
lock.unlock();
by

return result;

. MEFATTE



€, PriorityBlockingQueue.java

private E dequeue() {
// assert Llock.isHeldByCurrentThread();
final Object[] es;
final E result;
FEARe/ "X, HIIHMEEHARITE

if ((result = (E) ((es =[queue)[@])) != null) {

final int n;

final E x = (E) es[(n = --size)];
es[n] = null,;
if (n > @) {
final Comparator<? super E> cmp;
if ((cmp = comparator) == null)
EEEHE, HiTsiftDownisE siftDownComparable( ko @, x, es, n);
else

siftDownUsingComparator( k: @, X, es, n, cmp);

}

return result;

MW EETLUER, 1EFEEASSINAE, FlArrayBlockingQueuelgHEIIEILl, TEXFIZEEEI
T—NXHE, MMSCEHRAAERMNEIR RS, B— 1M XBIEIRBnotFullf:, HTENEFEHE
PER, PUTT BRME,

5.1.4 DelayQueue

DelayQueueBMZEIRPAZY, tBRFLE—MEIERRHEINNEIAXHBARIPriorityQueue, ATBIEIRRAIIE,
R ARG ERITRIRE) R R0 A", Jltt, HA\DelayQueuedhfyiTE, W/SEHlDelayeds
M, SR,

- src.zip java.base java util concurrent (I Delayed “~ Main *

I, Delayed.java

2] public interface Delayed extends Comparable<Delayed> {

* Returns the remaining delay associated with this object, in the
* given time unit.
* @param unit the time unid
* @return the remaining delay; zero or negative values indicate
* that the delay has already elapsed
*/
] @ long getDelay( @NotNull() TimeUnit unit);
}
KFiz#EO:

1. 3NRgetDelayRNREHE/NTEZFT0, NiRBNZTREEL, FTEMNGIFZHFHRIT.
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2. 1ZEOBMET Comparable #2#0, FrLAZESLINZEO, #/RSCIHL Comparable #20. B
ki, FEETgetDelay(RUIREIBLLERFNTTRAIAN,

THEZE— T DelayQueueftz LEHRELE .

1 public class DelayQueue<E extends Delayed> extends AbstractQueue<g>
implements BlockingQueue<E> {

/] ...

// —AEBUR— R

private final transient ReentrantLock lock = new ReentrantLock();

private final Condition available = lock.newCondition();

// RELENF

private final PriorityQueue<E> q = new PriorityQueue<E>();

// ...

O 0 N O U1 h W N

TENBput/takefISCH, Fohtakeliiit, EOXHEREE L DelayQueuehJ4EiE,

¢, DelayQueue.java

of public E |rake() throws InterruptedException { &
final ReentrantlLock lock = this.lock;
lock.lockInterruptibly();
try {
for (535) {
E first = g.peek(); EUHHZ-SIHRAIETITER, BENREIRAES/Y
if (first == null)
available.await(); BAFIAZS, takeZLf2IHZE
else {
long delay = first.getDelay(NANOSECONDS);
if (delay <= eL) HUTHABRERMENTHFT0, HAFIRE ¥
return q.poll();
first = null; // don't retain ref while waiting
if (leader != null) WREEMZEEHRESFZTE, VAR
available.await(); 5.
else {
Thread thisThread = Thread.currentThread();
leader = thisThread;
try {
available.awaitNanos(delay); BUEZESIRAVATE
} finally {
if (leader == thisThread)
leader = null;

}
} finally {

if (leader == null && qg.peek() != null)

available.signal(); MpitEiEEleader, BEFI THINTE, IMEEE LR
lock.unlock();



KT take(F3ik:

1. RFEF—RRAIBEZERAS, RENFIATHORHE, FFEE. WRETTERAVERMERE], e
FEZE,

2. E EEBREHRERT — MU, B— 1 Thread leaderZEiCR 7T EEHETTTENSE 1
SFE. A AXEMIR? @Y getDelay(..) sl LATEHTITEAINRIEN, AUFTIREFES, o
LAEEAcondition.awaitNanos(JEF— M EIRIATE,; REHAMEEHEHMARRBEEGFHEIR
7t (leader! =NULL) B, A HELIREIES,

putAYsCIR:
€, DelayQueue.java

o public void put(E e) {
offer(e);

¢, DelayQueue.java
i public boolean offer(E e) { v
final ReentrantLock lock = this.lock;
lock.lock();

try {

q.offer(e); TEHAN_ift

if (q.peek() == e) { MEHUHENTERIFELTR, HIEMNITE
FEIRAYEIS)N, FEEAIEFAEAE,
GUMANRTTEATEHR, REVEIRNSEEE. —

leader = null;
available.signal();
b
return true;
} finally {
lock.unlock();

}

IR ARBBAN— TR, BEEENFEHLE. BANTR, NRESERAEATERIHEIR
AOTCERIEIRATIE), BRGEENFGAIZAE, RAESERMARR/\, RN, ZHBUERNER
Leie, B2 LERIE+FNif (q.peek() == e) { &0,

5.1.5 SynchronousQueue

SynchronousQueue2—Ff455&AIBlockingQueue, BEAFIRBEE. Stilput(.), LiESMEE;

BEIRIMELIZEA T take(), MNMELEARRIEYN, R, TS NMELEMS, FIAI31 IR,
ER3XpuUL(...), 3MEIZERRIAE, HEIBIMILZAEREM3Ktake(), 6NEAZARRIMED, RZIFA,

ETskESynchronousQueuefdsCil,
ERE:


af://n1066

€. SynchronousQueue.java

public SynchronousQueue(boolean fair) {
transferer = fair ? new TransferQueue<E>() : new TransferStack<E>();

}

ME—H, AT FEN. MREBAFE, WHATransferQueuestill; IIRBIFAFHE
=, WATransferStacksC, XMNMEDBIRTANR? & — Fput/takedIsCHL,

€_ SynchronousQueue.java

o @ public void put(E e) throws InterruptedException {
if (e == null) throw new NullPointerException();
if (transferer.transfer(e, timed: false, nanos: @) == null) {
Thread.interrupted();
throw new InterruptedException();

€, SynchronousQueue.java

of public E take() throws InterruptedException {
E e = transferer.transfer( e null, timed: false, nanos: @);
if (e != null)
return e;
Thread.interrupted();
throw new InterruptedException();

ALAEER, put/take#ByERE T transfer(...)# 0. miTransferQueuefTransferStacksy BISCI 77X
0. zEOESynchronousQueueIEB, SNTFFIR. MEREput(...), WEINSEHHMENMAITE;
WRZEtake(), WEINSE Ul BE2NSEHBIAHERBREBIIFIXI N AYERATEL,

€. SynchronousQueue.java
T shared internal AF1l for dual sTacks and queues.

*/
o] abstract static class Transferer<E> {
Vi
* Performs a put or take.
.
* @param e if non-null, the item to be handed to a consumer;

* if null, requests that transfer return an item

* offered by producer.

* @param timed if this operation should timeout

* @param nanos the timeout, 1in nanoseconds

* @return if non-null, the item provided or received; 1if null,

* the operation failed due to timeout or interrupt --
* the caller can distinguish which of these occurred
* by checking Thread.interrupted.
*/

0] abstract E transfer(E e, boolean timed, long nanos);

ETRE—THARATRAAFATER, B3RS SIBRTPU.), 3MERLHNIAE
‘{kIU\, Eguﬁﬂﬂﬁiiﬂﬁﬁ3;ktake(): *D3/I\put()__Ean,



MRIFBAFERX BAFIER) |, WE1TMERput(.. L1 STEBAFISLER, 1/ EIRAtake (V78
MEHTERS, BESTEITERMNERN, FUARAFRY; MRBIFAFE (&) | NE3 MR
put(.. ) HISAEIRTERKIR, 11 ERAtake(SATANEHITEY, BERIZRZISTEXIAIREN, FLE

E|/NSE: N
head tail
putl put2 put3
(thread 1) (thread 2) (thread 3)
(a) 5L (BAFIRESS )
head
put3 1 put2 N putl
(thread 3) (thread 2) (thread 1) ARG

(b) FFRHET (#515E0)

TERSBIEZE—FTransferQueuefTransferStackgIsCiL,

1.TransferQueue

1

O 00 N O v b W N

e e S R
uvi D W N R O

public class SynchronousQueue<E> extends AbstractQueue<E> implements
BlockingQueue<E>, java.io.Serializable {
// ...
static final class TransferQueue<gE> extends Transferer<e> {
static final class QNode {
volatile QNode next;
volatile Object 1item;
volatile Thread waiter;
final boolean isData;
/] ..
}
transient volatile QNode head;
transient volatile QNode tail;

I ocac

M EERRBALAEY, TransferQueue2— MNETFERMEMERMEEIAING], BEiTheadFOtail 24
IBEHCRLENESS., ¥RAFHE, headfltailSiEm— 1N M, MWES XN TR,



€. SynchronousQueue.java

TransferQueue() { e

£y

QNode h = new QNode( item: null, isData: false); /
head = h;
tail = h;

MEg (a) : BABIFR—1MZRITA, head/tailEERIX NS T .

MEL (b) : 3MN&FEDBIERpuUt, E£31QNode, HNBAFI,

Mg (o) : KT EiElEAMAtake, SFIBAFISLERRISE11MQNode#H TEERT,
PYER (d) : 11QNodetBAF,

head tail head tail
ry * t1 2 ¢t3
— < pu pu pu
=QNode ZQNode| = (thread 1)) ~ |(thread 2)| " |(thread 3)
MEg (a) BEZ (b)
takel
head match (thread 4) tail
ZSONod putl put2 put3
QNode (thread 1) (thread 2) (thread 3)
MEg (c)
head tail
— l put2 put3
FQNode| — |(thread 2)| — |(thread 3)
FiEg (d)
XEE—MKEA: puthmfltakeTR—EEB, MSEXIHAT, FrLAESIRAREI RN EFE
putthmfltakeT R, BEABTREREpuths, BAMBTRENEtake T,
T RE— N TransferQueuefY VAL,
€. SynchronousQueue.java
@buppressl.xlar*nlngs("uncneckea") v

| E transfer(E e, boolean timed, long nanos) {
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b
MBEZEFIREE, HECELTIASIPISE 1R
if (!s.isOffList()) { // not already unlinked
advanceHead(t, s); /7 unlink if head
if (x != null) // and forget fields
s.item = s;
s.waiter = null;
}
return (x != null) ? (E)x : e;
LRIERAERT LAFIBAT RS 1N TR
} else { HTE // complementary-mode
BAZIFEE1MITE QNode m = h.next; // node to fulfill

A—EiE, EFITIoMERLf (t !'= tail || m == null || h != head)

QNode s = null; // constructed/reused as needed

boolean isData = (e != null);
for (55) {
QNode t = tail;
Qlode h = head; BABIESRAIMAL, iR
if (t == null || h == null) // saw uninitialized val
continue; // spin

BAFI oz EtE HRILARFIAG Rt mE—FHER,
if (h == t || t.isData == isData) { // empty or same-mode

QNode tn = t.next;
if (t != tail) &~—%ux, J=FH{TforiERinconsistent read

continue;

if (tn != null) { // lagging tail
advanceTail(t, tn);
continue;

b

if (timed && nanos <= BL) // can't wait

return null;
if (s == null)
s = new QNode(e, isData);#fiiE— &

IAEED if (!t.casNext( cmp: null, s)) // failed to Llink 1
continue;
j5#%tail{Sst advanceTail(t, s); // swing tail and wait
HAEZRTE object x = awaitFulfill(s, e, timed, nanos);
if (x == s) { /7 wait was cancelled

clean(t, s);
return null;

continue; // inconsistent read




Object x = m.item;

BEEET if (isData == (x != null) || // m already fulfilled
X ==m || // m cancelled
ZET I'm.casItem(x, e)) { // Llost CAS
Eetflyd, EiEHEAS advanceHead(h, m); // dequeue and retry
continue;
}
EdEiT, HHPAF advanceHead(h, m); // successfully fulfille
IERERAZ R 558 1 N TTENT M HIEETE LockSupport . unpark(m.waiter);
return (x != null) ? (E)x : e;
}
b

BN for TEEMEPNARY if-else 932, MNRIFILAZFBATIPHTRER—FEI (BEputhm
HEtakeTR) |, WSHRSFENNAITI RBIINNTIEEHEEE; MRAZE—FMETC, MIKERA
FISEBRISE 1 N TR TECRS

XEREXIFEEm.casltem (x, e) , BECHIitem x#EERTFRYitem e, ANERCASIRVERLTH, NIED
SIREIN, AR Eputt s, MlisData=true, item! =null; 1R EtakeT5m, MisData=false,
item=null, WERCASEA{EARRIN, NisDataflitemZ[EEA—2L, tEgiRisData! = (x! =null) , B
ENREET LT R R B AR IR T,

2.TransferStack

TransferStackBENXIN TR, B%, EHRE—1EREEHER. FRTNIGI, RFEEheadiSstHiEE
SEMNERAN AR,

1 static final class TransferStack extends Transferer {
2 static final int REQUEST = 0;

3 static final int DATA = 1;

4 static final int FULFILLING = 2;

5 static final class SNode {

6 volatile SNode next; // AR

7 volatile SNode match; /7 BCXS T A

8 volatile Thread waiter; // XM AIBHIELF:E
9 Object item;

10 int mode; // =R

11 Y/

12 }

13 volatile SNode head;

14 3}

HERPTRE=MIRZ, REQUESTXIMtakeTim, DATASINputtim, —&EXZRE, £%m—
ANFULFILLINGT &, A%, ZABFULLINGTS s BECAI A9 sm—fe k.,

FMYER (a) : headtg8mINULL, AREFTransferQueue, XEEZBETHLTA.




MER (b) : 3MNEFEAMA3Rput, RN,
MYER (c) : ZiZ4EHtake, FIARTTAVEE1NITRECXS, HERGFULLFILLINGT R, AKX,
MER (d) : HKIRA92ANTERER AN,

head
head v
w‘v put3 put2 | putl
NULL (thread 3)] " |(thread 2) (thread 1)[— ~ NULL
BYER (a) BYEZ (b)
head
\
takel put3 put2 | putl NULL
(thread 4) —=(thread 3)[  [(thread 2) (thread 1)
FULLFILLING
BhER (c)
head
‘ |
put2 put NULL
(thread 2)|  ~|(thread 1)
BER (d)
TEE—TEAIREEI,
€. SynchronousQueue.java
| E transfer(E e, boolean timed, long nanos) {

SNode s = null; // constructed/reused as needed
int mode = (e == null) ? REQUEST : DATA;

for (55) {
SNode h = head;
E—F&= if (h == null || h.mode == mode) { // empty or same-mode

if (timed && nanos <= BL) { /7 can't wait
if (h != null && h.isCancelled())
casHead(h, h.next); /7 pop cancelled node
else

return null;
MNE } else if (casHead(h, s = snode(s, e, h, mode))) {
FHZE%5%F SNode m = awaitFulfill(s, timed, nanos);

if (m==3s) { // wait was cancelled
clean(s);
return null;

X

if ((h = head) != null && h.next == s)

casHead(h, s.next); // help s's fulfiller
return (E) ((mode == REQUEST) ? m.item : s.item);
T
dFFE—FpER,, {SFICEE } else if (!isFulfilling(h.mode)) { // try to fulfill




if (h.isCancelled()) // already cancelled
casHead(h, h.next); // pop and retry
AR FULFILLINGT &1, Ak else if (casHead(h, s=snode(s, e, h, mode: FULFILLING|mode))) {
for (:;) { // Loop until matched or waiters disappear

SNode m = s.next; // m is s's match

if (m == null) { // all waiters are gone
casHead(s, nh:null); // pop fulfill node
s = null; // use new node next time
break; // restart main loop

b

SNode mn = m.next;
if (m.tryMatch(s)) {

M R—icHi® casHead(s, mn); // pop both s and m
return (E) ((mode == REQUEST) ? m.item : s.item);
} else // Llost match
s.casNext(m, mn); // help unlink
by
¥
} else { B&MEET, // help a fulfiller
SNode m = h.next; // m is h's match
if (m == null) // waiter 1is gone
casHead(h, nh: null); // pop fulfilling node
else {
SNode mn = m.next;
if (m.tryMatch(h)) // help match
Eovt, —iodits casHead(h, mn); // pop both h and m
else // Lost match
h.casNext(m, mn); // help unlink
}

5.2 BlockingDeque

BlockingDequexe X 7—NEEMINHAFIEEC, W TFF7R.

1 public interface BlockingbDeque<E> extends BlockingQueue<E>, Deque<E> {
2 void putFirst(E e) throws InterruptedException;

3 void putLast(E e) throws InterruptedException;

4 E takeFirst() throws InterruptedException;

5 E takeLast() throws InterruptedException;

6 // ...

7

ZEEOME T BlockingQueuekz, ERHEIN Y XIRAINHAFIR(ERZO ., ZEORE— L,
#iELinkedBlockingDeque,

Hiz OS8RSR, 22— WahER.

1 public class LinkedBlockingbDeque<E> extends AbstractQueue<E> implements
BlockingDeque<E>, java.io.Serializable {
static final class Node<E> {
E item;
Node<E> prev; // XA INode
Node<E> next;

vi A W N
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6 Node(E x) {

7 item = x;

8 }

9 }

10

11 transient Node<E> first; // BAHIfISLANE

12 transient Node<E> Tlast;

13 private transient int count; // JtH AL

14 private final int capacity; // &

15 // —IEBPIAN AL

16 final ReentrantLock Tock = new ReentrantLock();

17 private final Condition notEmpty = lock.netCondition();
18 private final Condition notFull = lock.newCondition();
19 /] ...

20  }

SIRMIAYSCINREE, FOLinkedBlockingQueueEA—#E, RELinkedBlockingQueue 2B E5EXR, M
LinkedBlockingDeque 2 E4E%,

€ LinkedBlockingDeque.java

o public E takeFirst() throws InterruptedException {
final ReentrantLock lock = this.lock;
lock.lock();
try {

E X;
while ( (x = unlinkFirst()) == null)
notEmpty.await();
return x;
} finally {
lock.unlock();

¢ LinkedBlockingDeque. java

o public E takelast() throws InterruptedException {
final ReentrantLock lock = this.lock;
lock.lock();
try {

E X;

while ( (x = unlinkLast()) == null)
notEmpty.await();
return Xx;
} finally {
lock.unlock();



¢ LinkedBlockingDeque.java

1l @ public void putFirst(E e) throws InterruptedException {

if (e == null) throw new NullPointerException();
Node<E> node = new Node<E>(e);
final ReentrantLock lock = this.lock;
lock.lock();
try {

while (!linkFirst(node))

notFull.await();

} finally {

lock.unlock();

¢ LinkedBlockingDeque. java

i @ public void putLast(E e) throws InterruptedException {

if (e == null) throw new NullPointerException();
Node<E> node = new Node<E>(e);
final ReentrantLock lock = this.lock;
lock.lock();
try {

while (!linkLast(node))

notFull.await();

} finally {

lock.unlock();

5.3 CopyOnWrite

CopyOnWrite}sfE" 5" R, FEEZR 'S REIE, MIICEIEEN—mHITIEN, FEIEN
MEE RIS SE.,

A LAFEREN, MEEEN—DENE?
XE T HIRHEA 08
5.3.1 CopyOnWriteArrayList

FArrayList—#£, CopyOnWriteArrayListhUtzOSIREMItBRE— M EE, BT

1  public class CopyOnwriteArrayList<E> implements List<E>, RandomAccess,
Cloneable, java.io.Serializable {

Y ces

3 private volatile transient Object[] array;

TEZCopyOnArrayListf AN 5%
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final object[] getArray() {
return array;
}
//
public E get(int index) {
return elementAt(getArray(), index);

}

public boolean isempty() {
return size() == 0;

}

public boolean contains(Object o) {
return indexof(o) >= 0;
}
pubTic int indexof(object o) {
Object[] es = getArray(Q);
return indexofRange(o, es, 0, es.length);
}

private static int indexofRange(Object o, Object[] es, int from, int to)

if (0o == null) {
for (int i = from; i < to; i++)
if (es[i] == null)
return i;
} else {
for (int i = from; i < to; i++)
if (o.equals(es[i]))
return i;
}

return -1;

BRI TSR AR B IN, BPARMITRIE iER e e? EX=E'5 75iAEH.

O 00 N O v » W N

=
o

11
12
13
14
15
16
17
18
19
20
21

pubTic class CopyonwriteArrayList<E>
implements List<E>, RandomAccess, Cloneable, java.io.Serializable {
// B %
final transient Object lock = new Object();

public boolean add(E e) {
synchronized (lock) { // F:EHix%
Object[] es = getArray();
int len = es.length;
es = Arrays.copyof(es, len + 1); // Copyonwrite, 5 {sE, Zeizll—
3 2 1T B
es[len] = e;
setArray(es);
return true;

public void add(int index, E element) {
synchronized (lock) { // [FIGHIX%
Object[] es = getArray(Q);
int len = es.length;
if (index > len || index < 0)



22 throw new IndexOutOfBoundsException(outofBounds(index,

Tlen));

23 Object[] newElements;

24 int numMoved = len - index;

25 if (numMoved == 0)

26 newElements = Arrays.copyof(es, len + 1);

27 else {

28 newElements = new Object[len + 1];

29 System.arraycopy(es, 0, newElements, 0, index); //
Copyonwrite, SIS, Sads Dl— 2 4B .

30 System.arraycopy(es, index, newElements, index + 1,
numMoved) ;

31 }

32 newElements[index] = element;

33 setArray(newElements); // {UHiEZimt{bsy 254l

34 }

35 }

36 |}

Hfty"'S /5%, flairemovefladdZ&il, LAMAREIFIA,

5.3.2 CopyOnWriteArraySet

CopyOnWriteArraySet i@ Array SCEIRI—4 Set, (RUEFFBTTREFES. HREEEN—
M CopyOnWriteArrayList,

1 public class CopyOnwriteArraySet<e> extends AbstractSet<E> implements
java.io.Serializable {

2 // HiEtEEffCopyonwriteArrayList

3 private final CopyOnwriteArrayList<E> al;
4

5 pubTic CopyonwriteArraySet() {

6 al = new CopyonwriteArrayList<E>();

7 }

8

9 public boolean add(E e) {
10 return al.addIfAbsent(e); // ASEE[hNED:
11 }
12}

5.4 ConcurrentLinkedQueue/Deque

AQSIERRIPEZERAFISCINRIR . EFXAER, BidXthead/taili#{TCASIERE, SEIABAFOLBA.

ConcurrentLinkedQueue RYSEINRIEFIAQS AIEBRIBEZEINTIZKL: RHERET CAS, EHEET
head/tailiBFHERNTISLEPFIESE, (EXREHIFET.

B, BER—MEENEER, EXUT:
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1  public class ConcurrentLinkedQueue<E> extends AbstractQueue<E> implements
Queue<E>, java.io.Serializable {

2 private static class Node<E> {

3 volatile E 1item;

4 volatile Node<E> next;

5 /] ..

6 }

7 private transient volatile Node<E> head;
8 private transient volatile Node<E> tail;
9 /).
10  }

EOR, EAQSHIBEEERNFIH, BRNBGE, tail—EEH—MUE, XL, head—ERH—
&, LAMRIEheadigRIBAFISLER, tailfs@EiERERR.

{BfEConcurrentLinkedQueued, head/taillVEFATREEE T RAIAMFIHIA, BAEARE
1233 head/tailiB5H#H1T CASERERY, TIEXt Nodershfy itemiFHTHfE. TEHITIE@ADHT:

1.40%a4&
HUERIRHE, head F tail FBEME— null B, XIMEHMCBAT.
1  public ConcurrentLinkedQueue() {

2 head = tail = new Node<E>(null);

}

head tall

NULL
:1f§ing§i

2. )\BA%l
AV LN

1 public boolean offer(E e) {



2 final Node<E> newNode = new Node<E>(Objects.requireNonNull(e));
3

4 for (Node<E> t = tail, p = t;;) {

5 Node<E> g = p.next;

6 if (g == null) {

7 if (NEXT.compareAndSet(p, null, newNode)) {

8 if (p != ©)

9 TAIL.weakCompareAndSet(this, t, newNode);
10 return true
11 }
12 }
13 else if (p == q)
14 p=(!=(t=tail)) ? t : head;
15 else
16 p=(@(!!=t&t!=(t=1tail)) 2t :q;
17 }
18 1}

€, ConcurrentLinkedQueue.java

*/
o @ public boolean offer(E e) {
final Node<E> newNode = new Node<E>(Objects.requireNonNull(e));

for (Node<E> t = tail, p = t;;) {
Node<E> g = p.next;
if (g == null) {
[p e e e XtailfInextigE TR

if (NEXT.compareAndSet( ..args: p, null, newNode)) { s — -
TFtail CASIR{E,
// Successful CAS is the linearization point XtailfEEr AT BRIF

// for e to become an element of this queue,
// and for newNode to become "Live".
if (p != t) // hop two nodes at a time; failure 1is OK’EE)\EUﬁﬁﬁ\%EEEr
TAIL.weakCompareAndSet( ..args: this, t, newNode); Eiﬁg-XRtaH?E%+
return true; LM TFMET .
}
// Lost CAS race to another thread; re-read next
}
else if (p == q)
// We have fallen off List. If tail 1is unchanged, it
// will also be off-list, in which case we need to
// jump to head, from which all Live nodes are always
// reachable. Else the new tail 1is a better bet.

p = (t!=(t=rtail)) ? t : head; BEFEIFIEER
else
// Check for tail updates after two hops.

p=(p!=t8&&t!=(t=rtail)) ? t: a5 [FHEpigkt

FENNAELESRAENRBEIRAN G RIS, ABs—RtailmR, B
VIEaRIEdE, BAZIFEINTRitem1, taillEMiZT R, RIZEE1ENitem2 B
step1:p=tail,g=p.next=NULL.

step2: XIpHInextHITCASIRE, BiNitem2, FINZfE, p=tail, FFLAEERcasTail/FiERSH
17, HiEERME, AftailigsHRBETIX,



head tail p q

NULL iteml1
stepl R N wmE [ NULL
. head tail
NULL iteml | item2
step2 e g g NULL

step4: q! =NULL, EABARSNAFTR. p, q#BEH14L
step5: gq=NULL, XdpAdnextHfTCASIERIE, ABAitem3T5is,

step6: p! =t, WEFM, HUT LEEAIcasTailR(E, tailFR2MUE, FNARTIEEER.

head tail P q
NULL item] item2
step3 e * = > NULL
head tall li q
NULL iteml item?2 ¢
Stept | w5 ki R [ NULL
head tail p q
NULL | iteml | item2 | item3
StepS | e B A #m [ NULL
hcad tail
NULL iteml item2 item3
St€p6 -'ﬁ,'ﬁ‘ > 41-:0’-}‘5“ > -0_5"‘5\ > -"El-,lﬁ\ — NULL

RERE—TANIFIBIA N KA
1. BpfEtailigs iR E®a), REXSpAInextdEsTATHITCASEME, BERIINBATY,

£, BDEECASKMBIRRER, AILAR M MEIERZatailigt.

3.tHRATI

FERTAIIZIE, tailfgst A, BBRESSHMANIIZE, EHINSIARETTEA HAIER
g?



€. ConcurrentLinkedQueue.java
of public E poll() {
restartFromHead: for (;;) {
for (Node<E> h = head, p = h, g;; p = g) {
final E item;

if ((item = p.item) != null && p.casItem(item,

val: null)) {
// Successful CAS is the Llinearization poi rr,EEE rHjBAﬁUE{JHﬂlﬂ%, #;ﬁﬁ
// for item to be removed from this queuve. FE@hheadiSft, MERPitemE S
FEEE2 PNULLT &, if (p 1= h) // hop two nodes at a time nul
FAiBheadiSEtiEig24i updateHead(h, ((g = p.next) != null) ? g : p);

return item;

}

else if ((g = p.next) == null) {
updateHead(h, p);
return null;

}
else if (p == q)
continue restartFromHead;

HEASIBICRSFONRATISEEL, tBBp. q2MEE,
BasHa, PFIdaitem1. item2. item3 =AF A,

BT IZANES-8F . [RiR#IIaAIATRhead

step1:p=head,q=p.next.p!=q.
step2: [a#pigst, fESp=q.

step3: HPAYI, X#Em: HREEEMBIRItemI TR,
TNULL,

HEBZTAitemiBISCASIREE N

stepd: p! =head, LWERIBAZIHFE T2/ NULL 5=, BRI 1R headfgst, XHH{TUpdateHead

#&(F.

head p q
stepl | NULL | iteml _| item2 _| item3
5 55 5 Y ows [ NULL
head P q
TR TR TR TR NULL
i3 head P q
NULL | NULL item2 | item3
Sep3 | "t [T B s [ B [ NULL
P hefd ‘3
NULL NULL item2 item3
step4 e a R e Tm [ NULL
RERE— T HASIAIKHE R
1. HBAFIAYAIERFHIENIZR tail 1BEHROUE, MEKET head BHEEMNT RESANULLX—

Ft.



2. RETRRitemPUTCASIRIE, BEANULLATH, RHBAFIRTH. BifEheadigshiRBEmIN®E
o, AR T 1A LT,

4.pATIHIZS

E79head/tail FARAEHEMISRBATISLERFIESR, FrLARRERISMEIEITLLER head/tail FEH3RFIRT
BAFIRENT, MEFEMheadfSiHFIRER, HHETMFAANULLATR. MNREE, UAFIFRIZE;
SNERBAZ, WPAFIAZ, KB TATR:

£ ConcurrentLinkedQueue.java

of public boolean isEmpty() { e P "
return first() == null; FHE T ARNULLTR

¥

€ ConcurrentLinkedQueue.java

Node<E> first() {

restartFromHead: for (;;) { MheadiSsHFramn, ERE—IRE
for (Node<E> h = head, p=h, g;; p=49) { nullgg3s 5
boolean hasItem = (p.item != null);

if (hasItem || (g = p.next) == null) {
updateHead(h, p);
return hasItem ? p : null;

b
else if (p == q)
continue restartFromHead;

5.5 ConcurrentHashMap

HashMapBENLIMA X E AR, XMATEFRAREEL". ConcurrentHashMapfEX4
BEARREY FTT SRR,

B RREEIEEME—1 KR HashMapH; EURESINTLLEM,
HFIEA B
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ConcurrentHashMap

Node[0] >

TreeNode[2] <
RN

Node[N-1]

Node[1] P <
<

WNERLTEENodekE, NEMENME—NEBEMNER, WRLTRETreeNodezk !, BHE
HtE—ELT 2R, TreeNodeENodefdFE.

HERFNLALRZ B LR EREHE: #InRIRHMRENR, SiERPRITRBIREMSRER, TR
RPN, R, SBOEMPRITREMEUNTENEER, BERhiEE.

A LB IHE?
1. (ERLEN, S—MEEGRETERN, HERMERRERILERRES, Hashihseria

AR IS RRGFAIRERIR,
2. DOSRSkIRE, FHIEEENConcurrentHashMap, MIEXENLTASBME, BHEE, M2

Node#BRIIKE, #IIARKENT6.
3. AT S, XEMERARN. JA—MHEET SNodedBriH R, HftZEEEES, FEit

SEBSIERER, BESHFEDHT.
DA AT LAR S SR IXMRI—SERE T Hashifs, B—AEBREATHAE.
TEMSESEF G, —SSRADTELIITIE.

1.19&R EDR

€ ConcurrentHashMap.java

public ConcurrentHashMap(int initialCapacity) {
this(initialCapacity, LOAD_FACTOR, concurrencylevel: 1);



€, ConcurrentHashMap java

public ConcurrentHashMap(int initialCapacity,
float loadFactor, int concurrencylevel) {
if (1(loadFactor > ©.0f) || initialCapacity < @ || concurrencylevel <= @)
throw new IllegalArgumentException();
if (initialCapacity < concurrencylLevel) 7 Use at least as many bins
initialCapacity = concurrencylevel; /7 as estimated threads
long size = (long)(1.2 + (long)initialCapacity / loadFactor);
int cap = (size >= (long)MAXIMUM_CAPACITY) ?
MAXIMUM_CAPACITY : tableSizeFor((int)size);
this.sizeCtl = cap;

£ EERIRERF, ZEcapHiENodeAKE, RIF2RIBHIRTI. tableSizeFor(..)75iERR
BENIEEE, B EENERE. BRMS: 1.5BMGEE, BE LRGRAR2
HIBEEORTS, 1E/EBIKE caphI#liA1E.

XERY sizeCtl, EENERTEHEDRUSEF LT SIMRIIZIEE, RINTHERERER

cap.

240084k

E LEAMESEERITE THEANTEA), FRENEERTIRN. SS T EAEEEEmN
ATTEREHR, BTnR. XPFE—Nal: SNMGEESMNT. TEE— FMEUELER,

1 private final Node<K,Vv>[] initTable() {

2 Node<K,Vv>[] tab; int sc;

3 while ((tab = table) == null || tab.length == 0) {
4 if ((sc sizeCtl) < 0)
5
6

Thread.yield(); // Hledsts
else if (U.compareAndsetInt(this, SIZECTL, sc, -1)) { // &HEji: ¥
sizeCt1 & EN-1

7 try {
8 if ((tab = table) == null || tab.length == 0) {
int n = (sc > 0) ? sc : DEFAULT_CAPACITY;
10 @Suppresswarnings ("unchecked™)
11 Node<K,V>[] nt = (Node<K,V>[])new Node<?,?>[nl; // ¥tk
12 table = tab = nt;
13 // sizeCtIANRHAKSE, FUWIMHENKIIE, A HEE T HAKE
14 // TizEn-(n>>>2)=0.75n, £/ F—IRY BEWBHE: n-n/4
15 sc =n - (n >>> 2);
16 3
17 } finally {
18 sizectl = sc; // WEsizeCt1{E Nsc.
19 }
20 break;
21 }
22 }
23 return tab;

24}



B EERIBILIEER, SMEENRF BT sizeCtITCASIRFLIIAY. WRFENEAEN
DOHIE sizeCtl IRE-1, CHURE TR, HEANDBHARMCISERR, SRk, Bt
sizeCtigRERIZ%,; EfHEZAEN—EHRTwhilefER, BIeFT, HEIEEAAnull, RIS{IRHERRT,
BHEANTE.

EBHR TIEERN, ATLALCMERIVRIBRRILEMEAE—BESR, MRBHEBENRKL.

3.put (.) SHSH

€. ConcurrentHashMap.java

ol @ public V put( @NotNull K key, @NotNull Vv value) {
return putVal(key, value, onlylfAbsent: false);
}

1 final v putval(k key, V value, boolean onlyIfAbsent) {

2 if (key == null || value == null) throw new NulTPointerException();

3 int hash = spread(key.hashCode());

4 int binCount = 0;

5 for (Node<K,Vv>[] tab = table;;) {

6 Node<K,Vv> f; int n, i, fh; K fk; v fv;

/ // 1 A

8 if (tab == null || (n = tab.length) == 0)

9 tab = initTable(Q);
10 [/ 332 FHANTLEMNGL
11 else if ((f = tabAt(tab, i = (n - 1) & hash)) == null) {
12 if (casTabAt(tab, i, null, new Node<K,V>(hash, key, value)))
13 break; // no lock when adding to empty bin
14 }
15 // 33 TR
16 else if ((fh = f.hash) == MOVED)
17 tab = helpTransfer(tab, f);
18 //
19 else if (onlyifAbsent // check first node without acquiring Tock
20 && fh == hash
21 && ((fk = f.key) == key || (fk !'= null && key.equals(fk)))
22 && (fv = f.val) != null)
23 return fv;
24 /] BHb: ANTLE
25 else {
26 Vv oldval = null;

27 // ER: N

28 synchronized (f) {

29 // BER

30 if (tabAt(tab, i) == f) {

31 if (fh >= 0) {

32 binCount = 1;

33 for (Node<K,Vv> e = f;; ++binCount) {

34 K ek;

35 if (e.hash == hash &&

36 ((ek = e.key) == key ||

37 (ek '= null && key.equals(ek)))) {

w
(0]

oldval = e.val;



39 if (lonlyIfAbsent)

40 e.val = value;

41 break;

42 }

43 Node<K,V> pred = e;

44 if ((e = e.next) == null) {

45 pred.next = new Node<K,V>(hash, key, value);
46 break;

47 }

48 }

49 }

50 else if (f instanceof TreeBin) { // 4 :H

51 Node<K,V> p;

52 binCount = 2;

53 if ((p = ((TreeBin<K,Vv>)f).putTreeval(hash, key,
54 value)) != null) {
55 oldval = p.val;

56 if (lonlyIfAbsent)

57 p.val = value;

58 }

59 }

60 else if (f instanceof ReservationNode)

61 throw new IllegalStateException("Recursive update");
62 }

63 b

64 // WMEREER, EBHMbinCount&—HEHRM

65 if (binCount != 0) {

66 if (binCount >= TREEIFY_THRESHOLD)

67 treeifyBin(tab, 1); // HMBIME, Hi e B

68 if (oldval != null)

69 return oldval;

70 break;

71 }

72 }

73 }

74 addCount (1L, binCount); // &ocz=4E N1

75 return null;

76 }

EFEANfrfEAE AN KAIN :

FNMDX, BENMBENTISRK, RiEEiH;

BN, BFIERIENZ, RIBZTERZENSE TR, BEEFE—LTR, RERE;
FEINDZ, RBZMEIEERTT &, BHET S,

BNDX, HRETEBNEAR. ERTERE—MHEE, AR RLRN, BT maIE
ST —F. $4MDTEEEEsynchronized (f) BEA, RIMATEA FHHUBRILT S,
BERESMETRE—EH, ARESTHANKE.

FERIbinCountZR-EERAITTRNE, HIX N EIBBIITREEIFY_THRESHOLD=88Y, 1BHEZREEHRRL
TEERS, iR treeifyBin (tab, i) A&k, BEXNGEREE, ~A*—EEEH T RNEER, FJRERM
Y SIBE, FRLUE TSR i,



4iE

SRR RS/, THEMtreeifyBin(Node<K,V>[] tab, int index)iffite.

1 private final void treeifyBin(Node<K,Vv>[] tab, int index) {

2 Node<K,V> b; int n;

3 if (tab !'= null) {

4 if ((n = tab.]ength) < MIN_TREEIFY_CAPACITY)

5 [/ BUHKEENTRE64, MU B, B &

6 tryPresize(n << 1);

7 else if ((b = tabAt(tab, index)) != null && b.hash >= 0) {
8 VAR =3 S AR

9 synchronized (b) {

10 if (tabAt(tab, index) == b) {

11 TreeNode<K,Vv> hd = null, t1 = null;

12 [/ PR, VI B

13 for (Node<K,V> e = b; e != null; e = e.next) {
14 TreeNode<K,V> p =

15 new TreeNode<K,V>(e.hash, e.key, e.val,
16 null, null);

17 if ((p.prev = t1) == null)

18 hd = p;

19 else

20 tl.next = p;

21 tl = p;

22 }

23 setTabAt(tab, index, new TreeBin<K,V>(hd));

24 }

25 3

26 }

27 }

28 '}

#E GRS, MIN_TREEIFY_CAPACITY=64, FEMRESEANKERERITOAMIRNE, AN
BAUEERENE, QAVS, ToREmIEn. REYERKEATRS T, TEmitis
TEIRARLT AR,

€. ConcurrentHashMap.java
7

static final int MIN_TREEIFY_CAPACITY = 64;

1E tryPresize (intsize) WERERT—MZUJ5% transfer (Node <K, V>[]tab, Node<K, V
>[] nextTab) , SEMIXNGFIERID TS,

1 private final void tryPresize(int size) {

2 int ¢ = (size >= (MAXIMUM_CAPACITY >>> 1)) ? MAXIMUM_CAPACITY :
3 tableSizeFor(size + (size >>> 1) + 1);

4 int sc;

5 while ((sc = sizecCtl) >= 0) {

6 Node<K,V>[] tab = table; 1int n;

7 if (tab == null || (n = tab.length) == 0) {



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

n=(c>c)?sc:c;
if (U.compareAndSetint(this, SIZECTL, sc, -1)) {
try {
if (table == tab) {

@suppresswarnings ("unchecked™)
Node<K,V>[] nt = (Node<K,V>[])new Node<?,?>[n];
table = nt;
sc =n - (n >> 2);

}
} finally {
sizeCt] = sc;
}
3
}
else if (c <= sc || n >= MAXIMUM_CAPACITY)
break;

else if (tab == table) {
int rs = resizeStamp(n);
if (U.compareAndsetInt(this, SIZECTL, sc,
(rs << RESIZE_STAMP_SHIFT) + 2))
transfer(tab, null);

private final void transfer(Node<K,v>[] tab, Node<K,Vv>[] nextTab) {
int n = tab.length, stride;
if ((stride = (NCPU > 1) ? (n >>> 3) / NCPU : n) < MIN_TRANSFER_STRIDE)
stride = MIN_TRANSFER_STRIDE; // itH#K
if (nextTab == null) { // ¥iaE I Hashmap
try {
@Suppresswarnings("unchecked")
Node<K,V>[] nt = (Node<K,Vv>[])new Node<?,?>[n << 1]; // ¥ &Wifx
nextTab = nt;

} catch (Throwable ex) { // try to cope with OOME
sizeCt]l = Integer.MAX_VALUE;
return;

3

nextTable = nextTab;
// WightransferIindex: AIHHashMap 4 K =
transferIndex = n;
3
int nextn = nextTab.length;
ForwardingNode<K,V> fwd = new ForwardingNode<K,V>(nextTab);
boolean advance = true;
boolean finishing = false; // to ensure sweep before committing nextTab
// Mhb, iR TRR, bound il At
[/ WRRIFRE—AMME4S, Ni=nextIndex-1
// bound=nextIndex-stride;
// WHIREAR], Mi=0, bound=0
for (int i = 0, bound = 0;;) {
Node<K,Vv> f; int fh;
// advanceF/rfEMi=transferIndex-1ii[fiF|boundii & fFidfErh, &G —HLkEE
while (advance) {
int nextIndex, nextBound;



31
32

33

34
35

36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85

// VLR A ST advance#iEfalse, ERUE =S SLEHAAT, A 0TLA—

EwhilefEH

// BIIET S5t transferIndex AT CASTRIEAN I IS 5, FHEEE, LAYIZRIN

—AstridefiTBIES .
if (--i1 >= bound || finishing)

[/ WA, WX B - -8 WIREITIAT T -1, AT E RS

whilefi* 1, [ Nadvance {ie#HE—35.
advance = false;

else if ((nextIndex = transferIndex) <= 0) {
// transferIndex <= 0, #¥/HashMmapi

i=-1;
advance = false;

}

// XttransferIndex#tfTCASEEME, B NMAIZFE il Mstride.
// CASEAERLY), FEMINEREE]I—stridef i AL5%;
// CASEE{EAET), RAEREIRIMES, S48 dTwhileliif, Hik.

else if (U.compareAndSetInt

(this, TRANSFERINDEX, nextIndex,
nextBound = (nextIndex > stride ?
nextIndex - stride : 0))) {

bound = nextBound;
i = nextIndex - 1;
advance = false;

3
}
// TS, ®AHashMapi i 55
if (A <0 |] i>n || i+ n >= nextn) {
int sc;
// finishing® /"% /HashMap 7 5¢
if (finishing) {
nextTable = null;
// FinextTablt{E4: Yiitable
table = nextTab;
sizeCt]l = (n << 1) - (n >>> 1);
return;
3
if (U.compareAndsetInt(this, SIZECTL, sc = sizecCtl, sc - 1)) {
if ((sc - 2) != resizeStamp(n) << RESIZE_STAMP_SHIFT)
return;
finishing = advance = true;
i = n; // recheck before commit
3
3

// tab[i11iE# 5k, WE—1ForwardingNode
else if ((f = tabAt(tab, i)) == null)

advance = casTabAt(tab, i, null, fwd);

// tab[i]1WfE & ET e
else if ((fh = f.hash) == MOVED)

advance = true; // already processed
else {

// *tab[i]HHTIER M, tab[i]™RER N

synchronized (f) {
if (tabAt(tab, i) == f) {
Node<K,Vv> 1n, hn;
// FER
if (fh >= 0) {
int runBit = th & n;

kA i 2L A



Node<K,V> lastRun = f;
for (Node<K,v> p = f.next; p != null; p = p.next) {
int b = p.hash & n;
if (b != runBit) {
runBit = b;
// FoRlastRunZ FHIFTATCE, hashfE#l 2 —FE
[/ BFETEA RGN E
lastRun = p;

}
if (runBit == 0) {
// BERITFEIRALE

Tn = TastRun;
hn = null;

}

else {
hn = TastRun;
Tn = null;

}

for (Node<K,v> p = f; p != lastRun; p = p.next) {
int ph = p.hash; K pk = p.key; V pv = p.val;
if ((ph & n) == 0)
Tn = new Node<K,V>(ph, pk, pv, 1n);
else
hn = new Node<K,V>(ph, pk, pv, hn);
}
setTabAt(nextTab, i, 1n);
setTabAt(nextTab, i + n, hn);
setTabAt(tab, i, fwd);
advance = true;
}
// LLER, IR AR AU
else if (f instanceof TreeBin) {
TreeBin<K,V> t = (TreeBin<K,V>)f;
TreeNode<K,V> 1o = null, loTail = null;
TreeNode<K,V> hi null, hiTail = null;
int Tc = 0, hc =
for (Node<K,V> e

[«

t.first; e != null; e = e.next)

int h = e.hash;
TreeNode<K,V> p = new TreeNode<K,V>
(h, e.key, e.val, null, null);
if (¢h & n) == 0) {
if ((p.prev = loTail) == null)

To = p;
else
ToTail.next = p;
ToTail = p;
++1c;
}
else {
if ((p.prev = hiTail) == null)
hi = p;
else
hiTail.next = p;
hiTail = p;
++hc;



143
144
145
146
147
148
149
150
151
152
153
154
155
156
157

ZIEFEER,

Tn = (lc <= UNTREEIFY_THRESHOLD) ? untreeify(lo) :
(hc !'= 0) ? new TreeBin<K,Vv>(lo) : t;

hn = (hc <= UNTREEIFY_THRESHOLD) ? untreeify(Chi) :
(lc !'= 0) ? new TreeBin<K,v>(hi) : t;

setTabAt(nextTab
setTabAt(nextTab
setTabAt(tab, 1,
advance = true;

TE—EHH:

, 1, 1n);
, 1 + n, hn);
fwd) ;

1. ¥ SNEARFENTE, aE— 1 FiHashMap, EREKERIBHAKERN2E, REIE
|BRYTTERIZE NI R, AL, EENGESEHB2T, B11MSEtabET 28I
HashMap, ZFE27MS#nextTab2Y B2 GAHashMap, ZnextTab=nullf98tE, 75iERH)
SXInextTabi#H{THtAK. XEE—NXBERERE: 1Z5E2WSNEEER, 81
FEREY AIANHashMap3psy, XS RAMEXI D {ES AR,

|HHashMap

#HashMap

L Nodefo] | —
/I Node[l] |
[ Node[2) l<

| Nodev-11 |

S B o e

R —
\:I<§

Node[0] | —
Node[l] |
[ Nodef2] |<

| Noden-11 |

\\4 Node[N] | —

| Nodepan-11 |

L ]

2. FEASANEGREFHTT B-ESLomEE. IBEEKERN, BNERET 3—R, —BRIIK
ERZTEstride (51) FKFR, transferindexZRas 7 EANEAY SHIAE.

stridefIHEATUAN_ EERIRISFR, B): ERZETERS TN, EAERRETRED

BN AT B,

REE1 AR FEN

#el, EERETA (n>> >

3) /NCPU, HERIEEKIISR/IMER 16. B, FENLIZNEEIAn/stride,



€ ConcurrentHashMap java

int n = tab.length, stride;
if ((stride = (MCPU > 1) ? (n >>> 3) / NCPU : n) < MIN_TRANSFER_STRIDE)
stride = MIN_TRANSFER_STRIDE, // subdivide range

transferindexiConcurrentHashMapfd— 1" REZE, IERTH BHHE. #¥IREAN, WKE
TS, BRRstrideMIB, BREHEN <=0, FREMNB52M. B, M0, transferindex-1189
NBFRESEOERLET SIS, Mltransfexindex, n-1BFRRECEDELE NEEHTY
B, HRIEEY &4, SEZCEY .
EAtransferindex&S#Z NMERFFAIER, ERRstride, FTLAFEBIICASHITIRIE, WTEAMLEE
Fi7.

€ ConcurrentHashMap.java

advance = false;

}
else if (U.compareAndSetlInt

( o: this, TRANSFERINDEX, nextIndex,
nextBound = (nextIndex > stride ?
nextIndex - stride : @))) {

|H ConcurrentHashMap

0
Node[0] >
ra
RRRS . Node[1]
transferlndex
(" ez < TreeNode[2] </|:|<§
E1UR \ \:l<§
EErs transferIndex (
RS
ZFE1l  stride < Node[N-1]
kA .

\_ transferIndex

3. £ BARSTAZ AT, BRIEEE MR AEEETRE T HRIHashMapEE, BRBEAEIRRY
HashMap B, XTEHR, FrEfEM get (k, v) RZABERRIGAIH HashMap, [RALME
e?

TEAT BIEPEATREE: HNode[0]E2&EBAI, MEMNodel A ETRILFZF AT,
WIRBLEZENode[0JNEYE, FSIBRIKLM. Alt, #FiE—ForwardingNode, Bl%%
ETR, XM AEECEHNESR ConcurrentHashMap BY3 1. XK, L&FEHEEZ
ForwardingNodeZ 5, £XEifFAYIConcurrentHashMap,

4. RAEEERIKE tab.length B2RYEEURTS, BRY BXE2(E. M Hash RELE
hashCode%tab.length, &} FhashCode& (tab.length-1) , XEKE: L&FHMIEN
TUER, FEFHashRNMAEF—ELFHNHEFE+nMUE, NTEFR. 2ME5ER905]
T RMEKERS, ¥ aZER16:

#HhashCode=5, 5%8=0, &5, 5%16=0, (VERFAFZE;



#hashCode=24, 24%8=0, ¥'&F, 24%16=8, G IMIUE;
#hashCode=25, 25%8=1, ¥'&F, 25%16=9, G IMIE;
#hashCode=39, 39%8=7, ¥'&E, 39%8=7, UBRFAZE;

,.—[ Node[0] l ——»l ForwardingNode
] L —
IEHashMap | N0d€[2] |<

| Node[N-1]

S T B
S
Node[2] |<
i =

| Node[N-1] |
N R m———

| Node[2N-1] |

ERAEXFEIRE, R TFERE:

€, ConcurrentHashMap.java

}
setTabAt(nextTab, i, 1ln);

setTabAt(nextTab, i1 + n, hn);
setTabAt(tab, 1, fwd);

_—d e m L=

R R tab [\ BRI BN ERAENME D, —EboiEEEInextTablilAE, —EBHHE
ZZ|nextTabli+n]ONIE, W LEFR. AEEtablilfY &SR —ForwardingNodeT5 .,

RS, HtabliIfRERHERT, (ERASUTIDK 75hEl SIRILITTIE, MastRunfEiERIFET
R, ARROREN, MRERIEERFI0EERER. MastRunFRIFIET R, FEMRRENL.

TR T RORERR RS transfer (tab, nextTab) , BEIELEtryPresize (intsize) BREL XA
HHVMNEE MHashFREITTENE, ARHER, RESENE MHashFRH T &, BEFHEIXD
R, FEEMEEMEsizeCtITE, TEHXERTIEREEIRD.



€, ConcurrentHashMap.java
PrivVOTE TrurnsLernt VULUTLLE LUMNY UUSELOUNT;

/-!E-!E
* Table initialization and resizing control. When negative, the
¥ table 1s being initialized or resized: -1 for initialization,
* else -(1 + the number of active resizing threads). Otherwise,
* when table 1is null, holds the initial table size to use upon
¥ creation, or @ for default. After initialization, holds the
¥ next element count value upon which to resize the table.
*/

private transient volatile int sizeCtl;

HsizeCtl=-10¢, FrE/HashMapIEE#IIAN;
LsizeCtI=RNEMGREET, RBREMEETTHashMapliHET &,
LsizeCtl=caphy, tab=null, ¥RFVIAZEIIWIREE (W LEIEIEREFTR) ;

BRMNZIE, sizeCIPRIIE F—REY ZM0E, B EEMAUAREHN- (0> > >2)
=0.75n,

FRLA, sizeCtIFEfEHashFZRAGTFARKRESE, REAFREBNEN. BBETXMNERE, BRE LA
tryPresize (intsize) L,

1 private final void tryPresize(int size) {

2 int ¢ = (size >= (MAXIMUM_CAPACITY >>> 1)) 7 MAXIMUM_CAPACITY :
3 tableSizeFor(size + (size >>> 1) + 1);

4 int sc;

5 while ((sc = sizectl) >= 0) {

6 Node<K,Vv>[] tab = table; int n;

7 if (tab == null || (n = tab.length) == 0) {

8 n=(c>c)? sc:c;

9 if (U.compareAndSetint(this, SIZECTL, sc, -1)) {
10 try {
11 if (table == tab) {
12 @Ssuppresswarnings("unchecked")
13 Node<K,V>[] nt = (Node<K,V>[])new Node<?,?>[n];
14 table = nt;
15 sc=n - (n >>> 2);
16 }
17 } finally {
18 sizeCt]l = sc;
19 }
20 }
21 }
22 else if (c <= sc || n >= MAXIMUM_CAPACITY)
23 break;
24 else if (tab == table) {
25 int rs = resizeStamp(n);
26 if (U.compareAndSetiInt(this, SIZECTL, sc,
27 (rs << RESIZE_STAMP_SHIFT) + 2))
28 transfer(tab, null);
29 }
30 }

31 | }



tryPresize (intsize) EREHIERITTE NI MNHashFHITH &, OZ2EBtransferiiE],
ESEXT BSHIHE, sizeCISIRBER—MRARIHGEIU.compareAndSwaplnt (this, SIZECTL,
sc, (rs < < RESIZE_STAMP_SHIFT) +2) ; Z/eB— &2 AR, sizeCtl Hio01,
U.compareAndSwaplnt (this, SIZECTL, sc, sc+1) , I B5ekZ/E, sizeCtiE1,

5.6 ConcurrentSkipListMap/Set

ConcurrentHashMap 2—F# key ToFEAY HashMap, ConcurrentSkipListMaplll2 key BFHY,
SCHL 7 NavigableMap#z[, #0427 7 SortedMap#z[,

5.6.1 ConcurrentSkipListMap
1.9+ 4 E(EASkipList3SEMMap?

Elavalutilgh, B— N IEEEZEMNHashMap, thiETreeMap, ZEkeyBRFHY, ETFLIEMISC
.

MifEConcurrentEld, RfitATkeyEFAIHashMap, thstEConcurrentSkipListMap, 2&F
SkipList (B¥&EZR) RTIMH. XBAHARRLLEN, MmAERRLIE?

f&FDoug Leal[FiE:

1 The reason is that there are no known efficient lockOfree insertion and
deletion algorithms for search trees.

EHE BRI EN SRR KRS0, (FREN L. B0, EIFIRRT RE97NE.
BBt ASKipListAT AT HISEIN TS rapOiEan. MBRIE? IXEMTCHIERAVSTIGE.

2. 5chibER
ERIEHARAQSEY, SRERZIZHPAG, HItBEMER., RE_—ENXBITERRE?

RUEIHROTCHIAGY. %, #RRREL. BANBHITCASEE, BEASEER. WREHRAIHE
BHTRRASMPRIR(E, KRBEBENCASHZE, MeHIER!

KFXANERE, Doug LeaRNieXHAEBMRIICIA, A5 IRAINT:

B AURI0EEEAT R0, ATEMZR, BB R208nextdg HERTIM30, AEXIT
RT0AInextigsHHUTCASIR(F, (EEISMTIM20807.,

head tail head tail
STM 10 30 NULL YA 10 30 |— NULL
/ \ /r
20 -

#F2: MBRTSR10. ATERMZ, RFELTRMInextdgst, #TCASEEEITIR3080H,


af://n1335
af://n1338

head tail head tail

'

T > 10 30 ——NULL TR 10 30 ——NULL

~ 7

B2, WRMNMELERERE, —MIBFTR10, —MEETRI0GEEBEATIR20. FEXEME
TRERSERCASHY, WRIMAHIT™. WTERF=, MFETR10, KERHEHFTBEANTR20tHER
2! XANMERGEH T CASHIRRIRSBE.

head tail head tail

: ' ; |

A=l 10 30 —=NULL f’EWO L > NULL

20

AR HIUX MBI ?

RERR: MR R10890H%, SRR ERR T R100981K, iRk Ttm. PRI10AEIR
BT, &M, BETRI0GEATR20M4E, FARMNETR10EL4EMmiRT!

HIHXANERR, FEICNHRE TN RE, TEAR, BT 10 BIBRD A2
F—F, BT S108nextigst, markpiiiis, BEPARmIES;
BT, Kis, YIEMR.

IRcZa, SEEBETRI0EEBATR0898HE, FELSCHTHR, TR10255EWMN
bR, MMERAE—MIBRAIIT R10EEBATR20, RMERGTEE—NXER: BB R108nextg
FHERT =20 (EAEE) "M AN R10FEEECEMR (FIBNRE) ", BREFEFR, BT
PMCASIR(EEESR!

head tail
e w1 > 10 > 30 |—— NULL
head tail

EF— T > 10(x) > 30 |— NULL
head tail

L | =HA 10(x) 30 |——> NULL




B{RISCIIERANE:
7ME—: AtomicMarkableReference

{RIEEA next 2 AtomicMarkableReference 28, {BiXMNINEREERL, Doug Lea 7E
ConcurrentSkipListMapFIsEIIR AT B—Fi%,

1NE2: MarkTr

KNNVERNZENCT /10ELMER, EHMERCERnext=R, BBATLEFNE— markerfim, (&
TR10MnextfgHgMiZMarker 5. IXHF, SHATRT0AIGEBAT R20098R, BATLATEREAAY
REIRS AT R 1 0RInextig st REER T — MMarker R, X MEEILIE— N CASIREERETTAL.

3.HEx

FRIR T ZHERAVE NSRRI, FARR T BERN— KRR, FARERMEZERR
EHRAT,

TESSE—TNRERIEUESY (TEATARSESIFARIDK 7, DK 8HIRBIREER, BAF
M FERRESHT) .

€ ConcurrentSkipListMap.java

static final class Node<K,V> {

final K key; // currently, never detached

V val;

Node<K,V> next;

Node(K key, V value, Node<K,V> next) {
this.key = key;
this.val = value;
this.next = next;

}
FEFHEINodeF iR BEREET ML, FIERI<K, V>IIEREEIX/ B E R ek,
LFEINdexERITH R

¢, ConcurrentSkipListMap.java

static final class Index<K,V> {
final Node<K,V> node; ../ currently, never detached
final Index<K,V> down;
Index<K,V> right;
Index(Node<K,V> node, Index<K,V> down, Index<K,V> right) {

this.node = node;

this.down = down;
this.right = right;

3
LFEFREInodeBIEAFIESIREE, FERNode I,

down/g@tt: B PMindextmR, ABE— M8, ERET— M LevelINATH R,



right@BM: IndextBERLEMER.

E/ ConcurrentSkipListMap# R EICRINERIhead TS mBIAT :

1 public class ConcurrentSkipListMap<K,V> extends AbstractMap<K,V>

2 implements ConcurrentNavigableMap<K,Vv>, Cloneable, Serializable {

3 // ...

4 private transient Index<K,V> head;

5 // ...

6 1}

FnEIndex

2B Index Index11 Index31 ———NULI,

#1EIndex Index1 Index2 Index3 NULL
HER Nodel Node2 Node3 Node4 Node5 NULL

TEIFEADTINEMEER LB, EAFIMRTE.
1. putsSEI ST

¢, ConcurrentSkipListMap.java

of public V put(K key, V value) {
1f (value == null)
throw new NullPointerException();
return doPut(key, value, onlylfAbsent: false);

1 private vV doPut(K key, V value, boolean onlyIfAbsent) {
2 if (key == null)

3 throw new NullPointerException();

4 Comparator<? super K> cmp = comparator;

5 for (535) {

6 Index<K,V> h; Node<K,V> b;

7 varHandle.acquireFence();

8
9

int levels = 0; // number of levels descended
if ((h = head) == null) { // WE

10 Node<K,V> base = new Node<K,V>(nhull, null, null);

11 h = new Index<K,Vv>(base, null, null);

12 b = (HEAD.compareAndSet(this, null, h)) ? base : null;

13 }

14 else {

15 for (Index<K,v> g = h, r, d;;) { // count while descending



16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73

while ((r = g.right) != null) {
Node<K,V> p; K k;
if ((p = r.node) == null || (k = p.key) == null ||
p.val == null)
RIGHT.compareAndSet(q, r, r.right);
else if (cpr(cmp, key, k) > 0)
q=r;
else
break;
3
if ((d = gq.down) != null) {
++levels;
q=d;
}
else {
b = g.node;
break;

}
if (b !'= null) {
Node<K,V> z = null; // new node, if inserted
for () { // find insertion point
Node<K,V> n, p; K k; V v; int c;
if ((n = b.next) == null) {

if (b.key == null) // if empty, type check key now

cpr(cmp, key, key);

c = -1;
3
else if ((k n.key) == null)

break; // can't append; restart
else if ((v = n.val) == null) {

unTinkNode(b, n);

c =1;

}

else if ((c = cpr(cmp, key, k)) > 0)
b = n;

else if (c == 0 &&

(onlyifAbsent || VAL.compareAndset(n, v, value)))

return v;
if (c < 0 &&
NEXT.compareAndSet(b, n,

p = new Node<K,V>(key, value, n))) {

z = p;
break;

}
if (z !'= null) {
int 1r = ThreadLocalRandom.nextSecondarySeed();

if ((r & 0x3) == 0) { // add indices with 1/4 prob

int hr = ThreadLocalRandom.nextSecondarySeed();

Tong rnd = ((long)hr << 32) | ((long)1r & OxffffffffL);
int skips = levels; // levels to descend before add

Index<K,V> x = null;

for (;;) { // create at most 62 indices

X = new Index<K,v>(z, x, null);
if (rnd >= OL || --skips < 0)
break;



74 else

75 rnd <<= 1;

76 3

77 if (addindices(h, skips, x, cmp) && skips < 0 &&
78 head == h) { // try to add new level
79 Index<K,V> hx = new Index<K,Vv>(z, x, null);

80 Index<K,V> nh = new Index<K,V>(Ch.node, h, hx);
81 HEAD.compareAndset(this, h, nh);

82 }

83 if (z.val == null) // deleted while adding indices
84 findPredecessor(key, cmp); // clean

85 }

86 addCount(1L);

87 return null;

88 }

89 }

90 }

91 | }

TEEE, TrugBMNNIARIGFERSI, EmEindexZEEMEHEEE—IE, EAMNEIKHS, &=
AURTR, MIRindexFtia, BEMFG. BLET, WREFEHIHL. RREEHAITRES2, &
pajurE I

SCRASE2EIndex, KIE2189EH;
M1 TRERIE 1 EIndex, M21EEEHA, AME21F13528);

MATERIRE, N21EEER, &EKIME29M35Z(E,

EENEHITRET, BRG], REENEIRERNEINTRZE.

gnREIndex ——— """ TTT oo oo ]
: =1 !
. 10 21 +—>=NULL
%2FIndex |
(B
> 15 ] 21 ! NULL

LES

35 || 42 F—=NULL

10
%1 EIndex T L

wimz [ 10 {12 =[5 ][ 190 {2 {2

- ——

KT EERIpUt..)75i%, B— M RERFERA: E@idfindPredecessorfk®| T HHEANAITTERE
[b, niZEZE, AAEDLEAN. EAEMEEBEREXMER, b, nZETREHRMR, FTLIEE
AT 7T —RYIRRERYE, MXtbIEETHRNERZAL.

2. remove(...)o T



€ ConcurrentSkipListMap.java

o] public V remove(Object key) {
return doRemove(key, null);

1 // HKET (key, value) @Mz, FikElvalue; HAZRGIREINUTI

2 final v doRemove(Object key, Object value) {

3 if (key == null)

4 throw new NullPointerException();

5 Comparator<? super K> cmp = comparator;

6 V result = null;

7 Node<K,V> b;

8 outer: while ((b = findPredecessor(key, cmp)) != null &&
9 result == null) {

10 for (;;) {

11 Node<K,V> n; K k; V v; int c;

12 if ((n = b.next) == null)

13 break outer;

14 else if ((k = n.key) == null)

15 break;

16 else if ((v = n.val) == null)

17 unlinkNode(b, n);

18 else if ((c = cpr(cmp, key, k)) > 0)
19 b = n;

20 else if (c < 0)

21 break outer;

22 else if (value != null && !value.equals(v))
23 break outer;

24 else if (VAL.compareAndset(n, v, null)) {
25 result = v;

26 unTinkNode(b, n);

27 break; // loop to clean up

28 }

29 }

30 }

31 if (result != null) {

32 tryReduceLevel();

33 addCount(-1L);

34 }

35 return result;

36 |}

LEAMRITEAMENTTAAGEEIRRERI, FEATICREAN, EEMR, #BECHIITTRIVRE
X, tEFiREMETERENXED, nl. EEfZE, PTTFE/LNMEE:

1. 0NRAEIb. nEBEFMERT , BTSRRI SIERSE;

2. BN, WSREEREIEFHEREK, v), RENull;

3. MNRHKE TR TR, BHET AN, WEnfvalueEAnull, BERENNEENL
Markertim, FEIMEEERHEEEIndexBIEIR.,



3. getoifr

€ ConcurrentSkipListMap.java

of public V get(Object key) {
return doGet(key);

private V doGet(Object key) {
Index<K,V> q;
varHandle.acquireFence();
if (key == null)
throw new NullPointerException();
Comparator<? super K> cmp = comparator;
V result = null;
if ((q = head) != null) {
outer: for (Index<K,Vv> r, d;;) {
while ((r = gq.right) !'= null) {
Node<K,V> p; K k; V v; int c;
if ((p = r.node) == null || (k = p.key) == null ||
(v = p.val) == null)
RIGHT.compareAndSet(q, r, r.right);
else if ((c = cpr(cmp, key, k)) > 0)

q=r;
else if (c == 0) {
result = v;
break outer;
3
else
break;
3
if ((d = g.down) != null)
q=d;
else {
Node<K,V> b, n;
if ((b = g.node) !'= null) {
while ((n = b.next) !'= null) {
V Vv; int c;
K k = n.key;
if ((v = n.val) == null || k == null ||
(c = cpr(cmp, key, k)) > 0)
b = n;
else {
if (c == 0)
result = v;
break;
}
3
3
break;
3

return result;



47 | }

TICEEA. Mix, TEEHK, #HEBMRIEE, BREESLEMEITHMED, nl, AEFIED. n
ERCEEMR, WMRE, WFEERTHENAIRRSIEZE., XEERLTHERERIIS.

5.6.2 ConcurrentSkipListSet

ANFEREBRTR, ConcurrentSkipListSetRE2%fConcurrentSkipListMapfyf&igasdst, IHAAREH
—SREFRA,

1 public class ConcurrentSkipListSet<E>

2 extends AbstractSet<E>

3 implements NavigableSet<E>, Cloneable, java.io.Serializable {
4 // T —/ConcurrentSkipListMap

5 private final ConcurrentNavigableMap<E,Object> m;
6

7 pubTic ConcurrentSkipListSet() {

8 m = new ConcurrentSkipListMap<E,Object>(Q);

9 }
10
11 public boolean add(E e) {
12 return m.putIfAbsent(e, Boolean.TRUE) == null;
13 }
14 // ...
15 | }

6 R IHRRE
6.1 Semaphore

Semaphorettfi2ESE, IRUETERERHENFAHAES, EERRIBRER, WTFFx:

1 // —IHEASHIE=ERIE. £ AR T AT

2 Semaphore myResources = new Semaphore(5, true);
3

4 | /) TARLRREAERI— M 5, sAEZN R Bl Tk

5 // TESREUNE g AP T e R E AP, MEE E—ATRIBME AN SHT
6 // —MRIAEA TP BEE .

7 myResources.acquire();

8

9 | // TARLEEHE—MmEE, MAEZN R Eid Tk
10 // UhEFBEIEET DA H AR LR AR A
11 myResources.release();
12
13 | /*
14 BsdsE B H ], FRReElTERS (SR,
15 ATH# R En EzsRE e .
16 WREFETHREIRBNANVR], EANDVFRIRTHZAT, 222 2% .


af://n1427
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17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

.\/

GARAREIRAL TNASVFRT, 04T AT VERT, U DR XV R I T S5 45 SRV AT | A 26

semaphore.release(2);

/:’:

MAGIRIRER TG 2 0 H fvFe] s R AT VIS0 E A, WLREREZE, B 2IHh T

TSR SIS,
for (int i = 0; i < permits; i++) acquire();

A

SAZTTE R R TR

IARATHIVFRT B, AT Zeie f 2, BR): (Zig—)

1.
2o

B AR AR AR T VAT, I EL AT TR VE T 000 2 24 B 2R 1 SR T
HA LA i 1 2 AT 2R -

permits — EFRHUAILATEL

*/

semaphore.acquire(3);

Z=51:

REEFEI=CRE, SRk

22
23
24
25

26
27
28
29
30
31

package com.lagou.concurrent.demo;

import java.util.Random;
import java.util.concurrent.Semaphore;

pubTlic class MyThread extends Thread {

o,

Jr

private final Semaphore semaphore;
private final Random random = new Random();

pubTic MyThread(String name, Semaphore semaphore) {
super(name) ;
this.semaphore = semaphore;

@override
public void run() {
try {
semaphore.acquire();

System.out.printin(Thread.currentThread().getName() + " - B
FHREAE") 5

Thread.sTleep(random.nextInt(1000));

System.out.printin(Thread.currentThread().getName() + " - {Elk5¢
Ji R R

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

semaphore.release();



32 }
33}

1 package com.lagou.concurrent.demo;

2

3 dmport java.util.concurrent.Semaphore;

4

5 pubTlic class Demo {

6 pubTlic static void main(String[] args) throws InterruptedException {
7 Semaphore semaphore = new Semaphore(2);

8

9 for (int i =0; i < 5; i++) {

10 new MyThread("2E-" + (i + 1), semaphore).start();
11 }

12 }

13}

WTFEFRR, BIREn NMEFERFKESemaphore BEIV10EIR (n>10) , nNEREFRB10D
KAZRRENE, HittAiZEISIHE. BEEAERNTRIR, Hith&EARe3REE,

57 K.....

4722 PRI

IEEN Semaphoreld%
IER T BRDEY

123

“Zi24

SIERIETR M BIATHE, SemaphorelBfoHktbt, RS, SemaphoneysHURIEAT
HHH%E, BEFAQS, BATHHFATZS. SemaphorelBXSAMRAFI FEFR:



AbstractQueunedSynchronizer

N

Semaphore

Sync

NonfairSync FairSync

pubTlic void acquire() throws InterruptedException {
sync.acquireSharedInterruptibly(1);

pubTlic void release() {
sync.releaseShared(l);

HFSemaphorefNSiISCIIFIEEAER, FENRBABRFERE. RRSEEIstatef94I5A
8, fracquireEEXIstateZTEHHITCASIHIRIE, REI0ZfS, LAEHZE; TEreleaseEXYstateTEHIT
CASHIERAE.

pubTlic abstract class AbstractQueuedSynchronizer
extends AbstractownableSynchronizer implements java.io.Serializable {

// ...
public final void acquireSharedInterruptibly(int arg)
throws InterruptedException {
if (Thread.interrupted())
throw new InterruptedeException();
if (tryAcquireShared(arg) < 0)
doAcquireSharedInterruptibly(arg);

public final boolean releaseShared(int arg) {
if (tryReleaseShared(arg)) {
doReleaseShared();
return true;



17 }

18 return false;

19 }

20 // ...

21  }

22

23  public class Semaphore {

24

25 protected final boolean tryReleaseShared(int releases) {
26 for (5;) {

27 int current = getState();

28 int next = current + releases;

29 if (next < current) // overflow

30 throw new Error('"Maximum permit count exceeded");
31 if (compareAndSetState(current, next))
32 return true;

33 3

34 }

35

36 static final class FairSync extends Sync {

37

38 // ...

39
40 Fairsync(int permits) {
41 super(permits);
42 }
43
44 protected int tryAcquireShared(int acquires) {
45 for (;;) {
46 if (hasQueuedPredecessors())
47 return -1;
48 int available = getState();
49 int remaining = available - acquires;
50 if (remaining < 0 || compareAndSetState(available,

remaining))

51 return remaining;

52 }

53 }

54 }

55  }

1 package java.lang.invoke;

2

3 public abstract class VvarHandle {

4 // ...

5 // CAS, JET41E

6 public final native

7 @vmethodHandle.PolymorphicSignature

8 @HotSpotIntrinsicCandidate

9 boolean compareAndSet(Object... args);
10 // ...

'_\
'_\
—



6.2 CountDownlLatch
6.2.1 CountDownLatch{EfIz=
RIZ— N ELEEEFS Worker ZFZHITRABERE, mILAERCountDownLatchRsCHL:
57
package com.lagou.concurrent.demo;

import java.util.Random;
import java.util.concurrent.CountDownLatch;

pubTlic class MyThread extends Thread {

private final CountDownLatch latch;
private final Random random = new Random();

public MyThread(String name, CountDownLatch latch) {
super(name) ;
this.latch = latch;

}
@override
pubTlic void run(Q) {
try {
Thread.sleep(random.nextInt(2000));
} catch (InterruptedException e) {
e.printStackTrace();
}
System.out.printin(Thread.currentThread().getName() + "BfT4HK");
Tatch.countbown();
}
}
MainZg:

package com.lagou.concurrent.demo;
import java.util.concurrent.CountDownLatch;

pubTlic class Main {
pubTlic static void main(String[] args) throws InterruptedException {

CountDownLatch latch = new CountDownLatch(5);

new MyThread("£f£1", latch).start(Q);
new MyThread("ZkfE2", latch).start();
new MyThread("#f£3", latch).start(Q);
new MyThread("#f£4", latch).start(Q);
// new MyThread("ZEfE5", latch).start();

// HRTTRAE
latch.await();
System.out.printIn("BEFiETEHE");


af://n1457
af://n1458

TE3CountDownlLatchiBXEAMAEIR, CountDownlLatch/RIEFISemaphore[FIEELL, FRE
EETAQS, RILRBLAFHIEAFZS.

AbstractQueuedSynchronizer

CountDownLatch Sync

6.2.2 await()SEIRS

AR, await)EFARIRAQS RIRIRTIE, XN TAAERIECENM AT,
CountDownLatch.SyncEFSCHI 1 tryAccugireShared5i%:

public void await() throws InterruptedException {
// AQSIMHMR T %
sync.acquireSharedInterruptibly(1);

pubTlic final void acquireSharedInterruptibly(int arg)
throws InterruptedException {
if (Thread.interrupted())
throw new InterruptedeException();
// #iCountbDownLatch.Syncseij
if (tryAcquireShared(arg) < 0)
doAcquireSharedInterruptibly(arg);

protected int tryAcquireShared(int acquires) {
return (getState() ==0) ? 1 : -1;

MtryAcquireShared(...)5ERISLHIRE, REstate 1= 0, EBawait()5EZHNEIEESHINAQS
AORBZERNGY, FHENPEZRIRTS.
6.2.3 countDown()SCHRS T

public void countbown() {
sync.releaseShared(1);

// AQSIIHRAR J7 ik
public final boolean releaseshared(int arg) {


af://n1468
af://n1474

// HicountbownLatch.SyncsZi
if (tryReleaseShared(arg)) {

doReleaseShared();
10 return true;
11 }
12 return false;
13}
14
15 protected boolean tryReleaseShared(int releases) {
16 // Decrement count; signal when transition to zero
17 for (;;) {
18 int ¢ = getState();
19 if (c == 0)
20 return false;
21 int nextc = c - 1;
22 if (compareAndsetState(c, nextc))
23 return nextc == 0;
24 }
25 }

countDown()EREAYAQSHIIE R F5ikreleaseShared(), EmEAJtryReleaseShared(...)H
CountDownLatch.SyncsCHi, MJ:EEI’JFCEE.'J_IL)LEH:}, RAstate=0, tryReleaseShared(..)Z4&iR[E
true, ZAGH{TdoReleaseShared(...), —RIEIREEINFI PG EEILIE.,

Bgs: RTFREETAQSIHZEASISESCIIAY, FRLARILIES AN AFE &R Estate=05%14 L,
countDown()—Efstate, HEIOF—IRMIREERTBEAIE. W TEFR, RIZVIRESEIM, N/\é%z
await(), MAPLEFEcountDown(), IHREI0ZE, NNEFEMEIEEE,

ey "“await()ﬁ ¢ —countDown()™| GfE1-1

HfE2 —await()—>| Cou?tﬁ[gg%;jgiﬁ% <—countDown()— ZkfE2-1
A

%523 |__await)—7 $—countDown()—]| &FE3-1

6.3 CyclicBarrier
6.3.1 CyclicBarrier{§fBiz=

CyclicBarrier{fEFA L& & -

1 cyclicBarrier barrier = new CyclicBarrier(5);
2 barrier.await();

ZEAT RSN SRR TIRIFRIE S,


af://n1482
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ERmR: 10N TIEI—ERATINEE, BELNSNEINNELN. Bk, BEFAZFE, FRE
W, BlERZE, B—REESMEH. B10MABFI0MNERE, 10N EEZ AR IR FER:

BER1 : KT BER2 : il BYER3 © M

57

HrE2

210

MainZg:
package com.Tlagou.concurrent.cyclicbarrier;

import java.util.concurrent.BrokenBarriergException;
import java.util.concurrent.CyclicBarrier;

pubTlic class Main {
public static void main(String[] args) throws BrokenBarriergexception,
InterruptedException {
CyclicBarrier barrier = new CyclicBarrier(5);

for (int i =0; i <5; i++) {
new MyThread("#fE-" + (i + 1), barrier).start();

MyThread3g:

package com.Tlagou.concurrent.cyclicbharrier;

import java.util.Random;
import java.util.concurrent.BrokenBarriergException;
import java.util.concurrent.CyclicBarrier;

pubTlic class MyThread extends Thread {

private final CyclicBarrier barrier;
private final Random random = new Random();

public MyThread(String name, CyclicBarrier barrier) {
super(name) ;
this.barrier = barrier;

@override
public void run() {



try {
Thread.sTeep(random.nextInt(2000));
System.out.printin(Thread.currentThread().getName() + " - ©&3
EAFEM);
barrier.await();

Thread.sleep(random.nextInt(2000));
System.out.printin(Thread.currentThread() .getName() + " - CO&%
REEHR") 5

barrier.await();

Thread.sTeep(random.nextInt(2000));
System.out.printin(Thread.currentThread() .getName() + " - CZ&MH

AR ;

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

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

3

super.run();

EBNIET, B2MESR: RITRLR, BESMENIEEEIEAAT, F—EfREl, %2
TEER, BESMENEEEEREL, ZE—EENERAT,

6.3.2 CyclicBarriersCIp 512

CyclicBarrier&FReentrantLock+Condition3ZH,

pubTlic class CyclicBarrier {
private final ReentrantLock lock = new ReentrantLock();
// FHTEFE 2 [A)AH T e i
private final Condition trip = Tock.newCondition();
// BREH
private final int parties;
private int count;
private Generation generation = new Generation();

// ...

TEIFHENE CyclicBarrier BUSLINRIE, SLEMEIESIE:


af://n1497

1 public CyclicBarrier(int parties, Runnable barrierAction) {
2 if (parties <= 0) throw new I1legalArgumentException();
3 // 5T

4 this.parties = parties;

5 this.count = parties;

6 // P TSR eERN, $4Tbarriercommand# s ffiRunnable.

7 this.barrierCommand = barrierAction;

8

}

B RRE—Tawait() 5 ERISLINTE.

1 public int await() throws InterruptedException, BrokenBarrierException {
2 try {

3 return dowait(false, OL);

4 } catch (TimeoutException toe) {

5 throw new Error(toe); // cannot happen
6 }

7}

8

9 private int dowait(boolean timed, long nanos)
10 throws InterruptedException, BrokenBarrierException,
11 TimeoutException {
12 final ReentrantLock lock = this.lock;
13 Tock.Tock();
14 try {
15 final Generation g = generation;
16
17 if (g.broken)
18 throw new BrokenBarrierException();
19 // Wil N A R
20 if (Thread.interrupted()) {
21 // VPRI BH ZE Y 26 A2
22 breakBarrier();
23 throw new InterruptedeException();
24 }
25
26 // FAEIEEE—kawait(), count#FZykl
27 int index = --count;
28 // HcountiR B0 g, HbARE R H A oA A
29 if (index == 0) { // tripped

30 boolean ranAction = false;

31 try {

32 final Runnable command = barrierCommand;
33 if (command !'= null)

34 command.run();

35 ranAction = true;

36 nextGeneration();

37 return 0;

38 } finally {

39 if (!ranAction)
40 breakBarrier();
41 }
42 }
43
44 // loop until tripped, broken, interrupted, or timed out



45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91

for (535) {
try {
if ('timed)
trip.await();
else if (nanos > OL)
nanos = trip.awaitNanos(nanos);
} catch (Interruptedexception ie) {
if (g == generation && ! g.broken) {
breakBarrier();
throw ie;
} else {
// We're about to finish waiting even if we had not
// been interrupted, so this interrupt is deemed to
// "belong" to subsequent execution.
Thread.currentThread() .interrupt();
3
3
if (g.broken)
throw new BrokenBarrierException();
if (g != generation)
return index;
if (timed && nanos <= 0L) {
breakBarrier(Q);
throw new TimeoutException();
3
}
} finally {
Tock.unTock();
}
}
private void breakBarrier() {

generation.broken = true;
count = parties;
trip.signalAllQ);

}

private void nextGeneration() {

// signal completion of Tast generation
trip.signalallQ);

// set up next generation

count = parties;

generation = new Generation();

KT EERITTE, BIULRSREA:

1. CyclicBarrier@] A ERN. L E—TRIREEFSEF], KT10MERE, X10NEEEESE
5, ZSFE—ERIREE, SEMTETRINEBE, A, XI10NMEEBREERERS, 2FER
—ReHIERE, B—WFRA— P Generation, FIE—IXELA.

2. CyclicBarrier MR FHT, 10 MEFRSBEIST, NMRELEKEITHEES, FralEENL%
FEthawIRtE, #E LmEidbreakBarrier()/5i%. ARcountFEENYIIAE (parties) , &




A,
3. FEMIEIEASE, barrierAction IS 10NRIERIT IR (FEIREEEMONERIEZRI) , T
AR ONEREFNERHIIT R,

6.4 Exchanger

6.4.1 (EBin=
Exchanger A& BISIREUE, HiEARBREER, &1 exchange(.)/3i%, ERRAILN
:
1 package com.lagou.concurrent.demo;
2
3 dmport java.util.Random;
4 dmport java.util.concurrent.Exchanger;
5
6  public class Main {
7 private static final Random random = new Random();
8 public static void main(string[] args) {
9 // B2 & exchangeX 4
10 // exchangeXf GAELINELFEN G . AL H O runiiizH i Hexchange, #1H
CEIRIE NS HL
11 // et IR[EHE R SRR H exchange it 221240
12 Exchanger<String> exchanger = new Exchanger<>();
13
14 new Thread("Z&fE1") {
15 @override
16 public void run() {
17 while (true) {
18 try {
19 // WREAE AR exchange, ZRFEFHZE, BRI HABLRLH
FexchangeMik.
20 Sstring otherbata = exchanger.exchange ("2 #%E1") ;
21 System.out.println(Thread.currentThread() .getName()
+ "{33|<==" + otherData);
22 Thread.sTeep(random.nextInt(2000));
23 } catch (InterruptedException e) {
24 e.printStackTrace();
25 }
26 }
27 }
28 }.start(Q;
29
30 new Thread("z&fE2") {
31 @override
32 public void run() {
33 while (true) {
34 try {
35 string otherbata = exchanger.exchange ("ZZ###52") ;
36 System.out.printin(Thread.currentThread() .getName()
+ "15%]<==" + otherData);
37 Thread.sTeep(random.nextInt(2000));
38 } catch (Interruptedexception e) {

39 e.printStackTrace();


af://n3992
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40 }

41 }

42 }

43 }.startQ;

44

45 new Thread("£f3") {

46 @override

47 public void run() {

48 while (true) {

49 try {

50 string otherbata = exchanger.exchange ("% ###53") ;

51 System.out.printin(Thread.currentThread() .getName()
+ "1§%|<==" + otherData);

52 Thread.sTleep(random.nextInt(2000));

53 } catch (InterruptedException e) {

54 e.printStackTrace();

55 }

56 3

57 }

58 }.startQ;

59 }

60 3}

7 EERIGIFR, 3INEREFARETERexchange(...), SMMREEME, a01/2. 1/3F02/3,

6.4.2 SCIRRIE
ExchangerfUtzO#lEIFILock—1E, HR2CAS+park/unpark,
B4, 7EExchangeryEB, BFMNWERZE: ParticipantfINode, LRI :

1 public class Exchanger<v> {

2 /] ...

3 // WY Contendedi:fif, RRNILEESZHATER

4 @jdk.internal.vm.annotation.Contended static final class Node {

5 int index; // Arena index

6 int bound; // Last recorded value of Exchanger.bound
7 int collides; [/ ARWGEEH, CASHERAERIIREL

8 int hash; // BlEthBEHL

9 Object item; [/ AR A ¥ B HR
10 volatile oObject match; // XI5 fEscHskn$dE
11 // ERTATE
12 volatile Thread parked; // MurZ&FEMHZEMBHE & E ZEMN, AHZEAnull.
13 }
14
15 static final class Participant extends ThreadLocal<Node> {
16 public Node initialvalue() { return new Node(); }
17 }
18 /] ...
19 1}

BEAEEAAexchange(.. ) 73 EEERIIR, S50l —TNodeXIR,
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XM NodeMISHENZEIZNER, EAEST3NMEEFR: F I BZ2EEEXEHNE, 5
TR EARIRRAIEE, RE— M RZHIEES.

— "Node REESTHF2NMEFRZ [BRIREHE, BELMSMEEFTIIENE, T2 "Node,
IE#EExchangerEBEENX 7 Node#i4A :

¢ Exchanger.java

7

private volatile Node[] arena;

6.4.3 exchange(V x)EI S

BERT AR, THEREGexchange(V x)75iERYFMSLIN:

€, Exchanger java

SOUPPIressnurriLrngs uncrieCcked )
= public V exchange(V x) throws InterruptedException {
Object v;
Node[] a;
Object item = (x == null) ? MULL_ITEM : x; // translate null args
1f (((a = arena) != null II
(v = slotExchange(item, timed: false, ns:@L)) == null) &&
((Thread. interrupted]) || ./ disambiguates null return
(v = arenaExchange(item, timed: false, ns: QL)) == null)))
throw new InterruptedException();
return (v == MULL_ITEM) ? null : (Vv;

LrmEsES, WRarenaf@Enull, FRBAT arena GRHEEE. WRarenaf@Enull, FHEZLRE
wehly, NEE

fN&RarenaAZ&null, FHarenaExchangefUiREEInull, MHLFE, XHLEERERKANUIER
HEANULLITEMXISZRE, mAZnull,

fNEslotExchangefREERZNUll, FELRERFET, NEE,
N slotExchangefUiREIERnull, FHareaExchangefiREHEREnull, NHLSRE.

slotExchangefgsCHl -

1 package java.util.concurrent;

2

3 public class Exchanger<v> {

4 /] ...

5 Vs

6 * WRA)A Harenas, %7 V5T 26 AR M B0 22 e

7

8 * @param item AT HMIEAE

9 * @param timed RFREIFATEARF, truefs il

10 * @param ns WURZIFN SR, ZEERERKER .

11 * @return XTFLREACHRRIEIE; QRS BN B R W, BE R Tarena, R
null.
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14
15
16
17
18
19
20
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22
23
24
25
26
27
28
29
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31
32
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34
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36
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38
39
40
41
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45
46
47

48
49
50
51
52
53
54
55
56
57
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59
60
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64
65
66
67
68

private final Object slotExchange(Object item, boolean timed, long ns)

// participantfEVIiEA B % B ¥)iH{E Inew Node ()
[/ SRMUR R FEEEA e A A 1 o
Node p = part1c1pant.get();
// R
Thread t = Thread.currentThread();
// WRZLFER W, MERENUTT,
if (t.isInterrupted())
return null;

for (Node q;;) {
// WEsTotdE=s, R HANLFEAEE Rz 2R St
if ((q = slot) != null) {
// CASEEE, W MpiZkiEnisTothsTlot & Anull
[/ WRERAERD, BT Fr RS
if (SLOT.compareAndSet(this, g, null)) {
[/ FRBON 7 AR R H
Object v = q.item;
/7 VB e B
g.match = item;
// 3RHLqH BHZE R R SR
Thread w = q.parked;
if (w !'= null)
// RN BRZE MR AR AR, TN i FH 2K 1) 2 A2
LockSupport.unpark(w) ;
return v;
3
// create arena on contention, but continue until slot null
// flitarena ] TAbH 2 AN R L MBIERIAE, BilksTot R
if (NCPU > 1 && bound == 0 &&
BOUND. compareAndSet(this, 0, SEQ)) {
arena = new Node[(FULL + 2) << ASHIFT];

R HHE

}
3
// WRarenafZnull, FEIFMZHE A arenaExchange s 4 3R BUN J7 2 F258
else if (arena != null)
return null;
else {
// W sTotnull, FRoRxT5 kA K FANZ LA R
[/ BB S AT A
p.item = item;
// WE AR B H N dE FlsTot
// CASERAE, R E R, WHEN T —% forfi®f
if (SLOT.compareAndSet(this, null, p))
break;
p.item = null;
3
}

[/ BT BRI R AR, K AT AR AR BRI B s TotH, J2—"NodeX &
// NEPHZE, SN

int h = p.hash;

[/ WERVRN R e, TR B R 750 E 0.

Tong end = timed ? System.nanoTime() + ns : OL;

// WRCPUZLERTL, NMEFASPINSE, HiE: &AL, BbEHJE.

int spins = (NCPU > 1) ? SPINS : 1;



69

70 [/ T TT R AR K

71 Object v;

72 // WRp.match==null, FREEALFEZH RIS

73 while ((v = p.match) == null) {

74 // WREFEREKRTFO, i hashpiil

75 if (spins > 0) {

76 // AERENLE, T s

77 h A= h << 1; h A= h >>> 3; h A= h << 10;

78 if (h == 0)

79 h = SPINS | (int)t.getid();

80 else if (h < 0 & (--spins & ((SPINS >>> 1) - 1)) == 0)

81 Thread.yield(Q);

82 // preThreadLocalic 31 X4 H7ZFEINode.

83 // WRslotAEpFinsTote nl AR BEE 2 1)

84 } else if (slot != p) {

85 spins = SPINS;

86 } else if (!t.isInterrupted() && arena == null &&

87 (!timed || (ns = end - System.nanoTime()) > 0L)) {

88 p.parked = t;

89 if (slot == p) {

90 if (ns == 0OL)

91 // BHZEMRILTE

92 LockSupport.park(this);

93 else

94 // WS AEA,  TIRH 2E 2 T AR AR 2 B [A]

95 LockSupport.parkNanos(this, ns);

96 }

97 p.parked = null;

98 } else if (SLOT.compareAndsSet(this, p, null)) {

g9 // BEAEHREHE BN T, JRETIMED_OUT, #MEENUTI

100 v = timed & ns <= OL && !t.isInterrupted() ? TIMED_OUT :
null;

101 break;

102 }

103 }

104 // matchi% & Nnull{f CAS

105 MATCH.setRelease(p, null);

106 p.item = null;

107 p.hash = h;

108 /7 RIBISREL R 7 R A8 ke 1) Htfa

109 return v;

110 }

111 // ...

112 }

arenaExchangefJsCIl :

package java.util.concurrent;

1

2

3 public class Exchanger<v> {

4 /] ...

5 Vidi

6 * M5 HarenasimHE, %7 VERAT LR A 50 A0 3
7 %



10
11
12
13

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

46
47
48
49
50
51
52
53
54
55
56

57
58
59
60
61
62

OL;

use

* @param item
* @param timed

AL RE AT AEnu T 1 s
ORI SRS, M E Ntrue,

* @param ns FoRTHI SRR .
* @return XTEFEHORMEHE . WL P, BE SRR, WIEENU1T.

:':/

private final Object arenaExchange(Object item, boolean timed, Tlong ns)

Node[] a
int alen
Node p = pa

arena;
a.length;
rticipant.get(Q;

// Vil FFr N1 4K sTotEdE

for (int 1
int b,
int j =
if

J

A

= p.index;;) {
m, C;

// access slot at i

(i << ASHIFT) + ((1 << ASHIFT) - 1);

0 || j >= alen)
alen - 1;

// BHarena¥tZAsj PNode i &

Node ¢

= (Node)AA.getAcquire(a, j);

// WHagAzEnull, MPEEAHRE TN TR g E Anul]
if (g != null & AA.compareAndsSet(a, j, g, null)) {

//
0bj
//
g.m
//
Thr
if

ret

}

IREONT 7 e R A Hi e 11 A 4
ect v = g.item;
W B AT AR A K
atch = item;
IR J7 26 FEXT S
ead w = q.parked;
(w !'= null)
// R ERFRAE A, MM T 2iFE
LockSupport.unpark(w) ;
urn v;

// R ERREEERLS, HgAnull
(i <= (m = (b = bound) & MMASK) && q == null) {

else if
//
p.i
//

if (AA.compareAndset(a, j, null, p)) {

Y NG
tem = item;
¥arenafi5j e E nuT 185 p

// release

// offer

Tong end = (timed & m == 0) ? System.nanoTime() + ns :

Thread t = Thread.currentThread();
// BEEER;

// wait

for (int h = p.hash, spins = SPINS;;) {

/7 FREUN T 2 He R 1 i

Object v = p.match;

VAR L SO Wi S IO E/E |

if (v !'= null) {
// Kp#E null, CASHEEAE
MATCH.setRelease(p, null);
// T

p.item = null;

p.hash = h;
// IR [EIAE R A
return v;
}
// PEARENLEL, TR E e R
else if (spins > 0) {

// clear for next
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64
65
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68
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87
88
89
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92
93
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95
96
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98
99
100
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102
103
104
105
106
107
108
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110
111
112
113
114
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xorshift

wait

match yet

Fnul 1T

h A= h << 1; h A= h>> 3; hA=h << 10; //

if (h == 0) // initialize hash
h = SPINS | (int)t.getId();
else if (h < 0 && // approx 50% true
(--spins & ((SPINS >>> 1) - 1)) == 0)
Thread.yield(Q); // two yields per
}
// twarenalfiZFE j Mo EAZp
else if (AA.getAcquire(a, j) != p)
spins = SPINS; // releaser hasn't set

else if (!t.isInterrupted() && m == 0 &&

('timed ||
(ns = end - System.nanoTime()) > 0L)) {
p.parked = t; // minimize window
if (AA.getAcquire(a, j) == p) {
if (ns == 0OL)

// HRTRTRRRIE, SR AR
LockSupport.park(this);
else
LockSupport.parkNanos(this, ns);
3
p.parked = null;
}
// arenaffiij N cE Epit HCAS Barenalfl#j Mt R HpikE

else if (AA.getAcquire(a, j) == p &

AA.compareAndset(a, j, p, null)) {

if (m !'= 0) // try to shrink
BOUND.compareAndset(this, b, b + SEQ - 1);

p.item = null;

p.hash = h;

i = p.index >>>= 1; // descend

// WREFREE W, MR Enu]1E

if (Thread.interrupted())
return null;

if (timed & m == 0 && ns <= 0L)
// WK, JR[EITIMED_OUT.
return TIMED_OUT;

break; // expired; restart
}
}
3
else
p.item = null; // clear offer
I
//
else {
if (p.bound != b) { // stale; reset
p.bound = b;
p.collides = 0;
i=Gl=m||m==0)7?m:m-1;
3

else if ((c = p.collides) <m || m == FULL ||
IBOUND. compareAndSet(this, b, b + SEQ + 1)) {
p.collides = ¢ + 1;
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traverse

I coc

6.5 Phaser

i=@G ==0)?m:q-1; // cyclically

else

i=m+ 1; // grow

p.index = 1i;

6.5.1 FiPhaser&{{CyclicBarrierflCountDownLatch

MIDK7FFA, s T — EE T ESEPhaser, EINRELL CyclicBarrierflCountDownLatchEE IR

K.

1.[Phaser&{tCountDownLatch

ESiftCountDownLatchBEIfBIF, 1 PNFELEEF 10 worker&kiZSeZ fa, 7 BefiE NRAYE

1&g, el AEPhaserssCILLINEE, 7ECountDownlatchdr, FEE20N A% await()Fd
countDown(), fEPhaserdh, 52BN AYGERawaitAdance(int n)fdarrive(),

O 00 N O U1 h W N R

NN NNNNNNRRBRRRERRR R R R
N o U WNROWOOBDBNOOUAMWNLR O

package com.lagou.concurrent.demo;

import java.util.Random;

import java.util.concurrent.Phaser;

pubTlic class Main {

public static void main(string[] args) {
Phaser phaser = new Phaser(5);

for CGint i = 0; i < 5; i++) {
new Thread("4#-" + (i + 1)) {
private final Random random = new Random();
@override
public void run() {

—=n

System.out.printin(getName() + " - JFLRiEiT");
try {
Thread.sTeep(random.nextInt(1000));
} catch (Interruptedexception e) {
e.printStackTrace();

3
System.out.println(getName() + " - BFLE");
phaser.arrive();
I
}.start(Q);

}

System.out.printIn("&EEE5EE") ;
phaser.awaitAdvance(phaser.getPhase());


af://n1519
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.

System.out.printIn("&fEisiT4iR") ;

2.FPhaserg&{{CyclicBarrier

ZERIEH CyclicBarrierfiy, 10PN LIEMEAATINEERIGIF, BATLAAPhasersEi, (RBEASE

package com.lagou.concurrent.demo;
import java.util.concurrent.Phaser;
pubTlic class Main {
public static void main(string[] args) {
Phaser phaser = new Phaser(5);
for (int i = 0; 1 < 5; i++) {

new MyThread("Zf-" + (i + 1), phaser).start(Q);

phaser.awaitAdvance(0);

package com.lagou.concurrent.demo;

import java.util.Random;
import java.util.concurrent.Phaser;

pubTlic class MyThread extends Thread {

private final Phaser phaser;
private final Random random = new Random();

public MyThread(String name, Phaser phaser) {
super(name) ;
this.phaser = phaser;

}

@override

public void run(Q) {
System.out.printin(getName() + " - JFEAEIAEHE");
slowly(Q;
System.out.printin(getName() + " - C&FEAAF");

// BIAFZD A, S5 AR
phaser.arriveAndAwaitAdvance();

System.out.printin(getName() + " - JFAZER™);
sTowly(Q);
System.out.printin(getName() + " - ZREEH");

// BLEFDD A, SRR HAD LR
phaser.arriveAndAwaitAdvance();



46

47 System.out.printin(getName() + " - JF4fm");
48 slowly(Q;

49 System.out.printin(getName() + " - MIR&HE");
50 }

51

52 private void slowly() {

53 try {

54 Thread.sTeep(random.nextInt(1000));

55 } catch (InterruptedException e) {

56 e.printStackTrace();

57 }

58 }

59  }

arriveAndAwaitAdance()ft2 arrive()5 awaitAdvance(int)fi484, FEREECEINEXNES
R, FANEEFRBEARINEAXNMREER, REBE—REI1T,

6.5.2 Phaser¥fi|E

15T SISHEEEAE NN

CyclicBarrier FTERICHISAZ N RIS EPIEER, /8RN, M Phaser AJLIEEST
HAEESH AR RICRISAE ML, Phaser RAET FEIXLTTERIEIN. MOERSIILENE.

1 register() // M4
2  bulkrRegister(int parties) // iEMEA
3 arriveAndberegister() // fEEEEN

2. BXRPhaser
Z 1 Phasera] IR TEFTRIRREEND, Bl LABE ST & E AL PhaserskCL,
1  public Phaser(Phaser parent, int parties) {

2 /] ..
3|1
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Phaser0

Phaser1

Phaser3

Phaser?2

Phaser4

FoEEE— T PhaserEB R TRPREHIAGFRE, W

€ Phaser.java

Phaser5

private final Phaser parent;

BJLAKRIL, #EPhaserfNERENIH, B PhasericRTHIMIRX TR, EHFRBICRECHFIR
FIR. FTLA, 81 Phaser BB CHIRTREE, BRXTRAFEECESOINFIR, WRTR
AR, BB F RkSEIAY.

BHRBYPhaserEAERE? EEAIT™E, SHEM TERIFIAPhaser,

Phaser root
Phaser cl =
Phaser c2 =
Phaser c3 =

N W N R

= new Phaser(2);
new Phaser(root,

3);

new Phaser(root, 2);
new Phaser(cl, 0);



Phaser0
(parties => 2 + 2)

c1 c2
(parties => 3 + 1) (parties => 2)

_

c3
(parties => 0)

KkrootERNE5E, RAENEMATENFPhaser (c1, 2) , 8P FPhaserRBIFINES5
&, rootlIS5EFBM2+2=41, ARKEINSEE, AERMANT—FPhaser i3, S5EHEL
F3+1=44, GHS5EYRA0, BEALABIARregister(73iENA,

SFFRPRPhaser ERISAN T Rk, ATLABE—MNMHIZA9PhaserskERF, HE(EVIHIFI—NEIHAY
Phaser2—##89.

RPhaserH AR FPhaserfIFE, HFPhaserFIIS5EHNEXTOR, SEECHEKT
R, HFPhaserd RIS SEZHESFTORN, SEIARXTAMERIEM. KPhaseriBFPhaser®
E—NEESS5RSAEAN ],

6.5.3 stateZEEfEIT

RETHE T PhaserfFIEFFFEZ /R, TEFERNTESSIRE. PhasenRBETAQSKLI,
BEBAQSHILIEIE: stateZEE. CASIR{E. FEZEBATI. SthstateZEEUE,

€ Phaser.java
-

private volatile long state;

X6 IATstate R EHIFAARRD, TEIstateTERELS :
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EETTEL L2l IS5 7= G S s 7

Y Y Yy

1 31 16 16

EEMOFTAREL TN, 1R ELEHk, YIRS AL90,

Phaseri2t T—&RFIHIRL R 55 MstateRFREY LB FRRILANEE, TFF=:
€, Phaser.java
J IREVERIRVECEL. SR HEL Tk, REERE— M (&EEACAT)
public final int getPhase() {
return (int)(root.state >>> PHASE_SHIFT); Mgiphasesksery, IREEE— AL
3 (E=AIA1)

¢ _Phaser.java

PP svemce gouoow (I S LT S (S LR T B R Sy Sy il e Sy | — xwy

private static final int PHASE_SHIFT = 32;

€_Phaserjava

public boolean isTerminated() {
return root.state < OL; YR HEI T, == A1

€ Phaser.java ﬁﬂﬂr‘a SERRLETREL

public int getRegisteredParties() {
return partiesOf(state);

€. Phaser.java

private static int partiesOf(long s) {
return (int)s >>> PARTIES_SHIFT; 5cilstatef&fa32{uint, BAE164I
}

€ Phaser.java

Fl Evvee oouvecis | LIvME Lilw TV Pl Wy B o P L L o P e

private static final int PARTIES_SHIFT = 16;

€. Phaser java

IREARENARIZAZEY
public int getUnarrivedParties() {
return wnarrivedOf(reconcileState());



€, Phaser.java

private static int unarrivedOf(long s) {

€. Phaserjava

int counts = (int)s; EHYK 1602
return (counts == EMPTY) ? @ : (counts & UNARRIVED _MASK);
3
e = =
private static final int UNARRIVED_MASK = @xffff; /7 to mask ints

TEBE— FstateREEMIES AP ETHRIEER:

30
31
32

pubTlic Phaser(Phaser parent, int parties) {
if (parties >>> PARTIES_SHIFT != 0)
// Wparties#HiEH T RN Q16K , WEH

throw new IllegalArgumentException("ITlegal number of parties™);

// WIEEECR0

int phase = 0;

this.parent = parent;

if (parent != null) {
final Phaser root = parent.root;
// SN AR AU E SRR
this.root = root;
// RFisifevenQul & H c.iflevenq
this.evenQ = root.evenQ;
// 2 AoddQit & H CL i oddQ
this.oddQ = root.oddQ;
// MRZE5FAR0, WA SEMEC
if (parties != 0)

phase = parent.doRegister(l);

}
else {
// WHEAH S null, W E O Zroot i &
this.root = this;
// QAT A
this.evenQ = new AtomicReference<QNode>();
// BUEBECT A
this.oddQ = new AtomicReference<QNode>();
}

this.state = (parties == 0) ? (long)EMPTY :
((long)phase << PHASE_SHIFT) |
N0, IR [ED R 5E R
((long)parties << PARTIES_SHIFT) |
((long)parties);

¢, Phaser.java

pPrivucte STUTLC TLrUL Lt UIVC_UCRCULODICR

// DiEkEfE, fEstate. fHmifi

UWVE_AHAANR

private static final int | EMPTY

1;

€ Phaser.java

pPrivute STUTLC TLrAUWL LNOT FARILILC2 _2M0Lr/

lo;

private static final int | PHASE_SHIFT

32;




¢_Phaser java

Privute STUTLC TLhNdL LNcT MHA_FIA2C

private static final int |PARTIES_SHIFT

LITeyer. v

16;

Hparties=0ff, stateflEF—EMPTYHEE, EEH1;

Yparties |= OFY, BphasefE#e32(i; iBpartiesi 81611, SAfGpartiestt/EARIRAI166Z, 37
EEERE, THELSstate,

6.5.4 PHESIRER (Treiber Stack)

HF LiRfstatedTs, WEHITCASERE, FTHEMNABEESIEEE. WTEFxR, GIONFLRE
£ifEFawaitAdvance()#HTIEZEE; iBfarrive()aXdstateiH{TCASHIERIRIE, XUKRBANLELIZEFZR
OFY, MeEEAilPHZERYELAE,

await()
579
g Phaser®yg: awaitAdvance()
t - =]
g | 0| aems. CAS. [ e

: PHESIREE )

wray await()

X8, EEFERE— MR ATreiber StackAIEIREENE, MARAQSEIN@HEER, Treiber Stack
Bk, BRE— 1 EEMER, Bk, NREENERLEE, FILAREBEE—/headigst, MAEE
tailfgst, WTAYSCIN:

€, Phaser.java
S

static final class QNode implements ForkJoinPool .ManagedBlocker {
final Phaser phaser;
final int phase;
final boolean interruptible;
final boolean timed;
boolean wasInterrupted;
long nanos; "N . P
final long deadline; ‘/ﬁ MNodeT MR — 1242
volatile Thread thread; // nulled to cancel wait
QNode next; T—TmM5|H

€ Phaser.java

* Heads of Treiber stacks for waiting threads. To eliminate
* contention when releasing some threads while adding others, we
* use two of them, alternating across even and odd phases.
* Subphasers share queues with root to speed up releases.
*/ M3 BRTEROXE, FAIBRERITR
private final AtomicReference<QNode> evenQ; . . -
private final AtomicReference<QNode> oddQ; }“ﬁ%ﬁﬁ@;’;%ﬂ}aﬁ
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AT HOFERSR, XBEENT2MER, BRiE2 Treiber Stack, Ziphaseyar¥EeaIntix, B
ELFEMIE0ddQEE; Hphase NBHECHIAHE, PEELIERTTevenQEHE, MBI T,

€, Phaser.java
4

private void r‘elease'ﬂaiter‘s{
QNode g; /7 first element of queue
Thread t; // its thread
AtomicReference<QNode> head = (phase & 1) == 0 ? evenQ : oddQ;
while ((g = head.get()) !'= null &&

q.phase != (int)(root.state >>> PHASE_SHIFT)) {

if (head.compareAndSet(g, g.next) &&
(t = g.thread) != null) {

A *hvraad — Al -

6.5.5 arrive() xR T
TEEarrive() AR MNAXSstate T EHTIRIE, N EWIIREEEAZH,

€ Phaser.java

.
public int arrive() {
return doArrive(ONE_ARRIVAL);

€ Phaser.java

7
public int arriveAndDeregister() {
return doArrive(ONE_DEREGISTER);

}

€. Phaser java
/7 Some Specidl VdLues

private static final int |ONVE_ARRIVAL
private static final int ONE_PARTY 1 << PARTIES_SHIFT;
private static final int |ONE_DEREGISTER| = ONE_ARRIVAL|ONE_PARTY;

i rmdem mdAdas m La AT Sl Ci4n TV — 1.

1;

©_Phaser.java

PrivdTe STUTLC TLRAUL LAT MAA_FAASLC

private static final int | PARTIES_SHIFT

ilrnceger.

16;

arrive()#0 arriveAndDeregister()NEBiEFAAYEER doArrive(boolean)f5i%,

XAETFRIE RSB RAZSEL R, EEVB REXEEL T TS LBE &R, T
E&— ~doArrive(boolean)5;E895CHA,

1 private int doArrive(int adjust) {
2 final Phaser root = this.root;
3 for ;) {
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Tong s = (root == this) ? state : reconcileState();
int phase = (int) (s >>> PHASE_SHIFT);
if (phase < 0)
return phase;
int counts = (int)s;
// FREURBIA LR 4L
int unarrived = (counts == EMPTY) ? 0 : (counts & UNARRIVED_MASK) ;
/) MERBTEEFEENTET0, R .
if (unarrived <= 0)
throw new ITlegalStateException(badArrive(s));
// CASHEE, F¥istatelfiffiigiadjust
if (STATE.compareAndsSet(this, s, s-=adjust)) {
[/ WRRBEEREHCNL
if (unarrived == 1) {
Tong n = s & PARTIES_MASK; // base of next state
int nextuUnarrived = (int)n >>> PARTIES_SHIFT;
if (root == this) {
if (onAdvance(phase, nextUnarrived))
n |= TERMINATION_BIT;

else if (nextUnarrived == 0)
n |= EMPTY;
else
n |= nextUnarrived;
int nextPhase = (phase + 1) & MAX_PHASE;
n |= (long)nextPhase << PHASE_SHIFT;

STATE.compareAndSet(this, s, n);
releasewaiters(phase);

b

// IR T R RRBE LR N0

else if (nextUnarrived == 0) { // propagate deregistration
phase = parent.doArrive(ONE_DEREGISTER) ;
STATE.compareAndSet(this, s, s | EMPTY);

3

else
// BT SEIdoArriveiik, (EESH1, R Uiy s Coek
phase = parent.doArrive(ONE_ARRIVAL);

3

return phase;

KT LERISE, BT URIRER:

1. EMT2NEEWNT.
24 deregister=false fitt, REBREAV16MIEZER 1, adj=ONE_ARRIVAL; deregister=true
B, {EE32(rhE2 /M 6{EBEE M1, adj=ONE_ARRIVAL|ONE_PARTY,

€, Phaser.java

e —

private static final int ONE_ARRIVAL =1;
private static final int ONE_PARTY = 1 << PARTIES_SHIFT,

2 3BKREALAREUR . BT Z2fE, MEKREI0, (AR, BEERE., NRF0, SERHE
15: 51, EBstate, BstatefIRFNALENHEETISHNEMNLAZEF, FRAtphaseln
1; 582, IREERTIHAIETE.



TEE—TRESE:
€, Phaserjava
—
private void releaseWaiters(int phase) {
QNode q; /7 First element of gqueue
Thread t; // its thread iRiEphaseRzTEIA2BE, (£MevenQaioddQ
AtomicReference<QNode> head = (phase & 1) == @ 7 evenQ : oddQ;
while ((g = head.get()) '= null &&
g.phase '= (int)(root.state >>> PHASE_SHIFT)) { EMFE
if Chead.compareAndSet(g, g.next) &&
(t = g.thread) !'= null) {
q.thread = null;
LockSupport. unpark(t);

BHEME, REMITTHREphaseAFTHFIPhaserfphase, RAFIZTRARIRIEH, T
ERIHRY, NIZHRRTIREE,

6.5.6 awaitAdvance()5;ER T

€ Phaserjava

public int awaitAdvance(int phase) {
final Phaser root = this.root;
long s = (root == this) ? state : reconcileState(); LHEBE—Phaser, ;&5
int p = (int)(s >>> PHASE SHIFT); BHREEMRT, rootmiRthis
if (phase < @) phaseBE4EEHR, £HIAE, BERE
return phase;
if (p == phase)
return root.internalAwaitAdvance(phase, node: null);
return p; [BEEfEphaseix—#

TEMIWhilefBRFEANDZ :
FBAERIIZ, node==null, BEASSIASRHHTENE, ENEREBREZE, RFE— 1 QNodeds

=,

ZIEPUTE3. BANDZ, DARCIZTRARFHIEZE,

1 private int internalAwaitAdvance(int phase, QNode node) {

2 // assert root == this;

3 releasewaiters(phase-1); // ensure old queue clean

4 boolean queued = false; // true when node 1is enqueued
5 int lastuUnarrived = 0; // to increase spins upon change
6 int spins = SPINS_PER_ARRIVAL;

7 Tong s;

8 int p;

9 while ((p = (int)((s = state) >>> PHASE_SHIFT)) == phase) {
10 if (node == null) { // ATTHEER R B e

11 int unarrived = (int)s & UNARRIVED_MASK;
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12
13
14
15
16

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

if (unarrived != lastUnarrived &&
(Tastunarrived = unarrived) < NCPU)
spins += SPINS_PER_ARRIVAL;
boolean interrupted = Thread.interrupted();
if (interrupted || --spins < 0) { // HJe4id, @#—1iia, Z/E#EAM

node = new QNode(this, phase, false, false, 0L);
node.wasInterrupted = interrupted;

3
else
Thread.onSpinwait();
}
else if (node.isrReleasable()) // MPHZEMEE, EHwhileffiih
break;
else if (!queued) { // push onto queue
AtomicReference<QNode> head = (phase & 1) == 0 ? evenQ : oddQ;
QNode g = node.next = head.get();
if ((q == null || g.phase == phase) &&
(int) (state >>> PHASE_SHIFT) == phase) // avoid stale enq
queued = head.compareAndSet(q, node); // ANk
}
else {
try {
ForkJoinrPool.managedBlock(node); // iifiinode.bTock()BH%E
} catch (InterruptedException cantHappen) {
node.wasInterrupted = true;
3
}

if (node !'= null) {
if (node.thread != null)
node.thread = null; // avoid need for unpark()
if (node.wasInterrupted && !node.interruptible)
Thread.currentThread() .interrupt();
if (p == phase & (p = (int)(state >>> PHASE_SHIFT)) == phase)
return abortwait(phase); // possibly clean up on abort
}
releasewaiters(phase);
return p;

XEF T ForkJoinPool.managedBlock(ManagedBlocker blocker)75i%, BHRIEIEnodelIrzATE:
FEFEZE, ManagerdBlockeriZForkjoinPool BEI—MEL, EXIWT:

pubTlic static interface ManagedBlocker {
boolean block() throws InterruptedException;
boolean isReleasable();

QNodesCHl Tz, SCHREIEARRpark(), AN ZATLARBEREFERpark()/unpark()>ksL
IIPEZE, MeEE, MREITE T ManagedBlockeriX—E, FEEHTFFER ERAEERE., —HAEEpark()a]
BEA ThiRIGEE, B—AEETmRidAtERpark(), IEX__E&PEIEE—IE,



static final class QNode implements ForkJoinPool.ManagedBlocker {
final Phaser phaser;
final int phase;
final boolean interruptible;
final boolean timed;
boolean wasInterrupted;
Tong nanos;
final long deadline;
volatile Thread thread; // nulled to cancel wait
QNode next;
QNode (Phaser phaser, int phase, boolean interruptible,
boolean timed, long nanos) {
this.phaser = phaser;
this.phase = phase;
this.interruptible = interruptible;
this.nanos = nanos;
this.timed = timed;
this.deadline = timed ? System.nanoTime() + nanos : OL;
thread = Thread.currentThread();
}
public boolean isReleasable() {
if (thread == null)
return true;
if (phaser.getPhase() != phase) {
thread = null;
return true;
3
if (Thread.interrupted())
wasInterrupted = true;
if (wasInterrupted && interruptible) {
thread = null;
return true;

}

if (timed &&
(nanos <= OL || (nanos = deadline - System.nanoTime()) <= 0L)) {
thread = null;
return true;

}

return false;
}
public boolean block() {
while (!isReleasable()) {
if (timed)
LockSupport.parkNanos(this, nanos);
else
LockSupport.park(this);
}

return true;

IBfR T arrive()f0awaitAdvance(), arriveAndAwaitAdvance()fiE —EHN—NMNESIRA.



7 Atomic3E
7.1 AtomicintegerflAtomicLong

WTFERIBRIR, YF—MEERINERIE, BRIIEEESZS, FENS, WBHEMNsynchronized
K=,

1 public class MyClass {

2 private int count = 0;

3

4 public void synchronized increment() {
5 count++;

6 }

7

8 public void synchronized decrement() {
9 count--;
10 }
11 3}

BB 7T Concurrent@AJAtomiciBXAIZRZ 5, synchronizedxiE=a]LAFBAtomicinteger{{&, &
MEEEYF, XIRMAMCEBEES:

1 public class MyClass {
2 private AtomicInteger count = new AtomicInteger(0);
3
4 public void add(Q) {
5 count.getAndIncrement();
6 }
7
8 public Tong minus() {
9 count.getAndDecrement();
10 }
11 3}
HXI ARSI T :
= Atomiclnteger.java
e i
180 public final int|getAndIncrement()|{
181 return U.getAndAddInt( o: this, VALUE, delta: 1);
182 }
182

€ Atomiclnteger.java

191 */
192 public final int| getAndDecrement()| {
193 return U.getAndAddInt( o: this, VALUE, delta: -1);

194 }


af://n1639
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FEFHUEUnsafelI335:

€_ Atomicinteger.java

59 * are unresolved cyclic startup dependencies.
60 */
61 private static final |jdk.'i.nter'nal.m'i.sc.Unsafe U = jdk.'i.nter'nul.m'i.sc.Unsafe.gewnsafe();|

Atomicintegerfiy getAndIncrement () J5i&# getAndbecrement () J5iE&RER T —1NAi%:
U.getAndAaddint(.) /55K, 1% iAEETCASHL:

€_ Atomicinteger.java 'i:ﬁ Unsafe.java

2332 */

2333 @HotSpotIntrinsicCandidate

2334 public final int getAndAddInt(Object o, long offset, int delta) {
2335 int v;

2336 do {

2337 v = getIntVolatile(o, offset);

2338 } while (!weakCompareAndSetInt(o, offset, v, x:wv + delta));
2339 return v;

2340 }

do-whilefBSREZIFIMF MR Erue I LE. IZR(ERRIEIBE.

€ Atomicinteger.java 'i:i Unsafe.java

1973 /** Volatile version of {@link #getInt(Object, long)} */
1974 @HotSpotIntrinsicCandidate

1975 public native int getIntVolatile(Object o, long offset);

getAndaddint J5;AEBvolatilefIiEX, EHEXIFTELAZERZRITAI AT,

[T weakCompareAndsetInt J53KHYSCHL :

€ Atomicinteger.java ‘ta Unsafe.java

1405 @HotSpotIntrinsicCandidate

1406 public final boolean weakCompareAndSetInt(Object o, long offset,
1497 int expected,

1408 int x) {

1409 return]compareAndSetInt(o, offset, expected, x);

1410 3

YART compareAndsetInt J5i%, %5 ERISCER:



€ Atomicinteger.java 7€ Unsafe.java

1350
1351 S H*
1352 * Atomically updates Java variable to {@code x} if it is currently
1353 * holding {@code expected}.
1354 *
1355 * <p>This operation has memory semantics of a {@code volatile} read
1356 * and write. Corresponds to (11 atomic_compare_exchange_strong.
1357 *
1358 * @return {@code true} if successful
1359 */
1360 @HotSpotIntrinsicCandidate
1361 public final| native|boolean kompareAndSetInt(Ubject o, long offset,
1362 int expected,
1363 int x);
FEHSHEES,

B SEERTEENB I ERIEILE;
BNBHRZHNSREEERATREE,
B SHERTHEE,

SNSRI ERENNIBNE.

IRIBEERER, EERIREPRNRITHEE,

7.1.1 B S R

STFAEEE, IAAEIRAEEFH RPRARBKR, EREZRIF L. synchronized> <=, 5@
EiftAIReentrantLockEBEIENIBIAYEEY,

FRUE, INAEIRAREFRPSRAIERLLR)N, M EZRIA L. SFRSERFRIRR, B
WIEUETELER A R B W SIREN T . MRWHALERER T, MIEHEENIHX, E8%dE,;
WMREEHREN, MERZEX. HFMHIEEREWEN, FENSEHE, XA MRMEESR—NRFERE,
WHtECAS ( Compare And Set) ,

AtomicintegerBISCINRL R B BRI R EL.

7.1.2 Unsafe BJCASI¥fiR

UnsafeZ&2ENConcurrent8R9EM, BEFFEHEEIREnativelt, BERE)_EERERY
compareAndSetint/gi%, BP:

€, Unsafe.java

*/
@HotSpotIntrinsicCandidate
public final native boolean compareAndSetInt(Object o, long offset,
int expected,
int x);


af://n1679
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EFRIA—TEN2E, BR—MongBlfyRE, KERIRAxxOffset, BERERMHNREE
AEXNAEFNRFREE (ZZBERFETIME)  FRZAREELRS.

FANSEAYEAtomicintegerdfY/FEMEVALUE

€, Atomicinteger.java ‘ciljnsafejava
191 */
192 public final int getAndDecrement() {
193 return U.getAndAddInt( o: this,| VALUE, | delta: -1);
194 }
VALUERY(E:
€, Atomicinteger.java "ci Unsafe. java
60 */
61 private static final jdk.internal.misc.Unsafe U = jdk.internal.misc.Unsafe.getUnsafe();
62 private static final long|VALUE|= U.objectFieldOffset(AtomicInteger.class, name: "value");

63

MmUnsafefy objectFieldoffset(...) /&R, #EATHKEIAtomicintegerZkrbvalue/EIEFr
ENRNFREE.

objectFieldoffset J3iXAYSCHN :

€ Atomicinteger.java "c- Unsafe.java

965 * @see #objectFieldOffset(Field)

966 */

9%7 @ public long objectFieldOffset(Class<?> c, String name) {
968 if (¢ == null || name == null) {

969 throw new NullPointerException();

970 3

971

972 return objectFieldOffsetl(c, name);

973 }

HrhobjectFieldOffset 1AYSCIN G :

€ Atomicinteger.java "c_ Unsafe.java
3714 private native long objectFieldOffset@(Field f);
S70S privatelnativellong objectFieldOffset1(Class<?> c, String name);
7IR mrtdwuata matawua lana c+ats ~cEdal ANFEFEfca+-MIEiald £

FrEERCASEItES, #iafoBidiX N AR RTEE M — 1 Offset, LAAtomicinteger9fl:

package java.util.concurrent.atomic;
2 public class AtomicInteger extends Number implements java.io.Serializable {
private static final jdk.internal.misc.uUnsafe U =
jdk.internal.misc.Unsafe.getuUnsafe();
4 private static final long VALUE =
U.objectFieldoffset(AtomicInteger.class, "value");
5%



M EERIBAILIEEI, FitRUnsafelR2VALUE, #EFESHY, EHMERKRBIN, rExsts
SR

EALAIVALUERR T valueZEBAR S, FEHITCASEIENIHE, FEEER(Fvalue, TIRER(E
VALUE,

7.1.3 BhESHEE
S—EEERIMEE, BLATHMERRFEREE:

o RERT: MEGFCPU, HNEEIRE, FEREHMIRE, BEMNURMERAREE.
o REE2: AHGFCPU, =%, ARSI, BEERMBRY"BhE.

RER, WRBHZICPU, RBEARIR1. EANMRAMFFCPU, BBARMEBIETEET, BHE
ERIL. (EXTECPUEES%Z, RI2HRERAT, ENKBEERITH.

AtomicintegerfISEIIFAABRYEBINE RIS, MREARZM, Mme—HER.

IR ULEFHRBEHAER, JLESER, RFEEAZM, KalE; MRBEIEEAEARZIH,
BFEZE, synchronized XEFRiRIXEAISCINRES,

f&7 Atomicinteger, AtomicLongtBEREFERIRIE,

7.2 AtomicBooleanf]JAtomicReference

7.2.1 A ALEEAtomicBoolean

SFFintakFZlongBidr g, FEHTINFIRE, FrLAZIS; BXF—1booleanz&BIiR, trued);
falsefIMREFIBVEIRIE, DN bvolatileXBEFFIET, NtAIREEAtomicBooleanlfg?

1 4if (Iflag) {

2 flag = true;

3 // ...

4}

5

6 // BEEEM— S

7 if (flag == false) {
8 flag = true;

9 170
10  }

HRESLI compareflset MMEFEHE—RINRTYE, MIXBIERCASIRMHAITIRE. LEAR
13, B3Rk
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1
2

if (compareAndset(false, true)) {
// ...

[E#EE, AtomicReferenceth EERHERITNRE, XTRAYFEMT:

= AtomicReference.java

m
15? pu;lic final boolean compareAndSet(V expectedValue, V newValue) {
122 return VALUE.compareAndSet( ..args: this, expectedValue, newValue);
123 }

€ AtomicReference.java €, VarHandle.java

725 * @Wsee rgetvVolatile(Ubject...)

726 */

727 public final[native |

728 @MethodHandle.PolymorphicSignature

729 @HotSpotIntrinsicCandidate

730 boolean compareAndSet(Object... args);

731

Hrh, expectZIAAYSIA, updateu#HISIA.

7.2.2 fi{asz#5booleanflldouble3$BY

fEUnsafezirh, RIRMHT =FhRBIA0CASERME: int, long, Object (BHLES|IAZEEY) . WA

Al

€} Unsafe java

1359
1360
1361
1362
1363

ameoa

*/
@HotSpotIntrinsicCandidate
public final native boolean compareAndSetInt(Object o, long offset,
int expected,
int x);

'tilJnsafeJava

1967
1968
1909
1910

arnaa

@HotSpotIntrinsiclandidate

public final native boolean compareAndSetLong(0Object o, long offset,
long expected,
long x);
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%, Unsafe java
r——

1299 @HotSpotIntrinsicCandidate

1300 public final native boolean compareAndSetObject(Object o, long offset,
1301 | Object expected,

1302 Object x);

BN, 7EjdkAISEILF, X=FCASEMFERRHIRESTIAY, HEARAAICASERFREE X =M

—EHITIRME.

Heppgs5:

1. B SHEEEHAIIR
2. BN SHENRIIRZETEREFFINVE (—MongBlaIEE)
3. BN SHERZZRENIRE
4. BN SHEZZERHNE.

AtomicBooleanZEBUN{aI s #5?

SHFRINERAEN, EASHRHE, $FbooleanZERUERALINGEREY; EREHEAIAHE, KFint3sE

#EipkbooleanzBY, HIRATR:

1€} Unsafe.java €_ AtomicBoolean.java

99 */

100 public final boolean compareAndSet(boolean expectedValue, boolean newValue) {
101 return VALUE.compareAndSet( ..args: this,

102 (expectedValue 7 1 : @),

103 (newValue 7 1 : @));

104 3

ANERZdoublekHY, ANEISTiF0R?
XKidoubleERURMHI—IFdoubleZEBUFNlong KB BHEH 755 :

"71.:i Unsafe.java €_AtomicBoolean.java 'ti Double.java

o0 crcour e ([ PCORE OO TE T 1 LUU L LIy~ PULITe VaLus WL LI o
959 * bit pattern.

960 */

961 @HotSpotIntrinsicCandidate

962 public static|native|double longBitsToDouble(long bits);
"t.:i Unsafe.java € AtomicBoolean.java 'tﬁ Double.java

896 */

897 @HotSpotIntrinsicCandidatd

898 public static|native|long doubleToRawLongBits(double value);
KOO

Unsafe3&7hAY75745CHL :



'ci Unsafe.java € AtomicBoolean.java "ch Double.java

1823 @Forcelnline

1824 public final boolean compareAndSetDouble(Object o, long offset,
1825 double expected,

1826 double x) {

1827 return| compareAndSetLong(o, offset,

1828 Double. doubleToRawlLongBits(expected),
1829 Double. doubleToRawLongBits(x));

1830 }

7.3 AtomicStampedReferenceflAtomicMarkableReference
7.3.1 ABAIRES RN E

FBRIALL, CASEREETE MR, EMRBI—LASCEERHENAKIB, BMBKE
ZA, BBAREBEBISIIR, FIRESRIZEMCASERERNINR, PSENERLTMAEREWE
SREENY, XHUERTBRIABARIZE,

ESVIPSIE

INKRNZF1008R, IESKIE, LFTEIMIR.
INERAIIRREVEO, FIITHRZIENIZZT1005R,
NNKSRIRFHIXNFNFRE, NFESFTBECEA.
INKIRE:, NHBRERT, MEHREET.
INFISIFEMSITENH Z FIGEIKF, —BREUER0.
RIgH/NK, EIK,

XEA, NERIWAREMO0EI100, BMN100F0, NE—FHAGER0, BRKEILZ0,
INFVINKIRIE S

SEPR EANFIRIFTEE T
ABAJEJEE,

Hsu/N Rl LIEEKFRWSICR.

EfRIR ABA [B], MYERE", KERRAS", MIXIER AtomicStampedReferencefffY
£18, HWMAICASHENT:


af://n1772
af://n1773

7€, unsafe.java € AtomicStampedReference java € AtomicBoolean.java ‘€, Double.java

148 @ public boolean compareAndSet(V expectedReference,
149 v newReference,

150 int expectedStamp,

151 int newStamp) {

152 Pair<Vs> current = pair;

153 return

154 expectedReference == current.reference &&
155 expectedStamp == current.stamp &&

156 ((newReference == current.reference &&

157 newStamp == current.stamp) ||

158 casPair(current, Pair.of(newReference, newStamp)));
159 }

ZRIRY CASRBEWANSH, XER CASEUNESE, BERNSHEHERASHIREFTE.
LexpectedReference = X35 247 Ireferencely, HBBZEIRS R EMLFREX0T;

HexpectedReference == Xy &HFIHIreferencefly, Bit—FtbikexpectedStampEREETIRH
RIRUARAS, LUCHIErEE RS W E SR IES0.

7.3.2 At xi&BAtomicStampedintegergfAtomictStampedLong

EfRIntegeraE LongBUETERYABARIEE, A4 RBAtomicStampedReference, Mi%E
AtomicStampedintegerak&AtomictStampedLonglfg?

ljjJ_E%HEl]‘tlﬁﬁéﬂli‘)i‘:ﬁ’]“{é"%ﬂ”#}iz&'=’" mintegerBlai & LongBURICAS;RBIMNERIRT LR

TRRGEEMRASHER—TNR, EHEXEEAIPariEtE, AEBIEXISRSIAICASHE
ST, ACRBUN TR

€ Unsafe.java €, AtomicStampedReference.java € AtomicBoolean.java ‘€. Double.jav
55 private static class Pair<T> {

56 final T reference;

57 final int stamp;

58 private Pair(T reference, int stamp) {

59 this.reference = reference;

6@ this.stamp = stamp;

61 3

62 @ static <T> Pair<T> of(T reference, int stamp) {
63 return new Pair<T>(reference, stamp);

64 }

65 }

66

67 private volatile Pair<Vs> pair;l

~ 0
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€ . Unsafe. java €, AtomicStampedReference.java € AtomicBoolean java 'ti Double.java

L9 F7ovarnanacLe mecantesr

195 private static final VarHandle PAIR;

196 static {

197 try {

198 MethodHandles.Lookup 1 = MethodHandles. lookup();
199 PAIR = 1.findVarHandle(AtomicStampedReference.class, name: "pair",
200 Pair.class);

201 } catch (ReflectiveOperationException e) {

202 throw new ExceptionInInitializerError(e);

203 }

204 i

205

206 private boolean casPair(Pair<V> cmp, Pair<V> val) {

207 return PAIR.compareAndSet( ..args: this, cmp, val);

208 }

SRR, EMESEREENEMRTSHENSE, NAEFIRASHITRINERE, A5
VAR _EECAS, STFFR:

'ti Unsafe.java € AtomicStampedReference.java € AtomicBoolean.java 'ti Double.java

74 * @param initialStamp the initial stamp

75 */

76 public AtomicStampedReference(V initialRef, int initialStamp) {
77 pair = Pair.of(initialRef, initialStamp);

78 }

-

7.3.3 AtomicMarkableReference

AtomicMarkableReference 5AtomicStampedReference[ IR, REPairBEARASE
booleanz£BiRy, MAREENRINEZE, WTHHR:


af://n1807

C.— AtomicMarkableReference.java

52 */

53 public class AtomicMarkableReference<Vs {

54

55 private static class Pair<T> {

56 final T reference;

57 final boolean mark;

58 private Pair(T reference, boolean mark) {
59 this.reference = reference;

60 this.mark = mark;

61 }

62 @ static <T> Pair<T> of(T reference, boolean mark) {
63 return new Pair<T>(reference, mark);
64 }

65 }

66

67 private volatile Pair<Vs> pair;

68

EJ9ZbooleanztB!, ReBtrue, false MMRAS, FRLAFHABESEERABARR, REMRET
ABAKRAERIHEER,

7.4 AtomicintegerFieldUpdater, AtomicLongFieldUpdater#l
AtomicReferenceFieldUpdater

7.4.1 AHAFEEAtomicXXXFieldUpdater

MR—NMEKEBCHER, WAL RSHIFHRERRIEEE X IAtomickE, BINRE—IER
BRI, EAEEIHFERBIERT, EELINERRZENRTIRE, HFE
AtomicintegerFieldUpdater, AtomicLongFieldUpdater # AtomicReferenceFieldUpdater,

@idAtomicintegerFieldUpdaterIEfR A JRVSSINGIE,
AtomicintegerFieldUpdater2— Mg,

B, HMiEaiERprotected, FREEEEIEENSR, VRBICIRME—NMNESHIEEEE, W
TRR:

€. AtomicintegerFieldUpdater.java

97 S

28 ¥ Protected do-nothing constructor for use by subclasses.
99 */

100 protected |AtomicIntegerFieldUpdater() -[I

101 !

1072

755% newupdater FAFBIEEAtomicintegerFieldUpdaterZ&Xds: :


af://n1813
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€| AtomicintegerFieldUpdater.java

37 T O the TIeld 15 1naccessipble to thé cdller accordalng to Java Language

88 * access control

89 */

20 @CallerSensitive

91 @ public static <U> AtomicIntegerFieldUpdater<U> newlUpdater(Class<U> tclass,

92 String fieldName) {
93 return new AtomicIntegerFieldUpdaterImpl<Us>

94 (tclass, fieldName, Reflection.getCallerClass());

95 1

aR

newUpdater(..)E#&ITAEANNREIZHNAIER (FRNSR) FINNAMREZENET, NERHETR
HEFXNEAIMRZER, ReBZp—MAtomicintegerFieldUpdaterdgR, FLA, XMMIREFRAIZ
RIENALR, TIARIRIILREE.

ARERENTIRIRRZENE, BENBNARISR, TR

€ AtomicintegerFieldUpdater.java

187 ®| public int getAndIncrement(T obj) {

188 int prev, next;

189 do {

190 prev = get(obj);

191 next = prev + 1;

192 } while (!compareAndSet(obj, prev, next));
193 return prev;

194 }

€. AtomicintegerFieldUpdater java

487 }

488

489 of public final boolean compareAndSet(T obj, int expect, int update) {
490 accessCheck(obj);

491 return U.compareAndSetInt(obj, offset, expect, update);

492 }

accecssCheck 73/ ZRIERZIGEIZobj @ 2tclass3iBY, NRAZE, WELEHR, HEFRE.

MRFEBEILIEZR, H CAS RIEF] Atomictinteger 2—HERY, KEERER T Unsafe AY
compareAndSetint(...)/5i%.

7.4.2 BRI

FB{FEFHAtomicintegerFieldUpdaterf& A RET R, FRRETEVZvolatileAUint28E! (FREER

Integer@2%E) | IRBINEHGIETTIEZHATLABE!:
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€. AtomicintegerFieldUpdater_ java

T T
415

416 if (field.getType() != int.class)

417 throw new IllegalArgumentException("Must be integer type");
418

419 if (!Modifier‘.isVoIatiIe(modifier‘s))l

420 throw new IllegalArgumentException("Must be volatile type");
421

ZF AtomicLongFieldUpdater, AtomicReferenceFieldUpdater, tBEXIAIBRFEIFMEG. HERE
HICASFIE, tEFAtomicLong. AtomicReference—#%,

7.5 AtomicintegerArray, AtomicLongArrayfllAtomicReferenceArray

ConcurrentE 2t 7 AtomicintegerArray, AtomicLongArray. AtomicReferenceArray="#{H
TTENRFRE, T8, XEAFRRNEMNMUERERRTHN, MaEfuHfEh—  THE=NRTE
fFm=.

7.5.1 {EEABAN
L AAtomicintegerArray A, EERAIOT:

€. AtomiclntegerArray.java

public final int getAndIncrement(int 1) {
return (int)44.getAndAdd( ..args: array, i, 1);

HHEEFAtomicintegerfygetAndincrement()/3,%, XEREZ T —MEANSE: HAN TR,

Hith75ixt SR, HBELT Atomicinteger RISFRINETTE, BERRES— TR, AR,

c AtomiclntegerArray.java
7

public final int getAndDecrement(int 1) {
return (int)A4A4.getAndAdd( ..args: array, i, -1);

h

< AtomiclntegerArray.java

public final int getAndSet(int 1, int newValue) {
return (int)A4A4.getAndSet(array, 1, newValue);
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€, AtomicintegerArray.java

public final boolean compareAndSet(int i, int expectedValue, int newValue) {
return 44.compareAndSet(array, i, expectedValue, newValue);

}

¢, AtomiclntegerArray.java
PrIVOCE STUTLC TLIUL LOMNY SEridiVErsLonuiy = £80£153209423500

private static final VarHandle 44
= MethodHandles. arrayElementVarHandle(int[].class);

- = —_—

7.5.2 SCIRRIE
HEBMCASH ZEEEAVarHandlednativefdgetAndAdd 5%, S0 FATR:

¢ AtomicintegerArray.java

public final int getAndIncrement(int 1) {
return (int)A,d.getAnchdd( ..args: array, i, 1);

¢ AtomiclntegerArray.java €. VarHandle java
i

public final native
@MethodHandle.PolymorphicSignature
@HotSpotIntrinsicCandidate

Object betAndAdd(Dbject... args);

BBR T AtomicintegerArrayfISCI/REE, BINEMENREFELIRES Z 240U,

7.6 Striped645LongAdder

MIDK 8F8, FH¥dLongBUfIRF2(E, JavaXigfit T LongAdder, LongAccumulator; £tXJ
Doublez(8Y, JavaiZfit T DoubleAdder, DoubleAccumulator, Striped64tEFHIEMIMEEIRUITE

===,

A7,
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Striped64

LongAdder LongAccumulator DoubleAdder DoubleAccumulator

7.6.1 LongAdder[FIE

AtomicLongEBE— volatile longBlirE, HZNMEENXNTEHITCASIERIE. Z/MELERE
W—PNEEHRITCASEME, ERHANZETNABR, WREBERSMEE, ZEAMIE?

E—NTEIRNSY, TASINEE, BT ConcurrentHashMap BISERBIHIFIF. aNTFE
Fim, B8 LongBURpk— 1 baseZEEI/MNZNCell, B CellBET—NongBlEE, JB S
REMAE R, MRHEER, HEEINEbaseZTE L; NRHAES, MK, FREEIXLCell L,
EREBERRHE, BitbasefliXtkCellsksumizE,

Cell
(longBITEE)

Cell
(longBITEE)

base

longBZR —> (longBiTEE)

Cell
(longBTEE)

Cell
(longBIEE)

LALongAdderfsum()73i50%51, 1 TFF7R.
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€ LongAdder.java

T
public long sum() {
Cell[] cs = cells;
long sum = base;
1f (cs = null) {
for (Cell c : cs)
1f (c '= null)
sum += c.value;

}

return sum;

HFFLieflong, i£R2double, #ZE64RY. BREIZEdoubleBIFICASERIE, FRLAREITIE
doubleBdE(Y R longBUskSCINAY, FrA, LEfbasefcell[]Z8, EAIFEHKStriped6424rhfy, HXX
StripedER"&w", BREDF.

1 abstract class Striped64 extends Number {

2 transient volatile cell1[] cells;

3 transient volatile long base;

4 @jdk.internal.vm.annotation.Contended static final class Cell {
5 // ...

6 volatile long value;

7 cell(long x) { value = x; }

8 // ...

9

7.6.2 REE—HE

fEsumKF7TiEH, FHigEScellsIEAEM. WHER, —UBZAEIEHITRIEE, —OE
BEAREEEERNE, BHERE—EE, MARE—EE. XtB3{UTF ConcurrentHashMap HRY
clear()73i%, —IAHUTIETIRE, —IDIRBLAEMNEIRE, clear(73i%AMTE/EHEIZEL, hash mapE
EARERETTR. B, fElongAdder@&RHANFEIHAR, MABEEXNEA Long BUZEHRIT™
TBREZEHIZR,

7.6.3 (AHESEFTIHR

ECellZ¥MEN R, BT — Mg @sun.misc.Contended, XZ|DK 8ZEA B, BEHR
—MEEEPMER: (hH=5EFTIER.
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¢ LongAdder.java ¢, Stripedé4.java € DoubleAccumulator.java € DoubleAdder.java € LongAccumulator
-

@jdk.1internal.vm.annotation.Contended|static final class Cell {

volatile long value;

8 CPU EMEBCHER. EFSEATHITHIERIEARRNIMCache Line (&F1T) . &
64NIx86ZRHR, BIF(TR64FT, tHFiE8 MongBIloR/)\, IXBEKENEFLN, ERIFHEIER
FRURHR, &ROERIF64FTI.

WMTEMR, ERFHPETEX Y. Z (REBINZEFE—Mlongdl) , HCPUIFICPU2H BIIE
ANECHIERR, BIETE—{TCache LineEBE. HCPUIMBKNTXZE, TELINEEITCache Line, Bk
BARKEAER, BHICPU 233MAICache Linesk®, HIFCache Line REURIRIIEARERN, ik
RSB, BEYHASAMEEITMICache Line, X&BHY. 7AEMNERFHLM.

Core0 Corel

AT XY, Z XY, Z

FREFE (XY, Z)

BRRENTXEE, PNIZRKWEENER, By, ZEhEZRN. ¥ ZZEBREIEREE
B, ANOZAREFHIA CPUT 0 CPU2 H=, ANiHE], Xpi2RmBRY hH=EER,
IENRER, V. ZFXEELETR—{TCache LineEB@E., ERXNIER, FEMZIFMBHN"E

FTEFR, HEEX Y. ZEEINLE7NERNLongE, EREMEFT, X V. ZE=ATFAENE
FiTh, AT ER:




Core0 Corel

BT X X
(E1F1T2 Y Y
E1AT3 Z z

FRZF (XY, Z)

EBE—@jdk.internal.vm.annotation.Contended Bl BRI SCIETFATHIESE. ZFrLAUX/ M ER
EFTIET, BATARLCelNFAFEDPITHZER—NEFITE.

7.6.4 LongAdderiZiysEM

TERELongAdder i OAIR NN Eadd(long x), B, BiRREEEEIEAIZIS AL,

€ LongAdder.java

o
public void f[increment() {
add(1L);

¢ LongAdder.java
-

public void decrement() {
add(-1L);
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€. LongAdder java
e

public void add(long x) {
Cell[] cs; long b, v; int m; Cell c;
if ((cs = cells) != null || lcasBase(b = base, valb + x)) { §—r=ik
boolean uncontended = true;
if (cs == null Il (m = cs.length - 1) <@ ||
(c = cs[getProbe() & m]) == null ||
I(uncontended = c.cas(v = c.value, valv + x))) F_/RE
longAccumulate(x, fn:null, uncontended);

WM ANEIEEBadd( IR, Bftas=it(EfAcasBaseiBxiNZbase®E ., MNEARKIN, NEA
c.cas(..) /5 A= x JNR) Cell FEMNEN T L, WMMEREARKTD, HEEBIEBIongAccumulate(...)/5
%

T2 CellIBARNKIMAERR 22BN, METHPEANT B, X7 BfREKE. LAk
B4R cs[getProbe) & m] ELHiEXIEARIA/NEE, FAm=cs.length-1, getProbe()iZ&AE
R NENEL, FIZFEECTEAH<ERIE, RAREBRKER2MRBEURTT, FTLART LA ERML
HBUISEE,

MNF— MR, ERANMERRREEX RN base LH, EERNNFICell#E L, RERM
BRIORARTLA. L, iXERfEFREHASRSCI Cel R EEUER,

INERFRZ=INEBART, NER longAccumulate(..)J3i%, 1&ZJ3iA1E Stripede4 EBHE
LongAccumulatortb &%, TR,

1 final void longAccumulate(long x, LongBinaryOperator fn,

2 boolean wasuUncontended) {

3 int h;

4 if (Ch = getProbe()) == 0) {

5 ThreadLocalRandom.current(); // force initialization

6 h = getProbe();

7 wasUncontended = true;

8 }

9 // trueRmsiE—slotdEs
10 boolean collide = false;
11 done: for (;;) {
12 cell[] cs; cell c; int n; Tong v;

13 // WHcellsA£Enull, HcellsKJEAT0

14 if ((cs = cells) != null & (n = cs.length) > 0) {

15 // cellsi K THrxf BT, 15208 T AR,

16 [/ WUERBEE R AR TR AU

17 if ((c = cs[(n - 1) & h]) == null) {

18 // BIESHRR, HTeldcellssid %cells

19 if (cellsBusy == 0) { // ERAEIERce1l

20 cell r = new Cell(Xx); // Optimistically create
21 // tHcellsBusy N0, NICASHE:AEcellsBusy 1, FRELAN
22 if (cellsBusy == 0 && casCellsBusy()) {

23 try { // W 5, Bk
24 cell[] rs; int m, j;

25 if ((rs = cells) != null &&



26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83

(m = rs.length) > 0 &&
rsf[j = (m - 1) & h] == null) {
// WRAERRY), R[]

rsfjl = r;
break done;
}
} finally {

// EEWEL, B
cellsBusy = 0;

}
continue; // WRslotdk=, NN T —IXIEH
}
3
collide = false;
3
else if (!wasUncontended) // CASE:{ERIN

wasuncontended = true; // rehashz J54k%:
else if (c.cas(v = c.value,

(fn == null) ? v + x : fn.applyAsLong(v, x)))

break;
else if (n >= NCPU || cells != cs)
collide = false; // At max size or stale

else if (!collide)
collide = true;

else if (cellsBusy == 0 && casCellsBusy()) {
try {

if (cells == cs) [/ TR, BIRAR LKA

cells = Arrays.copyof(cs, n << 1);
} finally {
cellsBusy = 0;
3

collide = false;

continue; // Retry with expanded table

I
h = advancepProbe(h);
}
// nHcellsAnul 18 cellsKE N0, W FHEYIHcelT1sHA
// UEI SR, 3T CASHRAE
else if (cellsBusy == 0 && cells == cs && casCellsBusy()) {
try { // Initialize table
if (cells == cs) {
// SAtkcel1 184, shltbcell, fRAEXIE
cell[] rs = new Ccell[2];
// NWABEHLEL, Xfcell sEAHTEL, WA rICeT X 4,
rsfh & 1] = new Cell(Xx);
cells = rs;
break done;
3
} finally {
// BERCASHA
cellsBusy = 0;

}

// WHRCASEAERI, )5 REIXbase#E

// P2 E Anull, WEEnu T VAT InEAE, & AT Fnid it
// tREAERN, WERFforfG mE, mImtiE HIEmn

else if (casBase(v = base,

(fn == null) ? v + x : fn.applyAsLong(v, x)))



84 break done;
85 }
86  }

7.6.5 LongAccumulator

LongAccumulatorfdJREEFILongAdderzi{il, RE2TNEERRK, THEHAMEDEZERIXILL:

€ LongAdder.java

i
public LongAdder() {
h

€ LongAdder.java €, LongAccumulator.java

public LongAccumulator(LongBinaryOperator accumulatorFunction,
long identity) {
this.function = accumulatorFunction;
base = this.identity = identity;

LongAdder Rge{ T RNMEIE, FHBEVIREBAIASN0; LongAccumulatora]LAB SN — 17T
ERF, HERTLMEA— M IRE.

€ LongAdder.java € LongAccumulator.java I, LongBinaryOperator.java
@FunctionalInterface

public interface LongBinaryOperator {

/aﬁ'aﬁ'
* Applies this operator to the given operands.

@param left the first operand
@param right the second operand

* %X % W%

@return the operator result
*/
long applyAsLong(long left, long right);

BFRA(E, BiEbaseTEHE Cells[PTRALRIE, AE, MEadd(ITEENNSHX,
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TEZLongAccumulatorfJaccumulate(x)/5i%, SlongAdderfJadd(x)/5iE3EM, REESEREA
A9Striped64fJLongAccumulate(...) /5%,

E—RIZERRlELongAdderiYadd(x) 5 AR ZcasBase(b, b+x), XEiEAAYZcasBase(b, r),
Erh, r=function.applyAsLong(b=base, x),
¢ LongAdder.java ¢ LongAccumulator.java 1. LongBinaryOperator.java
-
public void accumulate(long x) {
Cell[] c¢s; long b, v, r; int m; Cell c;
i1f ((cs = cells) != null
Il ((r = function.applyAsLong(b = base, x)) I=b
&& !casBase(b, r))) {
boolean uncontended = true;
1f (cs == null
Il (m= cs.length - 1) < @
Il (¢ = cs[getProbe() & m]) == null
Il Cuncontended =
(r = function.applyAsLong(v = c.value, x)) == v
Il c.cas(v, r)))
longAccumulate(x, function, uncontended);

7.6.6 DoubleAdder5DoubleAccumulator

DoubleAdder HSLth 23 long BISLHIRY, FEAIEE double 3£8IH CAS FFiE. THRE
DoubleAdderffladd(x)/55%, FlLongAdderfJadd(x)/5iEEA—+E, RESZ TlongfldoubleXREE
B,

€, DoubleAdder java

= public void hdd(double x) {
Cell[] cs; long b, v; int m; Cell c;
if ((cs = cells) = null II
lcasBase(b = base,
Double. doubleToRawlongBits
( value: Double. longBitsToDoublie(b) + x))) {
boolean uncontended = true;
if (cs == null Il (m = cs.length - 1) <@ ||
(c = cs[getProbe() & m]) == null II
I(uncontended = c.cas(v = c.value,
Double. doubleToRawlongBits
( value: Double. longBitsToDouble(v) + x))))
doubleAccumulate(x, fn:null, uncontended);

Hehayki#EDouble.doubleToRawLongBits(Double.longBitsToDouble(b) + x), 7EEEHKAIRTE,
TIE long SEBYEEIERY, double 288Y, REHITERIN, ENMMBVERBEEHRA long 58!, EBIICASE[T]
%0
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DoubleAccumulatetB2Striped64HIpR 7%, FllongAccumulateZéfl, tEE%5 T long2EAIN
double( I E1H5EHE,

DoubleAccumulatorflDoubleAdderfiyk &, SlLongAccumulatorflLongAdderf9x& ML, R
B2 7T — N TiRES,

8 Lock5Condition

8.1 EfF$H
8.1.1 SMET BN

"HEANBRBIEE—MEEVER object.lock(ZREXZIS, HANIRFRXE, BXJERobject.lock(), 173
RATLRENEIZ . B, BENMEERITHRITEANN, SNHMSLETHH.

synchronized X, FERTEANB. WA

E— synchronizedsiEmethod 1) BEEAR S M—"synchronized/5iEmethod2(), &R
synchronized XEFARATEN, BBAEMethod2bIEKERE, XBAFA1T.

public void synchronized methodl() {

// ...
method2();

// ...

pubTlic void synchronized method2() {

1

2

3

4
511
6

7

8 // ...
9

3

8.1.2 EHREIX

EERNBEHISSIEIR B, Sc&E— T Concurrent 8IS EFE (ReentrantLock) ¥
ERIAREEIR, S TFERTR:


af://n1932
af://n1933
af://n1934
af://n1941

<<interface>> AbstractOwnableSynchronizer

Lock

JAN

7o

' AbstractQueuedSynchronizer

ReentrantLock
/\
Sync
NonfairSync FairSync

LockZ—1MEN, EENIT:

pubTlic interface Lock {
void Tock();
void TockInterruptibly() throws InterruptedException;
boolean tryLock();
boolean tryLock(long time, TimeUnit unit) throws InterruptedException;
void unlock();
Condition newCondition();

BEAAERlock()/unlock(), lock()ABE# R, XIMzAYIockinterruptibly()RTLA#E AR,

ReentrantLock A& RBNISELE, SLIEBEERERESyncH:



1 public class ReentrantLock implements Lock, java.io.Serializable {
2 private final Sync sync;
3

4 public void Tock() {

5 sync.acquire(1);

6 }

7

8 public void unlock() {

9 sync.release(1);
10 }
11 // ...
12}

8.1.3 S Fvs IERFE

SyncE—MiRE, B©BMINFFairSyncSNonfairsync, SHIRIRAFEFIEHEATH. W THE
HYReentrantLockiETARLAB Y, SEN—MREENZE irfEEMEAFIERIFATFAY, K
I E|/NSE:

1  public ReentrantLock() {

2 sync = new Nonfairsync(Q);

31

4

5 public ReentrantLock(boolean fair) {

6 sync = fair ? new FairSync() : new NonfairSync();
7}

FAMAFHFIIEAFHIR? B NMEEFPAIGF, —PMAEZKELEREALER, KNS
BAHBA, TRAHMEMERE, BREEIBMCRSHINN, X, NRMETAHBL, BiZf
FFOIR, XIERAF,

N EIBAIGIF, —MRSIERT e, BRARESLEEABA, BCHEMERE, XMA
S, SRR T ZEEERRHM, XIWMERAQT. BARENRIFATFYN, HLBATIREWEER, Bbik
TR,

PISCIRRY B RIE

SyncHyRZEAbstractQueuedSynchronizeriZ BHEFMEAZIEILEE (AQS) , XNEIEREE, %
ZERIRZEREAbstractOwnableSynchronizer,

It RIHEEsynchronizedTigE, BIRJLEE—MEIE. 7T S—IBEGHEEIIREETNREAYH,
FEIMROESR:

1. BE—stateTh, IRCHBIORTES. stateTREDETME: 0. 1. XistateZRAURIE,
ERCASIRIEAIER S,

2. BECRLFRW MG,

3. BERESR — M TSRS,

4. BEG— NG FTEEEOEE, XN RRERESOTING, BB
CAS,


af://n1952

FEERFN2, LA ERPEXIRANRIR:

1 public abstract class AbstractOownableSynchronizer implements
java.io.Serializable {
/] ...

private transient Thread exclusiveownerThread; // id3tiia B

S v AW N
—

public abstract class AbstractQueuedSynchronizer extends
AbstractownableSynchronizer implements java.io.Serializable {

7

8 private volatile int state; // @8RS, HEidCcASESstatelIfE.
9 // ...

10

11}

stateBYEAMYATLAZO. 1, WALLKTF1, MEAN T HFHAaTEANG. flal, EHF—MEE, A
H5/klock, state=ZERg5; SAEIVERSRunlock, statejE /90,

Hstate=0RT, RBLIERFBA, exclusiveOwnerThread=null;

Hstate=10F, B—MEFEFEH, exclusiveOwnerThread=iZ4&Fg;

Hstate > 10, WAHZLIEEN 7%,

XHFEZER3, UnsafeZSEH T HESIGERLIZA—XIRIERIE, tBRi&park/unpark,

1 public native void unpark(object thread);
2  public native void park(boolean isAbsolute, Tong time);

B— " LockSupportfITEZE, XMhX—XIFIEM T ERE%:

1  public class LockSupport {

2 // ...

3

4 private static final Unsafe U = Unsafe.getuUnsafe();
5

6 public static void park() {

7 U.park(false, 0L);

8 }

9
10 pubTlic static void unpark(Thread thread) {
11 if (thread !'= null)
12 U.unpark(thread);
13 }
14 1}

LB RAMpark), RAERLWEE; ERS—SIER, WRAunpark(Thread
thread), fEA—MEIBEMETE, HMAILIREIEEEpark( 5 HLEE,



unpark(Thread thread), B 7 —MEEXNBIM MR FEEIREE", notifytB R 2 IREEH —
NERR, (BREEERNREERMEFE,

FIYERS, EAQSHIFI A AHERFICASSTIL ¥ — MEZEAT, WITFRIR:

1
2
3
4
5
6
7
8
9

10
11
12
13}

// ...

static final class Node {
volatile Thread thread; // f#4-Nodex} s —A-#kBH 2 12k F2

volatile Node prev;
volatile Node next;

I oac
3

pubTlic abstract class AbstractQueuedSynchronizer {

private transient volatile Node head;
private transient volatile Node tail;

// ...

FHEPATIRENMAQSIZILRAIZL. WITER/R, headigmWAHERLEE, tailfgmAWNaiERE
T NI EIRFAINodeNBtail[SE, SABXItailE{TCASIRIE: HAFE N headit{TCASIRIE, 1B
headmEB—IMIE.

head

null ~l— ZENode

head tail

vy o

null
head tail
Z=Node
tail

next— next—#
Node1 Node2
Zei21 S

<—prev < —prev—-

— null

IRRIEHE, head=tail=NULL; /5, FEEBA\FIPIIABBZERIZAZRS, SHE— 1 =HINode, it
headftailEffEMIXM2Node; Zf5, EREIINABPEENEIETSR. L, Zhead=tailf9RHR, iR

BABAT M=,



8.1.4 XESIELAFERock(EEMER
TEDHTETAQS, ReentrantLockfEAFEHFIIELAFM ERISLIIER.

€. ReentrantLock java

static final class NonfairSync extends Sync {
private static final long seriagllVersionUID = 7316153563782823691L;
o protected final booleanltryAcquire(int acquires) {l

return nonfairTryAcquire(acquires);

3
}
€, ReentrantLockjava A2 BE R EI SRR
BRESErVEUSTUCKALLESS ETHE(E A MBTARIREN, AHEA, TP

final boolean nonfairTryAcquire(int acquires)
final Thread current = Thread. currentThread();
int ¢ = getState();
if (c == @) { WNHstateN0, EFEELFILIZIREIHHDERR, FIfizEstateRIE
i1f (compareAndSetState( expect: @, acquires)) {
setExclusiveOwnerThread(current);

return true;

}
} WIS state 20, (EEAHPLEIEZZSFIEIE, NWERERSstateRIE
else if (current == getExclusiveOwnerThread()) {

int nextc = ¢ + acquires;
if (nextc < @) /7 overflow
throw new Error("Maximum lock count exceeded");
setState(nextc);
return true;
}
return false; FHliREfalse, FEEVSM

€. ReentrantLock.java

static final class FairSync extends Sync {
private static final long serigllVersionUID = -3000897897090466540L ;

Fube e
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€. ReentrantlLock.java
7

@ReservedStackAccess
of protected final boolean tryAcquire(int acquires) {
final Thread current = Thread. currentThread();
int ¢ = getState();
if (c == @) { NRstateH0, BAFIFIRBEFFIERE, NIREZRIEE
if (lhasQueuedPredecessors() && JHHEEE, [FRfiZEstatefd(E
compareAndSetState( expect: @, acquires)) {
setExclusiveOwnerThread(current);
return true;

}
1 IRHHbEAEMESRISAE, A EEIREstatefV(E
else if (current == getExclusiveOwnerThread()) {

int nextc = ¢ + acquires;
1f (nextc < @)
throw new Error("Maximum lock count exceeded");
setState(hextc);
return true;

}
return false;
}
}
8.1.5 PHEEPAF SIREEHHI

TEHEAMIERAXFERIERS, BlacquireQueued(.)JTiERR—RAR.

€ Reentrantlock.java ¢! AbstractQueuedSynchronizer.java

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

SeiftaddWaiter(...)/57%, FLEAXEILIZEEMR—Node, AFIENodef NN FERNESR, Eix
BNE, XREIEThread SN T — 1 BAFIFME, SIEASFHRIEE,
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€ ReentrantLock java €. AbstractQueuedSynchronizer. java

private Node addWaiter(Node mode) {
Node node = new Node(mode);

for (5350 {
Node oldTail = tail;
1f (oldTail !'= null) {
node.setPrevRelaxed(oldTail);
1f (compareAndSetTail(oldTail, node)) {
oldTail.next = node;
return node;
3
¥ else {
initializeSyncQueue();

}

BIETR, S TRENZBATIES. RitaITR, Kl RinextiRENZERIT R,
SRl AFTE, BAIIRRAT.

fEaddWaiter(...)/57&B Thread 3SR INABEZERAF 2 EH T ERiE Sz acquireQueued(...) J5 558K,
ZF2—BiH NacquireQueued(..) fiS FIRABEZE, BMFEEEMZIZEREBinterrupt() 55 BAELIGEIR
B2, BRIFEEMSERN T8, HEIZEESRTH, FeMaccquireQueued(...)ix[E],

#ANacquireQueued(...), ZEZATHIERE. EiZTEREN—Z], HEZZBEIB—ZI, EHEHRIR
EERIAP—%I, LERTSMBRBAZIRYSE— TR (headfSRtRIB 1M TR) .



€ ReentrantLock.java € AbstractQueuedSynchronizer.java

@ final boolean acquireQueued(final Node node, int arg) {
boolean interrupted = false;
try {
for (53) {

final Node p = node.predecessor();
if (p == head && tryAcquire(arg)) {
setHead(node);
p.next = null; /. help GC
return interrupted;

¥
1f (shouldParkAfterfaileddcquire(p, node))

interrupted |= parkAndCheckInterrupt();

}
} catch (Throwable t) {
cancelAcquire(node);

i1f (interrupted)
selfinterrupt();
throw t;

B%, acquireQueued(..)FiEE—MNRENE, BRARRBR? BRIZGEASFIIN, BES
ICRBIEEI R G SEEMELEREASIFIES. WRE, WizAiEA=iREtrue; B, RE
false,

EFXMNREE, 487 TERHMLE:
€. ReentrantLock.java €l AbstractQueuedSynchronizer.java
=
public final void acquire(int arg) {
if (ltryAcquire(arg) &&
acquireQueued(addWaiter(Node. EXCLUSIVE), arg))
selfInterrupt();

€ ReentrantlLock.java €. AbstractQueuedSynchronizer.java

static void selflInterrupt() {
Thread. currentThread() .interrupt();



24 acquireQueued(...)iR[E true BF, £7EMA selfinterrupt(), BSEBECKZFHES, thHES
CHEE CRIFETRERNZ Sotrue, ZFIUABXAM, EERABCHEEZERE, KWRIEMLERIRESIR
BRAEE, AESEHTIME, XK, WNRIZEEE ockXiBRAEEAAsleep()Z LRIBEZETS
&, BAlLERE, WEAZFEES.

PEEHAERE FEXNTET:

¢ ReentrantLock.java €l AbstractQueuedSynchronizer.java

private final boolean parkAndCheckInterrupt() {
LockSupport. park( blocker: this);
return Thread. interrupted();

}

HA2VER park(73i%, BICICECIESERER, BEIREMLERE, Z277/5KE].
park()73EIREEFFMER.

1. B4R @A 7 unpark(Thread t),
2. Hfthe A2 T tinterrupt(), XEBEEFEMNE, lock()ABENMEIFET, {BLockSupport.park()
SR AET,

tBIEESLockSupport.park() AT 8E# HRTIGEE, acquireQueued(...)5iEA S T — MorfLfEiR, Mt
BEZjE, IRKLIECHETILE, MEZM, WREAZY, WEBRBCHEZEARCS. FHESIT
2, BEIZIH.

WIREEZ f5, 1BidThread.interrupted()SRAIKT2EH FUMERE, WNRIBFER1, SiREfalse; A0R
Z2ER2, WiREtrue,

8.1.6 unlock()SEIR 4T

Wi5e 7 lock, TESHrunlockBISEHL., unlock AR D AFEZIEATF,

€ ReentrantlLock.java € AbstractQueuedSynchronizer.java
=
i public void unlock() {

sync.release( arg: 1);
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€ ReentrantLock. java €l AbstractQueuedSynchronizer.java

public final boolean release(int arg) {
1f (tryRelease(arg)) {
Node h = head;
1f (h = null & & h.waitStatus != @)
unparkSuccessor(h);
return true;

ky

return false;

¥
TEd, HEEERME, STAMtryRelease(arg)fsik, WRREtrue, NENHhead, itheadik
0E
SJFtryReleasef5i%:

€. ReentrantLock.java €| AbstractQueuedSynchronizer.java
TRESENVEUSTUCKACLCESS

of protected final boolean tryRelease(int releases) {
int ¢ = getState() - releases;
if (Thread. currentThread() '= getExclusiveOwnerThread())
throw new IllegalMonitorStateException();
boolean free = false;
if (¢ == @) {
free = true;

setExclusiveOwnerThread(null);

3
setState(c);

return free;

}

B E SRR EIstate(E.
UIRSRILAE A RHMEEARE, WRE, EARBIREBIEAES LA TR BIATRLE.
ItERfiREstate, RBHFEFCAS, EHSRLEIREE,

B&unparkSuccessorjgiz:



€ ReentrantLock.java €} AbstractQueuedSynchronizer.java

@ private void unparkSuccessor(Node node) {
/*
¥ If status 1s negative (i.e., possibly needing signal) try
¥ to clear in anticipation of signalling. It is OK if this
* fails or 1f status i1s changed by waiting thread.

*/
int ws = node.waitStatus;
if (ws < @)

node. compareAndSetWaitStatus(ws, update: @);

€ ReentrantlLock.java €. AbstractQueuedSynchronizer java

Node s = node.next;
1f (s == null || s.waitStatus > @) {

s = null;

for (Node p = tail; p != node & p != null; p = p.prev)

if (p.waitStatus <= @)
s =p;

}
if (s !'= null)

LockSupport. unpark(s.thread); [&EEEheadTs mAYEFE

release(EEEIM T HIEEE: tryRelease(...)/5iEEEMEH; unparkSuccessor(...) /7 EIEEEIA G RO S 4%
&,

8.1.7 lockinterruptibly()SEIR &34

LAY lock AEE#ERT, XERAY lockinterruptibly()RT LA AT

€ ReentrantLock java € AbstractQueuedSynchronizer.java
S
o] public void lockInterruptibly() throws InterruptedException {
syhc.acquireInterruptibly( arg: 1); AT R
i1
¥
¢ Reentrantlock java ¢! AbstractQueuedSynchronizer.java

public final void acquirelnterruptibly(int arg)
throws InterruptedException {
1f (Thread. interrupted())
throw new InterruptedException();
if (ltryAcquire(arg))
doAcquirelnterruptibly(arg);
}

XERY acquirelnterruptibly(...) 22 AQS IR 5L, EBERY tryAcquire(...)53 B4 FairSyncil
NonfairSyncsCH,


af://n2058

FEZEdoAcquirelnterruptibly(...) 5%

€. ReentrantLock.java €| AbstractQueuedSynchronizer.java

private void doAcquirelInterruptibly(int arg)
throws InterruptedException {
final Node node = addWaiter(Node.EXCLUSIVE);

try {
for (5350 {
final Node p = node.predecessor();
if (p == head && tryAcquire(arg)) {
setHead(node);
p.next = null; /. help GC
return;
}
1f (shouldParkAfterfaileddcqguire(p, node) &&
parkAndCheckInterrupt())
throw new InterruptedException();
} RIS ES, BEEE, FAHEE, BEERE
} catch (Throwable t) {
cancelAcquire(node);
throw t;
3

ZparkAndCheckinterrupt(iREltruefIBHR, RIABEMEERIEFINES, B
InterruptedException, BktHforfgik, EANFIEREL

8.1.8 tryLock()SEM &34

€. ReentrantLock java €. AbstractQueuedSynchronizer.java
™
I public boolean trylLock() {

return sync.nonfairTryAcquire( acquires: 1);

}

tryLock()SEIIE T AMBIEATFHAItryAcquire(...), XistateFH{TCASIERIE, WIREERINMEZIE,;
WMNERIEBEARIINEREIR Elfalse, tHABEZE,

8.2 {EE 4
FIER8HELL, 58 (ReentrantReadWriteLock) BiRIELAEFIELIECEAER.

EEAER, E5ERF, BEER

dr
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8.2.1 KR EIR

ReadWriteLock@— Mz, WEBEHMNLockizHA.

pubTic interface ReadwriteLock {

Lock readLock();
Lock writeLock()

<<interface>>
Lock

JAN

ReadWriteLock

ReentrantReadWriteLock ‘

AbstractOwnableSynchronizer

AbstractQueuedSynchronizer

!

ReadLock

WriteLock

Sync

FairSync

ReentrantReadWriteLockSCIR 7%=, FEHEAMOT:

ReadwriteLock readwriteLock = new ReentrantReadwriteLock();

Lock readLock = readwriteLock.readLock();

readLock.lock();
// BT ERAE
readLock.unTock();

Lock writeLock = readwriteLock.writeLock();

writeLock.Tlock();
// AT EEAE
writeLock.unlock()

NonfairSync
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LEER, A ReadWriteLock B9BHR, HAZREZFER, MEKEENEINEBFISH, AS
SEERlock/unlock,

8.2.2 EEHITIMIEARRE

MEEFRE, ReadLockfIWriteLock2FiEH, PR tERER—IEHHIIRNMMEMmE. Al
MRIER? JLIERAE—EH, SEOMIE: ERENERIE. ERENEREZEAER (FLL
ENEEXIEH) |, EEEZEAER, BREZBEER.

MNTEASESEBELAEH, readerLockflwriterLockSEPRIEERE—syncXd&R., synclIgEE
Fii—#E, DAIEAFMAFRMREE, FHEKEAQS.

pubTic ReentrantReadwriteLock() {
this(false);
}

sync = fair ? new FairSync() : new NonfairSync();
readerLock = new ReadLock(this);

writerLock new WriteLock(this);

1
2
3
4
5 public ReentrantReadwriteLock(boolean fair) {
6
7
8
9

BEERFH#—, EEHitEAstateTERETIIREH. REstateREAXENE NNEF#TE
RE. EREBERSynch, IdstateTEFHITTEHEN, WTHFAR:

1 abstract static class Sync extends AbstractQueuedSynchronizer {
2 /] ...

3 static final int SHARED_SHIFT
4 static final int SHARED_UNIT
5 static final int MAX_COUNT
6

7

8

9

16;

(1 << SHARED_SHIFT);

(1 << SHARED_SHIFT) - 1;
(1 << SHARED_SHIFT) - 1;

static final int EXCLUSIVE_MASK
// FEE SRR R BN IREL

static int sharedCount(int c) { return c >>> SHARED_SHIFT; }
// TS BN ERR M E N R
10 static int exclusiveCount(int c) { return c & EXCLUSIVE_MASK; }
11 // ...
12 1}

HEIE state TEIFAAF, R160Z, AKICREM. EBR—AABGAREE—NEHES, Mt
LEFR16ME? XREN—NBEIEATESREN. flgl, JI16MRIESFTS, Fr—1EHEEAN
T5IR,

=160, FRIEH. fln, B16MAUEFTS, BEAILIRRSMEELAEHER 7zl RalbiRR
—MEEIEENT SR,

AT AEE—NInCEERERARY, MAZARNNEEESBIFRTEMFHISHAPREIE?

XBERATIER—IRCAS BRHEFRNIntEZRE, FTLART —NintBiE1 61 60 BIRTNE
MFNSBEPRE.
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Hstate=0RY, REARLRBELIZFAILH, HIRELEFESH,; Hstate 1= 08, EABLIERFE
Eil, EABLESESM, MEFERENBI, RAENSER. XNEH—ZET
sharedCount(state)fdexclusiveCount(state) Ik 2R R IELIE A E B Z&FEEE T 1%,

8.2.3 AQSHIMXIRIRTT &

TENB7EReentrantReadWriteLockBIF NN AIEBZERead LockFOWriteLockeh, E4{a]{Estate3
=1,

1 public static class ReadLock implements Lock, java.io.Serializable {
2 // ...

3 public void Tock() {

4 sync.acquireShared(l);
5 }

6

7 public void unlock() {

8 sync.releaseShared(l);
g }
10 // ...
11 3}
12

13  public static class wWriteLock implements Lock, java.io.Serializable {

14 // ...

15 public void Tock() {
16 sync.acquire(1);
17 }

18

19 public void unlock() {
20 sync.release(1);
21 }

22 /] ...

23 | }

acquire/release, acquireShared/releaseShared 2AQSEEMIFIIENRTT %, BERFIFHEZSHAY
BEiEREE Facquire/releaset&ti /7 2KLHIN. IEEHRNEEIEE FacquireShared/releaseShared
IXRIEMR T ASRSLIAY, XFRHER AR T

1  public abstract class AbstractQueuedSynchronizer extends
AbstractownableSynchronizer implements java.io.Serializable {

2 // ...

3 public final void acquire(int arg) {

4 if (ltryAcquire(arg) && // tryAcquireliikH£ 4 SyncTt
8]

5 acquireQueued(addwaiter(Node.EXCLUSIVE), arg))

6 selfinterrupt();

7 }

8

9 public final void acquireShared(int arg) {

10 if (tryAcquireshared(arg) < 0) // tryAcquireShared/iiziH £ Sync 5L
m
11 doAcquireShared(arg);
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}

public final boolean release(int arg) {
if (tryrelease(arg)) { // tryReleaseljikthiZ~synct R

Node h = head;
if (h !'= null & h.waitStatus != 0)
unparksuccessor(h);

return true;

}

return false;

3

public final boolean releaseShared(int arg) {
if (tryReleaseshared(arg)) { // tryReleaseShared/jikiii£4Sync 258
doReleaseshared();
return true;

}

return false;

BEE. AFARAEHITHBAS, MB4MMESs. B, EEIMRANSIEERREESyncHhst
WY, SynchBIRNAEN EEIRG A, FENonfairSyncflFairSyncshoBIBSIH. S&REZRIXIRKERIN
T:

EBIRANESEIL: Sync.tryAccquireShared()+FairSyncpiIRENESRF /5%,
IEESHAYAEAAESEI: Sync.tryAccquireShared()+NonfairSyncRIR N ESINF /5%,
. BRI AFSLHL: Sync.tryAccquire()+FairSync RN ESF 5%,

- BYREYIEAFSLHL: Sync.tryAccquire()+NonfairSynchRIR AN ESRIF /5%,

A W DN =

AbstractQueuedSynchronizer

I

Sync

+ tryAcquireShared(arg : int) : int
+ tryAcquire(arg : int) : boolean

AN

NonfairSync FairSync

+ writerShouldBlock() : boolean + writerShouldBlock() : boolean
+ readerShouldBlock() : boolean + readerShouldBlock() : boolean




1 static final class Nonfairsync extends Sync {

2 private static final long serialversionUID = -8159625535654395037L;
3 // 5 ERFE 1 A A N B R

4 final boolean writerShouldBlock() {

5 // BEBERB AR AIHIE, JEAFl

6 return false;

7 }

8 // TRECFEHA I I A 75 R PH 58

9 final boolean readershouldBlock() {
10 [/ CREARHBINI R, BT S — AN TR SR LA I {5 2 PH 2
11 return apparentlyFirstQueuedIseExclusive();
12 }
13}
14
15 static final class FairSync extends Sync {
16 private static final long serialversionUID = -2274990926593161451L;
17 // BT R N Z L %E
18 final boolean writerShouldBlock() {
19 [/ SERERBIZAT, ARSI A HAR AR, WIBHZE. A-F4i
20 return hasQueuedPredecessors();
21 }
22 // LR REA I AR 75 2% E
23 final boolean readershouldBlock() {
24 // CREAREIRBIC AT, WA S G AR AE RN, PHEE . APt
25 return hasQueuedPredecessors();
26 }
27 %

.

MFAF, WREZER, FMeRiEl, TR, RENFIPEEMEAZEARA (HEAZFEN,
BEAPNESH) , MAEERECH, EHHEASIESE.

MFEAT, EHHISHAITNRIBIBEES.

BEiEaeiel, pliEEstate=0, ABMERBEMEIEFEIIMEEHAIBR T, EFBINEER

BiEstate 1= 0, (EFNMFESHIVLEEREECS, BXEAN. BHERIFLFAI, Al

writerShouldBlock()/Fi5—BE R [E]false,

MTIELAE, RIRIAIEIERIRLAEFE, AERMMIELEEREAT—EER, TS

MBS

KIZEARRH, PTLASTIREAENARAT, BEM—E R, DRI PN TRRSEAZIRR,
AR ERRE, FEEEER. BMRASLHIE.

8.2.4 WriteLock23Fvs.JEESCIR

SRS, SCHRISUTER.

1.tryLock()SEIR S
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€ ReentrantReadWriteLock java €. AbstractQueuedSynchronizer.java

bl = public boolean trylock() {
return sync.tryWritelLock();
¥

€ ReentrantReadWriteLock java €. AbstractQueuedSynchronizerjava

CRESCIVEUSTUCKALLCESS
final boolean tryWritelLock() {
Thread current = Thread. currentThread();
int ¢ = getState();
if (c 1= @) { HstateZ0RUAHE, NRSLHIBRIMBAINEE, FESHETRLAILEE
int w = exclusiveCount(c); MR EREHISH

if (w == 0 || current !'= getExclusiveOwnerThread())
return false;

if (w == MAX_COUNT)

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

1
if (lcompareAndSetState(c, updateic + 1)) OERE FEAYER, NLETCASIESstatefE
return false; WNRIZ BT, HEHHESIERBEHHRIEE,
setExclusiveOwnerThread(current); FiREltrue
return true;
}
lock(73i&:
€ ReentrantReadWriteLock.java € AbstractQueuedSynchronizer.java

—
Bl public void lock() {
sync.acquire( arg: 1);

}

€ ReentrantReadWriteLock java €} AbstractQueuedSynchronizer java
o

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

¥
EERHEBD I T .

tryLockFlock7TiEAR D N F/AFAF.

2.unlock()ZEM St



€ ReentrantReadWriteLock.java € AbstractQueuedSynchronizer.java

S
]| public void unlock() {
sync.release( arg: 1);
¢ ReentrantReadWritelLock.java €l AbstractQueuedSynchronizer.java

s
= public final boolean release(int arg) {
1f (tryRelease(arg)) {
Node h = head;
1f (h !'= null && h.waitStatus != @)
unparkSuccessor(Ch);
return true;

}

return false;

unlock(JFiEARX B AF/HEAF,

8.2.5 ReadLock 22 Fvs. JEA LI

EREHEM, HSCRIRIIRHEERANER.

1.tryLock()SEIR S

¢ ReentrantReadWriteLock. java

9 public boolean tryLock()| {
return sync.tryReadlLock();

}

1 final boolean tryReadLock() {

2 // BB AT R

3 Thread current = Thread.currentThread();

4 for (535D {

5 // 3FKMstateft

6 int ¢ = getState();

7 // WH RS LR G HBEE YT R R HM AR, WK
8 if (exclusiveCount(c) != 0 &&

9 geteExclusiveownerThread() != current)
10 return false;

11 // FREEHistateld
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12 int r = sharedCount(c);

13 // USRS PR BB, 0

14 if (r == MAX_COUNT)

15 throw new Error("Maximum Tock count exceeded");

16

17 // R CcASE E 4R distateld

18 if (compareAndsSetState(c, c + SHARED_UNIT)) {

19 // WHr=0, NMETLFEME S — Ak

20 if (r == 0) {

21 firstReader = current;

22 [/ BREFEANHCNL

23 firstReaderHoldCount = 1;

24 // RS AR AR

25 } else if (firstReader == current) {

26 // MR —MEEAEN R LT LR, KR E R E AN

27 firstReaderHoldCount++;

28 } else {

29 // WnHfirstReader e MiiZkiE, WM ThreadLocal -3k HCY A4 A2 11300
AN, IR AT AR A4

30 HoldCounter rh = cachedHoldCounter;

31 if (rh == null ||

32 rh.tid != LockSupport.getThreadid(current))

33 cachedHoldcounter = rh = readHolds.get();

34 else if (rh.count == 0)

35 readHolds.set(rh);

36 rh.count++;

37 }

38 return true;

39 }

40 }

41 | }

¢ ReentrantReadWriteLock.java

| public void lock() {
sync.acquireShared( arg: 1);

€ ReentrantReadWriteLock.java €. AbstractQueuedSynchronizer. java
o

public final void hcquireShared(int arg) {
1f (tryAcquireShared(arg) < 0)
doAcquireShared(arg);

2.unlock()EM S



€ ReentrantReadWriteLock.java € AbstractQueuedSynchronizer.java c

=
| public void unlock() {
sync.releaseShared( arg: 1);
€ ReentrantReadWritelock.java €l AbstractQueuedSynchronizer.java

-
public final boolean releaseShared(int arg) {
1f (tryReleaseShared(arg)) {
doReleaseShared();
return true;

}

return false;

hy

tryReleaseShared()AYSCHL :

1 G@ReservedStackAccess

2  protected final boolean tryReleaseShared(int unused) {

3 Thread current = Thread.currentThread();

4 // ...

5 for (;) {

6 int ¢ = getState();

7 int nextc = ¢ - SHARED_UNIT;

8 if (compareAndsetState(c, nextc))

9 // Releasing the read lock has no effect on readers,
10 // but it may allow waiting writers to proceed if
11 // both read and write locks are now free.

12 return nextc == 0;
13 }
14 3}

EEHRHEM, SN EESREFEIEN, FRLOHEHRIEM e, Mekasd—
forfEER+CASIR/EARRTERIR., XZEtryReleaseSharedfltryReleasefItRANERFRTE.,

8.3 Condition
8.3.1 Condition5LockAIXFR

Condition&AStHE2—MEO, HIfggfwait/notify2&l, 07!
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1 public interface Condition {

2 void await() throws InterruptedException;

3 boolean await(long time, TimeUnit unit) throws InterruptedException;
4 Tong awaitNanos(long nanosTimeout) throws InterruptedException;

5 void awaitUninterruptibly();

6 boolean awaituntil(Date deadline) throws InterruptedException;

7 void signal(Q);
8 void signalAllQ);
9|1

wait()/notify()riFdsynchronized—i2{ER, Conditionthws/RFILock—itS(sERA, Ett, 7ELockAy
#Oh, 5— /7 5ConditiontEXAviEN:

1 public interface Lock {

2 void Tock();

3 void TockInterruptibly() throws InterruptedException;

4 // i iCondi tion#l & MLock i Hi Sk )

5 condition newCondition();

6 boolean tryLock();

7 boolean tryLock(long time, TimeUnit unit) throws InterruptedException;
8 void unlock();

9

3

8.3.2 ConditionBy(EHIGS

LAArrayBlockingQueue/9fill, SN RFrA—NEBEESCIIRIBESRENGY, i Tput(... R{ERIRHZ, BA
YT, EF-ELIERIEE; NiTtake(IRERORHZ, BAFIAT, HBEXEWIESEE.

1 public class ArrayBlockingQueue<E> extends AbstractQueue<E>
2 implements BlockingQueue<E>, java.io.Serializable {
3 Y

4 final object[] items;

5 int takeIndex;

6 int putIndex;

7 int count;

8 // — AR KA

9 final ReentrantLock lock;
10 private final Condition notEmpty;
11 private final Condition notFull;
12
13 pubTlic ArrayBlockingQueue(int capacity, boolean fair) {
14 if (capacity <= 0)
15 throw new I1legalArgumentException();
16 this.items = new Object[capacity];
17 // G A — SN A A
18 Tock = new ReentrantLock(fair);
19 // AR R R A A

20 notEmpty = lock.newCondition();

21 [/ FEE TR & AT

22 notFull = Tock.newCondition();

23 }

24

25 public void put(E e) throws Interruptedexception {

26 Objects.requireNonNull(e);
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27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81

final ReentrantLock lock = this.Tlock;
Tock.lockInterruptibly();
try {
while (count == items.length)
// AR SATRRIE, RS R O
notFull.await();
enqueue(e);
} finally {
lock.unlock();

private void enqueue(E e) {

// assert lock.isHeldByCurrentThread();

// assert lock.getHoldCount() == 1;

// assert items[putIndex] == null;

final object[] items = this.items;
items[putIndex] = e;

if (++putIndex == items.length) putIndex =
count++;

// pUtBHRA R, RIVE TR R Ak
notEmpty.signal();

public E take() throws InterruptedeException {

final ReentrantLock lock = this.lock;
Tock.TockInterruptibly();
try {

while (count == 0)

0;

// BHZETHER %A, BAFITTRAEONO, Tkl

notEmpty.await();
return dequeue();
} finally {
Tock.unlock();

private E dequeue() {

// assert lock.isHeldByCurrentThread();
// assert lock.getHoldCount() == 1;
// assert items[takeIndex] != null;
final object[] items = this.items;
@Suppresswarnings("unchecked")
E e = (E) items[takeIndex];
items[takeIndex] = null;
if (++takeIndex == items.length) takeIndex
count--;
if (itrs !'= null)

itrs.elementDequeued();
// BT, AR, BB A, ARV T
notFull.signal(Q);
return e;

I coc

=O;

N



8.3.3 ConditionSCIR /=1

AILAREL, ConditionfOfERRISIE, R T wait/notifylEF=HIBAE S, HEEBEEEN
[, BRI

HFConditioniZFILock—ESsEA, ArlAConditionfIsLItBELocki—EB. B/cEEE/RHIHFN
ES#ithConditionfU¥aE 5%

1 public class ReentrantLock implements Lock, java.io.Serializable {
2 // ...
3 public Condition newCondition() {
4 return sync.newCondition();
5 }
6 1}
7
8 public class ReentrantReadwritelLock
9 implements ReadwriteLock, java.io.Serializable {
10 // ...
11 private final ReentrantReadwriteLock.ReadLock readerLock;
12 private final ReentrantReadwriteLock.writeLock writerLock;
13 // ...
14 pubTlic static class ReadLock implements Lock, java.io.Serializable {
15 // A FFCondition
16 public Condition newCondition() {
17 // P
18 throw new UnsupportedOperationException();
19 }
20 }
21
22 pubTlic static class WriteLock implements Lock, java.io.Serializable {
23 // ...
24 public Condition newCondition() {
25 return sync.newCondition();
26 }
27 // ...
28 }
29 // ...
30  }

B5c, ES#HRY ReadLock A3ZHF Condition By, EEHNSHFNE FBiERsziFCondition, &
RENZERAANZEE CHAERZESYne, BRERESyncEPYRBEAQS, At, LmaNML
sync.newConditionExZZ &M AR T AQSHHInewCondition:
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O 00 N O v

10
11
12
13

pubTlic abstract class AbstractQueuedSynchronizer extends
AbstractownableSynchronizer
implements java.io.Serializable {

public class ConditionObject implements Condition, java.io.Serializable

// ConditionfIffifsLEl, #i/EConditionobjectsH

abstract static class Sync extends AbstractQueuedsSynchronizer {
final Conditionobject newCondition() {
return new ConditionObject();

F— Condition}I5 L, #EETZNEIE. Ak, EConditionObjectIEBEE— N EHEER
HERZAIAGY, WRER:

W 00 N O U1 D W N R

e
= o

pubTlic class ConditionObject implements Condition, java.io.Serializable {
private transient Node firstwaiter;
private transient Node lastwaiter;

static final class Node {
volatile Node prev;
volatile Node next;
volatile Thread thread;
Node nextwaiter;

NERE—TMEawait(/notify(75iEH, RAHTERXMAFIE.

8.3.4 await()SEM T

public final void await() throws InterruptedException {
// WiESATawait Q#4E, WEIhEES, fimHE
if (Thread.interrupted())
throw new InterruptedeException();
// JMAConditionfZA5RA51
Node node = addConditionwaiter();
// BHZEfEConditionZ BT LZJeREBA, 7 2 Ft8t
int savedState = fullyRelease(node);
int interruptMode = 0;
while (!isonSyncQueue(node)) {
// PHIEMFILTE
LockSupport.park(this);
if ((interruptMode = checkInterruptwhilewaiting(node)) != 0)
break;
}
// FEERU
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17
18
19
20
21
22
23
24

if (acquireQueued(node, savedState) && interruptMode != THROW_IE)
interruptMode = REINTERRUPT;

if (node.nextwaiter != null) // clean up if cancelled
unlinkcCancelledwaiters(Q);

if (interruptMode != 0)
// WA, T
reportInterruptAfterwait(interruptMode);

FKFawait, BN EEREIRE:

1. FA2VEF awaitORIAHR, BEEESL2R T, FrlA, £ addConditionWaiter()AIEB, XHiX
NN AR EARAEZEHITCASIRE, HERERLER, BT

private Node addConditionwaiter() {

1

2 // ...

3 Node t = Tastwaiter;

4 Node node = new Node(Thread.currentThread(), Node.CONDITION);
5 if (t == null)

6 firstwaiter = node;

7 else

8 t.nextwWaiter = node;

9 lastwaiter = node;

10 return node;

2. R TWaIt R EZ B, WIS, tBEiEfullyRelease(node), BRISALETEH. X
Mwait/notifySsynchronized BB EHLHI—HE.

3. RFEMwaithIREEfS, WiFHacquireQueued(node, savedState)5iEEFHEH.

4. checkinterruptWhileWaiting(node}{Xa3Epark(thisyfXi3z g, EBATINEparkEfEl2&
KRS HEES, SZFEMNparkhEERES, BRFEIEE: —FREEMZIZEA Tunpark, 53
—MEREIFIHES. XBfawait)75iE2R LAY, FrAZSRIE SRkt
1, MAEunparkIZBEHRS, SEERHwhilef@iR, await()7ZEEEIREL,

5. isOnSyncQueue(node) T #IfizNode 2 BEAQSHIEIL SRR, #IiAAIEIE, NodeR

fEConditionAIPAFIE, TIATEAQSHIBATIER. {BHfTnotityR{FRIRHER, SBIHAQSHIREIZEIA
5”0

8.3.5 awaitUninterruptibly()SEM &R

Sawait()A[&E, awaitUninterruptibly\ASMEIFRT, HESFEANEXFASEFHIRENY, TH
SrESIFNawaitRIX B,
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€} AbstractQueuedSynchronizer. java

Jl public final void awaitUninterruptibly() {

Node node = addConditionWaiter();

int savedState = fullyRelease(node);

boolean interrupted = false;

while (!isOnSyncQueue(node)) {
LockSupport. park( blocker: this);
if (Thread. interrupted()) MEFRIEHIE, WEWHTHRT, (Rios, T

interrupted = true;  AEDH{TwhilefEHR,

}

if (acquireQueued(node, savedState) || interrupted)
selfInterrupt();

AJLAEH, BN await)XM, KFIETIREIRER, FailttRE, mRYESHTwhilefd
£\

8.3.6 notify()SEIM Dt

1  public final void signal() {

2 // RAFABNERE, 4G5 H~Hsignal Q7%
3 if (!isHeldExclusively())

4 throw new I1legalMonitorStateException();
5 Node first = firstwaiter;

6 if (first !'= null)

7 [/ RAEEE

8 dosignal(first);

9|1

10

11 // WeRRAS p SR 1 2 A

12  private void doSignal(Node first) {

13 do {

14 if ( (firstwaiter = first.nextwaiter) == null)

15 lastwaiter = null;

16 first.nextwaiter = null;

17 } while (!transferForSignal(first) & & (first = firstwaiter) != null);
18 1}

19

20 final boolean transferfForsignal(Node node) {

21 if (!node.compareAndSetwaitStatus(Node.CONDITION, 0))

22 return false;

23 // JeitNodei N B FEiRIFEIEBAAI, B Hunpark ik

24 Node p = enq(node);

25 int ws = p.waitStatus;

26 if (ws > 0 || !p.compareAndSetwaitStatus(ws, Node.SIGNAL))
27 LockSupport.unpark(node.thread);

28 return true;

29 1}

B await()—#E, TEVEA notify(RIRHER, w/RSsE22H (FUFHShE tENSE) | EEEImE
P Tawait(RIRH R, IEBRET .
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RE, MBAZIFEX HfirstWaiter, IEEE. mEIIERunparkIfB2E 281, JcHenqg(node)5 AR
X NodeINAQSHISHRT RHIPEZERAG R, HIEEAMLL, AB T await()/5ExEEmAFIRTSAE:

while( ! isOnSyncQueue(node))
EXNFIRTRAEHRE, B awaitR2 A2, mEHunparkItEEy,

notifyAll() S 1tEEL,

8.4 StampedLock
8.4.1 Aft45|\StampedLock

StampedLock27E)DK8HFiIERY, BTIEEHM, NHtAERES|AStampedLockie?

£ HEE

ReentrantLock HEER, 55K, EEER
ReentrantReadWriteLock HEAER, EEER, EEER
StampedLock EEAER, EEAER, BEEER

BILAERI, MReentrantLock®|StampedLock, FHEERKKIES.

B—mE, EAReentrantReadWriteLockSEHRIE FEMIEERISRES, H_FE—MELE2RIBIZE,
BTN BEMERBARTUZR, (FEBLE—EHEAZIN, TESHEAIEEN . BATEEN
FEAEAFRIEIG, #RERRIXINER, BIAErReRE,

StampedLock3 I N T "RIE"RES, SEAYRHMEAIOEER], SEHRAMEIRRIEN T, BRI ENR
=, BATRET SR, BRI E SN R 7T, ERSEiEWRIEIT.

8.4.2 {ERinS
ERWTHRIEZRT, TESCUESI—MIFRE—TStampedLockdfafER,

1 class pPoint {
2 private double x, y;
3 private final StampedLock s1 = new StampedLock();
4 // ZAEREEAZIE, By RE
5 void move(double deltax, double deltay) {
6 Tong stamp = sl.writeLock();
7 try {
8 X += deltaX;
9 y += deltay;
10 } finally {
11 s1.unlockwrite(stamp);
12 }
13 }
14
15 // ZANERREAZIE, RIEE

16 double distenceFromorigin() {
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17 // TR R

18 Tong stamp = s1.tryoptimisticRead();
19 // VLA LB LR iR

20 double currentX = x, currentY = y;
21 // CEIAA HABZ AR s

22 if (!sl.validate(stamp)) {

23 [/ SRR, EF.

24 // MR AR

25 stamp = s1.readLock();

26 try {

27 currentX = X;

28 currentY = y;

29 } finally {

30 s1.unTockRead(stamp) ;

31 }

32 }

33 return Math.sqrt(currentX * currentX + currentY * currenty);
34 }

35 | }

N EEAIBATR, B—1Point3k, SMEIEEAmMove()7Ti%, B4R, BESIEHZREA
distanceFromOrigin()75i%, KIEE,

B, fUTmoveRFRYEHR, ENNEHL. X FiEMReadWriteLockBIFAIRBXE, SEIFIS
BFEERAY.

SEFEMRNE, BT —FHEs|.tryOptimisticRead(), HH4TFIEE BILAMIBIIRSINT
— AR, A, IEHIEENEINGEE, ERZE, BHNRRAS, MRIRASET, M
RS ARSI T SR, RS, IR, SRAEHE FEX=1T:

1 // AT, SREEIERRA S

2 long stamp = sl.tryoptimisticRead();

3 /) B BB RS DL RAR AR A

4  doubTle currentX = x, currentY = y;

5 // WA, XSS AR SR S TR AT, FIREdRE R AT H .
6 // tR¥EstampR e s HCREE AE F EAR IR, A A HARZRAR A s
7 if (!sl.validate(stamp)) {

8 // ...

9|1

ERPIR, RETXBEAEWINFIEESR, FEEEHIF. BX state TESERvolatile,
FREARILAZELEEEHER, {BstampH A Rvolatilefy, Ak, fEvalidate(stamp)i5iZEEBENREFR
fE.

1  public boolean validate(long stamp) {

2 varHandle.acquireFence();

3 return (stamp & SBITS) == (state & SBITS);
4



8.4.3 “RIME"AICIRFIE

B5%, StampedLock2—MESH, FUESEIESHHERE, ?E’,—Astatemaﬁs\ﬁlzﬂ’éflf PRIFR
EMFISHHTRES. B, BXREE— RN version, B, —RCASKRBINERIERINEE, Frld
X state T EAGREIItEERR 7 E#Eversion, 'Fﬁﬁ‘aﬁffﬁstate'}{i

pubTlic class StampedLock implements java.io.Serializable {
private static final int LG_READERS = 7;

1
2
3
4 private static final long RUNIT = 1L;

5 private static final Tong WBIT = 1L << LG_READERS; // #i8{i 7"
6

7

8

9

private static final Tong RBITS = WBIT - 1L; // SARM740 &
private static final long RFULL RBITS - 1L; // #4in%H

private static final long ABITS = RBITS | WBIT; // EHiAISHUIRES ~N—
private static final long SBITS = ~RBITS;

10

11 //

12 private static final long ORIGIN = WBIT << 1; // statelfJ#¥J4Aa(H
13 private transient volatile long state;

14 // ...

15 | }

ITE: BREMNSMFRNEMERYATS, HTESURTEHATRE, &ER7AREHAPR
. BABHRBE—bitlz, FAILASMHEARATENDN.

WBIT 0710000000

RBITS <+ 0101111111

V=] ... 1,00000000

HIIAEARFNO, MRIEWBIT MBI T —A, T2 LEEAIORIGIN BE, MiESEN A=,
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¢ StampedLock.java

public StampedLock() {
state = ORIGIN;

At AstateBIHIIREARIR/I00E? B RIBAISTIL:

1  public Tong tryoptimisticRead() {

2 Tong s;

3 return (((s = state) & WBIT) == OL) ? (s & SBITS) : OL;

411

5

6 public boolean validate(long stamp) {

7 varHandle.acquireFence();

8 return (stamp & SBITS) == (state & SBITS); // Mstamp=0Kl, validateskitix|d|
false

9|}

FERNGIERRESERE: Hstate&WBIT = 09RHR, 1REBELEFESE!, LHEY
tryOptimisticRead27KImRE0, X#E, HiEFvalidate (stamp) , tBFtRvalidate (0) HEKITR
[Elfalse, XIERKNVEERNEIE: JABLEFEEHIANE, validateskimiRElfalse, TICEEERED
BN 7M. BATICERERENT (stateBIZIXIAE) S8, state(@&A/90, Frkivalidate (0) sKix
Hfalse,

I EERvalidate(...) 5iEAREZL R stamp=state, MELLiRstate&SBITS=state&SBITS Ig?
EEBFNEEARE FRY!
FrLA, BOfEfE"RMLE"ROBHR, state (EHMEN T, (BUIREHRBIEE7I, validate(...) iR &IRE]

true,

SHNERPN—RE, LHEERTRFRFEVarHandle.acquireFence();, REAEXITABAIT—
TEEMstamp, SBITSTEARvolatilefd, HILATLAZIFEFIFIERcurrentX=X, currentY=Y#{TE
HERF.

B EERISHT, BTARIstatefNIRITAFREISY. RBET—1EE, B 7S, SHPIKEC
R, BELI T HEOR A SHICR.

8.4.4 1EMiE/5: "HE"S "B RIGELMER

EReadWriteLock—#, StampedLocktBEHITIRMAYEMANSBHRIE. 2, BEARRETAQSE
M, mRREBEFHTIL 7 — AT, S TFATR.

1  public class StampedLock implements java.io.Serializable {
2 // ...

3 static final class WNode {

4 volatile wNode prev;

5 volatile WNode next;

6 volatile WNode cowait;
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volatile Thread thread;
volatile int status; // HUH: 0, WAITINGELCANCELLED

final int mode; // BU&: RMODEZ{WMODE
10 wWNode(int m, wWNode p) {
11 mode = m;
12 prev = p;
13 }
14 }
15 // ...
16
17 private transient volatile WNode whead;
18 private transient volatile WNode wtail;
19 /] ...
20 1}

XABEZERAFIFD AQS BBEAIRE,

WIFFSEHIE®E, whead=wtail=NULL, AE#IAH, E— 1R, wheadfiwtailEBgEIXNET
m, ZEFEEEIA—MMEERERSEET R,

(BEETFIXAPEZEFISTIAISIRE R SRISFIAQSIRA—E, bl BiE’.
FEAQSERE, H—PEAECAS statel KM Zf5, SMRIIINEZES, FEHNEERE

{BfEStampedLockdr, CAS state’klZfg, SAKBENE, BIERBESHIREZE, NREEFRE]
B, ZHNEERE.

Altt, HRIECPURIREL, EXTBIRRMRIEEE. MRESRZAICPU, BEFEENE, EZ&IE
T, ARAEhERE.

1 private static final int NCPU =
// BEerRE, XN EE, dEAHZE.
3  private static final int SPINS = (NCPU > 1) ? 1 << 6 : 0;

Runtime.getRuntime() .availableProcessors();

TERUASEHIINE, thEtEStampedLockfwriteLock()J5iLl, RE—TBHEAICHL.

1  public Tong writeLock() {

2 Tong next;

3 return ((next = trywriteLock()) != OL) ? next : acquirewrite(false, 0L);
41}

5

6  public Tong trywriteLock() {

7 Tong s;

8 return (((s = state) & ABITS) == OL) ? trywriteLock(s) : OL;

9

}

W_EEREFR, Ystate&ABITS==009RHR, HBEEESERIEEEISH, SEAEEESH, It
Hj‘é’lﬁu%%zz“ﬁ BIZEIT CASIEEstate, HIRIEABTDN, WiAMacquireWrite()/5iEHNEZEBAS, F
HITEIE, XNAEERENMNSHRIERIZG, R8T

1 private long acquirewrite(boolean interruptible, Tong deadline) {
2 wWNode node = null, p;



3 for (int spins = -1;5;) { // AZIKfHiE
4 Tong m, s, ns;
5 if ((m = (s = state) & ABITS) == OL) {
6 if ((ns = trywriteLock(s)) != 0OL)
7 return ns; // BRI EFRCEIB, R M
8 3
9 else if (spins < 0)
10 // VHEE A
11 spins = (m == WBIT && wtail == whead) ? SPINS : 0;
12 else if (spins > 0) {
13 --spins; // SRXBEREIKPEL, spinsfEii—
14 Thread.onspinwait();
15 }
16 else if ((p = wtail) == nul1) { // WEREHTAGZnuTT, FIEEHLEASY
17 wWNode hd = new WNode(WMODE, null);
18 [/ SRR ] AN A
19 if (WHEAD.weakCompareAndSet(this, null, hd))
20 wtail = hd;
21 }
22 else if (node == null)
23 node = new WNode(WMODE, p);
24 else if (node.prev != p)
25 // P RAENHTE T
26 node.prev = p;
27 // TorfE¥rmE—break, I inodednEINFI LR, 4 2B H forfgif
28 else if (WTAIL.weakCompareAndset(this, p, node)) {
29 // WEPpHJEET M Anode
30 p.next = node;
31 break;
32 }
33 }
34
35 boolean wasInterrupted = false;
36 for (int spins = -1;;) {
37 WNode h, np, pp; int ps;
38 if ((h = whead) == p) {
39 if (spins < 0)
40 spins = HEAD_SPINS;
41 else if (spins < MAX_HEAD_SPINS)
42 spins <<= 1;
43 for (int k = spins; k > 0; --k) { // spin at head
44 Tong s, ns;
45 if (((s = state) & ABITS) == 0OL) {
46 if ((ns = trywriteLock(s)) != 0L) {
47 whead = node;
48 node.prev = null;
49 if (wasInterrupted)
50 Thread.currentThread() .interrupt();
51 return ns;
52 }
53 }
54 else
35 Thread.onspinwait();
56 3
57 }
58 else if (h !'= nul11) { // WREESHNAILEAE
59 WNode c; Thread w;

60 while ((c = h.cowait) != null) {



61 if (WCOWAIT.weakCompareAndSet(h, c, c.cowait) &&

62 (w = c.thread) != null)

63 LockSupport.unpark(w) ;

64 3

65 }

66 if (whead == h) {

67 if ((np = node.prev) != p) {

68 if (np = null)

69 (p = np).next = node; // stale

70 }

71 else if ((ps = p.status) == 0)

72 WSTATUS . compareAndSet(p, 0, WAITING);

73 else if (ps == CANCELLED) {

74 if ((pp = p.prev) != null) {

75 node.prev = pp;

76 pp.next = node;

77 }

78 3

79 else {

80 long time; // 0 argument to park means no timeout
81 if (deadline == 0L)

82 time = OL;

83 else if ((time = deadline - System.nanoTime()) <= OL)
84 return cancelwaiter(node, node, false);
85 Thread wt = Thread.currentThread();

86 node.thread = wt;

87 if (p.status < 0 & (p != h || (state & ABITS) != OL) &&
88 whead == h && node.prev == p) {

89 if (time == 0OL)

90 // FHEZE, B3|k

91 LockSupport.park(this);

92 else

93 // THBTFHZE

94 LockSupport.parkNanos(this, time);
95 }

96 node.thread = null;

97 if (Thread.interrupted()) {

98 if (interruptible)

99 // WA, U S Ry

100 return cancelwaiter(node, node, true);
101 wasInterrupted = true;

102 }

103 3

104 }

105 }

106  }

107

108

EANacquireWrite(...) 52 N ARIforfEIR, ARESSLIL T IEESZFHBNERES. TFE— P KAYfor
EAEmE, BHFRIEIZNodeIAFIRIESS, —linAN, —OBdCASIEERAIREM. WRKE
T, BAEERSRE; MNRAEEREH, S—BHBENE, BEIIMANTIESER.



FEEZNKRBIforBIRE, tFiRiZNodeBEAENSIESS Y. XNEHE, NRAIE SNIEFHEAER
HUSLER, 1RBARATIHRR T B Head TR, MEHAILIE Y. WY, B {TH—RNERE, BEIXE
MAX_HEAD_SPINS)REY, REHNBE, XBEE—XERERE: Hrelease(.)\FiEHERZE, &
IREZPAFISLEZRROEE 1N TR, WIS HITE N ANforEREmANZLE, thiRiEElorfEREmpark()
FiAEERRBE T,

BHI—NARETFTAQSHIFEZEMNFIINTT R, EEMWNodeEBEHBE—Mcowaitistt, AT HREGERS
AUISELRAZ. a0, BAZIREREZEAIR—MELHIE 1, AR TIREIR 2. 3, BARBE cowaitigEt,
181, 2, 36X, 18IREL G, 2. 3tz —EWRIREE, FNEMEZAAER.

BRENSRIBIERERE, TEREMAIRBIRIE. TSI, BEMTRESE: —&
{BstateXEERIRN, —ZIREERZENFIPHE— TR,

¢ StampedLlockjava
@ReservedStackAccess
public void unlockWrite(long stamp) {
1f (state != stamp || (stamp & WBIT) == OL)
throw new IllegalMonitorStateException();
unlockWriteInternal (stamp);

¥

€ StampedLlock.java

private long unlockWriteInternal(long s) {
Llong next; WNode h;
STATF.setVolatile(this, next = wnlockhriteState(s));
1f ((h = whead) != null && h.status !'= @)
releaseCh);
return next;

¥

¢ StampedLock.java
E3

private void felease(WNode h) {
if Ch !'= null) {

WNode g; Thread w;

WSTATUS. compareAndSet( ..args: h, WAITING, @);

if ((g = h.next) == null || q.status == CANCELLED) {

for (WNode t = wtail; t !'= null && t !'= h; t = t.prev)
if (t.status <= @)

q=t;

¥
if (g !'= null & (w = g.thread) != null)
LockSupport. unpark(w);



SF=29: EiEithSFuture

9 LeizitbRIEI IR

TERFRASIEEAISSINREE : RS RMEESFE RIS, S8t E—HA%E, it
MBAFIREESS, XE— P EAREE HEERE,

AESE-1 &zt
QB
)
PASL e
011]2]|3)|4|5]6¢6
ARLE-3 BEE-3
BETE-M
BREGE-N

BLIXF— PR, BILNIREESE:

1. \IIRESK? NRBLFRY, BERSAUAENIIFIES, JESHATER. IREE
FH9, SBNIRT 2/, ERSAEatE?

2. AEPRIEE N REER, EENSEMAY?

3. BIRIRHTESS, BMANBATI? IR FFHEAE?

4. ZHiFBEESHRR, SIERER—\REJE? HEFENEE? NRHNEZE, 0faEEE?

FIXJIE)R4, B3MnE:

1. MEFRZENG, RUER—MRIVZAEZERING, FIBZ/IREETIH]. SPAFIAZRT, 22
BPEZAEREEER—2) L, RREEREBWIITEIREHESER, WA,

2. AEFEFEZEAGY, (BTERAFISMNE. LAZiBAIBRSCIN 1 R/ IREEHHl,

3. fEFAREZERAS,

REAR, ME3RTE, MBS 7R EASE LR ZE/IGER IR, iR 7 HiA1895E
IR/ RS EAEANEIR. [EESaNL, B TFREHAY
ThreadPoolExector/ScheduledThreadPoolExecutorgBEETFHEERAFISESCINR, MAZE—RZAIBAG!,
ZEiit, SHBHFAIBZENSIFEIR LT,

10 ZiEithAYSE4ERIF R

SRR RIRARIA RN N ERTR:
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<<interface>>
Executor
execute(command : Runnable) :
void

<<interface>>
ExecutorService

submit(task : Callable) : Future
shutdown() : void

A

| <<interface> >
ThreadPoolExecutor ScheduledExecutorService

scheduleAtFixedRate(command : Runnable,
initialDelay : long,
period : long,
unit : TimeUnit) : ScheduledFuture
— scheduleWithFixedDelay(command : Runnable,
- initialDelay : long,
- delay : long,
- unit : TimeUnit) : ScheduledFuture

ScheduledThreadPoolExecutor

EXE, B MNMZOBIZE: ThreadproolExector #1 scheduledThreadroolExecutor , [FEARY
ALHITEMES, BB HITES.

RSN EMESS, E#YRSEI Runnable #1, BIidE EHERY Executor FZOHRY
execute(Runnable command) [AIZEFETIEAS(TSS.

A5, & Executorservice i, EX TEIEMAIXAEO shutdown) , IFENX THLABIREIE
BMES, iR callable, EESIFEMNE,

11 ThreadPoolExecutor

11.1 B OEIREN
BEFELAEHASCIEE, TEE&— FThreadPoolExectorfitz O EHELS .

pubTlic class ThreadPoolExecutor extends AbstractExecutorService {

1
2 Y

3 private final AtomicInteger ctl = new AtomicInteger(ctl1Of(RUNNING, 0));
4 // AFIAT S 1) FHZE B 1)

5 private final BlockingQueue<Runnable> workQueue;

6 // PR A A AR AT LR 1) 45

7 private final ReentrantLock mainLock = new ReentrantLock();

8 /] LIRS

9 private final HashSet<worker> workers = new HashSet<worker>();

10 /]

BE—MEFEE— M Worker¥dgs, WorkerZThreadPoolExectorfINERE, #OEUREMRINT
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1

N O v AW N

private final clas
Runnable {

// ...
final Thread t

s Worker extends AbstractQueuedSynchronizer implements

hread; // workeri3 (s

Runnable firstTask; // worker#i /15 14T 4%

volatile Tong

JJ coc

completedTasks; // Worker$ifr5e AT 55N 4L

HENSEI, Workerd##&TFAQS, tEFtEiHWorkerASFHE—IEH, XIEMBEHARLE? B
FEAZAIRE, LR TESIIIRES.

1.2 O ECE SRS
ThreadPoolExecutorfEETIE A EFIRE T LM OECESEL, KECEARRRIEISIETD.

€, ThreadPoolExecutor java

@ public ThreadPoolExecutor(int

int| maximumPoolSize |

10ng|keepAliveTime,|

TimeUnit unit,

BlockingQueue<Runnable>|w0erueue,|

ThreadFactory|threadFactory, |
RejectedExecutionHandler|handlerp {

if (corePoolSize < @ ||

maximumPoolSize <= @ ||

maximumPoolSize < corePoolSize ||

keepAliveTime < @)

throw new IllegalArgumentException();
1f (workQueue == null || threadFactory == null || handler == null)
throw new NullPointerException();

this.
this.
this.
this.
this.
this.

corePoolSize = corePoolSize;

maximumPoolSize = maximumPoolSize;

workQueue = workQueue;

keepAliveTime = unit.toNanos(keepAliveTime);
threadFactory = threadFactory;

handler = handler;

LFERNSNSE, BROT:

1. corePoolSize: TEZFEIHIREUEIFRIZIZ N,
2. maxPoolSize: fEcorePooSizeBi#. BAFIBHAIBIR T, # REEZEIE.,
3. keepAliveTime/TimeUnit: maxPoolSize FIIZSHEAZ, HERFTEERINTE, SDEF2HUEE

[BlcorePoolSize,

4. blockingQueue: ZEFEtBFTRIRIBAFISREL,

5. threadFactory: ZF2€IET), AIlLABENX, BEUAE
Executors.defaultThreadFactory() .

6. RejectedExecutionHandler: corePoolSizeEi#, PAFIE#, maxPoolSize BEi%, &EHIE

BRI,
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TEREXNEESHEESIRRIETE EAEIFR. EERELEEPRESHEE, B
WAL ERARAR

TB—: HMERISERES AT EFcorePoolSize, TNR/NF, NIFHFRLRENIT, WERXTF,
MFENLE .,

B FIMBATIEEER. R, W\, e, WHALE=.

TR= FIMHEISESEE AT HE T maxPoolSize, WER/NF, NFHFERLRENIT, WERKT,
NI,

LTI RIEEMERER, BBES.

BE—T: B5cHBicorePoolSize, EURFIMTblockingQueueREEi#, EEFIMTmaxPoolSize,
RE(FEFEMA5RRES.

REAR, XFAAE, ARAFIRTTHRE, BB SERILE=, tBElmaxPoolSizei&H
k== m—ZEZ:z:At:ZEUf&E%@o

11.3 SR

LHARRIRE, BREAEIRAEMNES. JXRA— MR R, BRZEREERTREME
5, BROEREEERZISERERES, FEWIIFERERERATAES. Eit, XASEATER
BHTRY, MEFE—MHBRITE, XibREIEttiI=EEmRREE.

1. &R R

7E)DK 70, 1BL&FEEE (workerCount) FIZAEWIAZE (runState) XN TEHEBFHEE—F
Eﬁiﬁ BictiZE, NTEMR, SEH3MIFEEAISTRT, ER2NIFMEELIZNEY., DK 64,
XN EER S THFER.

B&3{:: runState 529 : workerCount

Y
intZEMP ctIZTEE U F 326 R9E

€, ThreadPoolExecutor.java
private final AtomicInteger ctl = new AtomicInteger(ctlOF(RUNNING, wc: @)); .
private static final int COUNT_BITS = Integer.SIZE - 3;
private static final int COUNT_MASK = (1 << COUNT_BITS) - 1; WIMALRAE IR IRUNNING, 25285090

/7 runState is stored in the high-order bits
private static final int RUNNING = -1 << COUNT_BITS;

NIRRT

private static final int SHUTDOWN = @ << COUNT_BITS; SRR TARS
private static final int S70P = 1 << COUNT_BITS;
private static final int TIDYING = 2 << COUNT_BITS;
private static final int TERMINATED = 3 << COUNT_BITS;

MhctichfiEtrHrunStateFiworkerCount
/7 Packing and unpacking ctl

private static int runStateOf(int c¢) { return ¢ & ~COUNT_MASK; }
private static int workerCountQOf(int c) { return c & COUNT_MASK; }
private static int ctlOf(int rs, int wc) { return rs | wc; } «—— J§runStateflworkerCountHpi— a5
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B IR LA, ctlﬂ‘ﬂg%&iﬁﬁzﬂﬁ# BRI AR TREAEEIORTS, A9 TR
TERONEY, ZARERIIRSE R, 5],—ERUNNING SHUTDOWN, STOP. TIDYINGHQ
TERMINATED,

ERHPRSZBRNERIIRE, WNEF:

SHUTDOWN

shutdown() BABIFNSEES s

m shutdownNow() T'D\SNG terminated() TERMI;\IATED

PAFIFIE Rt o=

shutdownNow()

HFEHBEMANXTAE, shutdown(fIshutdownNow(), XN IESIHERE B ARRAA
. ENTIASE, &Rt ATZE, HATIDYING RZE, &EHIIT— N\ FAAterminated(), #HA
TERMINATEDIRZS, &fEitAEIEXAF,

XEARSEEE—NEEXRBAMSE: NNBIKER, -1, 0, 1, 2, 3, RENMPIRSEEKR
RSETRE, FfEEE, Fli0, JEETAASETIDYING=20], ETRR TR
TERMINATED=3, AAJgEIFEEISTOP=18EEMIRE,

B terminated()Z4h, SASERIRM THM/LMEF SR, XETTERISSIERR =M. NFRELH
HorEE, TUESX/LATIE:

1 protected void beforeExecute(Thread t, Runnable r) { }
2 protected void afterexecute(Runnable r, Throwable t) { }
3  protected void terminated() { }

2 [EiRXALIE TR

KALAEBANTFEA . A shutdown()g&E shutdownNow()Zf5, &IBBHASIZIEIXT, #
TREZEH awaitTermination() SREFLIREXE., KDL EENERSEBUOT:

1 // executor.shutdownNow();

2  executor.shutdown();

3 try {

4 boolean flag = true;

5 do {

6 flag = ! executor.awaitTermination(500, TimeUnit.MILLISECONDS);
7 } while (flag);

8 } catch (InterruptedException e) {

9 // ...
10 1}



awaitTermination(...) 5/ZBAEBLIRER, W TATR. AEEARFIEEERE A TREBRE
TERMINATED, $NERZE, HiRE]; MRAE, WEiTterminationfZ4H3TEHE—ERATE, Z/G4EEF

€ ThreadPoolExecutor.java

o = public boolean awaitTermination(long timeout, TimeUnit unit)
throws InterruptedException {
long nanos = unit.toNanos(timeout);

final ReentrantlLock mainLock = this.mainLock;
matnLock.TockO; HINFSIZRE, RERETERMINATED
try { /
while (runStatelLessThan(ctl.get(), TERMINATED)) {

if (nanos <= 0L)

return false;

nanos = termination.awaitNanos(nhanos);

}

return true;
} finally {
mainLock.unlock();

3.shutdown()5shutdownNow()BIX 3!

1. shutdown()ABESINGI, SFEFREESITR, shutdownNow()iEZSESBASY.
2. shutdown() RE = RIZFE, shutdownNow() &SRB FTE LR,

€, ThreadPoolExecutor java
=

of @] public void shutdown() {
final ReentrantLock mainLock = this.mainlLock;
mainLock.lock();  MNEi, #HR&EREZS
try {
checkShutdownAccess(); GEZEEXALE IR
advanceRunState( SHUTDOWN) ; EEE IR EM A SHUTDOWN
interruptIdleWorkers(); RHESFHETR

onShutdown(); " fook for ScheduledThreadPool Executor
} finally { BAE=EHETFIE
mainLock.unlock();
1
tryTerminate();



€, ThreadPoolExecutor java

JC! public List<Runnable> shutdownNow() {
List<Runnable> tasks;
final ReentrantlLock mainLock = this.mainlock;
mainLock.lock();  fngl, #R&ERSE
try {
checkShutdownAccess(); MGEERE XL EBRIVNRE
advanceRunState( STOP) ; {GEFEIRZRIZREHNSTOP
interruptWorkers(); HHfFTELE
tasks = drainQueue(); {FEHAFIIEE
} finally {
mainLock.unlock();
}
tryTerminate();
return tasks;

TEE— M LEERBESI RS RETT A SA20I XA,

shutdown()/5iE#AinterruptidleWorkers()/57AR935HL :

€, ThreadPoolExecutor.java

private void interruptIldleWorkers() {
interruptIdleWorkers( onlyOne: false);

€, ThreadPoolExecutor.java

private void interruptIdleWorkers(boolean onlyOne) {
final ReentrantlLock mainlLock = this.mainLock;
mainLock.lock();
try { anSRtryLockpilh, FREFRTE=RIATS,;
for (Worker w : workers) {  WIEAFHIN, FREEEEH, FERSTENMES
Thread t = w.thread;
if ('t.isInterrupted() && w.tryLock()) {
try {
t.interrupt();
} catch (SecurityException ignore) {

} finally {
w.unlock();

1

1

if (onlyOne)
break;

}
} finally {

mainLock.unlock();

}



FKEXFIREryLock(): —MAEERIT—MESZRI, S%idl, XEWRERERESHEMN, &
PFIBTHEAEREL TSRS, tryLockOMNSRERMMTI, RALIZGTRRES, BEAETEHS
5, BURKIE.

tryLock()J3i&
€ ThreadPoolExecutor.java
PUDLLL VOLU LOCKLJ 1 yUcyuLre ary. L); r
= public boolean tryLock() { return tr'yAchuir'e( unused: 1); }
mislaT e m vvma A saiaT aml ™ | g, R T B T |

tryAcquireJ53:

¢ ThreadPoolExecutor.java

of protected boolean tryAcquire(int unused) {
i1f (compareAndSetState( expect: @, update: 1)) {
setExclusiveOwnerThread(Thread. currentThread());
return true;

}

return false;

shutdownNow()JARR T interruptworkers(); J3i%:

¢ ThreadPoolExecutor.java

= private void |"Lnter'r'uptWor'ker'sO {
/7 assert mainlLock. isHeldByCurrentThread();
for (Worker w : workers)
w.interruptIfStarted();

interruptIfstarted() J3iEAISCIR

€, ThreadPoolExecutor.java

void interruptIfStarted() {
Thread t;
if (getState() >= 0 && (t = thread) !'= null && !t.isInterrupted()) {
ey L REEHT, FHEREREF, W—EhiR
t.interrupt();
} catch (SecurityException ignore) {

}

F LEERRASH, shutdown() FlshutdownNow()EBERE T tryTerminate()73i%, ¥ TFR:

1 final void tryTerminate() {



2 for (35) {

3 int ¢ = ctl.get();

4 if (isRunning(c) || runStateAtLeast(c, TIDYING) ||

5 (runstateLessThan(c, STOP) && ! workQueue.iseEmpty()))
6 return;

7 if (workercountof(c) != 0) { // Eligible to terminate

8 interruptidleworkers(ONLY_ONE);

9 return;
10 }
11 // FworkQueue X7, wordCountHOK!, AT FIAFLHE.
12 final ReentrantLock mainLock = this.mainLock;
13 mainLock.lock();
14 try {
15 // KREVIHE B TIDYINGIRA
16 if (ctl.compareAndsSet(c, ctlof(TIDYING, 0))) {
17 try {
18 terminated(); // T2
19 } finally {
20 ctl.set(ct1Of(TERMINATED, 0)); // FRAHTIDYINGH A

TERMINATED

21 termination.signalAl1(Q); // i%lawaitTermination(...)
22 }
23 return;
24 }
25 } finally {
26 mainLock.unlock();
27 }
28 // else retry on failed CAS
29 }

30  }

tryTerminate()Ai@ TR IEZTEH, REMT—TN: ZworkerCount50, workerQueue
=hY, STiISUBRZITIDYING, REERMEFGiAterminated(), HEFERITSEMES, EBIRSM
TIDYING 35 TERMINATED, #ZEREtermination.sinaglAll(), EXIRIEEZEEawaitTerminationfy
FrBRARELEE.

FrLA, TIDYINGFITREMINATEDRIX BIZRE & ZIEHIT T — MNMaFHiEkterminated(), BEIE—
NZSLH,

11.4 (ESHIRIEDT
TSI AT :

1 public void execute(Runnable command) {

2 if (command == null)

3 throw new NullPointerException();

4 int ¢ = ctl.get();

5 // WF A ELN T corepoolsize, NJEZhHTLE
6 if (workercCountof(c) < corePoolSize) {


af://n2450
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}

// ¥inmworker, JE¥commandikE Aworke rZEFE K — MESIFUHIAT -
if (addworker(command, true))

return;
c = ctl.getQ);

// WEREET TR RN T 82 T-corePool1Size, N HworkQueue.offerit AR\
if (isRunning(c) && workQueue.offer(command)) {

}

int recheck = ctl.get();
// WRLREMIEESE I, N command(T 5 MAFIR I, JEHE 45 command{T 451K .
if (! isRunning(recheck) && remove(command))
reject(command) ;
/7 TNBII G RIS RREPATAESS, R 4dE
else if (workercountof(recheck) == 0)
addworker(null, false);

// LR TmaxPoolsize, FFHBAFCiw, 8 FHTEL8 50
else if ('addworker(command, false))

reject(command) ;

[/ ZITEHT R ERE. WS A2 HC N true, fEHcorepoolsizefEy ERR, 7 NA#H
maxPool1Sizeff vy LR,
private boolean addworker(Runnable firstTask, boolean core) {

retry:

for (int c = ctl.getQ;;) {

yakst

LeFE RN

}

// WIS FE R A A ATHD & SHUTDOWNAISTOP, BRI —AMER A Enull, 3 TAERF

// WZmworkersr, ilEfalse
if (runStateAtLeast(c, SHUTDOWN)
&& (runstateAtLeast(c, STOP)
|| firstTask != null
| | workQueue.isEmpty()))
return false;

for (350 {
// TAEZFE#GAE] FIR, F 4 ZcorePoolSize®E 4 ZmaximumPoolSize, i3

if (workercountof(c)
>= ((core ? corePoolSize : maximumPoolSize) & COUNT_MASK))
return false;
// hnworker# &%), iR[AF retryi&a)
if (compareAndIncrementworkercCount(c))
break retry;
c = ctl.get(); // Re-read ctl
// WRLRE I TR £ SHUTDOWN, NI HE ik retrybrssiff), CAS
if (runstateAtLeast(c, SHUTDOWN))
continue retry;
// else CAS failed due to workerCount change; retry inner Toop

// worker$E N1k IN G, BHiElT:
boolean workerstarted = false;
boolean workerAdded = false;
worker w = null;

try {

// Frigworkertt 4
w = new Worker(firstTask);

// IRERFEX R



62 final Thread t = w.thread;

63 if (t !'= null) {

64 final ReentrantLock mainLock = this.mainLock;
65 // T

66 mainLock.lock(Q);

67 try {

68 // Recheck while holding Tlock.

69 // Back out on ThreadfFactory failure or if
70 // shut down before lock acquired.

71 int ¢ = ctl.get();

72

73 if (isRunning(c) ||

74 (runsStateLessThan(c, STOP) && firstTask == null)) {
75 // BHTEBECAKEEITY, TERE3, R

76 if (t.isAlive()) // precheck that t is startable
77 throw new IllegalThreadStateException();
78 // BELFEN N workerin Aworker& &

79 workers.add(w) ;

80 int s = workers.size();

81 if (s > largestPoolSize)

82 largestPoolSize = s;

83 workerAdded = true;

84 }

85 } finally {

86 [/ I

87 mainLock.unTock();

88 }

89 // R Iworker I, MJEshiZworke rid v 1L

90 if (workerAdded) {

91 t.start(Q;

92 workerStarted = true;

93 b

94 }

95 } finally {

96 // TR A BT R R

97 if (! workerstarted)

98 // workCount - 1

99 addworkerFailed(w);
100 }
101 return workerStarted;
102  }

1.5 ESRIIT ISR PR

FLEEESRERIRES, e ia— 1 #ilIWorker, FBIESAKBAEfirstTasklizs
Worker, {BXfF—\Workerskifi, AERWIT—MES, MERER IzFEﬂBMB)\ﬁ'JEF'ERERWT, X2
— PNAREEIRAIIDEE.

TEREWokerf9run() 5 AR9LINIFE,

1 private final class Worker extends AbstractQueuedSynchronizer implements
Runnable {

2 // Hniworkerit G A LT

3 final Thread thread;
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// BREFBEZITHRE —MES. ATlZEnuTT, @REZnull, MWZFEMBAGIFRIES
Runnable firstTask;

// EREREPAT R ME S HE, SRR s

volatile Tong completedTasks;

/:‘::‘:
* fFH A B —MES R H TR T G Hworke rai il
* @param firstTask ZRFEMIH—MEE, WHEA, BEE null, B 2R 2 MEAF)
IREUAESS

*/
worker(Runnable firstTask) {
setState(-1); // Z&FEATIHILRE, HHrunworke rft i {s b ik
this.firstTask = firstTask;
this.thread = getThreadFactory().newThread(this);

// Vi ThreadpPoolExecutorffjrunworker s i AT FEIE1T
public void run() {
runworker(this);

final void runworker(Worker w) {
Thread wt = Thread.currentThread();
Runnable task = w.firstTask;
w.firstTask = null;
// Tiiworke rishds 2
w.unlock();
boolean completedAbruptly = true;
try {
[/ WREREYIEAES A Rnul T, Bl MAFEREURAES A nul ], RRIELKIENAZHATIE

%o
while (task != null || (task = getTask()) != null) {
// FREUEFESS
w.lock(Q);
// REFRMAZIL T, R FEGL
[/ WREFEMIELEIZAT, MIREFEA B+ W
if ((runstateAtLeast(ctl.get(), STOP) ||
(Thread.interrupted() &&
runStateAtLeast(ctl.get(), STOP))) &&
lwt.isInterrupted())
// FRBEUES G, HORRELEIRE, R RNEREbE 2R, MG EHAK
S5

wt.interrupt(Q;
try {
[/ AEEPATZ BT 738, SEBUN S
beforeExecute(wt, task);
try {
task.run(Q);
// ARSPATE RGBT 75, SR
afterexecute(task, null);
} catch (Throwable ex) {
aftereExecute(task, ex);
throw ex;
3
} finally {
// AFSPATER, FrtaskiE null
task = null;



59 // BIECTERHMESEIN1

60 w.completedTasks++;
61 // REREFESS

62 w.unTock();

63 }

64 }

65 // FIMERE R TR IERIRH

66 completedAbruptly = false;
67 } finally {

68 // Workerigt

69 processworkerexit(w, completedAbruptly);
70 }

71 %

1.shutdown()5ESHITERES B

IEESHPTIIREN LERNZAE IR SRS SEREITON, SEA shutdown(RYEHE, ATEE
HIATUMIZ R :
1. ZiERshutdown(RIRTIR, FRIELAZERL TR,

XEHREESIII—ERTH. S, FrB%iZEi<iEZEE getTask()/FERIMS. G, Fi
BEAEEPE interruptidleWorkers()&RAIFRHES, getTask(iREInull, FrBWorker#B
SIBHwhilef&iR, ZEHfTprocessWorkerExit,

2. ZiFMAshutdown(RIRHR, FTELAEEBLTIIRIRTES.

IS, BAZIETRER =AY, tBrlReRIE=HY. interruptidleWorkers()PIEBAYtryLockiE RS,
HLEAEM, FELESREHITECHINES. ZEFEAESIITAYIFANES,
BERIBASIAZR, getTask()A<iRENull, ZfE, #HFHHE1—H7T, 1IBHwhilefER,

3. HiFAAshutdown( AR, BPDAIRICER, SPOEETH.

BEPREAETAR, RIANII—ERTHY, XELAEEEMRER getTask()75iERES. =AY
XELRELAVRR R, FRNLAESIHR2—HNIE,

TEE— T getTask() T EHIRERARTS :

1 private Runnable getTask() {

2 boolean timedout = false; // Did the last pol1() time out?
3

4 for (;) {

5 int ¢ = ctl.getQ);

6

7 // WRELIEBEE T shutdownNow (), i&[Elnull

8 // WREREMIHA T shutdown ), FFHAESBAFI A, HMikENU]

9 if (runStateAtLeast(c, SHUTDOWN)

10 && (runstateAtLeast(c, STOP) || workQueue.isEmpty())) {
11 [/ TAELFEE—

12 decrementworkercCount();

13 return null;



14 }

15

16 int wc = workercountof(c);

17

18 // Are workers subject to culling?

19 boolean timed = allowCoreThreadTimeout || wc > corePoolSize;
20

21 if ((wc > maximumPoolSize || (timed && timedout))

22 && (wc > 1 || workQueue.iseEmpty())) {

23 if (compareAndDecrementworkercCount(c))

24 return null;

25 continue;

26 }

27

28 try {

28 // WRFINZS, i %Epool 8 take, i AR E], 5 A A I
30 // — B, bR, NN Esog .

31 Runnable r = timed ?

32 workQueue.pol1(keepAliveTime, TimeUnit.NANOSECONDS) :
33 workQueue.take();

34 if (r !'= null)

35 return r;

36 timedout = true;

37 } catch (InterruptedException retry) {

38 timedout = false;

39 }

40 }

41 | }

2.shutdownNow() S{ESHITERRES SR

M_EERT shutdown(KMEl, REZT—MAT, BIEEESAY. MR- NEAZEEHRITR NS
1S, BEEERETEES, iER, REFeBABITTm. Bit, PE=REEMhhRE
SRERNXBIAAREA, BRAFEAESRIRIFREER M.

LH—MWorkerRZBHAIAHE, SHITEETIE:

1 private void processworkerexit(wWorker w, boolean completedAbruptly) {
2 // WMRERIEFERH, ASPITiFER, XE—REFEERERE, FEHworker=im—
3 if (completedAbruptly)

4 decrementworkercount();

5 final ReentrantLock mainLock = this.mainLock;

6 mainLock.lock();

7 try {

8 completedTaskCount += w.completedTasks;

9 // KB Cworker NE ST
10 workers.remove(w) ;
11 } finally {
12 mainLock.unlock();
13 }
14 [/ EAEREIES R BRHMEE 2 WM Z 7, BB T iR i

15 tryTerminate();



16 int ¢ = ctl.get();

17 // RSB AT, KRINERIWEIRA K]
18 if (runStateLessThan(c, STOP)) {
19 if (!completedAbruptly) {
20 int min = allowCoreThreadTimeout ? 0 : corePoolSize;
21 // R A BA AR T, I HARS A AES
22 if (min == 0 && ! workQueue.isEmpty())
23 min = 1;
24 [/ MR TAELEEON T min, FoRBAFIHAFS5 0] DL AR ZRFEPAT, 1B AT 2R
25 if (workercountof(c) >= min)
26 return; // replacement not needed
27 }
28 // AR RARR H AR MR B AA GE W, ARSI IIA R, WA H AR AT
29 // SRR — AR
30 addworker(null, false);
31 }
32}
11.6 ZiZithRY4FhIELE SRR

FEexecute(Runnable command)ER/S, JERA T rejecticommand)FiTIEMASEER, KB FA:

€, ThreadPoolExecutor.java
5

else i1f (laddWorker(command, core: false))

reject(command);

¢ ThreadPoolExecutor.java

=  final void reject(Runnable command) {
handler.rejectedExecution(command, executor: this);

handlergi2FA 1T LIS EHIEA RIS SRS

€, ThreadPoolExecutor java

= private volatile RejectedExecutionHandler hcmd'Ler';

RejectedExecutionHandler —MEM, EX TIRISEHL, HRIRIRIMFRAGELER, HAR
AbortPolicy,


af://n2488

1 package java.util.concurrent;

2  public interface RejectedExecutionHandler {

3 void rejectedExecution(Runnable r, ThreadPoolExecutor executor);
411

ThreadPoolExecutorZEhZRIARISCINE |

€, ThreadPoolExecutor. java I RejectedExecutionHandler.java

@ public ThreadPoolExecutor(int corePoolSize,
int maximumPoolSize,
long keepAliveTime,
TimeUnit unit,
BlockingQueue<Runnable> workQueue) {

this(corePoolSize, maximumPoolSize, keepAliveTime, unit, workQueue,
Executors. defaul tThreadFactory(), dbfhudfhbndler);

€, ThreadPoolExecutor java I RejectedExecutionHandler java

private static final RejectedExecutionHandler defaultHandler =
new AbortPolicy();

PO SRERAOSEEACAZA0 T :

RIR: EREEREECHSEENT, SEtANE, NRIERTRE, Ehts T, IR
RE CERIFIE:

€, ThreadPoolExecutor.java 1 RejectedExecutionHandlerjava

public static class CallerRunsPolicy implements RejectedExecutionHandler {

SEE
* Creates a {@code CallerRunsPolicy}.
*/

public CallerRunsPolicy() { }

EE
¥ Executes task r in the caller's thread, unless the executor
* has been shut down, in which case the task 1s discarded.
*
* @param r the runnable task requested to be executed
* @param e the executor attempting to execute this task
*/
of public void rejectedExecution(Runnable r, ThreadPoolExecutor e) {
1f (le.isShutdown()) {
r.run();

HREg2: KBS E:



€, ThreadPoolExecutor java 1. RejectedExecutionHandler java

Yoo
2039 public static class AbortPolicy implements RejectedExecutionHandler {
2040 Vi
2041 * Creates an {@code AbortPolicy}.
2042 */
2043 public AbortPolicy() { }
2044
2045 SEE
2046 * Always throws RejectedfxecutionException.
2047 *
2048 * @param r the runnable task regquested to be executed
2049 * @param e the executor attempting to execute this task
2050 * @throws RejectedExecutionException always
2051 */
2052 ®f public void rejectedExecution(Runnable r, ThreadPoolExecutor e) {
2053 throw new RejectedExecutionException("Task " + r.toString() +
2054 " rejected from " +
2055 e.toString());
2056 3
2057 }
RER3: SADMEEERES, MAMBEARR:
€, ThreadPoolExecutor.java 1. RejectedExecutionHandler.java
(7149
2063 public static class DiscardPolicy implements RejectedExecutionHandler {
2064 S
2065 * Creates a {@code DiscardPolicy}.
2066 */
2067 public DiscardPolicy() { }
2068
2069 Vb
2070 * Does nothing, which has the effect of discarding task r.
2071 *
2072 * @param r the runnable task requested to be executed
2073 * @param e the executor attempting to execute this task
2074 */
2075 ®f public void rejectedExecution(Runnable r, ThreadPoolExecutor e) {
2076 3
2077 1
RE&4: MBRAAFIFERRANES, BHRIESAT:



€, ThreadPoolExecutor.java 1. RejectedExecutionHandler.java

public static class DiscardOldestPolicy implements RejectedExecutionHandler {
SR
* Creagtes a {@code DiscardOldestPolicy} for the given executor.
*/
public DiscardOldestPolicy() { }

/**
¥ Obtains and ignores the next task that the executor
* would otherwise execute, 1f one 1s 1mmediately available,
* and then retries execution of task r, unless the executor
¥ 1s shut down, in which case task r i1s instead discarded.

* @param r the runnable task requested to be executed
* @param e the executor attempting to execute this task
*/
Jl public void rejectedExecution(Runnable r, ThreadPoolExecutor e) {
if (le.isShutdown()) {
e.getQueue().poll();
e.execute(r);

}
}
1
ks

T HlEERs:

1 package com.lagou.concurrent.demo;

2

3 import java.util.concurrent.ArrayBlockingQueue;

4 dmport java.util.concurrent.ThreadPoolExecutor;

5 import java.util.concurrent.TimeUnit;

6

7  public class ThreadPoolExecutorbDemo {

8 public static void main(string[] args) {

9 ThreadPoolExecutor executor = new ThreadPoolExecutor(
10 3,
11 5,
12 1,
13 TimeuUnit.SECONDS,
14 new ArrayBlockingQueue<>(3),
15  // new ThreadPoolExecutor.AbortPolicy()
16 | // new ThreadPoolExecutor.CallerRunsPolicy()
17 // new ThreadPoolExecutor.DiscardoldestPolicy()
18 new ThreadPoolExecutor.DiscardPolicy()
19 );
20
21 for (int i = 0; i < 20; i++) {
22 int finall = i;
23 executor.execute(new Runnable() {
24 @override
25 public void run() {
26 System.out.printin(Thread.currentThread().getid() + "["

+ finall + "] -- 5" ;

27 try {

28 Thread.sleep(5000);



29 } catch (InterruptedException e) {

30 e.printStackTrace();

31 }

32 System.out.printin(Thread.currentThread().getid() + "["
+ finall + "] -- &HE"™);

33 }

34 55

35 try {

36 Thread.sleep(200);

37 } catch (Interruptedexception e) {

38 e.printStackTrace();

39 }

40 }

41

42 executor.shutdown();

43 boolean flag = true;

44

45 try {

46 do {

47 flag = !executor.awaitTermination(l, TimeUnit.SECONDS);

48 System.out.printin(flag);

49 } while (flag);

50 } catch (InterruptedException e) {

51 e.printStackTrace();

52 }

53

54 System.out.printIn("&fREBRHLT. - - ");

55 System.out.printin(Thread.currentThread().getid());

56 }

57 | }

12 Executors TE*

concurrent8 Rt T Executors TEZE, FBEALISREZFHARERENNLIELD.

12.1 [UFp3ILL

B RRRERARI
€ Executors.java
@NotNull
@ public static ExecutorService newSingleThreadExecutor() {

return new FinalizableDelegatedExecutorService
(new ThreadPoolExecutor( corePoolSize: 1, maximumPoolSize: 1,
keepAliveTime: @L, TimeUnit.MILLISECONDS,
new LinkedBlockingQueue<Runnable>()));

RSl E N T EN


af://n2523
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€ Executors.java
7

@ public static ExecutorService newFixedThreadPool(int nThreads) {
return new ThreadPoolExecutor(nThreads, nThreads,
keepAliveTime: @L, TimeUnit.MILLISECONDS,
new LinkedBlockingQueue<Runnable>());

BERIE—MEKR, HEIE— R

€, Executors.java

@NotNull
@ public static ExecutorService newCachedThreadPool() {
return new ThreadPoolExecutor( corePoolSize: @, Integer.MAX_VALUE,
keepAliveTime: 6@0L, TimeUnit.SECONDS,
new SynchronousQueue<Runnable>());

B B A R EINRERZAET

€, Executors.java
@NotNUll
@ public static ScheduledExecutorService newSingleThreadScheduledExecutor() {
return new DelegatedScheduledExecutorService

(new ScheduledThreadPoolExecutor( corePoolSize: 1));

ZHHE, BREINRENLAED:

€, Executors.java

@NotNUIl
@ public static ScheduledExecutorService newScheduledThreadPool(int corePoolSize) {
return new ScheduledThreadPoolExecutor(corePoolSize);
}
12.2 RAF3EH

FRIRENILAZE, HSCERRMAREAY LN RREESAECETART.

£ (FIEEEjavaFF&FEM) &, BERZEIE{FERExecutorsfIE&AE, HERFTAEEEZEGER
ThreadPoolExectorgScheduledThreadPoolExecutorift{TElzE. XIFHE N T BT A ZIERE&TET
BT, FEENSIEENENEESHEMBIOTER, LR ERA X MmIEkEFRERAIX

Bz,

13 ScheduledThreadPoolExecutor

ScheduledThreadPoolExecutorSCHl 7 &R EEE SEHT(ESS

1. EERPUTIESS
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af://n2546

€ ScheduledThreadPoolExecutor.java

o public <V> ScheduledFuture<V> schedule(Callable<V> callable,
long delay,
TimeUnit unit) {

€. ScheduledThreadPoolExecutor.java

I public ScheduledFuture<?> schedule(Runnable command,
long delay,
TimeUnit unit) {

2. FEERRTESS

€, ScheduledThreadPoolExecutor java

J] public ScheduledFuture<?> scheduleAtFixedRate(Runnable command,
long initialDelay,
long period,
TimeUnit unit) {

€, ScheduledThreadPoolExecutor java

J) public ScheduledFuture<?> scheduleWithFixedDelay(Runnable command,
long initialDelay,
long delay,
TimeUnit unit) {

X5EIa0TF:
AtFixedRate: ZEEIERIT, SESASHITIRIETRX, BEMEHESYE, ESHITIIESEUN
FiabEadiEl, FlanarREadiEREss, EosHTIRES, ESHHITRERINT5s,

WithFixedDelay: ZEEERHIT, SESABHTHEEX. HlIN, ESASHITAIER0s,
BfE2s, W F—XFEITRIRIERZ2s.

13.1 EERRATHIR AR IR TRYIRIE

ScheduledThreadPoolExecutord4/& 7 ThreadPoolExecutor, XEbkE B RZBHIEEREHIRN
ThreadPoolExecutor@EA—#H, P RUMAsCIZERHTESFIEEERITESAIE?

FERHITESHKEERIEDelayQueue, DelayQueue BlockingQueuefd—ff, ESIREE "X
i&o

AR TESRIVT—MESZE, BERESHRENESIAGIS, SALtRiRT LA —MES
REHIT.

ANXEFH&EFEHADelayQueue, MEEScheduledThreadPoolExecutorIEBN LI 7 —MFE
f9DelayQueue,

€. ScheduledThreadPoolExecutor.java
-
static class DelayedWorkQueue extends AbstractQueue<Runnable>
implements BlockingQueue<Runnable> {
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HIR#EMDelayQueue—#f, BEFAHESHIEGHHIT U, TEEEHERMITIHERERTR
SCHITFE.

13.2 FERT

€. ScheduledThreadPoolExecutor.java

o public ScheduledFuture<?> schedule(Runnable command,
long delay,
TimeUnit unit) {
if (command == null || unit == null)
throw new NullPointerException();
RunnableScheduledFuture<Void> t = decorateTask(command,
new ScheduledFutureTask<Void>(command, result: null,
triggerTime(delay, unit),
sequencer.getAndIncrement()));
delayedExecute(t);
return t;

EHERIZE—Runnable, SMNZERATEdelay, FEREREITdecorateTask(...)/5iEERunnablefd
#p— " ScheduleFutureTask¥dg:, MiDelayedWorkQueuerZHAIIE BXFPSERIAINISR, XFPSEE
AIRIER—ESLI T Delayediz .

€, ScheduledThreadPoolExecutor.java

private void delayedExecute(RunnableScheduledFuture<?> task) {
if (isShutdown())
reject(task);
else {
super.getQueue().add(task); J5ScheduledFutureTaskFIAIAF
if ('canRunInCurrentRunState(task) && remove(task))
task. cancel( maylnterruptlfRunning: false);
else
ensurePrestart();

€ ScheduledThreadPoolExecutor.java €_ ThreadPoolExecutor.java
v

void |ensur'ePr'es-tar't() { #nEwc/\FeorePoolSize, Ml
int wc = workerCountOf(ctl.get()); addWork, FE, B4
if (wc < corePoolSize) A
addWorker( firstTask: null, core: true);
else 1f (wc == @)
addWorker( firstTask: null, core: false);
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N EERIRIEHEILIE, schedule(5iEARBRER, MRILERAIRUNNablefE55NLdelayhy
i8], ¥EHARkScheduledFutureTaskXd&R, A DelayedWorkerQueueds, {FEMIHITIHIEEAEE R
ThreadPoolExecutor, FERAVIEHIREEDelayedWorkerQueueNEB5ERkAY.

13.3 [FAHAEAT

€, ScheduledThreadPoolExecutor. java

of public ScheduledFuture<?> scheduleWithFixedDelay(Runnable command,
long initialDelay,
long delay,
TimeUnit unit) {
if (command == null || unit == null)
throw new NullPointerException();
if (delay <= 0@L)
throw new IllegalArgumentException();
ScheduledFutureTask<Void> sft =
new ScheduledFutureTask<Void>(command,
result: null,
triggerTime(initialDelay, unit),
-unit.toNanos(delay), %l
seguencer.getAndIncrement());
RunnableScheduledFuture<Void> t = decorateTask(command, sft);
sft.outerTask = t;
delayedExecute(t);
return t;

€. ScheduledThreadPoolExecutor.java

o] public ScheduledFuture<?> scheduleAtFixedRate(Runnable command,
long initialDelay,
long period,
TimeUnit unit) {

if (command == null || unit == null)
throw new NullPointerException();
if (period <= 0L)
throw new IllegalArgumentException();
ScheduledFutureTask<Void> sft =
new ScheduledFutureTask<Void>(command,
result: null,
triggerTime(initialDelay, unit),
unit.toNanos(period), TF%
seguencer.getAndIncrement());
RunnableScheduledFuture<Void> t = decorateTask(command, sft);
sft.outerTask = t;
delayedExecute(t);
return t;

FMischedule(...) /T EHIESRREA—HE, tBEG%E—ScheduledFutureTask¥ds:, REMFIERES
Bz T— N EESE, B\ DelayedWorkerQueueFiEER T .
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PN ZERIXBIET—MEANREHR— M, B—MENRERIR—NES, IHABXEM
g?

BFERESFSIS/9sequencer, BllEScheduledFutureTaskAYRTE(FHERS :

€. ScheduledThreadPoolExecutor.java

private static final AtomiclLong seguencer = new AtomiclLong();

1 private class ScheduledFutureTask<v>
2 extends FutureTask<v> implements RunnableScheduledFuture<v> {
3 private final long sequenceNumber;
4 private volatile long time;
5 private final long period;
6
7 ScheduledFutureTask(Runnable r, Vv result, long triggerTime,
8 long period, long sequenceNumber) {
9 super(r, result);
10 this.time = triggerTime; // ZEiLI[a]
11 this.period = period; //
12 this.sequenceNumber = sequenceNumber;
13 }
14
15 // S:¥lpelayedfl]
16 public Tong getDelay(Timeunit unit) {
17 return unit.convert(time - System.nanoTime(), NANOSECONDS);
18 }
19
20 // S<Plcomparablefkll
21 public int compareTo(Delayed other) {
22 if (other == this) // compare zero if same object
23 return 0;
24 if (other instanceof ScheduledFutureTask) {
25 ScheduledFutureTask<?> x = (ScheduledFutureTask<?>)other;
26 Tong diff = time - x.time;
27 if (diff < 0)
28 return -1;
29 else if (diff > 0)
30 return 1;
31 // FERB RS, BB RS
32 else if (sequenceNumber < x.sequenceNumber)
33 return -1;
34 else
35 return 1;
36 }
37 Tong diff = getDelay(NANOSECONDS) - other.getDelay(NANOSECONDS) ;
38 return (diff < 0) ? -1 : (diff >0) 2 1 : 0;
39 }
40
41 // SEBRunnablef
42 pubTlic void run(Q) {
43 if (!canRunInCurrentRunState(this))
44 cancel(false);
45 [/ WERARFIAAT, WHAT K
46 else if (!isPeriodic())

47 super.run();



48 // IRGESRAT, WER R T XIS4T RN A, EE A BAS

49 else if (super.runAndrReset()) {
50 setNextRunTime();

51 reExecutePeriodic(outerTask);
52 }

53 }

54

55 // FIRATIN TR]

56 private void setNextRunTime() {

57 Tong p = period;

58 if (p > 0)

59 time += p;

60 else

61 time = triggerTime(-p);

62 }

63 1}

64

65 // F—ikfulk st E]
66 Tlong triggerTime(long delay) {

67 return System.nanoTime() +

68 ((delay < (Long.MAX_VALUE >> 1)) ? delay : overflowFree(delay));
69  }

70

71 // BEIAFIF, RN —IRPUT
72 void reexecutePeriodic(RunnableScheduledFuture<?> task) {

73 if (canRunInCurrentRunState(task)) {

74 super.getQueue() .add(task);

75 if (canRunInCurrentRunState(task) || !remove(task)) {
76 ensurePrestart();

77 return;

78 }

79 }

80 task.cancel(false);

81 1}

withFixedDelay#latFixedRatefYX BIFL AT EsetNextRunTime B H,
R RatFixedRate, period >0, T—XFEHITHIEIET _ E—IRFF iRt THIE+period;

NERZEwithFixedDelay, period < 0, T XRFAHITAIEIE FtriggerTime(-p), Janow+(-
period), nowBl E—RHITRILEERATIEL,

14 CompletableFuturefi%

MIDK 8FF85, fEConcurrentBARE T —NMEARIIRERIZT ECompletableFuture, 7E)DK8Z
B, SERETLUBSEEBIFutureS €I, BINAEIARILEK,

EMRS :

1 package com.lagou.concurrent.demo;

2

3 dmport java.util.concurrent.CompletableFuture;
4 dmport java.util.concurrent.ExecutionException;
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pubTlic class CompletableFutureDemo {
public static void main(String[] args) throws ExecutionException,
InterruptedException {
CompletableFuture<string> future = new CompletableFuture<>();

new Thread(() -> {
try {
Thread.sTeep(1000);
} catch (Interruptedexception e) {
e.printStackTrace();
}
future.complete("hello world");
P .start();

System.out.printIn("IHEERF., . o ");
String result = future.get();
System.out.printIn("SREKLE R

+ result);

CompletableFutureSCHl 7 Future [, FRLABBEGFuturefRHYE:: JERget()3A=EZEEHB,
BHEERRE,

BIM AR completersikTemizFuture, NIFTAEZEEget(7TZRISAZEBIGIRGIR ISR,

14.1 runAsync5supplyAsync
LEOBIFR—ENES, TESHRR—ENES, ARSFERIRE.

f11: runAsync(Runnable)

package com.lagou.concurrent.demo;

import java.util.concurrent.CompletableFuture;
import java.util.concurrent.ExecutionException;

pubTlic class CompletableFuturebDemo2 {
pubTlic static void main(String[] args) throws ExecutionException,
InterruptedException {
CompletableFuture<void> voidCompletableFuture =
CompletableFuture.runAsync(() -> {
try {
Thread.sTeep(2000);
System.out.printin("{F&HAT 72" ;
} catch (Interruptedexception e) {
e.printStackTrace();

5)e

// PBHEE, FFHESIAT TR
voidCompletableFuture.get();
System.out.printIn("fEFET4iH") ;
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20 }
21}

CompletableFuture.runAsync(.. f& ABIE—RunnableEZ .

f2: supplyAsync(Supplier)

1 package com.lagou.concurrent.demo;

2

3 dmport java.util.concurrent.CompletableFuture;

4 dmport java.util.concurrent.ExecutionException;

5 import java.util.concurrent.TimeuUnit;

6 import java.util.function.Supplier;

7

8 public class CompletableFuturebDemo3 {

9 public static void main(String[] args) throws ExecutionException,

InterruptedException {
10 CompletableFuture<string> future = CompletableFuture.supplyAsync(new
Supplier<string>() {

11 @override
12 public string get() {

13 try {

14 TimeUnit.SECONDS.sleep(2);

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

17 }

18 return "IXRZER";

19 }

20 s

21

22 String result = future.get();

23 System.out.printIn("{EEHITLEE: " + result);
24 }

25}

BIAIGNIXBIET, GIRRYESHEIREIE. REREERES, BRAZRunnable, IREIRYE
CompletableFuture<Void>; BIREEANES, IBIZHIZ Supplier, IREINZE
CompletableFuture<String>, SupplierfIgIERICallablefRHE{A,

B EEREANMITFEIUEY, EEANAELE, CompletableFuturefIFuturefRAEIN, #BRTLAERAZ
FRES: —KETREIER, B—REHRREIER.

14.2 thenRun, thenAcceptflithenApply

X4F Future, FERRRESZE, REEEA get(FLEFRIRE], {EXSF CompletableFuture, BJLAE
ZR FEBM—"callback, HBRIZERZE, BiEEEH Tcallback,

f511: thenRun(Runnable)

1 package com.lagou.concurrent.demo;
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import java.util.concurrent.CompletableFuture;
import java.util.concurrent.ExecutionException;
import java.util.concurrent.Timeunit;

pubTlic class CompletableFuturebDemo4 {
public static void main(String[] args) throws ExecutionException,
InterruptedException {
CompletableFuture voidCompletableFuture =
CompletableFuture.supplyAsync(() -> {
try {
Thread.sleep(5);
} catch (InterruptedException e) {
e.printStackTrace();
h
return "XELER";
P .thenRun(() -> {
try {
Thread.sleep(2);
} catch (InterruptedException e) {
e.printStackTrace();

System.out.printTn("fEEHATE R Z FHATINIER") ;
b

// PHEEERHESPAT 5E R
voidCompletableFuture.get();
System.out.printTn("{E5HATER") ;

ZEHIRETRERNEIER, RREE—null,

f512: thenAccept(Consumer)

package com.Tlagou.concurrent.demo;

import java.util.concurrent.CompletableFuture;
import java.util.concurrent.ExecutionException;
import java.util.function.Consumer;

pubTlic class CompletableFuturebDemo5 {
public static void main(String[] args) throws ExecutionException,
InterruptedException {
CompletableFuture<void> future = CompletableFuture.supplyAsync(() ->

try {
Thread.sleep(5000);

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

}

System.out.printIn("iR[F[H[ELEHE") ;

return "X E";

}) .thenAccept((param) -> {
try {



Thread.sleep(2000);
} catch (InterruptedException e) {
e.printStackTrace();
h;
system.out.printTn("fE&PAT EHRARTEH I HEIZE: " + param) ;
i3 H
// BRZESERHAT S5 PAT 52 B
future.get();
Ssystem.out.printIn(YE5&HAT ") ;

EiRCEE#EthenAccept P RILBRBUESHIFUTER, BEHITIE.

f513: thenApply(Function)

package com.lagou.concurrent.demo;

import java.util.concurrent.CompletableFuture;
import java.util.concurrent.ExecutionException;
import java.util.function.Function;

public class CompletableFutureDemo6 {
public static void main(String[] args) throws ExecutionException,
InterruptedException {
CompletableFuture<Integer> future = CompletableFuture.supplyAsync(()
-> {
try {
Thread.sTeep(5000);
} catch (Interruptedexception e) {
e.printStackTrace();
3
System.out.printTn("i&[m LR ;
return "abcdefg";
}) .thenApply(new Function<String, Integer>() {
@override
public Integer apply(String middle) {
try {
Thread.sleep(2000);
} catch (InterruptedException e) {
e.printStackTrace();
3
System.out.printTn("SRHCFEZ R, HrEIRE") ;

return middle.length(Q;
b;

Integer integer = future.get();
System.out.printIn("H&M4ER N: " + integer);



=MIFEREESTRMZ /R, BEMMTEE, RERERIFAAR:
1. thenRunFHERINZ— NS, FRENERYTSIE, BIRunnable, FTLARAZANRENER

CompletableFuture<Void>3&#!,

2. thenAccept/aEIIRAIR—MESE. TIRENERISE, FRAAConsumer, REEHEZ
CompletableFuture<Void>2£81, EENX, REFEAE, ATLAFRAIConsumer; BIEAY
Supplier, @78%, BIREWE, REA#, FConsumerRIiFHER.

3. thenApply FEIRAIR—MESE. BIRENERITTZ, FR/Function, REHER

CompletableFuture<String>2&8Y,

MESEIRIEIRRI—MESS, BD supplyAsync(. ) iXMESHIREIE. FELXERREE
supplyAsync, AgeFrunAsync, EArunAsyncigBIRENE, ABEANT—MERDEENSH.

14.3 thenCompose5thenCombine

f511: thenCompose

E EmERBIFF, thenApplyiEAIZ2— 1 Function, {BEX/ MFunctionfUiREEE—MEENE

AEWEXRBH— TR, MARBIM CompletableFuture, %8R Function FIREHEHBE—
CompletableFuture, FieHIERERICompletableFuture, &EETEAGIF:

1 completableFuture<CompletableFuture<Integer>> future =
CompletableFuture.supplyAsync(new Supplier<string>() {

2 @override

3 public Sstring get(Q) {
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4 return "hello world";

5 }

6 }).thenApply(new Function<String, CompletableFuture<Integer>>() {
7 @override

8 public CompletableFuture<Integer> apply(String s) {

9 return CompletableFuture.supplyAsync(new Supplier<Integer>() {
10 @override
11 public Integer get() {
12 return s.lengthQ);
13 }
14 15
15 }
16 1);
17

18 cCcompletableFuture<Integer> futurel = future.get();
19 Integer result = futurel.get(Q);
20 system.out.println(result);

WNERAEREIEE—MEHERICompletableFuture, BJLASEFthenCompose:

1 cCompletableFuture<Integer> future = CompletableFuture.supplyAsync(new
Supplier<string>() {

2 @override

3 public String get() {

4 return "hello world";

5 }

6 }).thenCompose(new Function<String, CompletionStage<Integer>>() {
7 @override

8 public CompletionStage<Integer> apply(String s) {

9 return CompletableFuture.supplyAsync(new Supplier<Integer>() {
10 @override
11 public Integer get() {
12 return s.lengthQ);
13 }
14 s
15 }
16  1);
17 1Integer integer = future.get();
18 System.out.println(integer);

TEZthenComposes5EZHJEOEN :

€ CompletableFuture.java 1, CompletionStage.java
7
Ji public <U> CompletionStage<U> thenCompose

(Function<? super T, 7 extends CompletionStage<U>> fn);

CompletableFuturesrAYsEIR :



€, CompletableFuture.java

Jl public <U> CompletableFuture<U> thenCompose(
Function<? super T, ? extends CompletionStage<U>> fn) {
return uniComposeStage( e: null, fn);

MZITENENATLUEL, EEANNSEHE—Function38, HEFunctionfiREELRZ
CompletionStageAd+3E, tHHiRCompletableFuture3siy,

f52: thenCombine

thenCombine7Z/EAUEOENXINT, MEANRNSHAILIEY, EAETthenCompose.

€ CompletableFuture.java I, CompletionStage java
-
Ji public <U,V> CompletionStage<V> thenCombine

(CompletionStage<? extends U> other,
BiFunction<? super T,? super U,? extends V> fn);

FIPNSHE—CompletableFuturezt®y, FE2NESEE— AL, HEE— BiFunction, thHf
BIZIEB2MNMASE, 11MNRENE.

MiZIZEORIE N ETLAKEGHEN, ©REA21 CompletableFuture TR /g, 1824
CompletableFutureRJiREHEEHZE, BEIMY—LEE, THIT:

1 cCompletableFuture<Integer> future = CompletableFuture.supplyAsync(new
Supplier<string>() {

2 @override

3 public String get() {

4 return "hello";

5 }

6 }).thenCombine(CompletableFuture.supplyAsync(new Supplier<string>() {
7 @override

8 public Sstring get() {

9 return "lagou";
10 }
11 3}), new BiFunction<String, String, Integer>() {
12 @override
13 public Integer apply(String s, String s2) {
14 return s.length() + s2.length(Q;
15 }
16 1;
17  Integer result = future.get();
18 System.out.println(result);



14.4 {F=4  CompletableFuturefJHS

L mEAIthenComposefithenCombine REEHE2/ CompletableFuture, TH#E F3kAJallOf 0
anyOf BILAB&{EEZNCompletableFuture, /5i&EOEN I TR,

€, CompletableFuture java

@ public static CompletableFuture<Void> allOf(CompletableFuture<?>... cfs) {
return andTree(cfs, lo: @, hiicfs.length - 1);

€. CompletableFuture java
7

@ public static CompletableFuture<Object> anyOf(CompletableFuture<?>... cfs) {
int n; Object r;
if ((n = cfs.length) <= 1)
return (n == @)
? new CompletableFuture<Obiject>()

Bk, WRAESRETIE, SHRERNCompletableFuturefSES. X, all0fflanyof
NKE, HER'S, EER.

allOfgiR[EIER CompletableFuture<Void>2£E!, XERAFTIMEANRICompletableFuturefJiR[E]
BEEBEIREARR), ATLAESHERETERAEMIEEERTRY, RIEREVoid3EE,

anyOf FIE X 2REBEE— CompletableFuture 4551, BATLAIE TRAVSEE, MAM&
AlIOTEBEE, FETERICompletableFuturefEeR,

{BEFE{ CompletableFuturefNIREIEXRBLERATRERR], (EFE—, BRELEFIMTETAE
7, ArLlanyOffgiREIER CompletableFuture<Object>2E8Y,

1 public class CompletableFuturebDemoll {

2

3 private static final Random RANDOM = new Random();

4 private static volatile int result = 0;

5

6 public static void main(string[] args) throws ExecutionException,

InterruptedException {
7 CompletableFuture[] futures = new CompletableFuture[10];
8
for (int i = 0; i < 10; i++) {
10 int finall = i;
11 CompletableFuture<void> future = CompletableFuture.runAsync(new
Runnable() {

12 @override
13 public void run() {
14 try {
15 Thread.sTeep(1000 + RANDOM.nextInt(1000));
16 } catch (Interruptedexception e) {
17 e.printStackTrace();
18 }

19 result++;
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Integer allResult = CompletableFuture.allof(futures).thenApply(new

20 }

21 B;

22 futures[i] = future;

23 }

24 System.out.printin(result);

25

26 | // for (int i = 0; i < 10; i++) {

27 | // futures[i].get();

28 | // System.out.printin(result);

29 | // 3

30

31 //
Function<Vvoid, Integer>() {

32 | // @override

33| // public Integer apply(void unused) {

34 // return result;

35| // b

36 | // }).getQ);

37 | //

38 // System.out.printin(allResult);

39

40 Integer anyResult = CompletableFuture.anyof(futures).thenApply(new
Function<Object, Integer>() {

41 @override

42 public Integer apply(Object o) {

43 return result;

44 }

45 }).getQ;

46 System.out.printin(anyResult);

47

48 }

49 | }

14.5 PUFMESSIREY

B FERGIFETLAREEE, R34 CompletableFuture i TRIESBIUFZEEL: Runnable,

Consumer, Supplier, Function, TEZXIUFMESREAIRILL,

MAESIFEE = BSH

FolRENE

BRENE

RunnablefzE
STRAEAZ /3% runAsync, thenRun

SupplieriZ:
STRIHIRAZ 3% supplierAsync

"EE

Consumeriz
XIRIATHEA T4 thenAccept

FunctionizZ[
XY RIAYIRAZ T34 thenApply

runAsync 5 supplierAsync & CompletableFuture BE8&/57%; M thenAccept, thenAsync.,
thenApply2CompletableFutrefI R 5%,

E79)8aRIEHEIRB CompletableFutureldsR, HiRESHEE, FTLAURAIAIREERERUNNablesiE

Supplier, R

BERENSTIA,
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BidsFSHRERMCompletableFuturedIs 2 fg, FTLAEIRREMMES T, XM EHEFATLA
$22ZRunnable. Consumer. Function, BEE/KRS %,

14.6 CompletionStage&[]

CompletableFutureAMYXsEHL 7 Futuret®Z[d, ARSEI 7 CompletableStagef&z,

€, CompletableFuture. java

L4

e public class CompletableFuture<T> implements Future<T>, CompletionStage<T> {

CompletionStagefZEXIERRIENSZMENGE. BEHE, W,
package java.util.concurrent;

1

2

3  public interface CompletionStage<T> {

4 //

5 pubTic CompletionStage<Vvoid> thenRun(Runnable action);

6 public CompletionStage<Void> thenAccept(Consumer<? super T> action);

7 pubTic <U> CompletionStage<U> thenApply(Function<? super T,? extends U>

fn);
8 pubTic <U> CompletionStage<U> thenCompose
9 (Function<? super T, ? extends CompletionStage<uU>> fn);
10 public <U,V> CompletionStage<V> thenCombine
11 (CompletionStage<? extends U> other,
12 BiFunction<? super T,? super U,? extends V> fn);
13 // ...
14 |}

*FCompletionStagetEz [, BJLNEEREIIA:

1. FrE AR EHEERECompletionStagezkBY, tBFEEHEC. IERMLL, Z8esCIIN T
&G futurel.thenApply(...).thenApply(...).thenCompose(...).thenRun(...),

2. thenApply#ZIEIER— 1M EBRIASEL. REHERIFunction, X/ MNFunctionfYBIANSEL, PR
B2? Super T8, thitETEETHIREE, MTH/AEEAthenApplycompletableFutured
SAVEE, IREHENIAE? Extends USEE!, tBFRUsE U FRE, MUBHE
thenApplyAYIR[EI{EAYCompletionStageXgMAYSEEY,

Efthy5i%, #EithenCompose, thenCombineth 2&{AYRIE,

14.7 CompletableFuture &R
14.7.1 CompletableFuturefJ#3i&: ForkjoinPool

CompletableFutured{EEHI{THkEEFOrkjoinPool :

1 public class CompletableFuture<T> implements Future<T>, CompletionStage<T> {
2 private static final Executor asyncPool = useCommonPool ?
ForkJoinpPool.commonPool() : new ThreadPerTaskExecutor();
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3 public static <U> CompletableFuture<U> supplyAsync(Supplier<u> supplier)
{
4 return asyncsSupplyStage(asyncPool, supplier);
5 }
6 static <U> CompletableFuture<U> asyncSupplyStage(Executor e, Supplier<u>
{
7 if (f == null) throw new NullPointerException();
CompletableFuture<U> d = new CompletableFuture<uU>();
// Supplier#if NForkJoinTask
10 e.execute(new AsyncSupply<u>(d, f));
11 return d;
12 }
13 /] ...
14 '}

Bt FERREBETLABER, asyncPoolE— M staticE8Y, supplierAsync, asyncSupplyStagetiEp
Bstatichi%, StaticHESIREI—{CompletableFutureZ(BINts:, ZEmaILAE=EmA,
CompletionStage BEHIENTIE,

14.7.2 (S SEBIR0ETHLD

ForkJoinPooliESZAU{ESZ 2ForkjoinTask 28!, Ml CompletableFuturei@3shES 2
Runnable/Supplier/Consumer/Function . FElt, EEHE—MEENH, BXIUFERRESE
HapkForkjoinTask, ZAGHE3z25ForkjoinPool, SN TEIFf=:

T N
Supplier
¥
CompletableFuture W{asEi#e? A ForkJoinTask p=———3}2%5=———_p ForkJoinPool
Consumer ‘
Function [

AT ERXFEER, ECompletableFutureEREN 7T —RFINNERE, TEE
CompletableFuturefYZFHPIERSEAVGRIA R,

1E supplyAsync(..)/5iARIES, SHB—1 Supplier 8B —1 AsyncSupply, SASIESE
ForkjoinPool#1{T;

FErunAsync(..) /5 ERER, SIE—/Runnablef&ip—MAsyncRun, ZAIGIERZLAFork]oinPoolify

4=

17

£ thenRun/thenAccept/thenApply REB, £ 58 Runnable/Consumer/Function #&#aAY,
UniRun/UniAccept/UniApplySigR, #AfEHERL5ForkjoinPool#fifT;

FRitbZ A, EBFM CompletableFuture AEHIER, DRS5"FI8", FTLABXIMNAIBIFIOrLEY

fICompletionZEAY,
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ForkJoinTask

. AsyncRun AsyncSupply
Completion (Runnable) (Supplier)
A
UniCompletion BiCompletion
<t
A
UniRun
(Runnable)
BiAccept OrApply BiRun OrAccept BiApply OrRun
UniAccept
(Consumer)
UniApply
(Function)

TEAMLIBHEIZ UniRun, UniApply, UniAccept BOREX, BILUEZRI, EREFHEIERET

Runnable, Function. Consumer,

€. CompletableFuture.java
7SertuL/

static final class UniRun<T> extends UniCompletion<T,Void> {
Runnable fn;
UniRun(Executor executor, CompletableFuture<Void> dep,
CompletableFuture<T> src, Runnable fn) {
super(executor, dep, src); this.fn = fn;

€, CompletableFuture java
7SErLuLs

static final class UniApply<T,V> extends UniCompletion<T,V> {

Function<? super T,? extends V> fn;

UniApply(Executor executor, CompletableFuture<V> dep,
CompletableFuture<T> src,

€, CompletableFuture java
7SErtuLs

static final class UniAccept<T> extends UniCompletion<T,Void> {

Consumer<? super T> fn;
UniAccept(Executor executor, CompletableFuture<Void> dep,
CompletableFuture<T> src, Consumer<? super T> fn) {




Runnable
Runnable

runAsync thenRun

CompletableFuture |:> CompletableFutureXf&1 éAccem—b |:> CompletableFuturesg2

supplyAsync

thenApply

ReAP) \

PIARZIE ForlkJoinPool

ForkJoinTask

)
[ | |

AsyncRun AsyncSupply Completion

14.7.3 (ESHEMITE SR
TELACompletableFuture.supplyAsync(...).thenApply(...).thenRun(... SEEEB MBI, DHTEEANR
(RPN
28145 CompletableFuture future1=CompletableFuture.supplyAsync(...)
& Completablefuture,ava

@ public static <U> CompletableFuture<U> supplyAsync(Supplier<U> supplier) {
return asyncSupplyStage(ASYNC_POOL, supplier);

€, CompletableFuture.java

¥ Default executor -- ForkJoinPool.commonPool() unless 1t cannot
¥ support parallelism.
*/
private static final Executor ASYNC_POOL = USE_COMMON_POOL ?
ForkJoinPool. commonPool() : new ThreadPerTaskExecutor();

€ CompletableFuture java

@ static <U> CompletableFuture<U> asyncSupplyStage(Executor e,
Supplier<Us> f) {
if (f == null) throw new NullPointerException();
CompletableFuture<U> d = new CompletableFuture<U>();
e.execute(new AsyncSupply<U>(d, f));
return d;

FELEERISS, FEEMIET—MsyncSupplylis, ZNSEE=NXEEN:

1. B#¥EBForkjoinTask, ATLABEIEIRAZFork]oinPoolsH11T.,
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2. % T Supplier f, BIEFHITIESHIEARE.
3. iZ(ESHRENE, BPCompletableFuture d, i3/ ERM@,

ForkJoinPoolflfT— ForkjoinTask3EBUA9{ESS, BDAsyncSupply. ZESRIEMAFESupply, %
HEEREFBIECompletableFutured,

| ForkJoinPool
|
AT
v
| ForkJoinTask |
+
ébléff@

| Supply f |——$ﬁﬁ)\—>| AsyncSupply I—gﬁgﬂj—>| CompletableFuture d

5525 : CompletableFuture future2=future1.thenApply(...)
FILABRENE, tEHE EEREAI CompletableFuture d, ZEEEAERM RS EthenApply:

¢ CompletableFuture java

i public <U> CompletableFuture<U> thenApply(
Function<? super T,? extends U> fn) {
return uniApplyStage( e null, fn);

€, CompletableFuture.java

@ private <V> CompletableFuture<V> uniApplyStage(

Executor e, Function<? super T,? extends V> f) {

if (f == null) throw new NullPointerException();

Object r;

if ((r = result) != null) WREL—MESWHITER, LEHTZIES

return unilpplyNow(r, e, f);

CompletableFuture<V> d = newIncompleteFuture();

unipush(new Unilpply<T,V>(e, d, src this, f)); WHEEF—MESEERTR, WE
LRIESENTESE

return d;

BANE, DREFR1ENESITRE, F2E0NESATLHT. B, XERZAESAATEE
MEPHAT, TR T — P UniApplyXdsR, tatE—ForkjoinTaskEBUAIESS, XMESHATH
TMESHILZ S,



€ CompletableFuture.java
%/

@ final void I.mipush(Conpletion c) {

if (c '= null) {
while (!tryPushStack(c)) { Z=ElHESAE, WREW, WER
if (result != null) {
NEXT.set(c, null);
break;

}
1f (result != null) MR E—MESHITER, NMLZIESHHIT
c.tryFire(SYWO);

BF— 1 CompletableFutureXIRAEEBE— ML, FHEERREKRTSANES, W TFEABFAR.
X MEFET R Treiber Stack, IXEBRYstackiZERR 21T .

€, CompletableFuture java
VOLUTLLE UDJECT IEsuLT; /7 CLTIAEr TIE resSultT Ur DUXed ALTRESULT

volatile Completion stack; /7 Top of Treiber stack of dependent actions

LEBUNIApplyR IS TF 1 EmAIAsyncSupply, BRIMIESIEENTANSE:

1. BINSHERNITERIForkjoinPool;

2. ENEBHEHE— 1 CompletableFutureXds, XMNE#, tBREthenApply/FiERNiRENE,
FAsREE T F—IMESS;

3. EIMNSHERKRIERES, RS 1 CREEIERANES,;

4. FANSHEBN (BFE— FunctionXIR) .

€, CompletableFuture.java
7SertuLs

static final class UniApply<T,V> extends UniCompletion<T,V> {

Function<? super T,? extends V> fn;
UniApply(Executor executor, CompletableFuture<V> dep,
CompletableFuture<T> src,
Function<? super T,? extends V> fn) {
super(executor, dep, src); this.fn = fn;

UniApplyXSS4ERIN 7 8812 89CompletableFutureftkdr, ESE1LRUESHITRRZE, Fiah
HRAEEF AT, TR



€, CompletableFuture java
7SErLuLs

static final class AsyncSupply<T> extends ForkJoinTask<Void>
implements Runnable, AsynchronousCompletionTask {
CompletableFuture<T> dep; Supplier<? extends T> fn;
AsyncSupply(CompletableFuture<T> dep, Supplier<? extends T> fn) {
this.dep = dep; this.fn = fn;

1
of public final Void getRawResult() { return null; }
it @ public final void setRawResult(Void v) {}
ol public final boolean exec() { run(); return false; }
o public void run() {
CompletableFuture<T> d; Supplier<? extends T> f;
if ((d = dep) != null && (f = fn) I= null) {
dep = null; fn = null;
if (d.result == null) {
try {
d.completeValue(f.get()); Supplierfiget/ix
} catch (Throwable ex) {
d.completeThrowable(ex);
}
}
d.postComplete();
}
}

ForkjoinPool#i#T_EEAJAsyncSupplyXI&EIrun()75i%, SEEHMEHITSupplierfYget()5iL. HAT
FZERWENT CompletableFuture d e, HEiEMH{EL T CompletableFuture IEBAYObject result

=
TE.

iEFd.postComplete(), BIERMEXNGERE, IBE2EFEAIUNIApplyRISEHEHIT, K3
AT,

<, CompletableFuture java

final void postComplete() {
Ve
¥ On each step, variable f holds current dependents to pop
* and run. It 1s extended along only one path at a time,
* pushing others to avoid unbounded recursion.
*/
CompletableFuture<?> f = this; Completion h;
while (Ch = f.stack) != null ||
(f '= this && (h = (f = this).stack) != null)) {
CompletableFuture<?> d; Completion t;
if (STACK.compareAndSet(f, h, t = h.next)) { Hik
if (t = null) {
if (f 1= this) {
pushStack(Ch);
continue;
}
NEXT.compareAndSet( ..args: h, t, null); /7 try to detach

[~ =

= (d = h.tryFire(NESTED)) == null ? this : d; HUTHEES



5834 CompletableFuture future3=future2.thenRun()

SE3EFNE2EHNTFERML, BT — UniRun X8, XNTSEWENSE2EH
CompletableFuturefrfEfIt R+, FE2L200FS, HIT5ThkET, MBCHIRHERBUNIRUNIISFHA

7.

£ ERmiA:

BidsupplyAsync/thenApply/thenRun, BRI T3/MES, B1/MESHBIMNREEYSR,
=17 CompletableFuture, X3 MESZEI2 N CompletableFutureZeaEREL, F1MES, HWHANT
A1 MESHAICompletableFuture2BEH, R MESERITRAR, SMNECHIEH, BHTIMES
17, WEEEES, STRESHIEIHIT.

75— | futurel —»| (IB= || future2 | 5= || future3

supplyAsync thenApply thenRun

14.7.4 thenApply5thenApplyAsynchIX 5l

£ EmEAEBs, BEiIotr T thenApply, IFE—NSZXNAIGERthenApplyAsync, XN
ERBNEE— N AR, RATEANNSERE.

¢ CompletableFuture.java

J public <U> CompletableFuture<U> thenApply(
Function<? super T,? extends U> fn) {
return uniApplyStage( e: null, fn);

}

¢ CompletableFuture.java

]| public <U> CompletableFuture<U> thenApplyAsync(
Function<? super T,? extends U> fn) {
return uniApplyStage(defaultExecutor(), fn);
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€ CompletableFuture java

@ private <V> CompletableFuture<V> uniApplyStage(
Executor e, Function<? super T,? extends V> f) {
i1f (f == null) throw new NullPointerException();
Object r;
if ((r = result) != null)

return uniApplyNow(r, e, f);
CompletableFuture<V> d = newIncompleteFuture();
unipush(new UniApply<T,V>(e, d, src this, f));
return d;

NF E—MESELSHERIIER:

€, CompletableFuture java

@ private <V> CompletableFuture<V> uniApplyNow(
Object r, Executor e, Function<? super T,? extends V> f) {
Throwable x;
CompletableFuture<V> d = newIncompleteFuture();
if (r instanceof AltResult) {
if ((x = ((AltResult)r).ex) != null) {
d.result = encodeThrowable(x, r);

return d;
3
r = null;
1
try {
if (e 1= null) { e != nullFEREthenApplyAsyncigit
e.execute(new UniApply<T,V>( executor: null, d, src this, f));
boetse L e == nullmthenApplysik IS — MRS TR
@SuppressWarnings("unchecked") T t = (T) r; SASETEEAFRFuUntiontYapply 75
d.result = d.encodeValue(f.apply(t)); Mapply /5 & 23 HEEAFunctionit 5
} chsEifYapply7oiZ, R E—MESHER
} catch (Throwable ex) { 1EREH
d.result = encodeThrowable(ex);
1
return d;

WN%Re = nullZR=EthenApplyAsync, FE&EiFRForkjoinPoolfdexecutefsi%, %5 i%:

€ CompletableFuture.java €. ForkJoinPool.java
= e

| public void |execute(Runnab'Le task) {

if (task == null)
throw new NullPointerException();

ForkJoinTask<?> job;

if (task instanceof ForkloinTask<?>) . avoid re-wrap
job = (ForkJoinTask<?>) task;

else
job = new ForkJoinTask.RunnableExecuteAction(task);

externalSubmit(job); i237{F5%



€, CompletableFuture.java €, ForlkJoinPool java
7

@ private <T> ForkJoinTask<T> externalSubmit(ForkJoinTask<T> task) {
Thread t; ForkJoinWorkerThread w; WorkQueue q;
if (task == null)
throw new NullPointerException();
if (((t = Thread. currentThread()) instanceof ForkJoinWorkerThread) &&
(w = (ForkJoinWorkerThread)t).pool == this &%
(g = w.workQueue) != null)

q.push(task); GESNEE—MESHIE, ZEEHHT
else

externalPush(task);
return task;

B EERIRES I LIEE!:

1. NRETB(ES8A5EH, Bla.result=null, thenApplyFithenApplyAsyncEieigX4aHESHIT
—MESA, AEBEHERT,

2. AEEYEIESBESHERT, thenApplyZ&ZBIHIT, FaAts, Bk, 7448
ForkjoinPool; thenApplyAsynaf 221G F— MES T AForkjoinTask, Ak, ZEHEEHR
7.

[, thenRun5thenRunAsync, thenAccept5thenAcceptAsyncBIXBISILESE(EL,

14.8 (EZHIMIKINTT: BEETHE

INRESREWRHT, BEARFEAESNCompletableFuture BEIZ1/MET , A1 MEEHERRBRE
SHRHERRIA,

BLfr L, ESAREHRHT, MEMRRIRT, B 1KE. TEF= FraESHEKR—E
EFENEE

ST RE, 5. A=l T, ARIBEAEYULAES: futurel.thenApply (1£5%
Z) , futurel.thenApply ({EZ=) ;

ESS PSS — TSRt eI FHaHAT

ESHESHFES . IS8T, FaEFR, XERANDXE;

ES 7N ES =T eI R LAFHBHAT

MFES T, REESN. E5A. B \PEE—MESER, FMALFFRIT.

RMSZ, ASZEREMBHIXRER: 1"MMESBEMRERERES, 1 MESBE BRI
RUIKIESS.
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OR

i
a0
[

XE—MEETIE, B AFIIEREERIAVE? ANDFIORAIXER ANMAIZRIANE?
BIANKER:

1. BB MESHREERE, FETRBEE T RENTIES. FRLELES, E5—h
CompletableFuturef9tkFFETES =, E5=; E5"HICompletableFuutredZE T £
£, E5hR; ES5=8CompletableFuturedFiE TESA. E57~. BIBMESH
CompletableFutureX3SRATHREH, HLIFE 7T mAYHIANAYESES.

2.F5=. E55=RCompletableFutureEE[MH, #FMETESH, BATESHRIESHWALAR
R, PATFIRIE?
ESANBSEMA TR, BESFINESZ. ES5=RNERETEETH, WRRTHEF
—, EMASHIT.

3. (FStEETESN. E5R. 157 \HCompletableFuturefUtkEE, EILESHALE =X,
BERSHIT R, REHEHPIMESHITAE, HAILHITEStT.

4. IEFABANDFIORFMARRIXER, FELLXINBIApplyFIOrApplyF MR, XFNISRANE
ERELF—, REEREHRTAIMER, — P RANDRYZE, —2O0RRIEZIE,

€, CompletableFuture.java
7SErTuLs

static final class BiApply<T,U,V> extends BiCompletion<T,U,V> {
BiFunction<? super T,? super U,? extends V> fn;
BiApply(Executor executor, CompletableFuture<V> dep,
CompletableFuture<T> src, CompletableFuture<Us> snd,
BiFunction<? super T,? super U,? extends V> fn) {
super(executor, dep, src, snd); this.fn = fn;

€, CompletableFuture.java

S5l LuLy
static final class OrApply<T,U extends T,V> extends BiCompletion<T,U,V> {
Function<? super T,7 extends V> fn;
OrApply(Executor executor, CompletableFuture<Vs> dep,
CompletableFuture<T> src, CompletableFuture<Us> snd,
Function<? super T,? extends V> fn) {
super(executor, dep, src, snd); this.fn = fn;




AND 55—

{ AND {
o s o
5= it EE= AND of {ES5E

73

E

[
R
I}

5. BiApply#1OrApply#B2 —TTi##(FRF, BaElRin, REEEATMIIKEAYESS. B LLEAES
TR TES . E50. 578, XEALER?

A= ZTTEE, EREREERAZS N _TTRENEN. N EEFR, RIMES—ANDES—
ANDESS= ==> 55/, FBACHLUBEERARBII N, ST — P ANDES, XPAND
ESTMES=BIF IS, WIEESM, ORAIXER, S

LR, thenCombinefYAERSCIIRIBEI AT LAERR 7. thenCombine i FES—. ES"HIT=
B, BHIUTIES=.

14.9 allOfBEPEYTEE
T@ELlallofEEAf, E—FERFTHTERNNIEEEIRE:

€, CompletableFuture.java

@ public static CompletableFuture<Void> allOf(CompletableFuture<?>... cfs) {
return agndTree(cfs, lo:@, hi:cfs.length - 1);

}
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€, CompletableFuture.java
T RECUNrSLIVELY CONSTIUCTS d Tree or COmpLeTLons. "7

@ static CompletableFuture<Void> andTree(CompletableFuture<?>[] cfs,
int lo, int hi) {
CompletableFuture<Void> d = new CompletableFuture<~>();
if (lo > hi) 7 empty
d.result = NIL;
else {
CompletableFuture<?> a, b; Object r, s, z; Throwable x;
int mid = (lo + hi) >>> 1;
if ((a = (lo == mid ? cfs[lo] :
@ andTree(cfs, lo, mid))) == null ||
(b =(lo=="hi?a: (hi == mid+l) ? cfs[hi] :
andTree(cfs, lo:mid+l, hi))) == null)
throw new NullPointerException();
if ((r = a.result) == null Il (s = b.result) == null)
|a.bipush(b, new BiRelay<>(d, a, b));l{f§§q%§555UEE)\a*DEFﬁ{EEqEE B
else if ((r instanceof AltResult SasEbITER, RAILUEENITT
&& (x = ((AltResult)(z = r)).ex) != null) II
(s instanceof AltResult
&& (x = ((AltResult)(z = s)).ex) != null))
d.result = encodeThrowable(x, z);

else
d.result = NIL;

3

return d;

FEFEER—MNBFSZE, WAE— 1 CompletableFutureXdSRa951ER, WHE—NEBANDX
EAYE & CompletableFuturelys,

BRI EEINERS D R, EAdESFa, bEHITRACEAERIT, EId=Ho3IE
Aa, bRTfERYtEH.

€, CompletableFuture java

¥ Pushes completion to this and b unless both done.
* Caller should first check that either result or b.result is null.
*/
@ final void bipush(CompletableFuture<?> b, BiCompletion<?,?,?> ¢) {
if (¢ '= null) {
while (result == null) {
if (tryPushStack(c)) { iHchikalfs
if (b.result == null)
b.unipush(new CoCompletion(c)); FcAhiEb{TsE
else if (result !'= null)
c.tryFire(SYNO);
return;

b
b.unipush(c);



¢, CompletableFuture.java

@ final void Lnipush(Completion c) {
1f (¢ !'= null) {
while| ('tryPushStack(c)) {
1f (result != null) {
NEXT.set(c, null);
break;

}
1f (result != null)

c.tryFire(SYNC);

TERalOfRNZBHNEIETTE. BRiRalloffISEUEN T futurel, future2, future3. future4, MUY
NP9 NERIRESS.

4ERiBiRelay1, BiRelay2{¥s%, S BIENfuturel/future2, future3/futuredfiiker, Fitfuturel
mfuture25epk, #FSftABIRelayl; Fibfuture3mkfuturedsehk, #iftABiRelay2;

4REBiRelay3{E5S, ENfutureS/future6fItkeh, FitfutureSaifuture65erk, #F&ftABiRelay3
1155,

AR
BiRelay1 ——l'*
B ey

BiRelay3 —l-

BiRelay2 ——P
~

BiRelayRE—1h#(E55, EXFIRBASNE, RESRBARNM Muture287cHK. R
B%, LM E R HREIERIBIRelay(E55, AEHAT.

SEMER%: ForkJoinPool
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15 ForkjoinPool Bi%

ForkjoinPool i@ DK7iR (i —Fh e B A IS LAEFHTITEMESE. ForkEAD X, JoinEA&
¥, —H—4, HEEE, FHESREE. s, talLUEForkjoinPoolE1E—MEEHIAREY
Map/Reduce, ZNEEHITITE,

#BEFThreadPoolExecutor, ForkjoinPoolaJLABSFHBSCINITERIREIE, REREFBEE,

BRIRESMESS, EThreadPoolExecutordtB5MERIEFHITHIIT, P —MESIITEERK, HR
INMESHITEER/, XRBEINEERIC, Bt MEEULTERRE.

FFForkjoinPool, AJLMBARUESIROBARS/IMESS, AEXL/IMESHABRIZIENIT, A
SLHES TR SR EIE,

BIF1: RHE
RABG2M SRR
1. FFEEEERISEN DT RIBEEER D AP, MOHEERERITR/NTEEFTZTR, ALHAE
BEERTHRILZTEREX;

2. WEARNPANFERED HIHE.

EARNFEERERSZATLFHTIHE. FRForkjoinPool, FEINT:

1 package com.lagou.concurrent.demo;

2

3 dmport java.util.Arrays;

4 dmport java.util.concurrent.ForkJoinPool;

5 import java.util.concurrent.ForkJoinTask;

6 dimport java.util.concurrent.RecursiveAction;

7 dimport java.util.concurrent.TimeUnit;

8

9 pubTic class ForkJoinPoolDemoOl {
10
11 static class SortTask extends RecursiveAction {
12 final Tlong[] array;
13 final int To;
14 final int hi;
15

16 public sortTask(long[] array) {

17 this.array = array;

18 this.lo = 0;

19 this.hi = array.length - 1;

20 }

21

22 public SortTask(long[] array, int 1o, int hi) {
23 this.array = array;

24 this.lo = lo;

25 this.hi = hi;

26 }

27

28 private int partition(long[] array, int 1o, int hi) {
29 Tong x = array[hi];
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30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82

int i = lo - 1;
for (int j = lo; j < hi; j++) {
if (array[j] <= x) {
4+
swap(array, i, j);

}
swap(array, i + 1, hi);
return i + 1;

private void swap(long[] array, int i, int j) {

if (G !I= 3) {
Tong temp = array[i];
array[i] = array[j];
array[j] = temp;

@override
protected void compute() {
if (lo < hi) {
// HEFIXHTOER MR
int pivot = partition(array, lo, hi);
// BB NS

SortTask left = new SortTask(array, lo, pivot - 1);
SortTask right = new SortTask(array, pivot + 1, hi);

left.fork(Q;
right.fork(Q;
Teft.join();
right.joinQ);

pubTlic static void main(String[] args) throws InterruptedException {

long[] array = {5, 3, 7, 9, 2, 4, 1, 8, 103};

// —MES
ForkJoinTask sort = new SortTask(array);
// —-pool

ForkJoinPool pool = new ForkJoinPool();

// ForkJoinPoolJf/d ZA4kFE, [RINHAT b F1E5%
pool.submit(sort);

// #HForkJoinpPool

pool.shutdown();

// FEfREiPool

pool.awaitTermination(10, TimeUnit.SECONDS);

System.out.println(Arrays.toString(array));

flIlF2: RK1ZInANELRSFD



package com.Tlagou.concurrent.demo;

import java.util.concurrent.ExecutionException;
import java.util.concurrent.ForkJoinPool;
import java.util.concurrent.ForkJoinTask;
import java.util.concurrent.RecursiveTask;

public class ForkJoinPoolDemo02 {

static class SumTask extends RecursiveTask<Long> {
private static final int THRESHOLD = 10;
private long start;
private long end;

public sumTask(long n) {
this(1l, n);

public sumTask(long start, long end) {
this.start = start;
this.end = end;

@override
protected Long compute() {
long sum = 0;
// MR IEAVEEEthresholdz W, W EEH T
if ((end - start) <= THRESHOLD) {
for (long 1 = start; 1 <= end; 1++) {
sum += 1;
3
} else {
// B AT R EE, S EESS
long mid = (start + end) >>> 1;
sumTask left = new SumTask(start, mid);
SsumTask right = new SumTask(mid + 1, end);
left.fork(;
right.fork(Q);
/] WETAES SR
sum = left.join() + right.join(Q);
3

return sum;

pubTlic static void main(String[] args) throws ExecutionException,

InterruptedException {

sumTask sum = new SumTask(100);

ForkJoinPool pool = new ForkJoinPool();

ForkJoinTask<Long> future = pool.submit(sum);

Long aLong = future.get(Q);

System.out.println(aLong);

pool.shutdown();



L ERICEBEZEIT RecursiveAction #1 RecursiveTask BN, BYi1&EBdRB S
ForkjoinTask, FAZEITHAXH#AEO fork(). join(). “ENXBIZE—NMEREE, —NIERENE.

€ RecursiveAction.java

public abstract class RecursiveAction extends ForkJoinTask<Void> {

€| RecursiveAction.java €l RecursiveTask.java
—

public abstract class kecursiveTask<V> extends ForkJoinTask<V> {

fald L T Tas - IRE AR A A A AAT . A A AL

RecursiveAction/RecursiveTaskSER K Z :

<<interface>>
Future

3

|
1

ForkJoinTask

RecursiveAction RecursiveTask

FEForkjoinPooldr, XIMAYZOWIT:

€ RecursiveAction. java € RecursiveTask.java €_ForkJoinPooljava
s

public <T> ForkJoinTask<T> submit(ForkJoinTask<T> task) {
return externalSubmit(task);



16 BUEHRESHS

5ThreadPoolExectorAEHIZ, B—1NE2BRESIIIZ, BNEEEE— 1B CEHESRRA
F,

ForkJoinPool
BEA
e ISR N

LT e ]

£RFF

e ” &= |
0[1[2/3|4| 56| -

23 10 & ]

= i

i

I OBRLEI U TR~
pubTlic class ForkJoinPool extends AbstractExecutorService {

1

2

3 // WAEAE, U TThreadPoolExecutord ffict14 &,
4 volatile long ctl;

5 // TAELFEF

6 workQueue[] workQueues;

7 // TAELRETS

8 final ForkJoinworkerThreadFactory factory;

9 // F—"workerf Ftr

10 int indexSeed;

11

12 static final class workQueue {

13 volatile int source; // source queue id, or sentinel

14 int id; // tEForkJoinPoolffworkQueues#t i Fr

15 int base; // BABI R FaE

16 int top; // B\FISka4t

17 volatile int phase; // versioned, negative: queued, 1: Tocked

18 int stackPred; // pool stack (ctl) predecessor T1ink

19 int nsteals; // number of steals

20 ForkJoinTask<?>[] array; // LAELRFRER RIS

21 final ForkJoinPool pool; // the containing pool (may be null)

22 final ForkJoinworkerThread owner; // iZ LAVERNFIHIATA &2, nullEnit=s
)

23 }

24}

25

26 public class ForkJoinworkerThread extends Thread {

27 // AT LARGRAEFTE &R, KI5 H

28 final ForkJoinPool pool;

29 // TAEBAF

30 final ForkJoinPool.workQueue workQueue;

31}

32
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TEHE— MXEZOEIREIIETIE.

public ForkloinPoolO) { YNERAETEHEEL, FAIASICPURO ML
this(Math.min(MAX_CAP, Runtime.getRuntime().availableProcessors()),
defaul tForkJoinWorkerThreadfFactory, handler: null, asyncMode: false,
corePoolSize: @, MAX_CAP, minimumRunnable: 1, saturate: null, DEFAULT_KEFPALIVE, TimeUnit.MILLISECONDS);

public ForkJoinpPool(int parallelism,
ForkJoinworkerThreadFactory factory,
UncaughtExceptionHandler handler,
boolean asyncMode,
int corePoolSize,
int maximumPoolSize,
int minimumRunnable,
Predicate<? super ForkJoinPool> saturate,
Tong keepAliveTime,
Timeunit unit) {
// check, encode, pack parameters
if (parallelism <= 0 || parallelism > MAX_CAP ||
maximumPoolSize < parallelism || keepAliveTime <= 0OL)
throw new I1legalArgumentException();
if (factory == null)
throw new NullPointerException();
Tong ms = Math.max(unit.toMillis(keepAliveTime), TIMEOUT_SLOP);

int corep = Math.min(Math.max(corePoolSize, parallelism), MAX_CAP);
Tong ¢ = ((((long) (-corep) << TC_SHIFT) & TC_MASK) |

(((long) (-parallelism) << RC_SHIFT) & RC_MASK));
int m = parallelism | (asyncMode ? FIFO : 0);
int maxSpares = Math.min(maximumPoolSize, MAX_CAP) - parallelism;
int minAvail = Math.min(Math.max(minimumRunnable, 0), MAX_CAP);
int b = ((minAvail - parallelism) & SMASK) | (maxSpares << SWIDTH);

//
int n = (parallelism > 1) ? parallelism - 1 : 1; // at least 2 slots
Nl=n>>>1;n|=n>>>2;n|=n>>4; n |=n>>>8; n |=n>> 16;

n=(n+ 1) << 1; // power of two, including space for submission queues

// TAELFRL AT
this.workerNamePrefix = "ForkJoinPool-" + nextPoolId() + "-worker-";
// VIR TAELFEEH yn, 21057
this.workQueues = new WorkQueue[n];
// workerZFE T, AEIME
this.factory = factory;

this.ueh = handler;

this.saturate = saturate;
this.keepAlive = ms;

this.bounds = b;

this.mode = m;

// ForkJoinPool IRAS

this.ctl = c;

checkPermission();
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*F FENEEG, B— 1M REREERA: BHIEFEMBlockingQueue, MEETF—MNZIER
#¢RBLASCIN,

XANBAFIR B TARGFENBASY, 79 ForkjoinPool RYT{FEFENE AR ALRSS . 7(‘ ForkjoinPoolFFaYE
B, Doug Lea 1532217 TIEEFEBAFIRISEIN, HFFARBIU TS : " Dynamic Circular
Work-Stealing Deque " by Chase and Lev, SPAA 20055 " Idempotent work stealing " by
Michael, Saraswat, and Vechev, PPoPP 2009, iE&aILATER EEFHERAICIZ,

FMBIFEEE, Rig— " Worker 270 B CMIITRIESZ/E, FTLASEREABLAZR
FIRRYESSEHNIT, MMsEGaEeyE, LIBEREERTR, SHEERIC. XMEEERZITIFS
EXBAFL,

2R

Worker&E+ 5

top BEREI. AB

HitWorker&is,

SLRMHE, G —2ose

XABAFIRBUI L MEE:

1. Worker 2B 2, TEBAFISLER, EIIXItopIBEHHATI0. RHRIE, SCIUABASGHBA, X2
2.,

2. HfthWorker&i2, EFIELS, @BidXtbase#{TENM, SLIMHARE, BHMETH, XES
ZHAEAN, FTEEICASERE.

XANBASN, FEDynamic Circular Work-Stealing DequeiXraie X #FR Adynamic-cyclic-array, ZFf
Lixtfapd, R2EANERINXER:
BNAFIENEA, BRE— P EETIAIRIngBuffer, FHBbasea—HRM, ARF/N;

tOpK?JJI] N, Bfa, base. topRYBEPEATENMENKE, REITEHE RIS
&, £HBltop& (queue.length-1) , base& (queue.length-1) , EAqueue.lengthE2HY%EE
#ox7, XBHHEXqueue.lengthiH{TEUERRE,
Htop-base=queue.length-1 BIRHE, BAFIAH, WIIRET A,
Htop=baseflIBFE, FAFIAZS, WorkerfA2EMIGH AR,

2. BPFIH T ZIRRT S, FTLUSFRARNER. BXHER— T RFNRE: SMERERE
IEEXABAG, AMESCIEARIIBRIER F—aixs. —iaf Si?
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BT TERBOATIRSE, FNSKRI: £ base —if, BE&FEHAN, BE(IRSfFbase
TR, WHEEFIFRITRED, LGN, —EREREop—in, XtopHH{TRIMAIEHER, X—
InEDERAFEN! PFIRY BRI TIX N BREIEAMFE! BIET SEES, FOsEEREMME&E op
TN, RBEZ%Ebaseit TIEX!

TEATEGIRNT BREE, a2E, HERKETHRZAN_E, {Btop. baseAHERFE
AY! Bidtop. baseXIFHIMARERUR, HARTLIEMETREFEETRINE.

1B Queue  aEilEQueue

TEZGWorkQueuell FRIRIBH—L 1.

€ ForkloinPool.java € ForkloinWarkerThread.java

public <T> ForkJoinTask<T> submit(ForkJoinTask<T> task) {
return externalSubmit(task);

}

€, ForldoinPool.java €, ForkJoinWorkerThread.java

@ private <T> ForkJoinTask<T> externalSubmit(ForkJoinTask<T> task) {
Thread t; ForkJoinWorkerThread w; WorkQueue q;
if (task == null)
throw new NullPointerException();
if (((t = Thread. currentThread()) instanceof ForkJoinWorkerThread) &&

(w = (ForkJoinWorkerThread)t).pool == this &&
(g = w.workQueue) '= null)
q.push(task);
else
externalPush(task);

return task;



€ ForkloinPool java € ForkJoinWorkerThread.java

d
final void push(ForkJoinTask<?> task) {
ForkJoinTask<?>[] a;
iht s = top, d, cap, m;
ForkJoinPool p = pool;
1f (Ca = array) = null & & (cap = a.length) > @) {
QA.setRelease(a, (m = cap - 1) & s, task);

top = s + 1;
if (((d = s - (int)BASE.getAcquire( -.args: this)) & ~1) == 0 &&
p !'= null) { /7 size @ or 1

VarHandle. fuliFence();
p.signalWork();

}
else if (d == m)
growArray( locked: false);

1 final void growArray(boolean Tocked) {

2 ForkJoinTask<?>[] newA = null;

3 try {

4 ForkJoinTask<?>[] oldA; int oldSize, newSize;

5 // HlIHMarray A~ 2null, IHWarrayf&osk

6 [/ FEEFREEA N T R, BB R T0

7 if ((o1ldA = array) != null & & (oldSize = oldA.length) > 0 &&
8 (newSize = oldSize << 1) <= MAXIMUM_QUEUE_CAPACITY &&
9 newSize > 0) {
10 try {
11 [/ Bl
12 newA = new ForkJoinTask<?>[newSize];
13 } catch (outofmemoryError ex) {
14 }
15 if (newA != null) { // poll from old array, push to new
16 int oldvask = oldSize - 1, newMask = newSize - 1;
17 for (int s = top - 1, k = oldMask; k >= 0; --k) {
18 [/ B

19 ForkJoinTask<?> x = (ForkJoinTask<?>)

20 // REWIAME, K5oRK B E Anull

21 QA.getAndset(oldA, s & oldmask, null);

22 if (x !'= null)

23 newA[s-- & newMask] = x;

24 else

25 break;

26 }

27 array = newA,;

28 VarHandle.releaseFence();

29 }

30 }

31 } finally {

32 if (locked)

33 phase = 0;

34 }

35 if (newA == null)

36 throw new RejectedExecutionException("Queue capacity exceeded");



37 | }

18 ForkJoinPoolX7Si5 il
18.1 RS S ctIfFth

7'<1L,F_FThreadPooIExecutor {EForkjoinPooltthE— ctIZTE R EFRIAForkjoinPoolFEENEdp
[EHBFIERZ RS, AEHZEEMER, B— MongBlTE, KB x.

1  public class ForkJoinPool extends AbstractExecutorService {
2 // ...

3 // RIS 5

4 volatile long ctl;

5 private static final long SP_MASK
6

7

8

9

= OxffffffffL;

private static final Tong UC_MASK = ~SP_MASK;

private static final int RC_SHIFT = 48;

private static final long RC_UNIT = 0x0001L << RC_SHIFT;

private static final long RC_MASK = OxffffL << RC_SHIFT;
10 private static final int TC_SHIFT = 32;
11 private static final long TC_UNIT = 0x0001L << TC_SHIFT;
12 private static final long TC_MASK = OxffffL << TC_SHIFT;
13 private static final Tong ADD_WORKER = 0x0001L << (TC_SHIFT + 15); //

sign

14
15 // ...
16  }
€ ForkJoinPool.java ¢ ForkJoinWorkerThread.java

int corep = Math.min(Math.max(corePoolSize, parallelism), MAX_CAP);
long ¢ = ((((long)(-corep) << TC_SHIFT) & TC_MASK) |
(((long)(-parallelism) << RC_SHIFT) & RC_MASK));

—int WM = pardLleLism I Casyncvode ¢ 7170 © 0J;

ctIZTERIAN LTI D B R ER S

1.AC: BER16NEAERI, FRActivekfg#-parallelism, parallelismZ FEHIMEE 5 EEH+
EH5E;

2.TC: REHI16NEEASAI, FRTotalZAEE-parallelism;

3.ST: 1NEEHEL, AIRZE1, FREMFork]oinPool IEFEXA;

4. EC: 15D, FaBEZERAERTRZEFERIwait count (KRFH24Rwait count, ETFRAR
®)

5.1D: 16 NEbHH, FBEERAIRTREFEXT RATid,
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longBUHIctITE 16 16 1 15 16

l Y : Y ,—v—“ Y . Y J
AC TC : ST EC 1D
: (FRINZRIER  (FRIZRIERY
: wait count) poollndex)

18.2 PHE+kTreiber Stack

AR EE %I ?

EILMEZ ML, IEEE, PRT park/unparkiX—XHEIERIE, ERE— N FTHiHERCIIAIE
Z\F, ICRTEEERSAERE—E.

fEForkjoinPoold, &BEGEFEEZEY, MEFERATESEX. BREZRWorkerE&fZ2ME—ME
BE, XMMEERET§EERSIH, & Treiber Stack, BIEEPhaserfIsSCIIRIEAIAHE, tBEITX
PNEURLGEN.,

TERFAEZENWorkersZf24BRE I Treiber Stack,

longBYHctiZEE 16 16 1 15 16

ForkJoinWorkerThread1{
int poollndex.Int nextWait}

ForkJoinWorkerThread2

1 = —————] ForkJoinWorkerThread3
0

ForkJoinWorkerThread[] Treiber Stack

B5%, WorkQueueB—NdEE, IER 7 EHSAEWorkQueue[[#EFHN TRIE, dEEFEST
B MWorkQueuesForkjoinWorkerThreadXI S a9itbiit;

¢, ForkJoinPool.java € ForldoinWorkerThread.java
VULUTLLE LNt moue, SO PUHFULLEL LS, TFUrist
WorkQueue[] workQueues; S/ main registry

EX, ForkjoinWorkerThreadifG— stackPredZ&, iR 7 BI— 1 HELEWNIH, X4
stackPred T EFEHTHERNnextiEst, EFMBRIEELIZRIE—IE, HB—Mreiber Stack,
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Ba, ctIZTERIK164Z, IERTHRAMKIREIEANId; PERY150Z, 185 7 RIEIEREZEAR
¥, tFRFwait count,

18.3 ctiZERIIIGE
TR, BRI

€ ForkJoinPool.java € ForkJoinWorkerThread.java

int corep = Math.min(Math.max(corePoolSize, parallelism), MAX_CAP);
long ¢ = ((((long)(-corep) << TC_SHIFT) & TC_MASK) |

(((long)(-parallelism) << RC_SHIFT) & RC_MASK));
IRt M = paraLlelism | (asyncvode ¢ FIr0 © 0J;

RATEVIIARIETE, ForkjoinPool HRRLFE N 0, AL AC=0-parallelism, TC=0-
parallelism, XEHREREE32UMAC. TC NP IEFR 7B, (K32 EBR0EF.

18.4 ForkjJoinWorkerThreadlRZSS5 /MR

fEThreadPoolExecutordr, HcorePoolSizeflmaxmiumPoolSize FINESEEASITH SIEFEEY,
MifEForkjoinPoolFRIENT— parallelism&#, BIXPMESHFANELIRAIEEE. A,
ForkJoinPoofESLFRANIZITIZIEF, HKiEE RS R RZRFENIR?

BREHXNIE, SE8EForkjoinPool RRILAEERATRER MR/ LIIRZS? AIRERTIRSE =

1. SRIAE (BfETreiber StackEBmE) .

2. ERIRE (EEHITEAForkjoinTask, REEZE) .

3. EERE (EEHITEAForkjoinTask, {BfEETY, FEEMAjoin, FFBIM—"MESHIER
RME])

ctIZTERIF R T =FIRE:
=32f: u=(int) (ctl >>>32), ARFuNXIFDBtc. ac FM6ML;

{3215 c=(int) ctl,

1.¢>0, gBHTreiber StackfNAZ, BEREE, =0, RESETHREE,;
2.ac>0, WBABIEIRLEIE; ac <=0, WEBRBETHLEE, HEXEKBHparallelism;
3.tc>0, WRBREEAEEL > parallelism,

TEIRRZ(ESHIRG R :

¢, ForldoinPool.java € ThreadlLocalRandom.java ¢ ForldoinWorkerThread.java

public <T> ForkJoinTask<T> submit(ForkJoinTask<T> task) {
return externalSubmit(task);
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€. ForldoinPool java ¢, ThreadLocalRandom.java ¢, ForldoinWorkerThread.java

@ private <T> ForkloinTask<T> externalSubmit(ForkJoinTask<T> task) {

Thread t; ForkJoinWorkerThread w; WorkQueue q;

1f (task == null)
throw new NullPointerException();

if (((t = Thread. currentThread()) instanceof ForkJoinWorkerThread) &&
(w = (ForkJoinWorkerThread)t).pool == this &&
(g = w.workQueue) != null)
q.push(task);

else
|externqlPush(task);|
return task;
}
€ ForldoinPool.java € ThreadlLocalRandom.java € ForkJoinWorkerThread.java

final void externalPush(ForkJoinTask<?> task) {
int r; /7 Initialize caller's
i1f ((r = ThreadlLocalRandom. getProbe()) == @) {
ThreadLocalRandom. localInit();

€ ForkloinPooljava € ThreadlocalRandom.java ¢ ForkloinWorkerThread.java
eLse {
1f (g.lockedPush(task))
signalWork();
return;

B TIFEERRR, FEAMCIARTS, MRIBERENLE, NFEHEE:

€, ForklJoinPool java € ThreadLocalRandom.java €. ForkJoinWorkerThread java

final void signalWork() {

for (550 {

long c; int sp; WorkQueue[] ws; int i; WorkQueue v;

if ((c = ctl) >= 0oL) /7 enough workers
break;

else if ((sp = (int)c) == @) { /7 no idle workers
if ((c & ADD_WORKER) '= @L) /7 too few workers

| tryAddWorker(c);

break;



19 WorkerZ 9P Z=-1GEEH

ForkerjoinPool j&&f#H BlockingQueue, tBFiAFIFIEIRZE/1GEENH], MMEFIA T park/unpark
[FiE, HB1TEI T Treiber Stack,

TEBHTIFHSHTForkerJoinPool, TEPBEEFIREERIEH R, 53 BIEUNMTNLLRT,

19.1 JHE- A%
W ANEESIAINHIES, R TS RRSHMAEENE,

€ ForkloinPool.java ¢ ForkJoinWorkerThread.java

| public void run() {
if (workQueue.array == null) { /" only run once
Throwable exception = null;
try {
onStart();
pool . runWorker(workQueue); FEMArunWorkerfSah&ig
} catch (Throwable ex) {
exception = ex;
} finally {
try {
onTermination(exception);
} catch (Throwable ex) {
1f (exception == null)
exception = ex;
} finally {
pool.deregisterWorker( wt: this, exception);

3
}
3
}

1 final void runworker(workQueue w) {
2 // BENLEL
3 int r = (w.id A ThreadLocalRandom.nextSecondarySeed()) | FIFO; // rng
4 // WIEAAT S5
5 w.array = new ForkJoinTask<?>[INITIAL_QUEUE_CAPACITY];
6 for (3) {
7 int phase;
8 // FfESA REPITH AN TR
9 // HAEE TGRS PAT, LARERTE )R BT E 5 AT
10 // WERKEI T HPAT, REtrue
11 // WFIRECAEULSS, Bk ERZ LIRS, FHZE
12 if (scan(w, r)) {
13 // BENLEL
14 rA=r << 13; r A= r >>> 17; r A= r << 5;
15 }
16 // WHRE 2L ANBAFIBHZER), K hphase kF0FR~nst
17 else if ((phase = w.phase) >= 0) { // enqueue, then rescan
18 Tong np = (w.phase = (phase + SS_SEQ) | UNSIGNALLED) & SP_MASK;

19 long c, nc;
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20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

vl D W N

O 0 N O

10

do {
w.stackPred = (int)(c = ctl);
// ForkJoinPoolHstatus®E/ i THINLIEN, B —, FANGIT .
nc = ((c - RC_UNIT) & UC_MASK) | np;
// CASE(E, HlE, BRI
} while (!CTL.weakCompareAndSet(this, c, nc));

}
else { // already queued
int pred = w.stackPred;
Thread.interrupted(); // clear before park
w.source = DORMANT; // enable signal
Tong ¢ = ctl;
int md = mode, rc = (md & SMASK) + (int)(c >> RC_SHIFT);
// MR ForkJoinpoolfz1l, Nbreak, BtHEHR
if (md < 0)
break;
// PHER
else if (rc <= 0 & (md & SHUTDOWN) != 0 &&
tryTerminate(false, false))
break;
else if (rc <= 0 && pred != 0 && phase == (int)c) {
Tong nc = (UC_MASK & (c - TC_UNIT)) | (SP_MASK & pred);
Tong d = keepAlive + System.currentTimeMillis();
// LRFEBHZE, THTAEfF
LockSupport.parkuntil(this, d);
//
if (ctl == c && // drop on timeout if all idle
d - System.currentTimeMillis() <= TIMEOUT_SLOP &&
CTL.compareAndset(this, c, nc)) {
// AEER, FENNS
w.phase = QUIET;
break;
3
3
// phaseN1, F/xindi, phase iR NS
else if (w.phase < 0)
// niphase/~T0, FR[HE, HBAH
LockSupport.park(this);
w.source = 0;
}

// N ADBFI R — A AT ESS, mRA, T

// TR, $ATAES, RIEtrue

private boolean scan(wWorkQueue w, int r) {

workQueue[] ws; int n;

// tHworkQueues/AEnull, 3 HworkQueuelI KE AKT0, IFHwWIES, witZfen
workQueue

if ((ws = workQueues) != null && (n = ws.length) > 0 & w != null) {

// mizws K —, FKHwsTiiworkQueue
for (intm=n-1, j=r &m;;) {
workQueue q; int b;
// BENLZEEworkQueue, #1HiZworkQueueltTHifg s FIRIEEHAAHEE, FoRA T EHM



11 if ((q = ws[j]) !'= null && q.top !'= (b = g.base)) {

12 int qid = g.id;

13 ForkJoinTask<?>[] a; int cap, k; ForkJoinTask<?> t;

14 // wRworkQueue & AFIAZnull, HHIGERIES

15 if ((a = g.array) != null & (cap = a.length) > 0) {

16 // FREBNF AT 55

17 t = (ForkJoinTask<?>)QA.getAcquire(a, k = (cap - 1) &
b);

18 // WHqiibaseld %A #o AR BT, tAZnulT, I HXt N F
T Bk

19 // BUATAE 47T TAERFEPAT %L S

20 if (g.base == b++ && t != null &&

21 QA.compareAndset(a, k, t, null)) {

22 // base+1

23 q.base = b;

24 // HisourceX4niid

25 w.source = qid;

26 [/ MBSEH S FEPAT, ERHAR K B LT

27 if (q.top - b > 0)

28 signalwork();

29 // iktworkQueue ) TARLRFERPAT AE R GTHCRN, L2 A HHIT
%, &2 Mqueue ZRE HABAT S

30 // AR, BI—ANBEHLA S T A LR B Z R R AAT .

31 w.topLevelExec(t, q, // random fairness bound

32 r & ((n << TOP_BOUND_SHIFT) - 1));

33 }

34 }

35 return true;

36 }

37 else if (--n > 0)

38 i=0G+1D &m;

39 else

40 break;

41 }

42 }

43 return false;

44 3}

19.2 IREE- tHit%

EES R fR, ERNLAERIREE, HEeiBi8EsignalWork A EHE.

1
2
3
4
5
6
7
8
9

10
11
12
13

final void signalwork() {

for (;) {

Tong c; int sp; workQueue[] ws; int i; workQueue v;

if ((c = ctl) >= 0L) // RagiworkersfE
break;

else if ((sp = (int)c) == 0) { // B NEworkerskfs
if ((c & ADD_WORKER) != 0OL) // workerZfE />

tryAddworker(c); // Zilishignitiworkersfs

break;

}

else if ((ws = workQueues) == null)
break; [/ BRI R A E T

else if (ws.length <= (i = sp & SMASK))
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14 break; // &fEniEIlRT

15 else if ((v = ws[i]) == null)

16 break; // FRbIEAEE L
17 else {

18 int np = sp & ~UNSIGNALLED;

19 int vp = v.phase;

20 Tong nc = (v.stackPred & SP_MASK) | (UC_MASK & (c + RC_UNIT));
21 Thread vt = v.owner;

22 if (sp == vp && CTL.compareAndSet(this, c, nc)) {

23 v.phase = np;

24 [/ WRRRTUCERAAAE, HE

25 if (vt != null && v.source < 0)

26 // MRVt

27 LockSupport.unpark(vt);

28 break;

29 }

30 }

31 }

32 | }

20 SRR IED R

EBERT TIEHBOAG. ctiZEEAZFTRES. WorkerfIZIES, UIRAEEEIGENHZE,
ETRGEXEAR, FRDESAHERAHIITIIRE.

KFESA9ERL, ForkjoinPool&/MNEAYE O R,

€. ForkloinPool.java

public <T> ForkJoinTask<T> submit(ForkJoinTask<T> task) {
return externalSubmit(task);

}

1 )%=

2 * O — AT BE R AR AT 55 AT 55 A BB

3 2

4 private <T> ForkJoinTask<T> externalSubmit(ForkJoinTask<T> task) {

5 Thread t; ForkJoinworkerThread w; WorkQueue q;

6 // AEF Nnull, s

7 if (task == null)

8 throw new NullPointerException();

9 // R EForkJoinworkerThread2 ), 3 HiZZ ALK poo T 52 24 F vt %
10 // FtH%HipooTfiworkQueue N&nulT, LK 2 HI{E 55 AN BAS,
11 if (((t = Thread.currentThread()) instanceof ForkJoinworkerThread) &&
12 (w = (ForkJoinworkerThread)t).pool == this &&
13 (g = w.workQueue) != null)
14 VA= KE ININE YN
15 g.push(task);
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16 else

17 // BMNEAES AR U LRI TAES, WHINTABTTE, T4 RS
18 externalPush(task);

19 return task;

20}

AKX —MESEREES, BRINESE?
RIPSGING R Espea: N 7E=Sisr R

SNEREFESEYR ForkjoinWorkerThread, BiRBRLARBREBRIRE NAZEREMIZITIE, WBZES
MNZEAZHIRERIASY ;

B, EINBLARERRZSIE, WZESIIAERENS.

20.1 AERIR3Z{ESpush
RERIEA(TSS, BN L. push(task), SHMNZERETIESTERAGIS, (KBTI,

€, ForkJoinPool java
o

final void push(ForkJoinTask<?> task) {
ForkJoinTask<?>[] a;
int s = top, d, cap, m;
ForkJoinPool p = pool;
if ((a = array) != null & (cap = a.length) > @) {
Q4.setRelease(a, (m = cap - 1) & s, task);
top = s + 1; HTFERRERE, AHEM, EEREINtophla]
if (((d = s - (int)BASE.getAcquire( ..args: this)) & ~1) == 0 &&
p '= null) { /7 size @ or 1
VarHandle. fullFence();
p.signalWork(); EAI=SHIEE
h
else if (d == m)
growArray( locked: false); [AFIIZ

T T/FEEBATIRIESE, IRERBREAZR, FTLALL AT EIITCASIRLE,

20.2 JMEMRIAESS

1 final void externalPush(ForkJoinTask<?> task) {

2 int r;

3 // AL

4 if ((r = ThreadLocalRandom.getProbe()) == 0) {
5 ThreadLocalRandom. TocalInit();

6 r = ThreadLocalRandom.getProbe();

7

8

9

}
for (;) {
workQueue q;
10 int md = mode, n;
11 workQueue[] ws = workQueues;

12 // WiHRForkJoinPool5GH], siFHATLE NS Enull, siFwsKE/NTF45F0, HERAES
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13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

if ((md & SHUTDOWN) != 0 || ws == null || (n = ws.length) <= 0)
throw new RejectedExecutionException();

// InERBEHUEGT S fworkQueuesZ I AL TEE Anu1, NFRINBAS
// BUHRZAR S, JZbiblworkQueueh i iiworkQueue, 7 #EIHTHIH &
else if ((q = ws[(n - 1) & r & sQMASK]) == null) { // add queue

// itEHworkQueueX) £ dfi

int qid = (r | QUIET) & ~(FIFO | OWNED);

// workerZFE A HT 4

Object Tock = workerNamePrefix;

[/ BIEAT S EA

ForkJoinTask<?>[] qa =

new ForkJoinTask<?>[INITIAL_QUEUE_CAPACITY];

// BlEworkQueue, K MATLFEER

g = new WorkQueue(this, null);

// BATSHHIR E SworkQueue

g.array = qa;

// Y EworkQueuelidii

g.id = qgid;

// W1 RIEEE S Im& RN workQueue, %A T EworkQueue

// WAL 44 JEworkQueue, FonT1E5%

g.source = QUIET;

if (lock !'= null) { // unless disabled, Tock pool to install

synchronized (lock) {
workQueue[] vs; int i, vn;
// HworkQueuesHA AR Enull, HHHILE,
// FHHaqidw R fiworkQueues Tt E Anull, Mt{E
// BN AT BE AR AR i dXF R fiworkQueues &b TG ¥ E T,
// FrUATRE S, HFHWTE RS ANuT

if ((vs = workQueues) != null & (vn = vs.length) > 0 &&

vs[i = qid & (vn - 1) & SQMASK] == null)
//
vs[i] = q;

}
// CASHEAE, 1 HBENLEL
else if (!lqg.tryLockPhase()) // move if busy
r = ThreadLocalRandom.advanceProbe(r);
else {
[/ WRARS MBS, BRI, AT .
if (g.lockedPush(task))
signalwork();
return;

lockedPush(task)/5;&R95CIR -



€, ForkJoinPool java € ForkJoinWorkerThread.java

*/
final boolean lockedPush(ForklJoinTask<?> task) {
ForklJoinTask<?>[] a;

boolean signal = false;

_ int s = top, b = base, cap, d;
; i1f ((a = array) != null && (cap = a.length) > 0) {
al(cap - 1) & s] = task;
top = s + 1;
if (b - s + cap - 1 == 0)
growArray( locked: true);
else {
phase = @; ./ full voladfle unlock
if (((s - base) & ~1) == Q) ./ size @ or 1
signhal = true;

}
return signal;

INERENEFESERIZE, FRLAEINSE, NRAFIFIY SRS EFNZIENZPMNFIEARERE, &
I&, VHsignalWork(), BR—=TIRZFERE.

21 TFABNEE: (ESRIITIESR

2EMNFIEES, BEAGIBEES, 8— Worker&i2£iA Nl LepAsl, HEYESE
17, TEMWorker&f28runmiEFE D!

€ ForkJoinPool.java €| ForkJoinTask.java ¢, ForldoinWorkerThread.java
-
of public void run() {
if (workQueue.array == null) { /. only run once

Throwable exception = null;

try {
onStart();
pool.runWorker(workQueue); igmMForkJoinPollfgrunWorker

} catch (Throwable ex) { ik
exception = ex;

} finally {
try {

onTermination(exception);
} catch (Throwable ex) {
if (exception == null)
exception = ex;
} finally {
pool.deregisterWorker( wt: this, exception);
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run()/3 =AY ERTEForkjoinPoolfgrunWorker 737, 30 FF7R.

final void runworker(WorkQueue w) {
int r = (w.id A ThreadLocalRandom.nextSecondarySeed()) | FIFO; // rng
w.array = new ForkJoinTask<?>[INITIAL_QUEUE_CAPACITY]; // initialize

for (5;) {

int phase;

if (scan(w, r)) {
ra=r << 13; rA=r >>> 17; r

}

else if ((phase = w.phase) >= 0) {
Tong np = (w.phase = (phase +
Tong c, nc;

do {

w.stackPred = (int)(c = ct
nc = ((c - RC_UNIT) & UC_MASK) | np;
} while (!CTL.weakCompareAndSet(this, c, nc));

// scan until apparently empty

A= r << 5; // move (xorshift)

// enqueue, then rescan

SS_SEQ) | UNSIGNALLED) & SP_MASK;

;

// already queued

// clear before park
// enable signal

K) + (int)(c >> RC_SHIFT);
// terminating

// quiescent shutdown

TC_UNIT)) | (SP_MASK & pred);

// drop on timeout if all idle

MiTlis() <= TIMEOUT_SLOP &&
, €, nA)) {

// OK if spuriously woken
// disable signal

}
else {
int pred = w.stackPred;
Thread.interrupted();
w.source = DORMANT;
Tong ¢ = ctl;
int md = mode, rc = (md & SMAS
if (md < 0)
break;
else if (rc <= 0 && (md & SHUTDOWN) != 0 &&
tryTerminate(false, false))
break;
else if (rc <= 0 && pred != 0 && phase == (int)c) {
Tong nc = (UC_MASK & (c -
Tong d = keepAlive + System.currentTimeMillis();
LockSupport.parkuntil(this, d);
if (ct]l == c &
d - System.currentTime
CTL.compareAndSet(this
w.phase = QUIET;
break;
3
3
else if (w.phase < 0)
LockSupport.park(this);
w.source = 0;
}

THEIFEEFFEIIFEscan(w, a),

1
2
3
4

private boolean scan(wWorkQueue w, int r) {
workQueue[] ws; int n;
if ((ws = workQueues) != null && (n =
=n-1,j=r&m;;) {

for (int m

ws.length) > 0 && w != null) {



5 workQueue q; int b;

6 if ((q = ws[j]) !'= null && q.top != (b = g.base)) {

7 int qid = q.1d;

8 ForkJoinTask<?>[] a; 1int cap, k; ForkJoinTask<?> t;

9 if ((a = g.array) != null & (cap = a.length) > 0) {
10 t = (ForkJoinTask<?>)QA.getAcquire(a, k = (cap - 1) &

b);

11 if (g.base == b++ && t != null &&
12 QA.compareAndset(a, k, t, null)) {
13 g.base = b;
14 w.source = qid;
15 if (g.top - b > 0)
16 signalwork();
17 w.topLevelExec(t, q, // random fairness bound
18 r & ((n << TOP_BOUND_SHIFT) - 1));
19 }
20 }
21 return true;
22 }
23 else if (--n > 0)
24 j=@G+ 1) &m;
25 else
26 break;
27 }
28 }
29 return false;
30}

22 ForkJoinTaskf3fork/join

SNERBERBAYY. £RFRYESEEREEMIAY, MRERT. BEEE, MToaHEERR, o
RHSRA—MESHARIRN, MREERE, —MESHTAERBS— M RIEES95TH.

XRMREI KR R @IT Fork]oinTaskshAYjoin()SRAAIIRY., BERIEAMCS:

1 protected void compute() {

2 if (lo < hi) {

3 // X

4 int pivot = partition(array, lo, hi);

5 SortTask left = new SortTask(array, lo, pivot - 1);
6 SortTask right = new SortTask(array, pivot + 1, hi);
7 left.fork(Q);

8 right.fork();

9 Teft.join();

10 right.joinQ);

FARERITERIForkjoinTaskiYBYE, P47 left. right BI{NFTask,
fork BFSHBIXF N FTaskNBAFIEHE;
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join 2EERF2NFTask5Thk.

MFTaskEERITERES, SERER N FTask, MIHEERHE, XUFRFTEA, EFEEEN
Taskit&5eRk, B—RIRME,
22.1 fork

forkORIISIREER, HMRIEE CHRANIRIZAZFERIBERATIH,
ANRBINEBEAREAforkyTiE, WERSES FINZIHZIAT I,

€ ForkJoinPool.java €l ForkJoinTask.java
@ public final ForkJoinTask<V> fork() {
Thread t;

if ((t = Thread. currentThread()) instanceof ForkJoinWorkerThread)
((ForkJoinWorkerThread)t) .Iwor'kQueue.push( task: this);|
BESHINENESBSERBAS IS

ForkloinPool. commion. externalPush( task: this);
return this;

else

22.2 joinfYiRE
1LjoinEEHREMRERE
joInESHLENEEHRERE, WEF~:

Worker

2521 T}ME—» ForkJoinTask1 [e-———___

~
Worker ~

4—#[,15-7 $i=2 \\\
join  (BESH)

i
/ /l
Worker - . /
17— ForkJoinTask3 4

= -
—— -
—_—— -
—_———_— -
e ——— e e

ForkJoinTask2

L2 17EHIT ForkjoinTask1, EHTISIERIERA T forkjoinTask2.join(), FrLAZEZ ForkjoinTask2
SeRk, LRFE178EIRME];

HAR21EH{TForkjoinTask2, {BERFER T forkjoinTask3.join(), RBEZForkjoinTask352l/E, %
27 BgRME];

SFE37EH{TForkjoinTask3,

ERRE: SE3ELNTR, REEE2AEITR, RE%E1BITR. FENESHESTEN—
MNEMEFTIREDAG, INREFE3EA T forkjoinTask1.join(), BRASHAIR, ERFEHL.
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BB, XFEREKER, EXRIEBXIRI DAG, 7E ForkjoinTask NEBEAMASLIAINE? MhHTE
ForkloinTaskiFESRE, B/ ForkloinTask, EBRJREESNMEEESFETM, BIMNMEEEHITE.
FrLAENForkjoinTaskfl@— MRIZXIR, LIEEAMjoin(RIER, EEEXNELXSR EH, #iT5E
RZfE, BEEXNMEENRBRIFTESFNERE.

FF3synchronized X $&=#0)avalF4AIwait()/notify(HLH, SCEL T LA2AOEF-IREEN LS. JEF
joiN(AYIXLLEAE, ABBESLRERForkjoinTaskiX M IgRIwait(); HUTZIESAIWorkerZig, IS
WiTREEZ IS, IEEAnotifyAll(),

}

ForkloinTask {
synchronized(this) {
wait/notify

<@—notifyAll()—

ZfFjoin()RY
Workeréf2 N
wait
o wait
ZfFoin0ly |~
Workerz:f2

2.ForkjoinTaskBYIRSREIT

BLHfork(/join(BRIXMELAZRRLE, XIRAYForkjoinTask—ERBEMRER], XMREE

EsCHifork/joinAYEAL,

10
11
12

public abstract class ForkJoinTask<v> implements

I coc

// HiForkJoinPoolfiworkersE#i#H

[SEq:: =)
T 22 7

//
volatile
private
private
private
private
£, MIAtrue
private

JY coc

volatilef
int status;
static final
static final
static final
static final

static final

int
int
int
int

int

DONE
ABNORMAL
THROWN
SIGNAL

SMASK

e

// SuE

<< 31;
18;
17;

16;

<<
<<
<<

Oxffff;

%A, status=0, HBERMIRTE, FTLIDARWAE:

1. 5K5Ep%: status > =0,
2. B58Rk: status <0,

Tz ESH
Worker#gfe

B

Future<Vv>, Serializable {

// VEEDONERI{EH B E
// VB ABNORMAL {6 F 5% B
// UNEAEFH odnf 2R b AR S

// short bits for tags

FTLA, B FrRstatus > =0, BRstatus <0, FATANEESESTM, HITAEEAjoin(RIZ
EEATEMMES.

3.joinAYi AR




TEE— MUBENFHASEI.

€ ForkJoinPool.java €. ForkJoinTask.java ¢ ForlkJoinWorkerThread.java
~
public final V join() {
int s;

if (((s = doJoin()) & ABNORMAL) '= @) FFIEFEEER, HIEE
reportException(s);
return getRawResult(); [EFEHE, R[ELE

getRawResult()EForkjoinTaskhag—/MEMRGi%, o BlI#ERecursiveActionFIRecursiveTasksL
oW, AiEBERENE, FrLURENUl, EEIRE—DMEEVAIresultZE,

€ ForkJoinPool.java € ForkJoinTask.java €. RecursiveAction.java € ForlkdoinWorkerThread.java
_—
Jl public final Void getRawResult()|{ return null; }
¢ ForklJoinPool.java | = RecursiveTask.java| . ForkJoinTask.java €l RecursiveAction.java
| © public final V getRawResult() {
return result;
}
3 | protected final void setRawResult(V value) {
result = value;
¥

PEEFEALERE EHERIdojoin(75AER. fEdojoin(ZiFMAtjoinMLIEREE, RRFHESIA
175chk, BIREEIZPAZEEAE, dojoin(iR[E,

ER: 2 doJoiniR[EIRIATIR, BRIZIEFS TR, dojoin(RUREHERHZ(ESHITSAUIA
&, tEE LEAUIRES.

1 public abstract class ForkJoinTask<v> implements Future<V>, Serializable {

2 // ...

3 private int doJoin() {

4 int s; Thread t; ForkJoinworkerThread wt; ForkJoinPool.workQueue w;
5 // WSstatus < ORREXZ DL, AHIHZE, BHEERE.

6 return (s = status) <0 ? s :

7 // BB FR A e TAELAR

8 ((t = Thread.currentThread()) instanceof ForkJoinworkerThread) 7
9 (w = (wt = (ForkJoinworkerThread)t) .workQueue).

10 tryunpush(this) & & (s = doExec()) <0 ? s :
11 wt.pool.awaitJoin(w, this, OL) :

12 externalAwaitDone();

13 }

14 I coc



15 |}

L EAREHERSEMRE, TZE:

1 // Wistatus < 0, BEIER[ESH

2 if ((s = status) < 0) {

3 return s;

4 } else {

5 [/ WURZAE R TARARE

6 if ((t = Thread.currentThread()) instanceof ForkJoinworkerThread) {

7 // WS N REBA SR, IR doExec O J7EHAT L)

8 if (w = (wt = (ForkJoinworkerThread)t).workQueue).tryunpush(this) &&
(s = doExec()) < 0) {

9 // &Fls{d

10 return s;

11 } else {

12 // BMEERE, 8T %E

13 wt.pool.awaitloin(w, this, OL)

14 }

15 } else {

16 // WRLTEAN R TAELTE, WAL ek, ZRFErH %

17 externalAwaitbDone() ;

18 }

19 1}

$tE&— FexternalAwaitDone(), BP/IMERLLFERIBEERITHE, TEXIEER,

1 private int externalAwaitbone() {

2 int s = tryExternalHelp();

3 if (s >= 0 & (s = (int)STATUS.getAndBitwiseOor(this, SIGNAL)) >= 0) {
4 boolean interrupted = false;

5 synchronized (this) {

6 for (G3) {

7 if ((s = status) >= 0) {

8 try {

9 // WFAEE LA 5ER, BRI
10 wait(0L);
11 } catch (InterruptedException ie) {
12 interrupted = true;
13 3
14 }
15 else {
16 [/ VREEZRRE, FFARPAT
17 notifyAll(Q);
18 break;
19 }

20 }

21 }

22 if (interrupted)

23 Thread.currentThread() .interrupt();
24 }

25 return s;

26 | }



REBWorkerZi2a90E2E, B_EERIwt.pool.awaitjoin(w, this, OL), HEELINIBERFERIFBESEMESZ T
€. BIATEForkjoinTaskE®ME, mME7EForkjoinWorkerThreadEEH].

final int awaitJoin(workQueue w, ForkJoinTask<?> task, long deadline) {
int s = 0;
int seed = ThreadLocalRandom.nextSecondarySeed();
if (w !'= null && task != null &&
(! (task instanceof CountedCompleter) ||
(s = w.helpcc((CountedCompleter<?>)task, 0, false)) >= 0)) {
[/ FAPATIZAES
w.tryRemoveAndeExec (task) ;
int src = w.source, id = w.1id;
int r = (seed >>> 16) | 1, step = (seed & ~1) | 2;
s = task.status;
while (s >= 0) {
workQueue[] ws;
int n = (ws = workQueues) == null ? 0 : ws.length, m = n - 1;
while (n > 0) {
workQueue q; int b;
if ((q = ws[r & m]) !'= null && g.source == id &&
gqg.top != (b = gq.base)) {
ForkJoinTask<?>[] a; 1int cap, k;
int qid = q.1id;
if ((a = g.array) != null & (cap = a.length) > 0) {
ForkJoinTask<?> t = (ForkJoinTask<?>)
QA.getAcquire(a, k = (cap - 1) & b);
if (g.source == id & & g.base == b++ &&
t != null & QA.compareAndset(a, k, t, null)) {
q.base = b;
w.source = qid;
// PATIZAES
t.doExec();
w.source = src;

}
3
break;
3
else {
r += step;
--n;
3

3
// WRELSMstatus < 0, (EHEPATER, MR HEAEIR, & [ sHI{E
if ((s = task.status) < 0)
break;
else if (n == 0) { // empty scan
long ms, ns; int block;
if (deadline == 0L)

ms = OL; // untimed

else if ((ns = deadline - System.nanoTime()) <= OL)
break; // timeout

else if ((ms = TimeUnit.NANOSECONDS.toMillis(ns)) <= OL)

ms = 1L; // avoid 0 for timed wait
if ((block = tryCompensate(w)) != 0) {
task.internalwait(ms);



53 CTL.getAndAdd(this, (block > 0) ? RC_UNIT : OL);
54 }

55 S
56 3

57 }

58 }

59 return s;

60  }

= task.status;

FENAEFENKER: forBEEEER, FERE—MNRER, BIRB task.status <0, E55
SRk B 8ERE]l, BUNESAMENE, EBIEZEEARTT, HiaEHtask.internalWait(ms);fEZE,

task.internalWait(ms);B9fCA3a0T.

€ ForkJoinPool java €, ForlkdoinTaskjava € ForlkJoinWorkerThread java

final void internalWait(long timeout) {
if ((int)STATUS.getAndBitwiseOr( ..args: this, SIGNAL) >= @) {
synchronized (this) {
if (status >= @)
try { wait(timeout); } catch (InterruptedException ie) { }
else
notifyAll();

4.joinfYIREE
JEtjoin0ZfE, SERWIRE. ETRERIMEEEES TR ARAZIE AR,
€ ForkJoinPool.java €, ForldoinTask.java
—
final int doExec() {
int s; boolean completed;
1f ((s = status) >= 0) {
try {
completed = exec();
} catch (Throwable rex) {

completed = false;
s = setExceptionalCompletion(rex);

}

if (completed) {IFFHITEEFrstatus, FRHERNEBIEENLAE
s = setDone();

¥

return s;



€ ForkJoinPool.java €} ForkJoinTask.java

private int setDone() {
int s;
if (((s = (int)STATUS.getAndBitwiseOr( ..args: this, DONE)) & SIGNAL) = @)
synchronized (this) { notifyAll(); } BAIFFEHIEENLZEE
return s | DONE;

ESHIITREEdoExec)TERE, ESHITRME, BRA— M setDone(BRIFTEFHFHILAZ.
XELH TS

1. #BstatusBNTTHARS.
2.30%s!=0, BPs=SIGNAL, RBAE&REESEFXMESHIT. EAavaR4ER
notifyAll\BXIFFEE&AE. WNERs = 0, IRIEIRBEESHXMES, FAEEEA.

23 ForkjoinPoolB{ftit5H

[EThreadPoolExecutor—#¥, ForkjoinPoolfXAtEARTsE2 BTy, MERE— M EiTE

23.1 TEzet=YB L

F—Worker&deki, BRE— M orfEAEEAHCIHNGIFRYES, MREES, WH
17, BRI, WRREES, WEAZRFFRE.

XANEFRUNAIREE?

1 )%=

2 * TARFER TS, HidForkJoinworkerThread. runifif

3|

4 final void runworker(workQueue w) {

5 int r = (w.id A ThreadLocalRandom.nextSecondarySeed()) | FIFO; // rng

6 w.array = new ForkJoinTask<?>[INITIAL_QUEUE_CAPACITY]; // WILHtbAT 554041,

7 for (30 {

8 int phase;

9 if (scan(w, r)) { // scan until apparently empty
10 ria=r << 13; rA=r >>> 17; r A= r << 5; // move (xorshift)
11 }

12 else if ((phase = w.phase) >= 0) { // enqueue, then rescan
13 Tong np = (w.phase = (phase + SS_SEQ) | UNSIGNALLED) & SP_MASK;
14 Tong c, nc;

15 do {

16 w.stackPred = (int)(c = ctl);

17 nc = ((c - RC_UNIT) & UC_MASK) | np;

18 } while (!CTL.weakCompareAndsSet(this, c, nc));

19 }

20 else { // already queued

21 int pred = w.stackPred;

22 Thread.interrupted(); // clear before park

23 w.source = DORMANT; // enable signal

24 Tong c = ctl;

25 int md = mode, rc = (md & SMASK) + (int)(c >> RC_SHIFT);
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26 if (md < 0) // terminating
27 break;

28 // PUHER H

29 else if (rc <= 0 && (md & SHUTDOWN) != 0 &&

30 tryTerminate(false, false))

31 break;

32 else if (rc <= 0 && pred != 0 && phase == (int)c) {

33 Tong nc = (UC_MASK & (c - TC_UNIT)) | (SP_MASK & pred);
34 Tong d = keepAlive + System.currentTimeMillis();

35 LockSupport.parkuntil(this, d);

36 if (ctl == c && // drop on timeout if all idle
37 d - system.currentTimeMillis() <= TIMEOUT_SLOP &&
38 CTL.compareAndset(this, c, nc)) {

39 w.phase = QUIET;

40 break;

41 }

42 }

43 else if (w.phase < 0)

44 LockSupport.park(this); // OK if spuriously woken
45 w.source = 0; // disable signal

46 }

47 }

48 | }

(int) (c = ctl) <0, BME32NAIESNNT, RIPLAZHRELZHNT KIFPRE. BLARHHNKAIR
&, MRFIENSEERRL DX,

23.2 shutdown()5shutdownNow()§IX 5!

1  public void shutdown() {

2 checkPermission();

3 tryTerminate(false, true);

411

5

6  public List<Runnable> shutdownNow() {
7 checkPermission();

8 tryTerminate(true, true);

9 return Collections.emptyList();
10 }

“EONBEAER, EEREMtryTerminate(boolean, boolean)fFi%, HEA—MEANRIZESalse,
B—MENKRtrue, tryTerminateEi{EF<FForkjoinPool, HARIE—ELAXEFARIN:

1 private boolean tryTerminate(boolean now, boolean enable) {

2 int md; // =AMEBG: 2B E NSHUTDOWN, 2 J5STOP, # )G TERMINATED
3

4 while (((md = mode) & SHUTDOWN) == 0) {

5 if (lenable || this == common) // cannot shutdown
6 return false;

7 else

8 // FimodeZF i CASH:AE ¥ B HSHUTDOWN
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

MODE . compareAndSet(this, md, md | SHUTDOWN) ;

}
while (((md = mode) & STOP) == 0) { // try to initiate termination
if ('now) { // check if quiescent & empty
for (long oldsum = OL;;) { // repeat until stable
boolean running = false;
Tong checksum = ctl;
workQueue[] ws = workQueues;
if ((md & SMASK) + (int)(checkSum >> RC_SHIFT) > 0)
// A IEAEIEAT S AT
running = true;
else if (ws != null) {
workQueue w;
for (int i = 0; i < ws.length; ++i) {
if ((w = ws[i]) != null) {
int s = w.source, p = w.phase;
int d = w.id, b = w.base;
if (b '= w.top ||
((d&1) =18 (s>=01[] p>=0))) {
running = true;
// WIEEBAT
break;
}
checksum += (((long)s << 48) + ((long)p << 32) +
((long)b << 16) + (long)d);
}
3
3
if (((md = mode) & STOP) != 0)
break; // already triggered
else if (running)
return false;
else if (workQueues == ws && oldSum == (oldSum = checkSum))
break;
}
}
if ((md & STOP) == 0)
// MR FTESLRME L, RN mdE A& E ySsToP, N B HSTOP
MODE . compareAndSet(this, md, md | STOP);
}
// nmodeit %A ¥ E NTERMINATED, NIZEAT{EH
while (((md = mode) & TERMINATED) == 0) { // help terminate others
for (long oldSum = OL;;) { // repeat until stable

workQueue[] ws; workQueue w;
Tong checkSum = ctl;
if ((ws = workQueues) != null) {
for (int i = 0; i < ws.length; ++i) {
if ((w = ws[i]) !'= null) {
ForkJoinworkerThread wt = w.owner;
// B EAT
w.cancelAl1(Q);
if (wt = null) {
try {
// Hiirjoinskpark s
wt.interrupt(Q);
} catch (Throwable ignore) {



67 }

68 }

69 checksum += ((long)w.phase << 32) + w.base;

70 3

71 }

72 }

73 // WRCEWE T TERMINATED, NIBkH ForfE¥f, whileff¥ &t hfalse, A5
iR Eltrue, Zik

74 if (((md = mode) & TERMINATED) != 0 ||

75 (workQueues == ws && oldsum == (oldsum = checksum)))

76 break;

77 }

78 if ((md & TERMINATED) != 0)

79 break;

80 else if ((md & SMASK) + (short)(ctl >>> TC_SHIFT) > 0)

81 break;

82 else if (MODE.compareAndset(this, md, md | TERMINATED)) {

83 synchronized (this) {

84 // BFniAHawaitTerminationfZifE, ><MForkJoinPool |

85 notifyAll1(Q);

86 3

87 break;

88 }

89 }

90 return true;

91 1}

B shutdown()RIBHEHIRAIAIESS; shutdownNow(RECEIIERIZBFIFIEE AT
155, BEIIREERTE=RANEAIE, IHXLEERRE,

Bhilp: SLERITEL
24 Single Threaded Execution{®x,

FriBSingle Threaded Executiont®zl, fEAYRLA—MEIEHIT . IZRNRATIRERS], LUHRE
—BJIERBELE— MR TALIE,

Single Threaded ExecutionBRIEFRANIGFRX (critical section) BlIE5RiE, (critical region) ,
Single Threaded ExecutionZFUETFHATMIERIZAE, IR XHIEFEHMNETHITEE,

R


af://n3225
af://n3226

package com.lagou.concurrent.demo;

public class ConcurrentDemo {

pubTlic static void main(String[] args) {
NumberResource resource = new NumberResource();
new UserThread(resource).start();
new UserThread(resource).start();

package com.lagou.concurrent.demo;

public class UserThread extends Thread {

private NumberResource resource;

public UserThread(NumberResource resource) {
this.resource = resource;

@override
public void run() {
while (true) {
resource.showNumber();

package com.lagou.concurrent.demo;

public class NumberResource {
private Integer number = 0;
private Integer printIndex = 0;

private void add() {
this.number++;

private Integer get() {
return this.number;

pubTic void showNumber() throws InterruptedException {
// KREESTENLO0VK, B H FEHINL
if (printIndex > 100) System.exit(0);

Integer numberl = this.get();
this.add();
Thread.sTeep(5);



Integer number2 = this.get();

if ((numberl + 1) == number2) {
System.out.printin(Thread.currentThread().getName() + " => #Hifi--

ERfi--: " + numberl + " F¥¥FE " 4 number2);
} else {
System.out.printin(Thread.currentThread() .getName() + " => @lf**
FaFEs " 4 numberl + " oFFEEE " 4 number2);
3

// it

printIndex++;

}
}
BITHER:
Run: ConcurrentDemo
> D:\RunningApps\Java\jdk-11.8.5\bin\java.exe "-javaagent:
Thread-0 => filfkigurks, 118 ***k**x 129
_ Thread-0 => ILJf§**jpf**: 166789361 ***** 166789364
" Thread-0 => filf**fy**; 166804958 ***** 166804966
3 Thread-© => Hil**Rii**; 166814497 ***** 166814531
=  Thread-0 => IfJf§**5Hr**; 166819037 ***** 166819040
B Thread-0 => JLIg**5pig**; 166823717 ***** 166823725

Thread-8 => Ififf§**5iy**: 166827681 ***** 166827687
» Thread-1 => JIE**Fii**: 166827688 ***** 166827687
Thread-1 => Iif§**5Fii**: 166828187 ***** 166828189
Thread-1 => §**fii**: 166828508 ***** 166828510
Thread-1 => HJE**fpii**: 166828876 ***** 166828878
Thread-0 => IHilf§**5pii**: 166828877 ***** 166828879
Thread-0 => JHJE**fii**: 166829415 ***** 166829417
Thread-1 => Hilf§**5pii**: 166829821 ***** 156829823
Thread-1 => JJE**5pii**: 166830245 ***** 166830247
Thread-0 => I **5pii**: 166830244 ***** 156830246

Thread-0 => Hif§**5ii**: 166830829 ***** 166830831

A ZFrLABIERE, REIshowNumberFiER—NMERK, EFRXIEFIN—, EXAEER
WERFYE, ESEERTHRE, HMeHIiEm

HFELZEAINumberResourcez:
package com.lagou.concurrent.demo;
public class NumberResource {

private Integer number = 0;
private Integer printIndex = 0;



O 0 N O

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

27
28

29
30
31
32
33
34

private void add() {
this.number++;

private Integer get() {
return this.number;

pubTic synchronized void showNumber() throws InterruptedException {
// KMEFTER1007K, iBH EFIL
if (printIndex > 100) System.exit(0);

Integer numberl = this.get();
this.add(Q);
Thread.sleep(5);

Integer number2 = this.get();

if ((numberl + 1) == number2) {
System.out.printin(Thread.currentThread().getName() + " => J#i#f--

WEffi--: " + numberl + " #%%%% " L number2);
} else {
System.out.printin(Thread.currentThread().getName() + " => @#if**
SEEFE " 4+ numberl + " FFFEF " 4 number2);

3
// i

printIndex++;

Single Threaded Executiont&s{ S84

1. SharedResource (HEE&IE)

Single Threaded Executiont&z,FhHHIL ¥ —N&1ESharedResource (HEHIR) /EANZE, TR
2R, HNumberResourceZé¥piESharedResourcefB e,

SharedResource B ERTLEZNERRANZE, BRREAZ%, BXYEREFES HUNTH

%!

e safeMethod: SNEERTERBASKERRNGE,
e unsafeMethod: ZANGFERITAAS LR, FEitbmINLARRRYAE X,

safeMethod, TTEX[E,

X$FunsafeMethod, FERSNMEIZRISHITRS, SCHINEETREAED L. XIMEZRRIFIZS
& EEARESNEAERISER.

Single Threaded Executiont#(&{F##FunsafeMethod, {FERRTRAEH—MELAZHE. javalll2
iBidunsafeMethod &R gsynchronized /5 i&H1TRIF,

HAVER VPR NN TRIE R EEMR A IR X,

Single Threaded ExecutionZ$[E]



SharedResource

safeMethod1

safeMethod?2 {guarded}FTRRARVFREERIT

.
".
.
-

unsafeMethod1() {guarded} ** al
unsafeMethod?2() {guarded}

{IAd{ERSingle Threaded Executiont&z{
1. ZEFERS

LR PFERsynchronized KEFHASHIMERNZ 2, BEERsynchronized5iZE
LCER—RR A1 ERRYE), TR ERER1LRE.

2. ZNEAERRS

ZSharedResourcefABBAISLHIB RIBEHR S NRAERIATAIARY, FEEFEASIngle Threaded
Executionf&=,,

BMERSEAEEF, WRATELIEHMRTEMIIRMFN, thAFEFEMASingle Threaded Executiont&
. XMRSIRALIEERTZ,

LIRS NMEFZANESE R, BTSRRI R RESEHIRY, AT, EZRRIEREMTRE
S E&EMSingle Threaded Executiont&z,

3 RS E I RER RS

ZRRLAEE EFESIngle Threaded Executiont®z,, EE3SharedResourceBAIRESERET
1.

NRFEREESLAIE, SERRPRSHEEARERN, HAFHERMSingle Threaded Executiont&Ez,
4. BEMRRT MRS

REATERRTEMR, AFEEASIngle Threaded Executiont&Em,

JavalEEERZHERIFEIELZ 2N, XRAN T EAREE BRI RSEF G TRE.

FFEERZEE, 2L EECERNXRANEERSM.

e
{#FASingle Threaded Executiont&z(AY, TEEREFTEMAIBEE.

FEMERIEM M EAEDBIFFE S, FEESANARMBEINGR. KETEUINSAZER T AR ERIs
17, R,

PMNANIZIR, BHEEDNX, BNXNAE—E. iz, HP—PAZETT], 3—ETX, M
BERABESFFNLILHECHEENRET]. XMETT, BTABRE—EFT ML, XNERET
{178



fESingle Threaded Executiont#x{h, HE TFISMRT, SRLETLHL:

o FfE%/ SharedResourcefifs
o HFEERFAR N SharedResource BHIEIEIRT, IRAEFRENE ESharedResourcefEAIHL
* 3kEYSharedResourcefsERISIHIINFAEE (SharedResourcefAEEXIFRAT)

IRFREEYAFOERE
—RRIBHT, Single Threaded ExecutiontR=U B {RAZ FAERE:
1. SRENSHICZRATIE]
#Nsynchronized75iARY, SAEFEIRBISRAIM, ZAIESTEZRRTIA,

gnsRSharedResource FIBRYEIERD T, BATIRINAIIAVEEBSERITRELD, MR
FIMERERITRET .

2. BAEIPERE [ RRIFRT

SEFETIRR X AR ER, EEEHANIGFRXNVLERBEE, XFRNRRAZIETR. K%
PERAT, FERFRVEA MRS R SRS S RYEAYE NN TR,

25 Immutablef&Ez,

Immutablefi @M. RARENZE. ImmutabletlBXHFEERMRIANMAS R RENTHIZE., £
HEIX L FIRS AR ERI TR AE R E. INREAFZE, MALUESEFM1RE.

gnstringflE@— M ARIEE3E, immutablefy,

T HER

1 package com.lagou.concurrent.demo;

2

3 public class ConcurrentbDemo {

4 public static void main(string[] args) {
5 User user = new User(1001, "sk=", "sk=R—"1MA");
6 new UserThread(user).start(Q);

7 new UserThread(user).start();

8 new UserThread(user).start(Q);

9 new UserThread(user).start(Q);
10 new UserThread(user).start(Q);
11 }
12  }

1 package com.lagou.concurrent.demo;


af://n3316
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pubTlic class User {
private final Integer userId;
private final String username;
private final String desc;

public User(Integer userld, String username, String desc) {
this.userId = userId;
this.username = username;
this.desc = desc;

public Integer getUserId() {
return userild;

public String getUsername() {
return username;

public String getbDesc() {
return desc;

@override
public String tostring() {
return "User{" +
"userId=" + userId +

, username="" + username + '\'' +
+ desc + "\''' +

, desc=

l}l;

package com.lagou.concurrent.demo;
public class UserThread extends Thread {
private Integer index = 0;
private User user;
public UserThread(User user) {

this.user = user;

@override
public void run() {
while (true) {

if (index >= 100) {
System.exit(0);



n "

System.out.printin(Thread.currentThread().getName() + ===> +

user);
index++;
3
}
3
HUTHR:
Run: ConcurrentDemo (1)
S D:\RunningApps\Java\jdk-11.0.5\bin\java.exe "-javaagent:D:\RunningApps\Jet
Thread-8 ===> User{userId=1001, username="7f ~', desc="g3k /& P A4f N'}
__ Thread-4 ===> User{userId=10801, username="ik ~', desc="9k ~J& Ui A"}
®  Thread-2 ===> User{userId=1001, username='i} =, desc="9k ~j& -4 UF A"}
=4 . . .
=  Thread-2 ===> User{userId=1001, username="ik -', desc="9k /&t - UfN"'}
™ Thread-1 ===> User{userId=1001, username="7k -*, desc="7k “/t =P Uf N"}
w. B Thread-3 ===> User{userId=10801, username="ik ~', desc='9k “j& P Uf A"}
Thread-1 ===> User{userId=1001, username="7k =", desc="9k = J& P A"}
» Thread-3 ===> User{userId=1001, username='ikk ~', desc="4k ~J&t —Pif A"}
Thread-2 ===> User{userId=1001, username="7k >', desc="9k /& P A4f '}
-l .___ 1 =a T I P . S ——— - -~ vdls —H A B
*m
User
| —— = Er R i Mfinal
- - _'______—___""-_F---_--
userld : Integer. {frozen} ,--—--“'"'"’/
UserThread - username : String {froV
~user User | occoooo > - desc : String {frozen}

] + getUserld() : Integer {concurrent} — —+—___ . .,
. b }591 by
+ run() : void + getUsername() : String {concurrent} *ﬁ&ﬁ B FEENTE

+ getDesc() : String {concurrent} — |
+ toString() : String {concurrent}

f£Single Threaded Executiont®zl, 15E2aL5 |ASLAMAEAIMITIRENIGFRK, ZXFRBEH—
SREUT. T AREMIRIUserss, ERRPRTEIASRENZE, BMES N EAZRIIXAZEFHRITLE
B, Lt ASHE, FEAEFRRSAZE. MitttFTFEEMsynchronized XEFRIRIPSLA,

Immutablet&s{hfifAE

1. Immutable

ImmutableBR—1E, ZABFHNFREATEN, BAFEENFRABHGE, THX]
ImmutablefaLIFASingle Threaded Executiont®r,, FT&EfERIsynchronized Xz, FMEAZEHIRY
Userzg,



@ﬁ%ﬁ,iﬁj

Immutable / B9 {8 AT B AR
AEETUREEATFE | . fieldt : Object {5} .~
BN AR - field2 : Object {% 25}
+ getField1() : Object {5} J—_ | BFEFRENTE.
+ getField2() : Object {37 %} EN BN L TEA
synchronized><

{AR{ERAIMmmutablet&Ez
1. QlEsLhfE, KESEARBRENE

VIRRSOIOIRE, RESTBEEINN. STRNRSHFRIOERE, MEFREinaNERE
FEsetter, WARTACRERAIZM, EATRSIFAOLAETEAEEW,

2. LBIRHZR, BRSREHRES

Immutabletf R AL R RA B E[EMsynchronized XFEFHITIRIP. BREEAKLEZLZTEMHNET
MR FRE RS, UL SNEERS, BETRSIZINART, ImmutableEX{L=EAE.

=

StringBufferd&R R BRI ERZE, StringRRRFRBIATERE, StringSLHIFRTINERFER
AILMER, HUTIRIENGIEEAEsynchronized{&IHRY, SIFIEREER,

NRFEBINZEENFFENDS, WEAStringBuffer; MNRAFEENFFFEANST, RESIFEN
2, MfERString,

JDKAREI AR T iR

e java.lang.String

e java.math.Biginteger
e java.math.Decimal
e java.util.regex.Pattern
e java.lang.Boolean

e java.lang.Byte

e java.lang.Character
e java.lang.Double

e java.lang.Float

e java.lang.Integer

e java.lang.Long

e java.lang.Short

e java.lang.Void



26 Guarded Suspensiont&z},

GuardedF TR, WIRE. #FIF. SuspensionFTRE (S, MEHTIIERIMESIER AT,
AL TR TE F——IXFlEGuarded Suspensiont&z{,

Guarded Suspensiont&2 =BT LR FFRAMIELHIRIZ 28,

Guarded SuspensiontB#R/gguarded wait, spin lockFE&FR,

THIER:

1 package com.lagou.concurrent.demo;

2

3  public class Request {

4

5 private final String name;

6

7 public Request(String name) {

8 this.name = name;

9 }
10
11 @override
12 public String toString() {
13 return "Request{" +
14 "name="'" + name + '\'' +
15 "IV
16 }
17 3}

1 package com.lagou.concurrent.demo;

2

3 dimport java.util.LinkedList;

4 dmport java.util.Queue;

5

6  public class RequestQueue {

7

8 private final Queue<Request> queue = new LinkedList<>();
9
10 pubTic synchronized Request getRequest() {
11 while (queue.peek() == null) {
12 try {
13 waitQ;
14 } catch (InterruptedException e) {
15 e.printStackTrace();
16 3
17 }
18 return queue.remove();
19 }
20
21 pubTic synchronized void putRequest(Request request) {
22 queue.offer(request);
23 notifyAll1();

N
~
—


af://n3386

package com.lagou.concurrent.demo;
import java.util.Random;

pubTlic class ServerThread extends Thread {
private final Random random;
private final RequestQueue requestQueue;

pubTlic ServerThread(RequestQueue requestQueue, String name, long seed) {
super(name) ;
this.requestQueue = requestQueue;
random = new Random(seed);

@override
public void run() {
for (int i = 0; i < 10000; i++) {
Request request = requestQueue.getRequest();
System.out.printin(Thread.currentThread() .getName() + " 4b# " +

request);
try {
Thread.sleep(random.nextInt(1000));
} catch (Interruptedexception e) {
e.printStackTrace();
3
}
}
}

package com.lagou.concurrent.demo;
import java.util.Random;

public class ClientThread extends Thread {
private final Random random;
private final RequestQueue requestQueue;

pubTic ClientThread(RequestQueue requestQueue, String name, long seed) {
super(name) ;
this.requestQueue = requestQueue;
this.random = new Random(seed);

@override
public void run() {
for (int i = 0; i < 10000; i++) {
Request request = new Request("ifk: " + 1);
System.out.printin(Thread.currentThread().getName() + " ifER " +
request);
requestQueue.putRequest(request);



try {
Thread.sleep(random.nextInt(1000));

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

}

package com.Tlagou.concurrent.demo;

public class ConcurrentDemo {
public static void main(string[] args) {

WATHR:

Run:

>

I« 4l

m dh

RequestQueue requestQueue = new RequestQueue();
new ClientThread(requestQueue, "client-1", 432432L).start();
new ServerThread(requestQueue, "server-1", 9988766L).start();

ConcurrentDemo
D:\RunningApps\Java\jdk-11.0.5\bin\java.exe
client-1 ij52K Request{name="i5K: @'}
server-1 AMFf Request{name="ii:Kk: @'}
client-1 ij52K Request{name="i5:K: 1'}
client-1 ij52K Request{name="i5K: 2'}
server-1 AMFf Request{name="i5:K: 1'}
client-1 ij52K Request{name="i5: 3'}
server-1 Pl Request{name="i{jj:K: 2'}
client-1 ij52Kk Request{name="ijj:Kk: 4'}
viksE, 2t

carmranm-1 [T Damac+lfnama-=

RIFBERIFERETTERIA



public class RequestQueue {

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

public|synchronized| Request getRequest() {
while (queue.peek() == null) [{
try {
wait();
} catch (InterruptedException e) {
e.printStackTrace();

}

return queue.remove();

}

LB, getRequestZiEHITHNIZIERMqueueENHH—"RequestSLffl, B queue.remove() ,
BEREIRERequestSLfl, HUHESRM: queue.peek() != null, ZFMHHEGuarded
Suspensiont®EAYTFIPSKAS (guard condition)

LEREHITEIwhileiIBaRT

ETIPFMRGL, SREREAwhiIlelBEER, BEiEfliTqueue.remove()73ik, LiEAREFH.
o EFIPEMARIL, SFEHAwhileilBTHR, HiTwait, FFIAZF.

public synchronized void putRequest(Request request) {
queue.offer(request);
notifyAll();

i
ETIPEEARAL, NWERBES. FHFA? FiEFnotifyAll()IEEEZLIE.,
TFPEAPELE T AR EEEEIHT, BRIETHMRSRENREE, FIPEE/MIL, BB —NAIEIRES,

1Z2EHR9synchronized XEF(RIPAYRqueue=ER, getRequestFiEAdsynchronizedffRiFiZA %
HEEE—MEERT,

ZrEiTthis.waitzfg, BEAthisBIFSING, FREMEFERIthisH.

notify. notifyAllgkinterruptiZABREEFNG, SEFRGENITZ BIE VBRI thisAYEILE
A AT LAREEHAT,

BSFRE



ClientThread RequestQueue ServerThread

putRegeust
ok
e
getRequest
ok
.............................. -
getRequest
—B%F, B2E
putRequestiifT/91E
putRequest
ok
S ——
ok
T ------------------------------- -
ClientThread RequestQueue ServerThread

Guarded Suspensiont&EXRAIAE
e GuardedObject (#{FHFEINIS)

GuardedObject BR—MFEMIRIT (guardedMethod) RUJZIERYE. HEAEHIT
guardedMethod75iERY, EFIFRMAAIL, SZBMHIT, BFFREARKIL, SF. FR&UEE
GuardedObjectfEEBHPREARARIMEE,

&7 guardedMethodZ4h, GuardedObjectfafatE Bl LS EIBIESSLANRZS
(stateChangingMethod) B9/,

javash, guardedMethodi@idwhileiEaFfwait/5iERKSEW, stateChangingMethodi@Eid
notify/notifyAll75i%3CHL,

EARZRIF, RequestQueueJGuardedObject, getRequest/giZkaguardedMethod,
putRequestgstateChangingMethod,

BJLAGuarded SuspensionIEfi# 9 LRI,

LinkedBlockingQueue

ATLAERALinkedBlockingQueue&E{tRequestQueue,

1 package com.lagou.concurrent.demo;
2



import java.util.concurrent.LinkedBlockingQueue;
public class LinkedBlockingQueueRequestQueue {

// private final Queue<Request> queue = new LinkedList<>();
private final LinkedBlockingQueue<Request> queue = new
LinkedBlockingQueue<>();

public Request getRequest() {
Request request = null;
try {
request = queue.take(Q);
} catch (InterruptedeException e) {
e.printStackTrace();
}

return request;

public void putRequest(Request request) {
try {
queue.put(request);
} catch (Interruptedexception e) {
e.printStackTrace();

3
}
}
%
]
Java.util
<<interface>> LinkedList<E
inkedList<E>
Queue<E> e
— |[FERE =S
+ remove() : E <]* -=1 +remove(): E
+ offer(e : E) : boolean + offer(e : E) : boolean
+peek() : E +peek)  E
|
java.util.concurrent
<<interface>> // Ea e 0|
BlockingQueue<E> LinkedBlockingQueue<E>
+take() . E +take(): E
+ putfe : E) : void + put{e : E) : void




27 Balkingt&zt
FmBBalk, FEEFLLFRENERZ.

Balkingt&={5Guarded Suspensiont&{—#f, HFETFIFEM. EBalkingi&z{dr, WRTFIFEM
ARSI, MSZBIhBTAbIR, MiGuarded SuspensiontE—EZFEZITTLUETT.

R

PNERE, —PRIENEIZ, B2/, SRR, FREXEHRE.
B—IEREFLE, BEHKHTHRBHIRT.
MRNHFRERT, WHRTHRFEE

WRNUAFERT, WAPITRENE.

1 package com.lagou.concurrent.demo;

2

3 dimport java.io.Filewriter;

4 dmport java.io.IOException;

5 dimport java.io.writer;

6

7  public class Data {

8 private final string filename;

9 private String content;

10 private boolean changed;

11

12 public Data(string filename, String content) {

13 this.filename = filename;

14 this.content = content;

15 }

16

17 pubTlic synchronized void change(String newContent) {

18 this.content = newContent;

19 this.changed = true;

20 }

21

22 public synchronized void save() throws IOException {

23 if (changed) {

24 dosave();

25 changed = false;

26 } else {

27 System.out.printin(Thread.currentThread() .getName() + " A ZfR
#");

28 }

29 }

30

31 private void doSave() throws IOException {

32 System.out.printin(Thread.currentThread().getName() + " ififfldosave,
W% N: " + content);

33 writer writer = new Filewriter(filename);

34 writer.write(content);

35 writer.close(Q);

36 }


af://n3445

package com.lagou.concurrent.demo;

import java.io.IOException;
import java.util.Random;

pubTlic class ChangerThread extends Thread {
private final Data data;
private final Random random = new Random();

public ChangerThread(String name, Data data) {
super(name) ;
this.data = data;

@override
public void run() {
for (int i = 0; true; i++) {
data.change("% "
try {
Thread.sleep(random.nextInt(2000));
data.save();
} catch (IOException e) {
e.printStackTrace();
} catch (InterruptedException e) {

e.printStackTrace();

+ 1+ " oS ;

package com.lagou.concurrent.demo;

import java.io.IOException;

pubTic class SaverThread extends Thread {
private final Data data;

public SaverThread(String name, Data data) {
super(name) ;
this.data = data;

@override
public void run() {
while (true) {
try {
data.save();
Thread.sleep(1000);
} catch (TIOException e) {



20 e.printStackTrace();

21 } catch (InterruptedException e) {
22 e.printStackTrace();
23 }
24 }
25 }
26  }
PITHER:
Run: ConcurrentDemo
> D:\RunningApps\Java\jdk-11.0.5\bin\java.exe "-java

PRAFERFRAN TG EEARAT
fffreFe i H]doSave, NZEN: 5 @ iz

SRR BT
= LFF ldoSave. NZEN: 5 1 WAZE
B FEAN T BT
B BMUERFE I Hdosave. NZEN: 1 2 RIZE

%
AP LFE i H]ldoSave, NZEN: 55 3 R4
» (RAFERFREANTG R AT
2 LR FEAN TG BT
Ar2eFE i HldoSave., NZEN: 55 4 IRfELL
PR AFERFEANT EERAT
12 LR FRAN TG B AT

S R = AL o R 55 O T [ i = Aafe e Wl B ke

BalkingtEs{FRIAE
e GuardedObject (ZFHFXIS)

GuardedObjectBEE—MABHIFRIFEGIE (guardedMethod) BY2E, H&FEHIT
guardedMethodBY, ERIPEMERSZ, NHATSEFRAOLEE, BRI, NAHITEFRAIAIE, BEiER
EIN

RIPSAFRIRAZ S EHEE Guarded Object A EIRSAIN TR,

f* 7 guardedMethodZ4h, GuardedObjectfaBIAE A gEAEMMSEIASHGIE
(stateChangingMethod) ,

EItbZ3=Frr, DatazsxgizFGuardedObject, savefsiEXghiguardedMethod, change/5iEXdiz
stateChangingMethodJ5i%,

RIF&MHRchangedFE Atrue,



GuardedObject

- state : boolean

+ guardedMethod() : void {5 f£17 87}
+ stateChangingMethod() : void {5 %17 7}

{WESfEMABalkingt&zt,
° AFEEHITHY

FURGIRERS, contentFRESASNRIKBIEN, Hiisaversizbalk, ZFLAEbalk, EE7A
contentBEEXHT, TEBET. NRHREEHIT, MAlLiEmBalkingtE, HRATLIESER
o REEESTIRKMRI

Balkingt&HS R @A S, ERMANL, BT, BRI, AT, MEHENT—MNE
E.

o SFPFMHNIESE—IRBIRS
L FIPRIHMXES IR BT, ATLAERIBalkingt&Ez,

ECANSMSEAIIACIRME, MEREREIRNT, WRMKBNKT, BABRITTY. MRLEDSA
£, MH{THEN.

balkERIIFRT
1. ZHgbalk

BB ENERIERR &E T balk’, REFEFRBIHEXMA.
2. EdiREEZRRbalk

EBidbooleanfE®/~balk, &HiR[Eltrue, FrRkLdbalk, BEHRITHIIT TR, Hfalse, NIFE
TRETbalk, REEHIT, FEEEHIT.

Bt FERnulIRERR &E T balk’,
3. B EEFRbalk

BtEIREERREEThalk’, Bl, Hbalkhf, FBFEHANAEreturn, MEHESE.

BalkingfllGuarded Suspensiont&z{Z[&]

T "EfEbalkFHREFNEFEI TP R LI X im 2 (B G — R E TR RS2
RIS —RRRAJIE)", EFIPRMUBGIZEIESF—RATE, WRBIRFMIERMIL, MEZbalk,

XFEIEFRAITETIFR (guarded timed) B8R (timeout) .

java.util.concurrentfRaSiaRY



1. BT R EEAER

LREBIMEEEN, FESERREESRTEN, FEER

java.util.concurrent.TimeoutExceptionsz&.
an:
java.util.concurrent.Futurefget/5i%;
java.util.concurrent.Exchangerfexchange’si%;
java.util.concurrent.CyclicarrierfiJawaitj5i%

java.util.concurrent.CountDownLatchfdawait/5i%.

2. BTIREEEXIERT
HRTER0YREY, WAMEREE, mERREERER.
an:

java.util.concurrent.BlockingQueuetz [, Zofferf5iEANREEAfalse, Bpoll/5iERNRENEA

null, FRNERETHERT,
java.util.concurrent.Semaphorezg, HtryAcquire/5iEANREIE Hfalseld, FTrA4E T BT,
java.util.concurrent.locks.Lockiz[, HtryLockFAANRENE Hfalself, FrALE T BT,

28 Producer-Consumert&z
G E RIS RIEAEEE,
HEFEA SRS R RNSARETR, MEZ A REEERaaaH
G B T R R AR R £ B SR ISR

TR, EFEMEREEHEEZ, AEFEBNERERE M, BNMRAEE (Pipe) &

Eto

IR
package com.lagou.concurrent.demo;

1

2

3  public class Table {

4 private final string[] buffer;
5 private int tail;

6 private int head;

7 private int count;

8
9

public Table(int count) {

10 this.buffer = new String[count];
11 this.head = 0;
12 this.tail = 0;
13 this.count = 0;

14 }
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pubTlic synchronized void put(String steamedBread) throws

InterruptedException {

System.out.printin(Thread.currentThread() .getName() + " Z&HK " +
steamedBread) ;

while (count >= buffer.length) {

wait(Q;

}

buffer[tail] = steamedBread;

tail = (tail + 1) % buffer.length;

count++;

notifyAl1Q;

pubTic synchronized String take() throws InterruptedException {
while (count <= 0) {
wait();
}
String steamedBreak = buffer[head];
head = (head + 1) % buffer.length;
count--;
notifyAll1();
System.out.printin(Thread.currentThread().getName() + " BUE " +
steamedBreak) ;
return steamedBreak;

package com.lagou.concurrent.demo;
import java.util.Random;

public class CookerThread extends Thread {
private final Random random;
private final Table table;
private static int id = 0;

public CookerThread(string name, Table table, Tong seed) {
super(name) ;
this.table = table;
this.random = new Random(seed);

@override
public void run() {
while (true) {

try {
Thread.sleep(random.nextInt(1000));
String steamedBread = "[ Steamed bread No. " + nextId() + "

+ getName() + "]1";
table.put(steamedBread) ;
} catch (InterruptedException e) {
e.printStackTrace();

by



private static synchronized int nextid() {
return id++;

package com.lagou.concurrent.demo;
import java.util.Random;
public class EaterThread extends Thread {

private final Random random;
private final Table table;

public EaterThread(String name, Table table, long seed) {
super(name) ;
this.table = table;
this.random = new Random(seed);

}
@override
pubTlic void run(Q) {
try {
while (true) {
String steamedBread = table.take();
Thread.sleep(random.nextInt(1000));
b
} catch (InterruptedeException e) {
e.printStackTrace(Q);
}
}

package com.lagou.concurrent.demo;

pubTlic class ConcurrentDemo {
public static void main(string[] args) {
Table table = new Table(3);
new CookerThread("J&ifi-1", table, 12345L).start(Q);
new CookerThread("&HIfi-2", table, 23456L).start();
new CookerThread("#iji-3", table, 34567L).start(Q);

new EaterThread("Hiffi-1", table, 45678L).start();
new EaterThread("#iffi-2", table, 56789L).start();
new EaterThread("#uffi-3", table, 67890L).start();



Run: ConcurrentDemo (1)

D:\RunningApps\Java\jdk-11.8.5\bin\java.exe "
Jiflfi-1 &4k [ Steamed bread No. @ by Jiflifi-1]
fhfi-1 HUE [ Steamed bread No. @ by Jflifi-1]
JE§If-1 £k [ Steamed bread No. 1 by [flifi-1]
fhfi-3 HUE [ Steamed bread No. 1 by Jiflifi-1]
JEfIfi-1 2ok [ Steamed bread No. 2 by Jiflifi-1]
fhfi-2 HUE [ Steamed bread No. 2 by Jflifi-1]
Jififi-2 &k [ Steamed bread No. 3 by Jflifi-2]
fhfi-1 HUE [ Steamed bread No. 3 by Jiflifi-2]
Jiflfi-3 &4k [ Steamed bread No. 4 by Jiflifi-3]
fiki-2 Yok [ Steamed bread No. 4 by Jiflifi-3]

l« I

m h

EFputhix

putFiESHitinterruptedException® &, WMRHLH, TLERE N ZIRECEE",
putFgiEfER T Guarded Suspensiont&z(,

tailflcounthIEFTREXbufferFRAIRZEL,

notifyAll 75 =M IEFEE B LAIEAERIZ,

*%FtakeFix

takeiESHit InterruptedException® &, FRZIREEEGH.
take5iE%F T Guarded Suspensiont®z{,,
headfcountREHTR A 7 bufferfRRIfZ.

notify AllIGEEEF I LT IR IEL,

AFRE:

-3



CookerThread Table EaterThread

ok
.............................. -
put

‘ BEARTLAUEL, BRETFLHT, TEBKT.
take
______________ LS
| EEEST G, BERTUAST LRELT |
______________ K
T take
| mEeE. @RATLRAEL
put
P I
‘ BFEKTFLRTIEL, ALEGEZET
ok
horeesressassest s »
CookerThread Table EaterThread

Producer-ConsumeriEsRIA &

1. Data

DatafgtaHProducerfB&4ER, #tConsumerB&ER. EAZFIF, StringZAYELXIMFData
fat,

2. Producer

Producerfta4miDatafat®, FIEEE B Channelfafa, AZfF, CookerThreadidiiF
Producerfata,

3. Consumer



Consumerfata M Channelfaa3kE DatafaaH(FEA. AZXF|F, EaterThreadXIMFConsumerf
&,

4. Channela&s

ChannelB&EIEMProducer@@3FEDatafats, RmEIIR ConsumerfBENiERK, Ei#Data
A, AT7TEE, Channel@B&XIProducerB&fIConsumerBBiH1TEFLE.

HproducerfaigDatafBaiZiBisChannel AT, WRChannelfEBRSAREE K DataffE, N
ProducerfgtBi5—E %1%, EZIChanneldaLEIgDatafEALLE,

HConsumerB&MChannelB&IKEXData@&RY, R ChannelBEIRSRERILUEBEAIDatafd
&, MConsumerB®E—EZE, BHEIChannelBEIRSET HATLE#EDatamEALE,

HBEES N Producerfa@fiConsumerfAtald, ChannelBBEEXE(IMERLIE,

xRE:
Prod Channel
roducer s N L takes Consumer
- channel : Channel data + put{data : Data) : void data - channel : Channel
+ take() : Data

I .
,contains
I

|
I
creates i

FIPRLMChannel A& (ATSEH)

EEFEEEREER G, KIBLReTIPEERNEChannelB&., ChannelBB8HITEEENERL
2, M{RProducerf@BaIFHtigDataf(EiRiaConsumerfata,

FEEEES

ConsumerfABEEREDatafa®, BE EEABFERXLDataf BRI THLAME, R
Producer@&EZEAConsumerfU5i%, HITUERFARConsumerfUZA2, mMEProduceri&al
HIET ., XHE—k, BLAETFESLE, SREARRDataBHER, FEERFAIMEE.

{&iEDataf BHYIGR

1. \FI——SRE =5 2e
2. e——SREFTIRiHE
3. RS ——"L5E RISCiH 2R

Channel&NX
SRR & HEEIRIZRA"
KRB REEE NIZR PR

ATUEREIET, YAPTERGE, DBSIEHRSNRSHEIAR, SiErERMIER AT &2
AU TR TRY.



JuC8#Producer-Consumert&z

JUCHIRM T BlockingQueuetzO R ESLHIZE, #H2FProducer-ConsumertZzFAYChannelf
@IO

<<interface>>
java.util.Queue<E>

+ offer(e : E) : boolean
+remove() : E

+ element() : E

+ peek() . E

+poli() : E v‘\\
AN A

java.util.concurrent

<<interface>>

BlockingQueue<E> ConcurrentLinkedQueue

+ put(e : E) : void

-] +takep :E s
-7 7 ! T~ T <
- - 1 ~ S
- < 1 ~ o
_- - P rd 1 ~ S -
DelayQueue PriorityBlockingQueue SynchronousQueue ArrayBlockingQueue LinkedBlockingQueue

¢ BlockingQueuefE[1——FHZER\F
 ArrayBlockingQueue——E&F#¢AAIBlockingQueue

e LinkedBlockingQueue——E&TF4§E3&AIBlockingQueue

e PriorityBlockingQueue—— B 15 AIBlockingQueue
 DelayQueue———ERfAIZ 54 PILAtakeftIBlockingQueue

e SynchronousQueue——E#Z{&#EAIBlockingQueue

e ConcurrentLinkedQueue——JTENMLEBERAIRFINLIZLZLINT!

29 Read-Write Locki&Ez

SEFRERELHIRPRERS, EHRPREFERERZMN. LIRS NELERITENRERT 2K
£,

MEEHIMRSIEMWRE, EBFIBANBARERIXE,

ERER S, ZBURFIBENRIED TSR, EHTISEUREZR, LA2WJuRE A TR,
FEHUTENEREZR, SRR IEREAETS AR,

HJUUSNEAZERNER, SRR EA.,
SEFEIEES AR, BEfttEiE A LUSEEEA.
—RSKRiR, FUTERSFREFERE. MREEANERNENNERSFER, WILIES

anp
[aYay
°
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BliER

AOERF

package com.lagou.concurrent.demo;

1
2
3  public class ConcurrentDemo {

4 public static void main(Sstring[] args) {
5 Data data = new Data(10);

6 // JEBNEEERE, LA AR g i

7 new ReaderThread(data).start();

8 new ReaderThread(data).start();

9 new ReaderThread(data).start();

10 new ReaderThread(data).start();
11 new ReaderThread(data).start();
12 new ReaderThread(data).start();
13 // BIELE, WANEE-1NERE, 51505
14 new WriterThread(data, "ABCDEFGHIJKLMNOPQRSTUVWXYZ'").start();
15 new WriterThread(data, "abcdefghijklmnopgrstuvwxyz").start();
16 }
17 |}
HiER

package com.lagou.concurrent.demo;

1

2

3  public class Data {

4 private final char[] buffer;

5 // DatafrZifEx itz

6 // Datafff s 8t

7 private final ReadwriteLock lock = new ReadwriteLock();
8
9

public Data(int size) {

10 this.buffer = new char[size];

11 for (int i = 0; i < buffer.length; i++) {
12 buffer[i] = '*';

13 }

14 }

15

16 pubTlic char[] read() throws InterruptedException {
17 Tlock.readLock();

18 try {

19 return doRead();

20 } finally {

21 lock.readunlock();

22 }

23 }

24

25 public void write(char c) throws Interruptedexception {


af://n3638
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26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

1
2
3
4
5
6
7
8
9

10
11
12
13
14

// B, HETRREPUT S ERAE.
lock.writeLock();
try {
// BRAE
dowrite(c);
} finally {
[/ BNTERG BECBH, (RIS (1 2 AR
lock.writeunlock();

private char[] doRead() {
char[] newbuf = new char[buffer.length];
for (int i = 0; i < buffer.length; i++) {
newbuf[i] = buffer[i];
3
sTowly(Q;
return newbuf;

private void dowrite(char c) {
for (int i = 0; i < buffer.length; i++) {
buffer[i] = c;
sTowly(Q);

private void slowly() {
try {
Thread.sleep(50);
} catch (InterruptedException e) {
e.printStackTrace();

package com.lagou.concurrent.demo;

pubTlic class ReadwriteLock {
private int readingReaders
private int waitingwriters
private int writingwriters
private boolean preferwriter = true;

]
o O O

* TR AR

* 1. MRAEESARwriter, NAFHTLRESFfwriterS AT

* 2. WA IEAESARwriter, EEAF EASAFEANwriter, RS EIE
M2 AT R FE S Rrwrd ter 5 N 52k

* @throws InterruptedException
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15 %/

16 pubTlic synchronized void readLock() throws InterruptedException {
17 while (writingwriters > 0 || (preferwriter & waitingwriters > 0)) {
18 [/ ATTERFE Ay
19 wait(Q;
20 }
21 readingReaders++;
22 }
23
24 public synchronized void readunlock() {
25 readingReaders--;
26 preferwriter = true;
27 // VRBRAE HI R SR HA AR
28 notifyAll1();
29 }
30
31 pubTic synchronized void writeLock() throws InterruptedException {
32 waitingwriters++;
33 try {
34 // WRA SRS, BOE A IEE S NMIZRRE, )2 Fi 2 S ol e i
35 while (readingReaders > 0 || writingwriters > 0) {
36 waitQ);
37 }
38 } finally {
39 waitingwriters--;
40 }
41 writingwriters++;
42 }
43
44 public synchronized void writeunlock() {
45 writingwriters--;
46 preferwriter = false;
& [/ ATERTEE TR, MR H ARG I ZRFR AT L5 A
48 notifyAl1Q;
49 }
50
51 }
5412

package com.lagou.concurrent.demo;

import java.util.Random;

private static final Random RANDOM = new Random();
private final Data data;
private final string filler;

1
2
3
4
5 public class WriterThread extends Thread {
6
7
8
9 private int index = 0;

10
11 public writerThread(Data data, String filler) {
12 this.data = data;

13 this.filler = filler;
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14 }

15

16 @override

17 public void run() {

18 try {

19 while (true) {

20 // RIS, SHCYET—
21 char c = nextchar();

22 // 55T

23 data.write(c);

24 Thread.s1eep (RANDOM. nextInt(3000));
25 }

26 } catch (InterruptedException e) {
27 }

28 }

29

30 private char nextchar() {

31 char ¢ = filler.charAt(index);

32 index++;

33 if (index >= filler.length(Q)) {

34 index = 0;

35 }

36 return c;

37 }

38 1}

AT

1 package com.lagou.concurrent.demo;

2

3 public class ReaderThread extends Thread {
4 private final Data data;

5

6 public ReaderThread(Data data) {

7 this.data = data;

8 }

9
10 @override
11 public void run(Q) {
12 try {
13 while (true) {
14 char[] readbuf = data.read();
15 System.out.printin(Thread.currentThread().getName() + " #HL

7 " + string.valueof(readbuf));

16 3
17 } catch (InterruptedException e) {
18 }
19 }

20}
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TIPS

readLockgiEfOwriteLock5iEER R T Guarded Suspensiont®{,, Guarded Suspensiont&z{AY
BERETIPEM.

readLockFix:

TR E TR readlockTix. H&EENZTEIRE, BATLITSEFRATIERUR(E.

LRI TERRRSEUR(FY, RBEFESFELEESANERE, UNRERFREERSS
HNBEANZEIE.

TESIEEEAR,

MRFHEEASNNGENEFEEESSFNEHRRE, NWES.,

writeLockFix:
ELEFREANZEI, BEAwriteLockFiE. REENZGERES, BATLITSEREIENEE.

f—r

FRTEANRNFRM: NRBLAEEERTEERE, HIEEPR, SENRELELEENMTS
NHURME, SIEEEMR, SRIZAESSH.

Read-Write LockiEV YA :

Reader
ZABNHERRAGHITIEBIRF.
Writer
ZABMHEERRABHITEERE.
SharedResource

HERRABFRTRReader@BMWriter BBHZIRR. HERFHBRHMELNIBINSHVERE
(IER) MUEHAEBIREHIERE (B) .

LRGP FDatas,
ReadWriteLock

EEHACRM T HERERCLINSRFINSERENFZENS, RIEFIEGIPAreadLocks
readUnlock, LAKwriteLockfOwriteUnlock, XN F2EiZ=F|FReadWriteLockZ,
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Reader Writer

sharedResource sharedResource

Q O

ERHERIR SiHERR

SharedResource
readWriteLock

read()
write()

O
{EFEEES

v

ReadWriteLock

readLock()
readUnlock()
writeLock()
writeUnlock()

1. FFSBUR EVEAE Z AR PR I RIRSIE T I4ERE
Read-Write Lockt&EzUFI A T B FROSAEZ [BIARIPSRAVTE. AT IR FASENHE
BRIRE, FLMRILZ BTN, Eit, ZPReaderfABRIBIHUTIEEURE, MRS
TEFFIERE.

2. EREBURMFREIARIER

WNEREpAL{FEASIngle Threaded Executiont®z{,, Mreadth REEIEIT—1NEAE. 1R readfaZ
1RE, TJLU#EARead-Write Locki&Ez,

3. B0 EEIE

Read-Write LockiE={fLmZReaderZ[BIASIHZR, WRBEANRIME, Writer&SRZ(=1E
ReaderfIfbIE, tBaiZoixARIHHRead-Write LockiEAIMLE T .

BRIE X
synchronized e LAFBFSRERSEAIAGEH. javarhEl— IS BRAEEPE M EAOLFRRESHREY.

BT ERNNSFIRETBE NS ERsynchronizedsRENFISERA—HEHY, FARARBILUESEL
ReadWriteLockZEE M ZSHHNIETT.

ReadWriteLock3S1RMH T FRTFEENAIBHIA T E RIS MBIEM, (BRLIXM MEEE
MRBE—, BiRReadWriteLocksEFIFFERIB.
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JUCE&#FIRead-Write LockiZzt

java.util.concurrent.locksE 24t T ELHIRead-Write LockiEzAIReadWriteLockiZ[F
ReentrantReadWriteLock3g,

java.util.concurrent.locks.ReadWriteLockizZOAITHEERN X RIZEHIFAIReadWriteLock3EZE L, &
B2 ETFiZEA BT IEERISFI AT B ARIEIEE BRI S kLAY,

LEIEGIAIReadWriteLock java.util.concurrent.locksHfReadWriteLockiE[]
readLock() readLock().lock()

readUnlock() readLock().unlock()

writeLock() writeLock().lock()

writeUnlock() writeLock().unlock()

java.util.concurrent.locks.ReentrantReadWriteLock3$SCHL 7 ReadWriteLockiz [, EAFEAIT:
o N

LplEEReentrantReadWriteLockSEAISLHIRT, BILUEIRSRIAEIRFEEEEIRE Afairfd, 10
REIZASLHIRATR, IBASEIEIARNEIRE T LMAIREN L.

o WEAM

ReentrantReadWriteLockZEHISIERJEEARY, ReaderfBBRIAIERT LIREVE TS RIS,
Writerfa@HILFE o] LASRE R FisEENAY 81,

o SRR
ReentrantReadWriteLockZERTLAZAN FIRAE TS NI FIFsEENAY8A :

SREVATBEARIH

y

SRENFE T IEEN AL

y

BRRATEARM

TSRS REF R IR T BRI,
o REETTE

ReentrantReadWriteLockZEIR M 73RBS P HILLIE N E2HY757% getQueueLength , LAKFE
BESIRE T BFBABIIJGE iswriteLocked F7%,
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30 Thread-Per-Messaget&zi,

ZIE AT LI A B NHR— &R, HRXELUERAMSEIEK, BN SiERoE—
NERE, HIXPMRERAE,

XmtEThread-Per-Messaget&z,

fEThread-Per-Messaget&F, HENEIEHFIMITH RARRILIE.

~hliER

FEIRHFERS, ConcurrentDemoREAEHOSRBRERF, HostRRRIE—MNEIE, ROMEE
1. BahisieEAHelper kTR R,

EDNEES

package com.lagou.concurrent.demo;

1
2
3 public class ConcurrentbDemo {

4 public static void main(string[] args) {

5 System.out.printIn("£Z£KE -- JFAEPAT™) ;
6 Host host = new Host();
7 host.request(10, 'A");
8 host.request(20, 'B');
9 host.request(30, 'C');

10 system.out.printIn("EL~E -- HATHR");
11 }
12 3}
SbIBEE

1 package com.lagou.concurrent.demo;

2

3  public class Host {

4

5 private final Helper helper = new Helper(Q);

6

7 public void request(final int count, final char c) {

8 System.out.printIn("\tifRk: [" + count + ", " + c + "1 JFthi. - - ");
9 new Thread() {
10 @override
11 public void run(Q) {
12 helper.handle(count, c);
13 3
14 }.start();
15 System.out.printin("\ti&F>xR: [" + count + ", " + c + ") &g 1 1 ");

16 }
17
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IR

package com.lagou.concurrent.demo;

pubTlic class Helper {

public void handle(int count, char c) {

System.out.printin("\t\t&#: [" + count + ", " + c + "1 HlH. . - ");
for (int i = 0; i < count; i++) {
sTowly(Q);
System.out.print(c);
3
System.out.printin("");
system.out.printIn("\t\t/#: [" + count + ", " + c + "Y 4! 1 1 ");

private void slowly() {
try {
Thread.sTeep(100);
} catch (InterruptedException e) {
e.printStackTrace();
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ConcurrentDemo Host Helper Thread

new
new N
request
new
return
e
) handle
u return
............................. »
-
ConcurrentDemo Host Helper Thread

Thread-Per-Messaget&s\HEIFH &
Client (FE75)
Clientfa@MHostABRIIEIER, MAAXOHostAEIMEISINZIERE,
LEIZfFFIIMF ConcurrentDemo,
Host
Hosti@lE|Client@iERE, BIBFBRA— IR, FENSIEERAHelperAERLEEK,
HRIZEHIPXINFHostE,
Helper
Helperfta HostAEREAEKMIBEAIINEE. HostRERIEIFEIZTERHelperBE,
SRIEAIPIIN T Helperss,

2
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Client

host

O
K

v

Host

helper

request()

O
{558

v

Helper

handle()

B2

1. IRSRtE, HEAERERATE]

Thread-Per-Messaget@ i sEBiEm S ClientAEXINAIHoStFEBRINMAMYE, FE(ERIERRT A,
JTEEZhandle2FIFEFERSHEhand eR{FREESFRMN/RILHAT, BERRBPE.

NTEREAER I ERRIRIE), AJLAERWorker Threadt&=,
2. BT EIR RS E KT

fEThread-Per-Messaget&{F, handleFizHA—EK Rrequest /AR B RIRFRMIT.
3. EATFAEEREER

fEThread-Per-Messaget®={/, requestHiEHASEFhandle T EZHITEER, requestis
AElhandlefy455R.

SRBIREURFERAT, TTLAERFuturetEs,
4. NFATFARSS 2%

JUCEFThread-Per-Messaget&z{

java.lang.Thread¢

RERNEE. SEErERIZE
java.lang.Runnablei&[]
HREBHITRIESEO
java.util.concurrent.ThreadFactoryi#%[]
RBEAE oIS RO
java.util.concurrent.Executors

AT elEsLAIR T RS
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java.util.concurrent.Executori&[

BTSRRI

java.util.concurrent.ExecutorServicei&[]

S BREAEMSRAYRO

java.util.concurrent.ScheduledExecutorService3

BB SRR TSR (AT

Executors

defaultThreadFactory()
newCachedThreadPool()
newScheduledThreadPool()

\

«interface»
Executor
Bl
execute()
Bl /
«interface»
ExecutorService
Bl

execute()

submit()

shutdown()

4
feiliE S
«interface»
ScheduledExecutorService
Bl
execute()
submit()
schedule()
shutdown()
\ Bl
Y Y
«interface» \ «interface»
ThreadFactory Runnable
newThread(Runnable) run()
e /

SEEE

\ Thread /

run()
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31 Worker Thread{=z,

fEWorker Threadt&{h, T AZFE (worker thread) X NEEITIEFHITE, BAABIIE
2ETE, TASESSEFRNIERISE,

Worker Threadt#={tB#FRIBackground Threadt&z{, BREFtEFRAThread Poolt&Ez(,

THIER
ClientThreadZf4&fEE& M Channe R A ETREEK (&FHE) .
ChanneZRUSLHIBE AN TALGIEHITIIE. e LAKREESESF LIEEKIEIR,

HWEITIEEXRE, TAZKESMChanneBREX—INT/EERkHFERIIE. TIE<ME, TAZE
[E1Z]ChannelBBEREEF FT—ILIEiEK,

=]
éicreate and pooISﬁ/
Client Channel Worker
requestQueue
channel O—putRequest% th?eadPgol etakeRequest—-O channel
putRequest
takeRequest
C teR 12
oncreteReques 24
tllzE argument1
> argument?2
argument3
execute Request
— < AT
execute
ConcreteReqeust1
> argument]
execute

RS FRE
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ClientThread

;

ClientThread

package

com.lagou.concurrent.demo;

public class ConcurrentDemo {
public static void main(string[] args) {

package

Channel channel = new Channel(5);
channel.startworkers();

new ClientThread("sk=", channel).start();
new ClientThread("Z4", channel).start();
new ClientThread("T1.", channel).start();

com.lagou.concurrent.demo;

public class Channel {

private static final int MAX_REQUEST = 100;
private final Request[] requestQueue;
private int tail;

private int head;

private int count;

private final workerThread[] threadpPool;

public Channel(int threads) {

this.requestQueue = new Request[MAX_REQUEST];
this.head = 0;
this.tail = 0;
this.count = 0;

Request WorkerThread Channel
new
takeRequest
putRequest
return
Ut U totohviusete S S
return
P vtoes s S
y execute
T
Request WorkerThread Channel



threadPool = new WorkerThread[threads];
for (int i = 0; i < threadPool.length; i++) {
threadPool[i] = new WorkerThread("worker-" + i, this);

public void startworkers() {
for (int i = 0; i < threadPool.length; i++) {
threadpPool[i].start();

public synchronized void putRequest(Request request) {
while (count >= requestQueue.length) {
try {
wait(Q);
} catch (Interruptedexception e) {

requestQueue[tail] = request;

tail = (tail + 1) % requestQueue.length;
count++;

notifyAl1Q;

pubTic synchronized Request takeRequest() {
while (count <= 0) {
try {
wait();
} catch (Interruptedexception e) {

Request request = requestQueuelhead];
head = (head + 1) % requestQueue.length;
count--;

notifyAl1Q;

return request;

package com.Tlagou.concurrent.demo;
import java.util.Random;
public class ClientThread extends Thread {

private final Channel channel;
private static final Random RANDOM = new Random();



public ClientThread(String name, Channel channel) {
super(name) ;
this.channel = channel;

}
@override
public void run() {
try {
for (int i = 0; true; i++) {
Request request = new Request(getName(), i);
channel.putRequest(request);
Thread.sTeep (RANDOM. nextInt(1000));
3
} catch (InterruptedException e) {
}
}

package com.lagou.concurrent.demo;
import java.util.Random;

public class Request {
private final String name;
private final int number;
private static final Random RANDOM = new Random();

public Request(String name, int number) {
this.name = name;
this.number = number;

public void execute() {
System.out.printin(Thread.currentThread().getName() + " #U47 " +

this);
try {
Thread.sTeep (RANDOM. nextInt(1000));
} catch (InterruptedException e) {
}
}
@override

public String toSstring() {
return "Request{" +
"name='" + name + '\'' +

, humber=" + number +

|}l;



1 package com.lagou.concurrent.demo;

2

3 public class workerThread extends Thread {

4

5 private final Channel channel;

6

7 public workerThread(String name, Channel channel) {
8 super(name) ;

9 this.channel = channel;
10 }
11
12 @override
13 public void run() {
14 while (true) {
15 Request regeust = channel.takeRequest();
16 reqeust.execute();
17 }
18 }
19

Worker ThreadiEs{HHIAE

Client (Z68&)

ClientfatatliERequest@EFIEEEHBL Channel @, EAFIH, ClientThreaddrzClient
e,

Channel

ChannelfgBa#zk B ClientB&RIRequestE, FHEHEEIBLEWorkerfata, EASIH,
ChannelZEfgiChannelfata,

Worker

Workerfa@MChannelfg&H3kENRequest®, FHITEIZIE. H—INTIEERE, BEEM
ChannelZXEV5B4MYIRequestfata, AMflch, WorkerThreadZ&XdiWorkerfae,

Request

RequestflIBRTLF, RequestBBHRTF T LIFRUEE., AfIF, RequestzXIMRequest
===

Worker ThreadiEsX =

1. REEHE

MR TR EMEAE, SRILAEMATLAIE F—IT(E, FRAThread Per Messaget&
.

BT B &S EERE, TLUEIEWorker ThreadiEie iR S FERLIEKIRES T

=
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Workerfa@ihz, AJLAFAMIBRIZIE#HS, FEITEIIWorkerfBBSIGITERERIEIR. YR
RIEFE R LPRE TIMEAEWorkerfBBAIEE.

3. WASHITHIS S

Worker Threadt&z{f1Thread Per Messaget&=X—#¥, 75ZH0ARMHMITES Y. A8
YEARRinvocation, FF&RIH{TRexecution,
X#E, 7L

o IEENINLERE;

o IEHIITINFE, RAMITAZERINFIFEILZ;

o AILBUHEIIRENIT;
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4. RunnablefZOMEY
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RunnablefZORISCIIZENI SRR SEE, AREEBELEChannelfEaE,

RunnablelIRALUENTTESEL, AILUREBAY IS, AILABKEEE, aLMREFRISG
&, ALNRunnableSAMEERZIBMIET R, EILHIT.
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S %88

Main A Host/& HiERFIRENEUE

Host EnEK, HFEEFimEREFutureData

Data THIEUETTERYEE O,

FutureData RealDatafy" 2 E535",

RealData SCRREHRRIZE. MIEREISTEERRICAT A,
Host3$

1 package com.lagou.concurrent.demo;
2
3  public class Host {
4 public Data request(final int count, final char c) {
5 System.out.printin("\trequest(" + count + ", " + c + ") FHuE");
6
7 // BliEFutureDataXx %
8 final FutureData future = new FutureData();
9 // REEEAE, fil#RealDatatt R
10 new Thread() {
11 @override
12 public void run() {
13 RealData realbData = new RealData(count, c);
14 future.setRealData(realData);
15 }
16 }.startQ;
17 System.out.printIn("\trequest(" + count + ", " + c + ") ZHE");
18 // IR[EIR BT
19 return future;
20 }
21  }
Datai&[:
1 package com.lagou.concurrent.demo;
2
3  public interface Data {
4 String getContent();
5|}
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FutureData3:

1 package com.lagou.concurrent.demo;

2

3 public class FuturebData implements Data {

4

5 private Realbata realData = null;

6 private boolean ready = false;

7

8 public synchronized void setRealData(RealData realData) {
9 // balking, WREEMERL, ikl
10 if (ready) {
11 return;
12 }
13 this.realData = realData;
14 this.ready = true;
15 notifyAl1();
16 }
17
18 @override
19 public synchronized String getContent() {
20 // gquarded suspension
21 while (!ready) {
22 try {
23 wait();
24 } catch (Interruptedexception e) {
25 e.printStackTrace();
26 }
27 }
28 return realbata.getContent();
29 }
30  }

RealDataZ%:

1 package com.lagou.concurrent.demo;

2

3  public class RealData implements Data {

4

5 private final String content;

6

7 public Realbata(int count, char c) {

8 System.out.printIn("\tdl#RealData(" + count + ", " + c + ") JF&H"™);
9 char[] buffer = new char[count];
10 for (int i = 0; i < count; i++) {
11 buffer[i] = c;
12 try {
13 Thread.sleep(100);
14 } catch (Interruptedexception e) {
15 e.printStackTrace();

'_\
(o)}
]
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}
System.out.printIn("\t\t4l#RealData(" + count + ", "

%ll) ;
this.content = new String(buffer);

@override
public String getContent() {
return content;

MainZ:
package com.lagou.concurrent.demo;

public class Main {
pubTlic static void main(string[] args) {
Host host = new Host();
Data datal = host.request(10, 'A');
Data data2 host.request(20, 'B');
Data data3 = host.request(30, 'C')

System.out.printIn("&:45—2 LSRR ;

try {
Thread.sleep(2000);

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

System.out.printin("datal + datal.getContent());
System.out.println("data2 + data2.getContent());
System.out.printin("data3 = " + data3.getContent());

]

+ c+ ") %
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e ——— — —
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<<interface>> <<interface>>
java.util.concurrent.Future java.lang.Runnable

get
cancel

run

java.util.concurrent.FutureTask

<<interface>>
callable java.util.concurrent.Callable
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set
setException call
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