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BES FEXERSYE, BIRE—TF2eREn=My:
4%7F Thread 2

oD BIE— YR Thread 2, HETF run 54,

public class MyThread extends Thread {
@Override
public void run() {
for (int i = 0; i < 100; i++) {
System.out.println(getName() + ":fJ 7" + i + "ThE");
}
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MyThread tl=new MyThread();
MyThread t2=new MyThread();
MyThread t3=new MyThread();

/S EEHENETF
tl.setName("EH");
t2.setName ("XI&E");
t3.setName ("WE");
// BENE%FE
tl.start();
t2.start();
t3.start();

RE—THITENER:
MyThread

L1313 OZ 1 7'k

2137783 MK
2137784
E1:37785 MM
1 :37786MM &
137787 MK
E1F:37788 M\
EY 3T T8I MM
T3 T7T69 MM
T3 T 7707 M
X 3T T 48 M
X 3T T 49N

SCI Runnable 3E0
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public class MyRunnable implements Runnable {
@Ooverride
public void run() {
for (int i1 = 0; i < 10; i++) {
try {//sleepoRKEFEEERIIE
Thread.sleep(20);//&F20=#
} catch (InterruptedException e) {

e.printStackTrace();

}
System.out.println(Thread.currentThread().getName() + "$¥J7:" + i + "P/©

BARE NI 5 IERIE T -

//8l#MyRunnablezt
MyRunnable mr = new MyRunnable();

/ /Bl ThreadZ6IESMIE, FIRBELTER

Thread tl = new Thread(mr, "K' §");
Thread t2 = new Thread(mr, "53##");
Thread t3 = new Thread(mr, "&%");
// BEh%TE

tl.start();
t2.start();
t3.start();

KE—THITRNEGR:
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EHITT 0K
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SHITT 1R
$RIEFT T 1V
SHITT 20K
kXIT T 20N
SR8IT T 2N
SHITT 3R
kXITT : 3K
SRITT : 3 K&

LI Callable #[0

&Q: I Callable #&O, EE call A%, XFAXNALAET FutureTask SREVESHITHIIR[ENE,

Xt
Ik
2
3

public class CallerTask implements Callable<String> {
public String call() throws Exception {

return "Hello,i am running!";

}

public static void main(String[] args) {

/1 BIBRTES

FutureTask<String> task=new FutureTask<String>(new CallerTask());

// Behskfz

new Thread(task).start();

try {
/1 EHFEHATERR, HIRBUREILER
String result=task.get();
System.out.println(result);

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

} catch (ExecutionException e) {

e.printStackTrace();

}
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KT F2R)—LEEE (o)

®1. AITAEEE run 7i%?

XE2EREIA run () FERARBEREISE,

N TILERRRIT —LELRES, BRINEERMBCH run() HAESXM, EMEFEEES run() Ak,
public class MyThread extends Thread {

public void run() {

System.out.println("MyThread running");

}

ERNMEIFR, HBMNEST run() HiE, EEITHH—FER. SRNCIBH BRI TLZNIEN, EMFITEH
HIXFHE.

2. run 5iEf] start FiEEHAXRI?

e run() @ FREENTINAE, BEXRFREIETEAZELE.
o start(): BaIEiE, ABH VM IABLEREN run() B,

@3, BEiZ4¥F Thread B95EFEI Runnable 2O AR EIE 2 4T, W2
LI Runable 3#0O%, BEREM:

o oD, BRT Java BYNEMBIRMY, Java AZIFZENREK, ELUMRBNOREZWET B—1K, AR
BYtE Thread 27,

o 42, EEZMERNEFABELER—ZFENER, BEiz. RBMHEERNSE, ENSEDNERN
&1 B8, Callable #[05 Runnable JEEEM, EATLGRE—NMER,

IEHZEENEMAE

IR, ARTREE 3 MERNAE, BIIR——NET.
1) sleep()

EUFEERTNERECIRENEDH, HMSHNRRIRE.

FEIENRE, sleep WIHMREXN R EHITLIE,

try {//sleepRREREEERIE
Thread.sleep(20);//EE20=/
} catch (InterruptedException e) {

e.printStackTrace();

}
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2) join()
EHFXNEERNITRT ESREIEEELRESE cpu BTN, EAXTMMERRKEE.

//Bl#MyRunnablez
MyRunnable mr = new MyRunnable();

/ /Bl Thread MBS, HIRELIER

Thread tl = new Thread(mr, "3K &");
Thread t2 = new Thread(mr, "$3i#");
Thread t3 = new Thread(mr, "B7%");
// BEN&%TE
tl.start();
try {
tl.join(); //FFt1PUTRASREIL2, t3iE

} catch (InterruptedException e) {

e.printStackTrace();

}
t2.start();

t3.start();

FKE—THITRIER:
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3) setDaemon()

BLERRITCHTIPERR, /BRI, MERSHEMNETRE, & lava PILIREIKETRR, MBRBNTIPERE.

//8l#EMyRunnablezt

MyRunnable mr = new MyRunnable();
/ /8l ThreadXMNBESIE, FIRBELER
Thread tl = new Thread(mr, "K' §");
Thread t2 = new Thread(mr, "58##");
Thread t3 = new Thread(mr, "&7%");

tl.setDaemon(true);

t2.setDaemon(true);

// BohEiE
tl.start();
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AIREMALTRENITIREE, main 5iE (E45E) TRE, VM BREBY, BMEFLET. 1R VM #E1E
BITY, FIF&REERANMELT,

INGE
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sleep()4&3R sleep()
join() &%k join()
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—$XEY CPU—> stop()
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yield() | A SHIRH
Gt synchronized wait)
notiry()
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o i = T Al o
%_ D RN RERIRITESR
— H2IE lava ZAED, BATHARTRIRELEN 3 MAR, —MEHIEME Thread, —FZELI
Runnable ?;zl], BRI —FZLW Callable &0,

Bl 2 MAVEBE— TR ARITES ZERERBRITE
URFERBHITER, MBI HELRSRNELEBENHIVRIARIEN, X ERESRMERMN.

Java 1.5 47 Callable, Future. FutureTask, EfTAIMEESHTREEIPITAR, SKRNHAFILANT
B—T

iR[E{EAY Runnable

FHF Runnable B run() AERIREMEN void:

public interface Runnable {

public abstract void run();

}

FTAERITRES 2 EREREERER,

AiR[E{ER Callable

Callable iiF java.util.concurrent B1F, tHE—1HEO, EEXT—1 call() AA:
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public interface Callable<Vv> {

V call() throws Exception;

AUEE], call() HAEREIFRBZ—VERRZHE,
BB/E{ER Callable Ig?
—RRSBCE ExecutorService (FEEHEIE ORI, XEBICEMT) FERA,

ExecutorService 2—MEMO, {F java.util.concurrent €1 F, B Java &IEMERNZONED, BXSS
HITIES ., BiIRE T —LEXBRAERARHRITERIEERE,

TEHEIFHMART ExecutorService B submit 53&.,

/1 BIE—TEE5 T HIZNETE

ExecutorService executorService = Executors.newFixedThreadPool(5);

// BlE—"1callableff$
Callable<String> task = new Callable<String>() {
public String call() {
return "Hello from " + Thread.currentThread().getName();

Y

// IRBRESEIExecutorServicel{T, FHIXEFutureW®
Future[] futures = new Future[10];
for (int i = 0; i < 10; i++) {

futures[i] = executorService.submit (task);
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// BEFuture T HRIREUES VLR
for (int i = 0; i < 10; i++) {

System.out.println(futures[i].get());

// KHExecutorService, FEHEZHHIES, FHEMEBRINESTM

executorService.shutdown();

A 18T Executors T HZERAIEZE— ExecutorService, ZAGMEEIRAS Callable {£55, #AE@IT Future 3K
BT 4E

AT, FAIERE—T{EM Runnable 975 0:

/1 BIE—TEE5 T HZNEIE

ExecutorService executorService = Executors.newFixedThreadPool(5);

// Bl#E—"Runnableffs
Runnable task = new Runnable() {
public void run() {

System.out.println("Hello from + Thread.currentThread().getName());

}i

// RBRESFExecutorsServiceflfT
for (int i = 0; i < 10; i++) {

executorService.submit (task);

// KFExecutorService, FNHIESHIES, HEHFMBEERIIESTH

executorService.shutdown();

AIAEZ, {#M Runnable AR ELE Callable AN EE—LE, {BR Callable WA AILSKBIITER, X2
Runnable A~ZI#Y,

SHITEER Future

FERIERBIFH, FIDEI Future SRIXBY Callable (ESZHIMITER, B4 Future 2T ANE?

Future iiF java.util.concurrent B F, Bf—T1EO:

public interface Future<v> {
boolean cancel(boolean mayInterruptIfRunning);
boolean isCancelled();
boolean isDone();
V get() throws InterruptedException, ExecutionException;
V get(long timeout, TimeUnit unit)

throws InterruptedException, ExecutionException, TimeoutException;
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% Java, BIAMEZ S Java HMZH
—HEIRT 5 A

® cancel() A AFREUEES, NRBUBESHINIRE true, MREUVHESEKMNRE false, S#X
maylnterruptifRunning R R & SIFEUH EERITAIR B ITRENES, WRIRE true, MFRRATAE
SHEEHRTIRPNES ., RESELSM, NFEie mayinterruptifRunning 3 true X2 false, 7%
BEIRE false, ENMIREGEEZRTHNESSIRE false; MIREFSIEEMNIT, & mayinterruptifRunning
BB true, MPRE true, #& maylnterruptifRunning & X false, NR[E false; WMRIESZEZHERIT,
MFEiE maylinterruptifRunning A true £ false, 5EIRME true,

® isCancelled() AARNIZEEHEBUEMI, NMRETSIERTHREEEUERDD, NRE true,

® isDone() MERNESZELCEETTM, HESTM, MIRE true;

o get() AIAAKIRBIITEAR, XTAERTLERE, a—BEFHESIITREIRE;
® get(long timeout, TimeUnit unit) FSRIREVHITER, WMREIETEMEA, WZIRNEER, MER
1R8] null,

thELEIR Future R4 T =MIfRE:
e 1) FMHMESEERTTH;
o 2) HEGZFRMRESS;
e 3) BEBIREVESHITER.

HTF Future RE2—"1E0, NMREE new B9iE, ®iFRESE—T A
FutureTask,

I3

=N, ERRERIRIFER
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fR L, FutureTask ;& Future #EOMN—TEE—LIE, F(IEBIEAIBIFH executorService.submit() R[]
IR =E FutureTask, BiY debug &z RILANIRE,
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SHIHEZER FutureTask SCHSE

A1k E—T FutureTask RYSCIN:
public class FutureTask<V> implements RunnableFuture<v>
FutureTask ZE3L#] T RunnableFuture 0, F1E—T RunnableFuture & [RYSCIR:

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

void run();

A& H RunnableFuture #4457 Runnable 3ZOF] Future 3%, T FutureTask 32¥ T RunnableFuture &0,
ERIAEBE R BAYEN Runnable 4 f2H1T, X ATMAER Future 133! Callable iR [El{E,

FutureTask 127 2 MiE2s:

public FutureTask(Callable<Vv> callable) {
}

public FutureTask(Runnable runnable, V result) {

}
SARBRLIIT—TITEAEHERNE N NE RSREELS R, A UER FutureTask, R7BlF

/7 BIB—TEERNRILAEH

ExecutorService executorService = Executors.newFixedThreadPool(3);

// BIE—RF callable
Callable<Integer>[] tasks = new Callable[5];
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for (int i = 0; i < tasks.length; i++) {
final int index = 1i;
tasks[i] = new Callable<Integer>() {
@Override
public Integer call() throws Exception {
TimeUnit.SECONDS.sleep(index + 1);

return (index + 1) * 100;

}i

// ¥ callable B2 FutureTask, HIERZFIZLFEH
FutureTask<Integer>[] futureTasks = new FutureTask[tasks.length];
for (int i = 0; i < tasks.length; i++) {

futureTasks[i] = new FutureTask<>(tasks[i]);

executorService.submit (futureTasks[i]);

/] FRERESER
for (int i = 0; i1 < futureTasks.length; i++) {
System.out.println("Result of task" + (i + 1) + ":

+ futureTasks[i].get());

/1 RKAZAE

executorService.shutdown();
KE-—THHER

Result of taskl: 100
Result of task2: 200
Result of task3: 300
Result of task4: 400
Result of task5: 500

ING

ASTCRNAREE T WAl 7E Java F{E Callable, Future 1 FutureTask EIREXZLIRNITER.

GitHub E4R2 9300+ MFFRANIRE  —Si8Y lava #HN 2 BE) £ PDF (H A2/ ) LFRT! BIEERE
EARMZFMER 5%, JavalIN7EREERL . sychronized. volatile, CAS. AQS. ReentrantLock., ZfEith. H k&
A28, Threadlocal, £FFHEBREFRUEEAMARLAZIENAS, Hit 15 BRF, 200+5KFLE, PTUIR
SERSE. NBWE....  F58: K87, —SIFHEREHIN 2 B pdf

A SHNEIEEK, EEIKNBE - NEN TEHRELE) BERrIBASREX PDF iR,
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Java Qi*EE’] 6 *:Il'lklh\

HMNARBERERAPNEBRTER, EEEALR, LREOABRERNHATE, AMUNEERTHIMHERR
:u.\ZE :zt;iﬂ']o

BRIERGNEREEAUAT=ZDRE:

o FZEIRA(ready): LFEEASEFER CPU, RIABREREAZEHA running IRZ,
o HATIRZE(running): QHEIET"{E% CPU,
o FFR[(waiting): ZRZTEGFEHNBAAFEEESSHMERE (A0 1/0) .

REBAHRE Java £F2H 6 DIRZS:
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// Thread.State JEI3
public enum State {
NEW,
RUNNABLE,
BLOCKED,
WAITING,
TIMED WAITING,
TERMINATED;

NEW

SbF NEW RSS2 RS RAR B, XEBAREAREENIERIZERIEA Thread SEHIRY start () k.

private void testStateNew() {
Thread thread = new Thread(() -> {});
System.out.println(thread.getState()); // #it NEW

MEEAREL, R2RIETEEMMARBIIA start Bk, MRIEELT NEW IR,

XTF start B9F 15| B (@)

1. REWAB—1TEER start HiE2EAIT?
2. RN—TEREHITTE (WAT4TF TERMINATED JRZ) , BRIERXDNEZN start AR S I1T?

BN, BA1FHKEE start() BIRED:

// {EBsynchronized xBFRIEX N HEREZEZEN
public synchronized void start() {
// threadStatus != 0 RINEXPMEREEZXRENIHEEER T
// MRIBEBFRBXT%E, MaeiitiillegalThreadStateException® &
if (threadStatus != 0)
throw new IllegalThreadStateException();

/] RN EIZRINE SRR E T2 H
group.add(this);

// BIR—EE, BTICR&ERTEA

boolean started = false;

try {
// {EAnativeFEBMIXT%E
start0();

[/ MREENEEE, BLstartedfiZNtrue, RNEIREBEIMIY

started = true;

} finally {
// TEfinallyiBAIRA, TitrylBTURPHNRNEEESHNEFE, HERIT
try {
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/] MREZSHEBNRY, MMERAPBIRZITEE

if (!started) {
group.threadStartFailed(this);

}

} catch (Throwable ignore) {

/! AREBREENERETRETRE, HNEEBBEXTRE

AIIAEE, £ start() NEE, B— threadStatus T=E, MREAZEFT 0, A start () SEEMEEE.

EERETE, B— native E’J startO() FiE. XTAEHZEXthreadStatusi#iT4ME, ZIXBHRIVFHEZE
X threadStatus J&# 7, #@id debug BE—T:

@Test

public void testStartMethod() {
Thread thread = new Thread(() -> {});
thread.start(); // H—XERA
thread.start(); // SHIXER

}

£ start FARSPI R IRTTHI =

o FE—RIFFAT threadStatus BIER O,
e FE " /XAMAAY threadStatus BIELRN 0.

x% é HU%*E»IK:..»E’]?EEQ) :

// Thread.getState/ EIRIG:
public State getState() {
// get current thread state

return sun.misc.VM.toThreadState(threadStatus);

// sun.misc.VM JERG:
// MRERPRASENLBUSRIEERA R0, LFZLTRUNNABLEIRTS,
/1 MRERAPRSEN 1024 I SIRIELERA N0, LFIZLTBLOCKEDIRT,
// MRERAPRASEMNMAISIREERT N0, ZREATWAITINGIAT,
// MNREFRIPRSEN 2MUSRIEERT N0, &ELTTIMED WAITINGIRE,
/7 MRERIVPRSEN2MASRIELERT N0, LIELTTERMINATEDIAT,
// &, NREENRSENIMAUISHRELERN0, LRELGTNEWRTS, SNEELTRUNNABLERT,
public static State toThreadState(int var0) {
if ((var0 & 4) != 0) {
return State.RUNNABLE;
} else if ((var0 & 1024) != 0) {
return State.BLOCKED;
} else if ((var0 & 16) != 0) {
return State.WAITING;
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} else if ((var0 & 32) != 0) {
return State.TIMED WAITING;
} else if ((var0 & 2) != 0) {
return State.TERMINATED;
} else {
return (var0 & 1) == 0 ? State.NEW : State.RUNNABLE;
}

EICEHA5 | A E) RIS ?

1. REFABR—1ME%EN start FiER S A1T?
2. RIN—1PEERNITREE (LEAS4bTF TERMINATED JRZ) , BRIARBX T EIEN start AiER T 177

Z£8 LENRBANEINERE:
]

1. #4197, 7EIFEM start Zf5, threadStatus BIERE (threadstatus !=0) , F/XIAMA start HiESHH

lllegalThreadStateException F& .,
2. threadStatus J9 2 AR HRIAFRIAEH TERMINATED (FEZH)

RUNNABLE

RTEHAISREEREEGITH. 4&7F RUNNABLE IRFSHIEIZH Java RBILAIEIT, BEFAIREESR

aH
(@)
Y
C
&
=]
3
2
5

HA1KEZE Thread JEIBEXT RUNNABLE JRAZSHIE X

/%%
* Thread state for a runnable thread. A thread in the runnable
* state is executing in the Java virtual machine but it may
* be waiting for other resources from the operating system

* such as processor.
*/

BRARN ZEEEFE, TEE—T (EXAEcfizEdT) .

2R, Java ZIZAIRUNNABLERSHSE 613 TR E R Si& 2 readyMrunning@ MRS
BLOCKED
FEEEIRT, &bF BLOCKED REHMLRREEFE (MSEREAH) NERMEANRF X,

HA11A BLOCKED JAZSZENEFHHIFF

RANSKIETIEESERERR, (RREIRENEN—TEO, KNBEBSLBTAEEORNT, WR{ELFE
FREHNAMNEORT AT,

RIRIRZLAZ 12, RAIEMAFTAREIE U1, LR O 5B TH (REE—MNEND) , 2 EESFEHE0RN, A
LERT t2 RiAbF BLOCKED MRS,

WAITING
BERE, DFBHRSNSRIR RUNNABLE RSTE RN,
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AR TEHX 3 M EREERHNSEIRES:
® Object.wait() @ [FYRISARATFEHERTHIIS—PERERET;
® Thread.join() @ HEEREHMITFRE, KRIEMIE Object # wait 53%;
® TLockSupport.park() : FIESRSAMIFR, BNZAYFIEEHTEEAE, LockSupport BRITEBESR
M,
FAELEE - ERBIFAREERERRE—T WAITING IR

METEHLoH, BTREURT, RAMNE—TNES'NRIERT . REFMMIRME T E0TRE, RA,
fil LAY

IBIRAE—ZIREFR)LBIZR, R TFEEFRS, BERERTE-THENER. MOERSRAE—AT
FEEERMERMNREEOEFT .

LERY, RIRIRIERLAE 12, MMAVRIERLIE 1, 2AMURHEEN (BO) 7, "“NEZE" KT IREZFEML
Blo LERIR 2 BOIRESTZE WAITING, AR t1 3G 8, #A RUNNABLE JRZS.

LR 1 NENREE(R t2 (notify. notifyAll..) , BIBAIR{R t2 REE—BEFRF T,

TIMED_WAITING

BRFHERS. LRESE—TRANNE, NE2ESREMRE,
BRUTAERELEENBIREFFRE:

® Thread.sleep(long millis) : {FHBIZIZAERIEENTE];
® Object.wait(long timeout) : Z&FERERISERTE], FH15HABIATIAEIL notify () / notifyall () MEfE;

oyl =4

® Thread.join(long millis) ! FFHRILERZHNIT millis 2%, R millis 0, ME—EHHIT;

® TockSupport.parkNanos(long nanos) - BﬁﬂFﬁ?@ﬁﬁﬁﬁ'E}, BNZASgILER TR REEEN
|8]; LockSupport A EEESMH;

® TIockSupport.parkUntil(long deadline) : [@ L, W@ tEEHITEEIEENE);

A ks ik FEASB]FREEFE—T TIMED_WAITING JRZE:
ATHE_RPF, XATHRSR, RERE TEO.,
RAEERMBEEZIRE MR, MIRILRHFEMT2 8 bug,

WIE, BMEFE, MMBEATED. RREOUMIERT, RAMEER, MEBEHETXARTERE, BIREZ
FENZRIFT o

XAHRIERETE t1, fRR bug NEIEREIZ 2, 21k t1 FFTIEEMNE, LA t1 FEFHEMET
TIMED_WATING IR,

1 510 HH/E, MEDHRE, WETEESTHORE,
TERMINATED

KIPRE, IR EEENITTRE,

EHIRINESRI LR
RIR L EXT SRRSHN BRI EE FENSERSERE:
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BLOCKED 5 RUNNABLE JRSHY5EH#R

HAELEWRT: 24T BLOCKED IREHEREFHHIIRM. BRUNXEEMTEIZa b, a AERAIIRE TH
FEARBRBL, LA b ®i4&TF BLOCKED &, BITBRE— I+

@Test
public void blockedTest() {
Thread a = new Thread(new Runnable() {
@override
public void run() {
testMethod () ;
}

}, "a");

Thread b = new Thread(new Runnable() {
@override
public void run() {
testMethod();
}
}o "b");

a.start();
b.start();

System.out.println(a.getName() + ":" + a.getState()); // 7
System.out.println(b.getName() + ":" + b.getState()); // %iH?
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// BERBEEFH
private synchronized void testMethod() {

try {
Thread.sleep(2000L);

} catch (InterruptedException e) {

e.printStackTrace();

MEZT, RROUBERREERE a T ERRLHE, BSHERAXERAT Thread.sleep() Hih, AR
TIMED_WAITING, 4%z b RAEFRHFEIZE a BIBIFRANASHIH BLOCKED,
HIARA, ARAEEESATER:
o —2¥ENMhK AL blockedTest () AEE—1 main &2
o —_ERHEAERMIT run FiEEEETEHE—ENEMN,
MK A ER main A RRIET a, b M NEIRIER start A% (3163 RUNNABLE JAZ) , @18 CPU HIATHER

R, BEFMTEEEEFRSSH, MELKITERM LIRS (RUNNABLE) 7.

SR, WR CPUPITHRR—R, HEFETEIZHIEFIEEITENL BLOCKED RS (LR N &ZELTIASS
W) .

TEEHFRIT T JURNERILE:
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XERAIGEX 28] T, EEHEEITEIL BLOCKED JREHKIZE L LMIENR?

BLOCKED MNP BEM AR STH T, MRIMME TR EEM main BEAANT, IEHE—2
JL”, WAHE—T Thread.sleep() A%,

XEFEITAE main LRRRENNE, ERIIELESTVNNEAN, TEFI—TSEBEHRRTRBE
358, LEAEESAE BLOCKED IR,

BAHE_EEARYNNRA 7% blockedTest BAEI—T:
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public void blockedTest() throws InterruptedException {
a.start();
Thread.sleep(l000L); // ZREFEXEmainZkfZREE T 1000ZF), MtestMethod()EREET2000EF

b.start();
System.out.println(a.getName() + ":" + a.getState()); // HidH?
System.out.println(b.getName() + ":" + b.getState()); // HiH?
}
BITERUW TR

AEXMTMF R T ERRRIRSEERNT

o o MRS EEIRISFE: RUNNABLE (a.start()) ->TIMED_WATING (Thread.sleep()) -
>RUNABLE (sleep() AS8Z) ->BLOCKED(Z#EZl%4) -> TERMINATED
e b HPIRSEHEIRITFE: RUNNABLE (b.start())-> BLOCKED(F1EZ£4) ->TERMINATED

FUARTEBELEIMAVIAS, AFRUUEECHER EZ R LAEERY. B, XBENHBOAEEEZMER,
WAITING JAES5 RUNNABLE JASHEY R

RIBERERIIFEA 3 NAET MELTEM RUNNABLE JASE I WAITING RS, BITEENSR
T Object.wait()f1Thread.join().

Object.wait()
B wait () BIERISERDIIFE N R,
SRR wvait() HIEN, SRBEHANS, BEIBEHEMEREEM notify () /notifyall() HIERESFHINE

U

FEIRNE, EMEIEEM notify () HARSMERNFHFULE, NHESTEEREFEX T HINER
—ERMEZEI Z AT wait () HIERLEE.
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G4, AR notifyall () AEMREMBFGHINERECE, WA—ESS LIERE A2 ERNZ ME BRI %
2, BEREZEBERZZRE,
Thread.join()
A join() AL, E—EHFEFXMEENITTE (iR TERMINATED JRE) .

BABIE LA FEAERHBERZE—T:

public void blockedTest() {

a.start();

a.join();

b.start();
System.out.println(a.getName() + ":" + a.getState()); // Hii TERMINATED
System.out.println(b.getName() + ":" + b.getState());

BERBIEA join 37A, main ZREAE a ARESNITREHIUEETTE,

a GREMZEDLEBAT join 733E, XE main &LREMEFE a LiEMiTRE, MNXE a LTHIIREEE
= TERMINATED,

ZTF b AEAPIRS, BHEEFTED RUNNABLE (EIFRFARSHE) , tHEEEEFTED TIMED_WAITING (EANTE
THE)

TIMED_WAITING 5 RUNNABLE XS5t
TIMED_WAITING 5 WAITING JAZSZEM, R2 TIMED_WAITING JRESESFHR B 2I8EN .,
Thread.sleep(long)

EHFILIZIERIEEN 8], FEIRXENER REREMEAEEILENT, LB, NERE, &LEs
1\ RUNNABLE JR7.

Object.wait(long)

wait (long) FiEEEFEH N TIMED_WAITING IRE., XEBH wait(long) FES TS Hi% wait)BEEIMH S =2,
AT AET Efth 472 notify () B notifyall() F5ARIREE,

TR Z, BE A wait(long) MBEHEMERETKREY, 2UIEENE long ZEEEBEMRE, BEX
ST MAVEE,

Thread.join(long)
join(long) {EHAIAIRNITIEERE, HEFEEIZHAN TIMED_WAITING JRZ,

oAl 15 e eL— e R 7 B9 Bl
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public void blockedTest() {

a.start();

a.join(1000L);

b.start();

System.out.println(a.getName() + ":" + a.getState()); // HiHi TIEMD WAITING
System.out.println(b.getName() + ":" + b.getState());

XEIHA a. join(1000n) , FRNZIEE T EM a ZFEHATHINIERY, HERITHRIERZ/NT a %2 sleep RIRTIHE,
FRUA a 32 IRSHIH TIMED_WAITING,

b IR SMATEE (RUNNABLE 5 BLOCKED) .

szl

ARLEERT, BNELERNRERAANTECHRERNIT TEN, FEPMLE, BT Java ERRERER
ERERFLLLIE, B2 Java R T ATREPUILSIRGEFERRIEIZER,

SAEPEGIZ—FMENG, FRIEE, BIPEREATERERRL—T4E, MEBNFERNPHNEES
1TAbIE,

BIEMAT Thread KERMHAVXTLZFURIANL T E:

® Thread.interrupt() : FHIERE., XENFMEARHARIUANELELETE, MERELENPRTREX
true (EXIAR flase) ;

® Thread.currentThread().isInterrupted() - M HaI &R 2 S WP, ZENPEKSESSXNAE
AIESNE, EAE—RPILMEEERRTREER true, HAMRSEXTEEZNPIDRSERER false;

® Thread.isInterrupted() - ML HAI LIRS HFRT, 5 EEAE RN ABXNAEH ST LTE
HIFRBTIRTS,

FLETHGE, SEMAEBMBZERPIINGER, LRRETPERRSHIRER true, BEBIFKERPHRTAY
SREBRELLE, TEARPHEAEECRE, JUEGENNIPENEK, A UTEALBRERITTE.

INGE

ASCFMFRIT T Java L4200 6 MRS — #iE. 1a17. PAE. Fi5. ENFENAL, MRXERSZBETRE

N

wig: MAEI=, REXATKRTHARNEEXBTROXTMEE: RAKDL lava 2452, B3HETRE.

GitHub E#R2 9300+ MFFRAIRE ( ZSif Java I 2 B8) S5 "1p PDF (HAEZEiz/\ft) LFRT! BELRE
HNEXREZFERFE. JavalIAFERL . sychronized. volatile, CAS. AQS. ReentrantLock, ZFgith. FH &
B8, Threadlocal, AFFEREREFEHAMARLNZRENANS, Hit 15 ARF, 200+5kFLE, IR
B E. XEBUWME..... $I58: X587, —SiH AR 2 i .pdf

I\ BEIEEN, EERNEMEIE TIAERR ALK PDF A,
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~

EUT: ZIEHEMZEEMNTR

Java &2t 7 ThreadGroup ERBIZ—HBEXRNLIE, ELEHEERELE, 81 Java ZREHE—THAR, X
MUFREZIMEIRIFR RN XN L2 D B IER0T BRI

RXRABTRKDARNTB—TEEANETZMAR.

% 124H(ThreadGroup)

Java A ThreadGroup RRRLFEH, B0 ABT LA LIz TSR,

ThreadGroup #] Thread X AZFMEMHE(INFEEE—FERER, 81 Thread MAFET—T
ThreadGroup 1, Thread ABEJHIZTF ThreadGroup F#E, AT main() FIEMLERTFRE main, R new
Thread B ENIEE, BBARINERETE (HBIHIT new Thread B94:12) LREHIRENB CHLIZA.

AN TR
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Thread testThread = new Thread(() -> {
System.out.println("testThread Hpi&iEHEF: " +
Thread.currentThread() .getThreadGroup().getName());
System.out.println("testThreadf2&F: " +
Thread.currentThread().getName());

)

testThread.start();

System.out.println("HiTmainfiELIENEIEHEHRF: " +
Thread.currentThread().getThreadGroup().getName());
System.out.println("#H{Tmain/5iE&FERF: " + Thread.currentThread().getName());

LR

HITmainfIELENLEARF: main
testThread HAI&EHBF: main
testThreadZf2®&F: Thread-0
HiTmainFELERF: main

ThreadGroup 22— MrENRB T3 IRRIREW, XHEIRITRIIUABSIE" R &2 " TR "&E5| BmEE it
# GC B,

Az ANE R ERERIEEN
e LI 2 2T e

Thread.currentThread().getThreadGroup( ) .getName/()
Shl%izA

// REXHRINZTZA

ThreadGroup threadGroup = Thread.currentThread().getThreadGroup();
/] BEI—TERAR—MEEHAE (REThread(5R)

Thread[] threads = new Thread[threadGroup.activeCount()];

threadGroup.enumerate(threads);
ZREAG—FELE

/] BIE—1ERRE, HENEXNEE

ThreadGroup group = new ThreadGroup("testGroup") {
@Ooverride
public void uncaughtException(Thread t, Throwable e) {

System.out.println(t.getName() + + e.getMessage());

/1 MWHAFE
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Thread thread = new Thread(group, () -> {
// #H unchecked ®E
throw new RuntimeException("MIXFEE");

})i

/] Bu%iE
thread.start();

SRR EIR LS
HRRAT AT SEMNERE, MUNRLE, BAEE Threadcrouwp RBFHMAZE.

public class ThreadGroup implements Thread.UncaughtExceptionHandler {
private final ThreadGroup parent; // X3 ThreadGroup
String name; // ThreadGroup HIZR
int maxPriority; // SAMMIEH
boolean destroyed; // 2HEKHE
boolean daemon; // R&ESTIFLE&FE

boolean vmAllowSuspension; // =& A] AR

int nUnstartedThreads = 0; // AARBEINETE
int nthreads; // ThreadGroupH4Ff2#1E
Thread threads[]; // ThreadGroupHHI4FE

int ngroups; // ZiEHINE
ThreadGroup groups[]; // %&T2ZHEA

REBBMWEN A

/1 TWEMIERE
private ThreadGroup() {
this.name = "system";
this.maxPriority = Thread.MAX PRIORITY;

this.parent = null;

// BRIARLAHHIThreadGroupfFparent ThreadGroup, &AM LIZARE BRI EEGITEAIENETEA.
public ThreadGroup(String name) {

this(Thread.currentThread().getThreadGroup(), name);

/] MERE
public ThreadGroup(ThreadGroup parent, String name) {

this(checkParentAccess (parent), parent, name);

/1 AEWIERE, EERMERE
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private ThreadGroup(Void unused, ThreadGroup parent, String name) {
this.name = name;
this.maxPriority = parent.maxPriority;
this.daemon = parent.daemon;
this.vmAllowSuspension = parent.vmAllowSuspension;
this.parent = parent;

parent.add(this);

B=MEHERIERET checkParentAccess A, KEBBEXNAHIEHNRLG:

// t&parent ThreadGroup
private static Void checkParentAccess(ThreadGroup parent) {
parent.checkAccess();

return null;

// FIBTHENETHNERE RS BB B LR AR

public final void checkAccess() {
SecurityManager security = System.getSecurityManager();
if (security != null) {

security.checkAccess(this);

XEPE| securityManager X1, ER Java NZEEMEERE, EATNARFERIT - THRETTEEEN
RIFRIAEIZIRER (T4, MREBSATFEIITIZIRIEN L TXHHIITE.

EEASINT B =KE, BEEAAERIENZZME,

HSL Thread £t B — checkAccess 757&, NIZRRIRIEITISE RSB N REUBIEARIIX NIz Hl,
(Determines if the currently running thread has permission to modify this thread.)

BE—T, SERAR—MRGSN, SIERATETNGS MRLELEA, SEATNEIE—EHLTE
O SRR E ARG,

A n A3
ZIEM TR

HAEMARAIEE, SEER 1~10, EATEMENRIERFES 10 RMARNND (LCUBLERERARIX
F3RMD: K. B 8) , Java RRGERERFE—TAARNSEE, LESLEREAFFHNERTZHR
ERGURE

Java BRARSAZ MR 5, LRNTINFHERREFRRE, SAENMARZELERFRZANRE.

BEBELT, SNARNELRERLRMIARINEEEESHNMEBFIIIT, Thread £ setpriority() KBk
] AFSRIRE L AZRIA TR
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Thread a = new Thread();
System.out.println("HEIALEMELR: "+a.getPriority());
Thread b = new Thread();

b.setPriority(10);

System.out.println("HERBETHNEREMER: "+b.getPriority());

HIHAER:

KRNI 5
BRIRETNEREMER: 10

BESAE 10 MRFISKIRTE LN TR, BRI UNAEWSSTIMAR, RAXM G ERIEEZERITHEIR
FfE?

MFXE-E, ERZ: No!

Java FRMARAZI5FAINA SR, Java BEFPREEMIENRARRAZRGRIERAE—1TEN, RERSATFT—F
2XRM. MEERNERIRF, 2HFERANGERERERREN.

B TEE CRARILIE— T

static class MyThread extends Thread ({
@override
public void run() {
// HHHRIEENZ TR
System.out.println("MyThreadHRJ%F2: " + Thread.currentThread().getName ()
+ " S " + Thread.currentThread().getPriority());

public static void main(String[] args) {
// BIE 10 DR, M 1-10 BT, HERM 1-10
for (int i = 1; i <= 10; i++) {
Thread thread = new MyThread();
thread.setName ("4&fE" + i);
thread.setPriority(i);
thread.start();

BITIZER, BRMERATBURRMARIAT, BREAANT, ZI2FEXEH:
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MyThread HRI&HE: “iz2, MTR:
MyThread HEI%IE: Z%i24, UKR:
MyThread HRI%IE: %123, LER:
MyThread HRI%TE: %4125, LER:
MyThread HRI&FE: “&iz1, M5TH:
MyThread HAJ4&FE: g6, MFER:
MyThread HaJ4&TE: %27, MAER:
MyThread HH]4&1E: g8, MAER:
MyThread HAJ&FE: %i29, MAR:
MyThread HR]4TE: &i210, %R 10

W 0 N4 & F U W & N

Java T — M EIFRAE SRR EMAEH LT RUNNABLE JRESHIETE,

o ZREMEERERBIBAINNAIN, MARSHEESEMATRENLIEEEARNLRMITHIT,
o EMFRBRNIBRT, FRR LRSS HRERNMT.
o 81 Java BFEHE—TERIANELRE, MEET VM BRINE—T%E——main 472,

EE—MISARNETR, WHMTIP&RE (Daemon) |, SFIPERIANMARIERRE.

o WREARERTIFAIE, MUNRMBENIETIFEREMERT, XTMTIFEEHSBEER,
o UFAEMAESHPEIRE R, FIPELIESBAAN, XMRET BEYRE X HFEIENFRG,
o ARENAZRIETIPLTE, TLABT Thread Y setDaemon FiEFIFE NTFIF4TE,

LIRHENEREN R ZENIR R

ZRBA TR — T EROARFET —TEREAR, BoILRNELRANMKTEA—RNHEZERENE? Bel1kE
E—F:

// BIE—1EIEA
ThreadGroup group = new ThreadGroup('"testGroup");
/] RBERERBNNARIEERN 7
group.setMaxPriority(7);
/] BIE—1ERE, BZE&EIMAEl group H
Thread thread = new Thread(group, "test-thread");
// EEREENMKRIZERN 10
thread.setPriority(10);
// B ERRARNM I RINEIZIN TR
System.out.println("&EANMTRE: " + group.getMaxPriority());
System.out.println("&fZHIMTHRE: " + thread.getPriority());

Wi

LRRHNMARE: 7
SRR RE: 7

P, AIRENERENMARATLEMELRENRAMER, BLZEENRERFEZRY, MR ZHNEL
RANZAMTR.
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ING

Java 12t 7 ThreadGroup £RAIE—HBXRNERE, FEHEHAEEELE; 81 Java ZREHE—TMER, X
MELR A MMENRIE R NX N2 D IR R A BRI .

Fig: MAMEZ, EXATKRTRARNEEXBFRNXNEE: RAXL Java 2472, BIHETRE,

GitHub E#R& 9300+ FIFFRANIREE ( —Ef6Y Java F 2 B8) "1 PDF (FHAZEZ/Mf) BFRT! BIEERE
HNEAREZFERSE. JavalIAFERL . sychronized. volatile, CAS. AQS. ReentrantLock, ZFgith. FH &
B8, Threadlocal, AFFHHEFEUEMAMARMDAZENAS, Hit 15 ARF, 200+5kF&E, IR
EREHIE. XNBEE.... 158 K87, —SH R RN~ #.pdf

A SHNEIE 2K, EEKNBE_TEN TZHRELE ) BRirIBASREX PDF iR,

EFhT: H#HIESZENXS!

ZTAE/LENZY), BIINELRENESRINERANELB TR T, BARTRENMEDIFT—
T, SREZWEAMERRHAMAKR, ENZEXEMEXS, BEEMEZBNENHE TRNEILEEREE
By, EERENTNENEBEREX,

HIE

AN ENREES - ERENES, APS8hA—TES, TENMME—TRE., SRFERZEHERA
i, TENMESFE. IERREERT, ERZRE, TENBLEFGTIRS.
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HERLIRIRIF R

ERETHLEEBREERS, E-RINFTERFOESIS TR, ER—1FR, —RURGITEN. BPESTEE
RATNREFSEET L, RERATENEEZNAZRMHITXERR, FENEEREES—THF L.

MEBRERAFE—ERE LIRS THHENNAER, EZHATHLBRERAFNELETARNMNARSHTHN, AF
PRI RF—TEFRIET, FEHNEFRESSRENEFNTTREZ B IEHIT, MAENEFENSHT
/0 $#&fF. WEEFREEE, FUGRRERRBLIS,

HIZRR L

M T ER MR RS, WANHIRRIERSHTEREAMNNTER, MHALIRRIE RSN
TAFRREFE-TERF, BLARFPRENEFESTEFE? XBAMBRGERE,

T, BERIRL THENEZ.

HEMENREFEAFRIENTE, MR EAEETNER, STHEZEEST. BINEERTFEREFES
— M ZIETHRE.

B BEMEIZIES(ava. Python H)RE, SEBTH—EESHEDNRNNBES, RESHNEIENS

FEE, 2—RESKE.

LERY, CPU RABNEREHENANIGTHE: CPUASTHEDER—TITEER, MIFENNBER, WMRENER
ERIEREEIETT, WEEXTHZNIET, HE CPU pERAES— DR (XTIRIUMLETXR) . R
HFRTERT (8] /45 RATPAZES AR, M CPU IMBI#TEIR, TREFNE AR,

HAREEN, EFRFIIAREIRKS (ARMmR, #EERNERS) , & F—RURLERARIEZ B
RIFIPRSHITIRE, HERERIT,

ERHE+CPU R A IREARNNRERE, ERULEERE—NBERITSZMES, HROIER, H#HRILRER
FNARMA TR, EAHRMENLEEZ MESENT, BESILE, WTHZ CPURR, EEEKRZIER
RE—MESHESA CPU B,

SMRERFANERA—TIES
BAWRNLIL, (EERERKNMEAKER, BRIEENENERE, AMFTHR— HIEE—EE R
— (BB, ME—WRESIFESH, REEMSIITRETES, RPNE,

EEANRBERE RN A S BN, MREXE-DUCNFRET, BARENRNTEEZERNMG, HERS
RERREREPNFERBINEN, ERAMREERZE, TAERARSREGTBENRINGE, XER
FTEmEABER,
=
iz
BABETEILREFESEITNTIR? TRAMNMEREETSENRE, t—TEERMT—TFES, ZFE—1TiE
MEETSITEE, STEEMT—TRRNFES.
o FRLIEYZE, FFMERERS T, SAPEREERSINEN, MABREXTEEENIT. @
IS, WRAFXEMBENIRINEE, BARTNSEERHERSETE, SMNAFFEURRRE, 1k
BRI MM AT N STEBIRENE, ZERTRERSSE.

o IR BERARWIoENEREE—TEREN, PRIALENREERE, BXBNEZEIMUNE—T
(BRIERZ) HXNRNE, XEMABRAT, PRNATLERZS.
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Bz, #EMNEENREMANRS TIRERSNMEEE, H#EILRERFNHEMR D TAIEE, MEREILHEEZENRN
WHEHKF T AIEE,
EEAZHBENA X USZMH LR, ATAREERZLIER?
ZHEANAITAIMUIMHA L, BERZERE, BUT/LTFL:

o HEBMBELLRESR, MLRBNBELRER, EEHEAT, HNFEEAHAERR, XEFRELEH
HNBERES.
o HIEREERMN, MARERRERN, SHEHINRATHE/.

HIEMZIZNX 5

HER—TMMIINGITING, MARSEAETHRITHN—TES. R TERNXFIZR2ERIEHBAFIILE
BREERLRR (L2 1/0) :

o HIEBIMAB—EMNANFIHUZE, FAAREEFEAEFRS, BEEDTH, BERZEEREERIHE,
ETHREZEEATH; MEERAZMEARSBENAFIEZ=ENER, BiEAZEER, BEEETER.

o HREHMAF—ENAFHUZE, —MHRLIBENCZHMEMHE, TRMERFOREDE, TR
& —TEREERYEMENMEFNREL, TRERIE.

o HRRPIMEA—ENAFHUZE, HENLIZNERTMNFTERFSFRIRER, EEERRNDEEK
MKEITEE, FHRK SERI[EREFFERNEER, FTHBU.

AHI—TEEXHIR, ARERREAFRAITHERIENELRN, MERESREAFGHTRAENERBENM, BICPU
D ECAI BRI AL .

BR—LERERA—T, BREZEBM—L,
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HEANZORE CPU, ERIETHRAENITEES. EMGE—EI, RHZEET.
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BREL HIBHBER, —XR a—TEEER, EiR, —EEFINNE, EthERHLIEL. 5F

BEffén—
HEaXHME, 29 CPU /T\/\ﬁ'é@‘_f ™MES.
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HIERGFLE T B9% (8], ENU&K CPU FREEERNBEMES . E—F%l, CPU SRiET—itiE, Hit#RELTIE
BITIRES.

— T EEE, JUBRZBIA. DR —TMES.
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SREMFLEEEENTIA, —MHEFUEESTEIE,
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FENZEZIAMNEZEN, LFSEEZETTARMAIMNAELN, XRIE—THENAFZEZEEN, 87
SRR MERXERZERRE,
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AE, BEBENKNAE, BEERRZRESH—TA, LU, EEEANRE, HEMAFTEHRET.
R ELREARLEHZAEN, EMSBONSFELSR, TRERX—RAEF,

— DBAIE AENNE R SE, ME0OMm—IEs, LRNABLE], BRIMAZE LS, FMENOHBA, SBiFT
FHEHEE, XFIU"ERAS" (Mutual exclusion, 485 Mutex) , BFLEZMEERMEIEE—HRHNEXT,
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Qe

EHELREE, JUEREANTA, LlEE. MR, WRABAT n, SHENAREBEINEFE. XiFtE
RERNFXE, REEMAEEHRBNSEER,

XIHIRRIR A, MEEOE n Bk, #EXNAME—IEHL, HRTBIEHERFEL., FRINALIHR
RTT, MAELAETOHANEET . XMHUEIUMESE" (Semaphore) , FARRIESNEEASEE S
5,

AHE L, mutex 2 semaphore B—M45HRIER (n=1 1) . UFER, T2 UAREERAIE. B2, BN
mutex WAEE, BRERS, FANELTRIEREMSHERT, EREXMigT,
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BIFRFRIRT, FELAIASEI=~"

o MUZ#HELN, ATFSTESRINIET;
o MUZERELN, AR MESDRAENERDIET;
o RMEMENG, —AEHIEHREZ BMERRZBETERR, Z—HEAITFHZZBMEEZBHZRR,

LA HRAVIFAL

—EHME, BHNRRRERLE, HRAE—TMREZN"ERER".

BRERAAZ—MERENNEZMEER, EREET -ENNEIES, SIRKE—MTON, 12ERFRFUNRER
B, BMNOTERHZEBRREARINREILER, TRANERAEEENITERES. 2004 &, Intel E%6 4GHz ity
RESITRIHEIRE) 2005 &, ST 2004 £, Intel EMAEREUE 4GHz B9itTHl, MR RERERNERILE
WFMELEEARMIE. (B2, IRIANEGTIRENFKBEELMRNET, tIhTE-—SRMTERE, THE
KRBIPIITERET, MERS THTERTESE T &, TEMEMT Z#% CPU,

AT LERRTE, KA CPU, LU0 Intel i7 BRTLUAEI 4 2OEE 8 by, MEWARSZZEE R UAZI LR
M) CPU, 88— CPUBERBZA 8 T LA, Eitt, BRERMUFE CPU LY R UG IUINIE, F
b, 2% CPURNBERT, ARFETSHREZEN, RABIHRRENETNRIES% CPU NITHEENRE
FUREN.

TR BEALRE R Donald Ervin Knuth ZIEIFMIXMIER : EHRER, XK (FR) SZHPEHTEHRR
ELITHRSERN, tISERERNRERLETHRE.

Ao, BEATRNWSHRT, KRMESTHARRE. LNEERIGLESE, —5K 1024X768 GRENER, 822
KE 78 75 6 TEMER. ERENEABMENERER —OHFERKNNE, BXNUMLEROITEEMNFTER
DA ST RS,

XS EAER LA, N TRAMNERE, FTEFD, BEE, EHITREFXERE, MeIMFAZEE
RO, ENERWSERE, HITREFRLHTEFEERTUSER . ERANREMR, FEESERER
ABEITH-—FLNEN, Java FREMMNZEEH KFWE, UE:
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o RHOFMAZZ CPUKITTEREN:;
o HEHRITWSIRD, fRANMIEEE

Bk, WERNSEORSMIEEETE? BENEIETNIE, REERITOE,
INGG

BEERN, HENSRELRRERAFATHRITNAN, EREMNERREE. BIUM. FHUREZINEEES
HAFAE.,

o HERBRFRAAPERRNERRN, LRERRFRAFAENEREN,

o HEHAMIUNAETE, LEXAZFMEHENNEFZE,

o HIEMNEIEMHRFERRNOEMOW, FHERK; SZENIEZNHERATEREFTFSMKESR, FHR
N,

o HARERIBELLRESR, MEIZERIBELEREE,

o HIZEEMEEMIUMN, —THERHRAZHMEMMARE, LRREZEERB, — M SERRAEZNE M2
FRTRTENE.

Wig: MAME_, MOABTKRTARNEEXBFROXTEE: RNXH lava 412, BAEE. &F
—EDERIRTI—IEREE, thiutBxXE,

GitHub E#R& 9300+ FIFFRANIIRE ( _ 518 lava P 2 #8) £ {3 PDF (FHAZHEEZ/Mi) BTFXT! BIELRE
HWERESFER L. JavaliAFEEL . sychronized. volatile, CAS, AQS. ReentrantLock. #Z&FgEith. FH &
&8, Threadlocal, AFFHBREFRUEEMAMNARMDIZENAS, Hit 15 ARF, 200+5KkF&E, TR
EBEZE. XNBWER.... ¥ 58 X287, — SHARIEHN 2 8. pdf

—_SEIEEK, EEKNEZTEDN TAHIRAELE BRI MIREN PDF AR,
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e s e, 4y L IO \— g
FEND. SEIEFEFE T o)jn?

BIEE(ITRE, ZEENAEEZIFL, RS &E U oFIAZ#Z% CPU B9ITERESH, IRZETEREMS
B—Rfrmng?

.

ZEAREREEE, HANTER, MBS EEFER. BIIAER L-FERG:

FE—TEREETHER L, SMHAFEHETRENN, XMEREBITEEEN., TROFEE BEFE 1%
20 , T2HZFy BIRE 21 job £5a .

ARBEERAEMORTHER, —ROMEMET REE, XMNEFKRME TN , BNEREN, XHE
E—iEA, BTHNERSIZTATHEE,

RMEE—BE SR, TNE ORMEERES, HIMHEEHESRMBRDBBITHER, XA—NHETk
FZ&iEg Witk FTREE) 8BS 7T,
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(@)

BpIER ESMEZ B BRI A EEIEI MP12 , FRERFAEREIZEAMIE?

ZHREBRNRBIAIPERM =2 [EEReoMy . DEREC™ . PEEEEE
X = Prm a1

ZIER 20

BRRBEANZ R, RIAERLREMREHIERETHNE, £SLENRTFRSHIERZIMER, XMEAK
B FTEBETTRs . PEIRTLARLEETZZR?

[RF1E

HE—PIRITEWKAGIF, LEZMIKF A @IS B %% 1000 7T, BRAMAEE 2 TRIE: MIKF AJBiZ 1000 7T, £
MK B A0 1000 7T, FMMEIEEHMINZ BIAE —XEIKRL M,

s |REL gpc— |REN
RF= 110000 - 1000 290007 RIE= 110000 + 1000 = 110005

N Ny

A #Mk: A->B 10007T B

WE—T, IRZAMEEFRZRFME, MANIKFIET 1000 T2fE, BRERARLILT, KF BIRAEN
1000 T, FBEBHAT .

No. 50 / 428



FJava, BINEZEH Java HIM 2K

W [RBL RE:
10000 - 1000 =90007T 10000

D Ny

A #Mk: A->B 10007 B

RITRKEM LR, LMSIINGSHEREIY, RFKBRFE,

o RFM: BI—MREREZMEE, BEAZHHITHEITHERASREATRAZITH, EAMBTR
7.
o R EIRSWEIBRENGIITRIAVERME, B LT3R,
AEAHRREPRSBREBAZRFIRE, L N/NEE:

int i = 0; // #fF1
i++; // #BfF2

int § = i; // $3fE3
i=14+1; // #BfFa

FEXPMEERIBLRRFIRIE, MLERZNE?
BENMUMEFRTEEINAXERZRFIRIE, EXRBIEE 1 BRERFIRE.

o BF1: XRRFIRE, EAER—THE—N. FTHDENTE,

o BF2: XARRFIRME. XLIF ER— "read-modify-write" #21F, EEIETIZN MOE, 01, RES
@l i,

o ®F3: XRRFIRME, EAER—THE—M. THDENDE,

o RF4: XAZRFHEME, M iv+ —1F, XthE—1 "read-modify-write" #{E.

FERLEREWNE T LR MRS EIMEE, EBRESLEMET, MRTMBENE, FIESEIIERZIMY
B8, BAMA—T, BERLS

public class YuanziDeo {

private static int i = 0;
public static void main(String[] args) throws InterruptedException ({

int numThreads = 2;

int numIncrementsPerThread = 100000;
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Thread[] threads = new Thread[numThreads];

for (int j = 0; j < numThreads; j++) {
threads[j] = new Thread(() -> {
for (int k = 0; k < numIncrementsPerThread; k++) {

i++;

)i
threads[j].start();

for (Thread thread : threads) {

thread. join();

System.out.println("Final value of i = " + 1i);

System.out.println("Expected value = + (numThreads *

numIncrementsPerThread));

}

AT

Final value of i = 102249
Expected value = 200000

i HIZERY1E N 200000, {BSEFRIEESEAE 102249, XIERR i++ A2—PNREFIRIE, XNIE?

AT

talk is cheap, show me code, F&EXEZHD:

public void update() {
/1 HRELAAT
i = 100;

public int get() {
// %F22HAT
j=1i;

return j;
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BRUBEMNEIE, &2 1 #1147 update 75354 i IR{ER 100, —RRIBR TEE 1 SEBCHNIERNEFEHTRBER
e, BARRREEHERFFEIERESR,

XPIHREIE 2 1T get ik, BARSMNERTFPRIEN I NE, AENBEECHNIEREF, LRER i f9E]T
A= 50, B S0 MMES |, &ERME jERMZ S0 7, [RARERE 100, FEFRRE 50, X2Er LIHEE,
G2 1 NTE I HT BN, %2 2 HIRBUAIER i BUFHE.

I HASTERDRE—TEEN, —TERERTXTEEME, HiLiEaE B SRS
15,

l iz 22

store/load
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ALE, STEEBERTEHCHNIERE, TIEFRFNEAFEFEEY store fl load FHITRE,

AT RRZEFROTNMERT, Java IRET volatile XTREF ., H—PHZEZLEMH volatile E1filt, ERRILE
EAVEMENERBEFLP, SHM0E, SAEMEREFEINN, MEMRFFIRIHE, EBNHZTER
BERIEA 1Y, FAANZEERELETAMRRBIEEEFERHEN, FELtHI—TLHERF N EMZBE.

44X Java BOEIHLEIEN synchronized 0 lock th 2 BT BMRIER] T I1EAY,
ya A (o]
FEHEIR TR AT A9ERE, AT AREVINBIR A RAR, BMRMBUER R LB 55 NEMERE, th
an TS .
it TFEd 2RI, HMNBERSIABI—TRE: ERiEEE
ERMEEEHERNSEERASRE, BEEMRMELERETENINME, MEREFRYECA,
WA RO, BRMEBE—ARE XL Y, EY, e,
FEHIRIEZ N ERE N ZEFYRIX RMARHEZE T A,

iz 53

EF15
F1F =5

- -

lock1 lock2

]

FEHEM T LR ESFENARNSHEE., M E NEERLERBEE, TEEkE, A2 MEREHEETH
EfEEREBIRE, MEMAREXEBX RS, MSREQT—TELRBLERENT, REEEEE50H
B, TRMARETED.
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E—PEFEROAF, ARFREEENE, BEER—TA, MTAERLLE, BEEXENER T 1AM,
MR—EBRHEESRIL, IMAMKETED, FRTIE, IBIE,

/]
MR—MEREE MR HAIRRTREMLNET, PEF LRLTFIERSTT.
ERHE MR

o SIMARNERE—EEIGITHIE CPU, FIEMNRMMARERE—BELTERS
o —LELRWAAEEA—NTFHENBDLTRIVAT, MEMATESEREE ZAFENXESRHAITIIE;
E

B—TEEZENREEME DFXRAELE, MTEMR, BATEERERE, 8T ALIEFNEMIER
FAFAME, MREEX 1 HEER 3 @ARNFEME, PEFEXK 2. 4. SHMBHHTFEFET.
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P\

18
4 BE o) &1
AEHE T SRR SN SRR S, MR E R, SHEHE—TRBERTRTRID? K=
SR—%, BHSEEE slRsie fl 478 T B,

BIRLRERERAASHRIBRR, WRIERZHKER, SIR—ERNANEBEToHRN, FRLEIERE. F
NBESE,

St /E, ERBRETRE E X,
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CPU BRERMRIR, EEFER, NTHRILEMEDL, EESTLITENLEDEK NER, 3 CPUMBIT 1%
BRBREPIT A —NEEN, CPUBEREFINLENAMEE, BFEHFIRES, ANET—TERTELRENS
WERE, BEREHS, BME FETXXH .

—RRE> E TSRS IER

o THIHARE: FJIUSR ConcurrentHashMap B EBRAVEBRE, TRENLRELIERERNEIE, XHEESLE
BEFNRGT, FTRURD BT X% E,
o CAS &i%, Tl Atomic + CAS BIENREMNEE, RARWBEIAIN, AINARAD—S2 AR ENMRSEH

KRy Tk,
o [FHRIVARE: BHREUBAVNENLIE, MRESELD, EETRZMNERE, XHEMSERAKSHNEIZEL
FEIFIRES,
o HiE: EREEEINZIEZSNRBE, HEREERHIFZ MESENIR,
ING

ST T AL EFNACEREIRA, AR e 4R EE,
F— KBRS 45— T LB

- [RF4%
RS 4<:

A
FE
Z AT 1B EIAY (o) 75 ER S s
iR

BRI
e [
412 T X iR
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ig: MEEZ, RENAZRE THRRENINTFRCEava /\BRX, ABRNE, BIEE,

GitHub E4R2 9300+ MFFRAIIREE ( 5181 Java HI 2 B S50 PDF (FHA%EZ/IMY RFRT! SEEE
HWERESFERSE. JavaliAFEEL . sychronized. volatile, CAS, AQS. ReentrantLock. #Z&fgith. FH &
A8:. Threadlocal, £FHEREREFEHAMALLNZRENANS, Hit 15 ARF, 200+5kFL&E, IR
EBEHE. KNBWER..... ¥158: L5 7, —SHHEREHN 2 . .pdf

IAZ S EIZEK, EEKNEZNEN MZ1REE ) BRURIAIRE PDF iRAR,

FtT: JavalIAFER (JMM)

BEFERMNE—X, NZTHEBNEREX T, —Lk, EdEZEMAM: HRiREAAR Java WREEE(IMM)
ne? g

IN"_ANEE, MREEMEE: Nava AFEEEDAAAER: . HEX. BN, KithAEK. PCEHF
23, balabala......q

ZXo0—%K, Bh—EXT, BEERMITE 7/E, W 7, SROERLEXET, EEFEAIE

—IFEIFBAXE, NOENE, XIFETIAMRERRT .. BtalE? N_RENE,

EIEESETE (TN ava #R Y BRI , NTAWAKIE, FRECEATHS, AASREER
MM, BR/N_—U7E) savabiiz XL XTI Bava BINAFREN/\BXT, &, Java R7FiHE

(MM)F] Java IETRAEXEHNX 5 AT KER.

Java R7FHER! (Java Memory Model, IMM) EXT Java BFRHHTE. SENUHNEEUARITERFETRE
AN, EXESRIZEEMETHNRZTSA NN, BLEHEOE, BEBHARETHXETS.
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HRRIZAEIE 2 [BTFEM )&

o LFREANMLEE? BI: L2 Z[BAMEIFLHIRZHRESR
o LAEEMMELS? BN LFEADFLHIRAZHI T B LAz 8 R £ RIBNIRF

BFIPH &R RT DARRIR X R [a) 7

o HEMEBHAREE
o HEAFHKIRE

XFAPIEEL 7 [B] A X A a0 B AR

AMAES

AR

ZREZEREAFRES, £

EEEERRES, ARk

HEEBEFAEL | RENEELABTARH EEEEEEETEEZ
ERETNHTIERS. g1, EtREZERAT.,
SZREZEHFEFFAER (#NEREERRABER

HEREFAER |Z, BIS-SRFML (GERiEZRBRRAT, FZ
HPEHTIEREE ERTAY,

Java EANERZEAEH LIRS,

Java NTFEEY

TLRHAZEEE?

FRE—TIETHEEX, BERR—RETMEE:

L

JavaiZ{TRIEIEE
BRIl #NER FihE AR
EFRTEEs

) mFfagEtsmER
() ssnemmEx

HWFE—TEREKR, RBENEN, MHEEHEN.
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AR, EHPOEE (BHEE. FEEXNSH. B
ARG, ERENEERNTN, TEERHEER
P, PRl R RS ST,

R{F AT W e @ e R £ RY?

Mg A/IMAFRE: BRABRRZN, ATAERPSEREATLEE?

MBS FAELRY RS, BRRRENE
He=

B, —MMZAHZEE,

7N

XERARMATENA TR, FESESEEFXREEFHZTE, FN CPUIBRIEFXILLBREFERS
=4
yo

SRZENAZTEFETEFT, STELEEE T ENERMAE, FHETIZLRENE. BRHETEN
B, AHATFR Java AFREN—THMERRE, A AEXEFE. ERETER. BETX. FFE5.

Java R Z ERVESH Java AFRE (B JMM) 1286, WBHREIBERER, MM EX T SENEF ZEHMR
KA. JMM SRR EENEARR:

57 7% B

| |

AHATE B

D T IMM *? ﬁIJ)
Semag it SRR S

MEFRET LA

1. FIENHAEZEHFEEET,
2. BMEREERTF T —MAERERINHZESNEIE,
3. WIREIE A 54742 B ZRERENIE, HALHTE2 MHR:
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1. 452 A BARMRNGF A PEFENHETSRIFEIEFFE,
2. %72 B EIEFHRITMLRE A ZAECAEHTNHETS,
FRLA, 212 A TiZEEFO&TE B W ITIERNTE, ZEEEEHNETERE.
AR, RIE MM BIE, ZENMHETENMEREDRLNER SHARBAFERH#HT, TEEERMEFPIZEN,

o FATF: JavalE X REPILIEER D, XN THEEHRIAE

o TEAF: JavatkFRIED X, MAFMTFESNERET

FTAE6AE B A TR EREZEFTENAZTENE, MESLASHARE B PHEXTHZEEE, RNXTHEE
EELWENT, AEFMAEF B ZEFTERMXTHAZRENME, AENEIEMAE B P, KEETE B BIX
EAHATF B HRVFRE.
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A RIERF R L E?

BLABLMER N HELZENWEMATESF 7 E? ZHME MM NINET, BE MM ZENLEREZ—. JMM
BEEFHEEFSBTERNFSHAFZENRE, KEHAFRERIE.

Java Hf9 volatile KEF R MRIES LI IRMFRAZZ SR WML FEILIELEHF, synchronized XH#EFARMY
RIEFT LM, BENOFRIETEREFE (BEFY .

EERE, IMM BERNEFERERIIMAGFNAINEUARZILERF, A TEFREAEIER, RITERET
happens-before (2 (TX&HEH) , EENERSIE, MMEBERTREFANTERAFIRIMEMEEZIER
AOEHEFAN, DAROXLERNE BRI S E.

JMM 5 Java BT AFEXIEMIX 5]

AIE#RRE] T JMM 1 Java BITRNAFXENLD, XMERBEZEAIXEHKA:

o X3l
MEZAENEE. MM ZHRE, EARER—HNN, BEXTRNAREZEFHETRENLEAN, B
SRFIE. BFEME. JREERT. Mava BTRAFNYI2Z2REN, Z VM IETT Java RFHHENA
7.

o BX%H
HEELBRBERKFNAZHREXE, —MRR, MM PRNEFRTAZHEXSE, 83 THNLEX: F
#, IMM FAREFRT LA RIERE, S8 TREFITHE. RS A%, BN,

BE—T:

Java BT AEF R EERIZE VM IE17H, WEAEAEFEIDARRNKE, HBESXERThsER TIEHLH) .
FEEBEUTLTERS

o NEK: FETE-TENENESR, NEITHEEM. FRNGERE. WiEHANEER EZNFTER
&

o i JLFAMANNRIFAIMNKBAREXESEARF. X2 Java AFEENTEXT,

o % B—TEEA—TIMENK, BIXHAERSZEIE— WK, BTEFHEEHEE. RN, o
SHHR. HEHOFER. MERNENEBEEL ZERNG ZRITTMZ EEIEMEHERN,

o AIhFEM: SHREM, AIAHTTIERN VM ERZIRY native 71AMRSS

o BEFITHE: BTEREHE—TIRUNERITHE, BTERISNEERTE T FTENM—T.

Java AFREL (MM) EBHUNZSLENET, UHUEEAFSE TIFAFEZERZEMMRITIRE.
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ERENEARETENT NN, BLEH. RFRFS, EERRATZEARHRFEETRN—LRE,

o FIMM: H—THRBENTHZZESNE, XTIEXNTHEMZRERNR A MIZEAIE,

o FFIE: —THSMREARTERER, FTREMBOETRNEREMITH, XEREZ—TBF, EAHN
17, BAEIRAT.

o Bt BFHITHIRFZRBABNILEINFERTHN,

JMM 5EHIF

RIEREI T, IMM EXT 242 EIMETEEARENHIN, EEZBNENTHRBTHRIFSRMM. LIRS AH
ZEFRARASFSHNARME. RFENERKE,

AHA S FRAIIE A AR A5 AR5,
AT 1ELERFI AR S 1EEE?

RREAE, HENEMTREN, HTRBME, HESNLBEEEANESHE,
AL MUERENR: P AESEHF TSI

BRI, 8—TMESHREES IR, STLRYUKERTEREYS. Hit, FKERRTLET, ENERERER
B 1 BREITE, MAMFGERITES 2, MARFERES 1 JITEREBIITIESR 2, XFEMAKRRES TN
$0

BRE, MKERAREENFE, MEFENKMNILERAR, MUENEERINERNILTKG TR, ELEHME
D AR —FRRR

BN —T FEXERBRRTER:

a=>b + c;
d=e - £f ;
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FmE b, ¢ CXB, AFEERME b, thBETEEFRME c) , (EREHIT add(b,c) HIRNE, FEFT b, c K
ERTEEMEINIT, UMERERINEE, BARERIES (e f) LWEBEW, XHMERTITENNT
MR,

RNTHMEE, BATRIREMET b M c FIE e M BINHT, AEBEHIT add(b,c) , BHEMIRER (B17)
BREXN, BHEDT E0,

E)IES, BRSR add(b,c) BEEH, BERMEM—LEENNSERE (e o) .
LR, ELEHNTIRS CPU HEE+DRE, BhiHERT ALFRIEE,

EHFAMNM?
OB —RH I TR

o HmFBRMAEHR, RWIFH[EFNERLERFIEXNRRT, EMTHARETIRTING.

o HLHTEH, MALESRIRATHELPHITRAREZFIELESNT, WRFEFELERBEENIEF—T
WATHIEO TR RBAIEATIIETNSR), IELERTUEZE X N A EEEHRITIRE

o AFRAEH, HTAEMEREFMIEEFIX, XEFMB(load)H1FHE(store) R FE LA FIRER AL
FHT, EA=REFNEFE, SHRFSEFNSERS FERBEE,

HLEAMRIESITEX -, BRRAXSRIISEREEMNEE—H, MANESLET, BESEAFAUER

SH L@,

JMM 5|iF—3 =B

STEFARIERRIS IR, MAEFESRERS.
RS A—TERERE—EE, A5 TEEEE—EE, ARSMZREEIEL KA F.

URTEFTFEETHERS, BLABTHNEREERH TTREY, LMTREETEZH, AIEMSEEIERN
18, WR—NEEEBLERBL, BAMAFELRERS.

Java AFRE (JMM) NTFIEMRRELS SLEERFNAF-HEMT U TRIE: MREFZERELHN, EFOHNT
BEAINF—3E. BREFNTERNZEFEINF -SSR RTINS RERE .

XEBMED BFEFEA volatile, final, synchronized FXEFIUMEL .

MBHNFALAERB EfH{FEH volatile . final . synchronized HFXEF, BAEMERFERTESL, MMt
A2ERNEFEYIMNMRIE, RUESSHERLE, FETTEN, REHS,

4= IRF—ENIERE?

IBF—E R E— M EEAMIRIESERE, EARFRHTRBNAFALMRIE, 7 —BIEREEEMAY:
M

o —MEERHMERELTIRIREFNIF (B Java RIBRIREF) HHA1T.
° NERFRERY, MBLREHRERE—TE—RRIERTING. BIEINF-SIERED, STERELTE
R, BIZIMFRELERAR.

RTEBEXFHMEE, BMNENMF, BRIREARNEE A B HAHIT, %12 AHF 3 NMEME, tiIERERTMIR
e A1->A2->A3, %4iZ B thH 3 M&(E, B1->B2->B3,
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RIRIERERTREL, ALREHN 3 MRENTERND, B &FZREE— 18, BAEIF—HEER PRIMITH
RUTEAR:

Al — A2 — A3 — Bl — B2 — B3

BRIETRUE EBRF, AEMTEREHBREEIXTRTIN.

JMM At A FRIEIRF—E1E?

RigigBEREY, BAEIRF—HIEREFRRITERU TAR:

Bl — Al — A2 — B2

A3 B3

v
v

BRIFNTEMAE LT, BEMTEREHBRAEEIXTATING . ZAAMNEMEERXMRE, SRAIRF—EIEE
B8 MRMELIEHMETZETR.

B2 JMM ;&8 XHRIE,

teal, EHRIARESENMEEFESATR, ERERMAEFZE, XTERENYHLETL; ME
ARRNAENRNER, XTEHRFRAZEREREZMNT.

REYRSEREREAFREINBERFAEFZE, ITERETNEMEET L, EXMIBFRT, HE%iE
MEMEIZERNPITIIFEZE R —H1.

FIfFE—EHRE S, RERAETERBREFNINFSITHT. B IMM A, ImRXRA (BFREES 757EH)
AABAINRLEERF (ERAAFRAXANABR RLFIEREZ5%, BARBARSHERTFIENL) .

SAR%E A TIRAXM T ERRF, BERENBRFY, 472 B TENRIERE A ZRAXNEHF., XMEHR
BRE THATHR, NRENERFNHRITER,

B, IMM SEREIRF XMHENIGR K EIFHRIE, FEERFXARFRES INF—HEHREBRNAET
ME.

LA, JMMBRFIIMGHE: EFNRE (EHREPHN) BEFRITERNERT, RENRZHMLGIEREN
RATHAAEZI.

MNTFARRSNZERE, MM REHEBNREM: SEEREINE, BEARZAENEESANE, EAZHMIA
8, F"eXHESR.

ANTER|ZTREM, VM EHESEXNRE, BASYAEZEREER, AETELEIENR (XM MEEZ
Ciki7: )

JMM ZRRIERRSEFHATERS ZEFERF —BEFRTER—H. BAURERIIATER—H, B
24 JMM BEZIERENMA, WEFNIITEESRTERANTME,

RESREE MM FIRF— SR ER RO TR A N TER:
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1. 7 —E3IERIER LR AR REFNINFNT: MM MREREFEREARIRERIREFNIRFHRT.
(ANEHRF, B2 MM RIERLERE THEAIFAEINRITER)
2. IBFF—E R BMRIEAT A Lei2 REEBR B —HAURIERATING, T IMM RMRIEFRE Li2aeE B —ERAVIRIERAT
B, (EX MM RMRIEFRA RIEIZEN A 1)
3. IRF—EERERIEXS AR NAFXERERERRFIE, IMM MRIESS 64 189 long B4 double #43%
ENGHRIEABERFM.

JMM 5 happens-before

—FHHE, BNAREFTE MM BE—TE8ANAFRERREERE; »—HHE, wESNLEREE MM YEA]
ARG/ DY, IFEMIMAINRAEZSHMMEKRESIERE, FENZ—THNRNFERE,

IMM ZRBT XAMER, HEKETFER, WHEFH[MNLESKR, AETHBEFORTER (RERER
MIEWRD THNSERERER) , mFRTNLEREAMLERT.

JFEMNFALERR, MM 124 7T happens-before #N (JSR-133 HE) , HE TENIFRK—ERSIE, H
BRHETEBEMNAFETRMRIE. B2, BFLAERZEER happens-before N, BABENENIEFHMEE
RIEFE IMM R EGEBRRER L%,

JMM {£H3 happens-before RIBLZAE HIF TRIE 2 BRIAITIRFE . XFTRIERTUAE—TEIERN, HAIUERE
BESZELLN

happens-before X ZHIE XA T :

1. AIR—"HRE happens-before Z—PE, BAE—TMRENRTERBENEZMRETL, MAE T
ERIRATINFHEEE S Z NMEIEZH.

2. MTRIEZBITETE happens-before xR, HAEWKE Java FERFZIMANNELIR happens-before
XRIBENIRFERMNT. MREHFZEHINITER, 5% happens-before XRARMITHER—H, B4
JMM th R IFIXEFREHRF

happens-before X AZAF L as-if-serial IEX E—EIZE,

as-if-serial IEXRIERLENEHIFEHRITERTEFRREAGNENSERE M, happens-before &R R
EERRS N Z LR FNNITER TR ERIFRE,

B2, GIRIEME A happens-before i%{F B, IB4RIE A EAF LFTEERIEERE B MEA R, TEENE
TE—TEHE.

happens-before xR & HiLL?

£ Java 1, BLUATFRAR happens-before X%

RRFIRFHN: — NP E—MR(E, happens-before FiZ&EF TR EEIRE,

WERMSSEM . 3 — MRS, happens-before F-FfE 3T XN iRIAN%H,

volatile ZTEHM: 33— volatile BHIE, happens-before FEEFLEXT X volatile 1AYIE,

£iB1%: AR A happens-before B, H B happens-before C, 384 A happens-before C,

start N : ANRLEIZE A HITIR(E ThreadB.start() Bal%iE B, BBA A 420 ThreadB.start() #&fF
happens-before 442 B FIVERIRIE.

e join MM : WNREIZ A PUTIRIF ThreadB.join() FEINIRE], HBALIZE B FRYIEEERIE happens-before
T %% A M ThreadB.join() IRIERINIREL

241
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int a = 1; // ARE
int b = 2; // BIRfE
int sum = a + b;// Cc #&E

System.out.println(sum);
TR ENM4AE happens-before MU, RAMRE— LR, BBATHSL:

1> A happens-before B
2> B happens-before C
3> A happens-before C

FE, BEETEHATIESHIERME, H VM BrIEEXIRIE A & B #{TEHF, EATILHENIT A KTZ B, M1
MNEEARN, FEFAZMHITER.

MBXBRETEHRF, XEMNRLEFE T happens-before RN, B2 JMM  RIFXHFHERIF.

FrIA, FHATR X0 happens-before #, AEXO VM RIRZ/EHERITH., REHTEIRIE A happens-before ##
EBRMITT.

EHIFEME, MM XXFEEHFE T ERIRE:

o SUWTRFHITERNEH R, LIl A->C, MM ERGEZFRNGERLBE XMEHF .
o FEURTEFNITERNEHRT, LW A ->B, MM JImiFSMEEAMER, RAFXMEHF.

INGG

e Java RFEE! (JMM) EXT Java fZFPHEE. ZRENAMNFEFURTERFHITRENAN, EFXED
REIZHREMME TR ZTS0 M, BLEAEFODR, RERHLRREERIOXEME.

Java ATFER (MM) EEHNNEZEEMET, WEAEEARAES TEREFEZ BREHAITRE.

Java BT AZXIFHEANEE VM 31T, WEBREFEINDARENXKSE, FESMXERINEEN TIE
#l, FEEERAX. H. K. RMHER. EFITEEE.

BLTEHR N TIRS CPU H8E, ERVEERSH—LNRR, bMNZEEHE A I EIRT,
happens-before FNZE IMM $RHAIEARATFR] WHERIE, REIEE happens-before MM, BAFEAMNE
HIFEFE R BERILYE IMM FREGBRATER L%,

ig: MEEZ, RENASTEDFRETHERE/NNRFREE Java /\RRX, 2BIHEE. SoATHKRT
BRNEREXBFFROXTEE: RAXD Java 2412, BT,

GitHub E#R& 9300+ FIFFRANIREE ( — 5164 Java #H 2 B8) 8 "1 PDF (FHAZEZ/M) BFET! BIEERE
HEREZFERSE. JavaliATFERL | sychronized. volatile, CAS. AQS. ReentrantLock. ZF2ith. H &
&5, Threadlocal, AFFHBRFRUEMAMNARMDNZENAS, Hit 15 ARF, 200+5kF&E, TR
EREHIE. NBEER.... F158: K87, —SH R RN 2 F.pdf

A SFEIZERK, EEKRNBZNETN ZHRELE ) BRI AIREY PDF iR,
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—

E/\T: volatile X§F

"ZRI, XTIEATEFES) Java R volatile REEFIE, KRB HBRIN. "BE=RFFIEF, HERME,
“GFE, . "ZIREIREOEN T,
REHAE (80 Java HI 2 BEEMR) PERANERN, ZRENZNXMRANEE,

TR R EIEE R I EETE, FANRE TR REMERFE, BBRINERIMERSIFAKT : volatile FIIX
RIERT W, (ENMRIERF4:

e H5—" volatile EEM, MM RIERLREERMAFHOEEEFIRIFRENEFFE;
o XM EREZSHHEMLIZTH volatile EEETFIH,

volatile £2 S EHE

i MM B9ES IR, FAREI TR ERE, BEAKSBERHR, BIKOF—TEAFFEETHINN:

o EHIFASNEFERRERMXANRERITERF. Lil: a=1;b=a; XTELIFI, BREZTRIFEMKH
THE—TRIE, FiE %wﬂ'ﬁﬂkﬁ%ﬁ _ﬁHTLWiAh{’ET\A%&EHFF

o EHIFRAN TR, ERTEEAEHF, BEAETEFNITERTEMNE., b
gl: a=1;b=2;c=a+b X="] LET’E F—F (a=1) MFEF (b=2) BT ANFREBERHXR, MNAREZRE
EHF, B2 ccath BTRAERFASHERFN, EAFTERIISRLNER—ER =atb=3,

£/ volatile X BFEMAZTEFIURIEXMERF ., BEAMEIRE?

HEAMEA volatile XBFREMH—INEEN, Java AFEESBARERERE (—TAIEES, UM CPUEL
mIFSREHFMHELAR) RBRUTHR:
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e EF[E (Write Barrier) @ H—" volatile TEHE AR, EREHREIZFREZBINFAELTENE NIRIEL
RREIEANEF,

o Z[EFE (Read Barrier) : HiEEY—" volatile TEH], ERERRETZFEREZEHERREBMNERNEF
AN,

BRANIER

o HFEFMITE volatile TEANTIRFHESIRIEN, EHIIERFNENSECLEEHT, BERNEEMN
BEAR,; EHEEMNREEEDREHT;
o TEHRITIELMMILET, FEENE volatile TEMEOMEEBEMNIT, tHAEEE volatile TEEEMIBTMEIEHAD
EHAT,
“DREIR, M1TE volatile TERS, HEIEMNAMBIETOHLITNITR, EHMEFHETHRNT. BeiEETONS
F3% volatile TEREGEHEIETRI N, "H T 7 =k —BRAREEMR

Ft& NEAREM volatile AIAS:

class ReorderExample {
int a = 0;
boolean flag = false;

public void writer() {

a=1; //1
flag = true; //2
}
Public void reader() {
if (flag) { //3
int 1 = a * a; //4
System.out.println(i);
}
}

FRAEHFRIN, FRIARLNHEAIER 0, BERNFESE L—E IMM B4, WR5|IA volatile, EIIBE—T
R3:

class ReorderExample {
int a = 0;
boolean volatile flag = false;

public void writer() {

a=1; //1
flag = true; //2
}
Public void reader() {
if (flag) { //3
int 1 = a * a; //4
System.out.println(i);
}
}
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SREILESEHF, TF2EIL7E happens before x & (E—EMAIT ) HIEM L.

XBHE, volatile &%

. RIETEFREHN, 1 happens before 2; 3 happens before 4,

2. 1R4fE volatile M, 2 happens before 3,
3. 1R#E happens before BtEEI4E#IN, 1 happens before 4,

i happens before X RNEFA R T :

AR, 8—1TEkBENMIT TR, K&K T—" happens before X&:

o EAFILRREZERINEFM;
o 1EEEILRK/T volatile FLNI;
o EEEILRNASXLEMMNFIREA happens before {RiE,

XEB AZEEE— volatile TE/F, B &IRiERF— volatile T2, A &TEES volatile TEZHIFFAEA NMHE
TS, 7f B &IRiER—1 volatile T2, IEIEITEXT B £IZrI L

volatile T ERISS

TEHEZE BRI

public class volatileTest {
public volatile int inc = 0;
public void increase() {

inc++;
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}

public static void main(String[] args) {
final volatileTest test = new volatileTest();
for(int i=0;i<10;i++){
new Thread(){
public void run() {
for(int j=0;3<1000;j++)
test.increase();
}i
}.start();
}
while(Thread.activeCount()>1) //{RIEBIEMNLIZEHITR
Thread.yield();

System.out.println("inc output:" + test.inc);

Mz -
inc output:8182

R AL? 87 " BRRXTER, ZiREERMIE.,

"BR IncHAZR—NRFERE (BIEHT) , BIEERC 0. WE 3 DA, FTIAERAAEEAER 10000,
OEEE,

"B, RREHIRBIER T, "ZHRRRk,
BARRIRE?

01. XH synchronized (F—Rai, BIHEEIX) , 1B inc++ RHREIMI synchronized XEF:

public class volatileTestl {
public int inc = 0;
public synchronized void increase() {
inc++;
}
public static void main(String[] args) {
final volatileTestl test = new volatileTestl();
for(int i=0;i<10;i++){
new Thread() {
public void run() {
for(int j=0;3j<1000;j++)
test.increase();
bi
}.start();
}
while(Thread.activeCount ()>1) //{RIEBIEIZLIZEHITR
Thread.yield();

System.out.println("add synchronized, inc output:" + test.inc);
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02. RH Lock, BIFEAE] ReentrantLock ¥ inc++ ME (FEHEBRMEW, BBEER)

public class volatileTest2 {
public int inc = 0;
Lock lock = new ReentrantLock();
public void increase() {
lock.lock();
inc++;
lock.unlock();
}
public static void main(String[] args) {
final volatileTest2 test = new volatileTest2();
for(int i=0;i<10;i++){
new Thread(){
public void run() {
for(int j=0;3<1000;j++)
test.increase();
}i
}.start();
}
while(Thread.activeCount()>1) //{RIEBIEMZLIEESHITS
Thread.yield();

System.out.println("add lock, inc output:" + test.inc);

03. RHREFZ Atomicinteger (FEMSMWH, BEZERA) RIZM:

public class volatileTest3 {
public AtomicInteger inc = new AtomicInteger();
public void increase() {
inc.getAndIncrement();
}
public static void main(String[] args) {
final volatileTest3 test = new volatileTest3();
for(int i=0;i<10;i++){
new Thread(){
public void run() {
for(int j=0;3<100;j++)
test.increase();
}i
}.start();
}
while(Thread.activeCount ()>1) //{RIEBIEMIZLIZEHITR
Thread.yield();
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System.out.println("add AtomicInteger, inc output:" + test.inc);

=FEHLEE 1000, WTF:

add synchronized, inc output:1000
add lock, inc output:1000
add AtomicInteger, inc output:1000

volatile ST B IR T RIRN EB 30

XE2—MEA"WEREDE" (double-checked locking) SLIAVEFIET (Singleton Pattern) B9fIF,

public class penguin {
private static volatile penguin m _penguin = null;
/] BRBInewlJIAHITHR
private void penguin() {}
public void beating() {

System.out.println("JEE");

}i
public static penguin getInstance() ({ //1
if (null == m penguin) { //2
synchronized(penguin.class) { //3
if (null == m penguin) { //4
m penguin = new penguin(); //5
}
}
}
return m_penguin; //6
}

EXMIFH, penguin 2 REEHSERIM—IR,
B EUBAERR:

o BT —EEN penguin B9 volatile =2 m_penguin, BERXNEETSTE, FREFME penguin A9H—C
il

® penguin() MEHEMERRR private, XAEHMBE LT FMBRISER new EEIE penguin I, RIET R
BE1EId getInstance() A AIRENES,

® getInstance() A AmEIREX penguin EME—HFINAHREFSHIE.

® if (null == m penguin) MBIEEEREEXLM., NRANFE, THANESHKEIR,

® synchronized(penguin.class) XIZEHJ Class WRMNP, XERMREZLEZNET, BNREE—T%E
HANREABIR, ERSRBRA, BANELFEEEREFE, URAEE, NEEEMNIF, XMIMmE
A" NEREBIE" .

e &/FIREl m_penguin, tHLZ penguin BYMHE—SLHF),
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Hrh, {£A volatile X#B#FEN TBHlE m_penguin = new penguin() X—FHHIELERF. LR L, new
penguin() X—FZDRN=TFLHE:

o NENRMNEFTIE,
o AR,
e & m_penguin 1E@ D EHNAEFETIE,

SIRAMER volatile XHEF, VM AIRESNR =1 FHBHITIELERF, NRSE 2 NSRRI WEHF, Br%k
2 A FTREEN RO B WAL EMET, 412 B B2 RERX TR, MMSHE-E. miER volatile X#EFA]
RS IE XA L EHF .

AR T :
a. memory = allocate() //7PEEHNTE

b. ctorInstanc(memory) //#JEMHITHR
c. instance = memory //iXEinstancelg@NI5EAIHELIE

FENABERFETN, TESEMERFM a-b-c HIFR a-c-b, EZERNER TLIATERE,

HETE ATEHITEE 5 TUIERY, B AR #RHMATEISE 2 1715, RIRIMES A RITRERPRE THESEAR,
FHATT aflc, RBHPIT b, BBABT AZEHITT c W instance 15@ 7 —Exithit, FTLA B B F2FIMA
instance A9 null, ZEZMEIE 6 ITHIRE—TRIIAHLHTR,

ING

3T, =R, BAPREE—T, "BE T OS5,

volatile FJLAMRIELAZR] WIE BRI T —ENEFY, ERTERILERFME. 7 )VM KE volatile 2RAB"NERE
(RSN R

MMENA volatile KEFHIZB N volatile XEFIIATAERALCHIBHMAERI, A volatile XEFH, &%
H—1 lock BISRIES, lock BIIEL LR ST —TAFRERE (BHRAFME) , AFRERERREM 3 I8

o EHFRESENFNAFEHEENESHENEFREEZRNMUE, BARENENESHRINEFRRENRE
H; BIERITEAFRREXGOESH, EEREMNREEZ 25

o ERBHIFTEFRELURIFIBEIEANER;

o WMREGIRIE, ERTEEM CPU P NAIEFITITR.

&g, 137 volatile MERMR, UKEBRINAE, HEBRTVNELTHEINNRHEX A TEEFER
volatile,

ig: MEEZ, RENNASEERE T _SFNEANIKEIN R#EF, RXHEEE: volatile,

GitHub 452 9300+ MFFRAIRE (816 Java I 2 #8) 35 "1» PDF (HAZiz/f) LFRT! BiF%E
EAREZFMERSE. JavalIN7FEREERL . sychronized. volatile, CAS. AQS. ReentrantLock, &fEith. H k&
A%, Threadlocal. £FEFEBERREMANALALNZRENAS, Hit 15 FRF, 200+3KFLE, TR
EBRSE. NBEEK..... 158 X527, —SHHEREHN 2 B pdf

A SERIZERK, EEKNBE_TEN MEHREE EFATAIREX PDF AR,

No. 74 / 428


https://paicoding.com/
https://paicoding.com/column/4/2
https://github.com/itwanger/toBeBetterJavaer
https://javabetter.cn/thread/
https://javabetter.cn/thread/
https://javabetter.cn/thread/
https://javabetter.cn/thread/

FJava, BINEZEH Java HIM 2K

ENT5: synchronized Xz

"=k, SRHEARFES) synchronized KBFIE, "Bl T —ERALED R ER=Ki%, WIEETERIEN.
=%k (BMEREZ, SERtEAEL) 87 —KARESER: 90, —F. 5L, T%RE, &%=

£ Java B, XBEF synchronized aJIARIEER—MIZI, RE—1TEREATMUHTEN S ZHEEMBREE
BN H AR ENIDRPEERZIURNIRE), BRBEITERIZEEE synchronized BB I—TEENIER,
synchronized Al{RIE— M EENTH(EZERREZHUENTH)REMEIEMER ((RIET LY, T2AUER
volatile IHEE) ,

synchronized XBFHEEZFUT 3MHNALR:

o BHFE, HUMNR (this) MH, EARSRIBIBHFE LRI
o ESHBIE, NUMLMB (BOR Class %) , HAESREHERE LRI,
o EHRBR, BENHNER, WAENRNY, HADSRBENERGAEN R0,

synchronized[@% 7%
BT R EFBBHRIIA synchronized X#F, AJMRIEEERNZ, RE-TEREERITIZAE.
FER:
public class AccountingSync implements Runnable {
;:t;ﬁ/ﬁ ( I|III§%F‘\/E
static int i = 0;

// synchronized @& 7%

public synchronized void increase() {
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}

@override
public void run() {
for(int j=0;3<1000000; j++){

increase();

}

public static void main(String args[]) throws InterruptedException {
AccountingSync instance = new AccountingSync();
Thread tl
Thread t2 = new Thread(instance);
tl.start();
t2.start();

new Thread(instance);

tl.join();
t2.join();

System.out.println("static, i output:" + 1i);

HIHAER

/**
* EHER
* static, i output:2000000
*/

MRS E increase() BIAN synchronized, ERN i++ RARRTFME, FAMRALERS/)\F 2000000, EFD
HEISZE (volatile) AR,
AR —THRRAFEES, H—PEBRE T ZNRNBIZE, EMERETEREUZNROB, FAATA
THENZITREGEA synchronized 753%, (B2 EMATZALZE R AIARNIZII REIEAMIE synchronized /A,

BE, NRE—NEIE A ZEIHER obj1 B synchronized /53% fI(HBINSRBIE obj1), B—1NETE B BEifi0)
PR obj2 B synchronized 7iE fF2(HBIXNRBE obj2), XIFER1FH:

public class AccountingSyncBad implements Runnable {
/I HEZERR (EFEIR)
static int i = 0;
// synchronized B& 5L
public synchronized void increase() {

i ++;

@override
public void run() {
for(int j=0;3<1000000;j++){

increase();
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public static void main(String args[]) throws InterruptedException {
// new BT AccountingSyncHTLl
Thread t1
Thread t2
tl.start();
t2.start();

new Thread(new AccountingSyncBad());

new Thread(new AccountingSyncBad());

tl.join();
t2.join();

System.out.println("static, i output:" + 1i);

AR

/**
* HHER:
* static, i output:1224617
*/

ERRBSIEARNZ, BIBIETH DR AccountingSyncBad, REBMA N TRANLENHEZESE | #1T
BIE, BRER, REERR 1224617 MAZHAERIZR 2000000,

ER LR KEBIE T EENEIR, RAREAT synchronized @ increase 3%, {BA) new TR M ARBHIN SR, X
BHMEBREFEEMR T AR RS, Eitt1 2 HRHEAZSEHNN R, HMEIR 01 2 ZRERNETE
P, AtERERERTIARIEN,

BINRBE-TXRD, FRNYR, IHAZERRM,

R R A E) AR B R E IS synchronized fEF T A8 increase 3%, IXHEMNIE, WRSIFMBIHE LML, H
FRLBBZDNTIR, XKERE—, MEEXHFNERL THRBMEE—.

RIS ESIIES
synchronizedE$E#575 %

% synchronized B S ART, PIRURHFIEM Class WK, TETFTENWR., HA1EM Class W RBUKIA
BY, FeolmsEfIxd ReinvsREY, MEEARN, AF_ER this # Class A4 E,

HTFSHARENERTELU—TXER, EL@I Class B{r] DUZRHIFFS M R ZEENH RIRIE.

EETENZNRARE A AR T —IXNRIEEES synchronized 3%, 412 B EERAX M RABENGES
synchronized 753%, BASKREERH, ERNILEIES synchronized 753% 5 FBIIBIRE HAT2EA Class X%, b
[E4EESS synchronized FiAS R HAIx %R (this) BB, BUWTRB:

public class AccountingSyncClass implements Runnable {
static int i = 0;

/**

* EFESHE, YESAlclassHR, BE
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* AccountingSyncClassZEIHclassH S
*/
public static synchronized void increase() {
i++;
}
// AERES ARSI —HEARREER
public synchronized void increase4Obj() {
i++;
}
@Override
public void run() {
for(int 3=0;3<1000000;F++){

increase();

}
}
public static void main(String[] args) throws InterruptedException {
/ /new#sEf
Thread tl=new Thread(new AccountingSyncClass());
/ /newHT L1l
Thread t2=new Thread(new AccountingSyncClass());
/| BohEiE
tl.start();t2.start();
tl.join();t2.join();
System.out.println(i);
}
}
] **
* AR
* 2000000
*/

BT synchronized X#§#FEHHIZEFSH increase 737%, SEASEALENENE, EHBIREZLEIZEM Class
PUE

ERARBEHR increasedObj HERLHIHE, HNKBMEIRILAINSG (this) , MRINERFREAE,
AEFEERIR, ERUINNERARE, XMER TS RELIELZZOHRETHEFTER ).

synchronized[a & {i51R

REFRT, HNEBNAENBEELRS, FE—ELBRENNEE, MEZERSNRBRAB—/NEHB7, MR
BEENENGERTES, UG AMER, WRBMNUMERRSRBROAANFTEFDTHRDHTER.

AN

public class AccountingSync2 implements Runnable {

static AccountingSync2 instance = new AccountingSync2(); // HINEFIRED
static int i=0;
@Override
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public void run() {
/I BERREADFERIRIE. . . .
/ MERBESRIBIRN T E I HTRIFIRE, IR Ninstance
synchronized(instance){
for(int j=0;3<1000000; j++){

i++;

public static void main(String[] args) throws InterruptedException {
Thread tl=new Thread(instance);
Thread t2=new Thread(instance);
tl.start();t2.start();
tl.join();t2.join();

System.out.println(i);

HIHAER

/**
* WHAER
* 2000000
*/

BT synchronized fEAFT— M AEREFISTR instance, BIHBILHINRMEBRINT R, JEREHAN
synchronized BIZRAIBIRISF S ER HRTAIZIEH instance LA KAV, MR YAIBEEHMERREIFIEIZNR
i, BRAFRILIERMONER, XEMRIETE8RXRAE—TEENIT i+ 1B,

SRR T A instance fERX RSN, FANERPUMEA this MRACKR SRISLH))NE HR1EM Class WRIFRBL, AT
R3:

//this , HHTSL 3T SR
synchronized(this){
for(int Jj=0;3<1000000;j++){

it++;

}

//ClassXI i
synchronized(AccountingSync.class){
for(int j=0;3j<1000000; j++){

it++;

synchronizedZ 1H1§ < EHF
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L EHERATRIEH IMM BRHRHE, XEBHIIBLES synchronized XBFFIH—T,
& TTEXERRE:
class MonitorExample {

int a = 0;

public synchronized void writer() { //1

at+; //2
} //3
public synchronized void reader() { //4
int 1 = a; //5
[/ e
} //6

BRIRETE AT writer() Ak, BEELZRTE B 1T reader() k. #RIE happens before MM, X MIEES
#9 happens before X R A AD 7 :

o RIEFERXFHN, 1 happens before 2, 2 happens before 3; 4 happens before 5, 5 happens before 6,
o RIFEWMFHIFN, 3 happens before 4,
e 1R#E happens before H{Zi%%, 2 happens before 5,

£ Java NIFHERIG, ISERSiEN 2 —Fh happens-before #I, EME 73— MM2E8 (monitor
lock) ZENME FBBRVERDIRIE happens-before FREEX X MBRUINBURIE, BIBEFR, XBEKREE—
MEEBRENZE, S— 1 EEREE—IEPNR, si— P EREERRBINAMANEREERE—
KEHEA M,

£ happens before X ZMER AR T :
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FELESD, 8—PELEENAINTN S, £FT—" happens before X%, BEFLARTIEFIFEMN; BEE
SERNEOZIBFN; EEEFLRRAS XL SIRMEA happens before fRilE,

FERTAELRE ARKTHIZE, a4z B SRIE—THl. £ LE®, 2happens before 5, FEtt, 2 AE
B ZAIFAA R ANHZES, £475E B RREE—THIZ/E, KIS B &ERI I,

synchronized /& F A &\ $il

MERHEIRT LR, S—TSENERE—TAEMERESENNRINERZIRN, BATHEERS, B
H—TEHEFRERECHENRMNIGEREZRN, XMERBETEAND, BEREZHI,

synchronized iR EANBI, FEIE—PNERFZTR synchronized 5iEMEIRN, EESEFRASERIZERES—
synchronized HiAR TR, W

public class AccountingSync implements Runnable({
static AccountingSync instance=new AccountingSync();
static int i=0;

static int j=0;

@Override
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public void run() {
for(int j=0;3<1000000;j++){
//this, HRTSEHIXSSRE
synchronized(this){

i++;

4

increase();//synchronizedRIr]E N

public synchronized void increase()({
Jt+;

public static void main(String[] args) throws InterruptedException {
Thread tl=new Thread(instance);
Thread t2=new Thread(instance);
tl.start();t2.start();
tl.join();t2.join();

System.out.println(i);

1. AccountingSync #HE X T —MNEESHY AccountingSync 3L instance IR MNEESHORREL I /D |, BFSTEWR
FRIEMNRATHE,

2. £ run 7iEH, {FA7T synchronized(this) M. XEBIHIXIRZ this, BIHAIAY AccountingSync 3£
B, EPIERNRBIRP, WEESTE i #1718, HAA T increase Ak,

3. increase AiER—TRAFHE, ESX | #HITIEI., BT increase AAtWEREDSH, FRiAEBEEELEIRENE] I
BB T run 3EAA, XFRE synchronized XBFHATENE,

4, £ main 753ER, BIZTRIEE 1 M 2, EMHZRE—T Runnable W&, higH=E—"
AccountingSync 5265l RREMXMTEIZE, FEM join EFEHENMIITTME, FTE I E.

ILbF2FHAY synchronized(this) # synchronized 753E&MER TRE—THIN R (HFEIAY AccountingSync 3T
B) , AESESEE M) #ITTEINRE, AL, ESEREMET, HEERIET | REREEREMN.,
I

WY, =i, SKMPEXIE, "FAESHT T, BRKF—OK, HETHREN =0k,

1Bf¥ synchronized I=FNEA, IBLEHHIBE RS, MUK synchronized BIAIENY, BIESKRIES], R
EARRIINE R synchronized BERZRT,

BSEHR—TENMEETHE, RUFESEER, FROBENHEREBCTECBRERELS, MR et
NEZEE,

£ VM 9B ERRAAR, synchronized REERMY, EANLEEENMBRERIERZNNAN, B VM BIEEER
A, X synchronized #1T T REMM, WREH. BERBFENEETEE, FTUIER synchronized A
—EREERN, HMEEITFSIER TR, AJIAKE#A,
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wiE: AL, RERMNAZEERE T _SFNEANIRFAK G#F, RXHEHER: volatile,

GitHub E4RE 9300+ BFFREIIRE ( 21 Java #H 2 #8) 55—hiRk PDF 2Tk 7! SiFavaBitiEis. A&
FrRFE, OOP, &1L, JavalO, FELIE, Java Filst. MEHmE. NIO. HERRE. VMEE, Hit32 5
FRF, AJARZBAZIE. XEBWEK.....  FI58: X% T, GitHub FHRE 9300+ £y Java #F2

MR TEREZ SR T BT _FHNEREEIARSTIBMET, OE 222 BIF] % FRIWE,

g
o

[ =

217 synchronized 9P ELIRES

BIE—TEANTH T synchronized XEFHERFER, EBREFARRBL HEMAIEIR, BB synchronized FEBIHIZE
T AIE? HEZE JDK hRARBIFL, synchronized XAH T HILEERZENE? “synchronized HEERE"HIES EMTFE
ng?

BB B RZ/IMAFRER,
BARERRN—RZE: Java SHENHHEETHRMN, Java POE—THREFIUERN—TH
EE—RBEIRNZE, BMNERINERMEIOENRY, L—08MNEHAT, MZEFMMUEERRT.

XEBEZRILEME, Class IRE—MIFHR Java TR, KR TEFRDHERINIED, Java FREDER (BFFE.
O, MANREMZER) 7 VM REE— P E— Class WRE5 ZX M, X1 Class W AIZNNE7E VM
INEZERT, B VM Boi5ER.

Class WRHPEESTSEBXRNRZER, WERABIR, ROORE, EKIMAURO. KOMWEHE. BNHTE. £
MNFERESF, REERBERRATEHIE (metadata) .

AIDAEE Class MY ZRIRENERITTEIE, EESHEIRERSIA. BAEKNAE. THaENFESE, XHElava
K58 (Reflection) #Ll,

PRABATE 19se8l, HLRZE Class JRAVHL,
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WiRNEASRE
synchronized BIENHFXME BLZ"NER,

BA 1 @EEMA synchronized XKEFHRLE—ERABH—MAELD, HMNL-—TEZXHIT, XEEREM—T,
EJ synchronized EMAFEEE, EHidE[D, AREARA. EBEBUNT=ML:

/1 RBEFEBGEL, BIHRISEE)
public synchronized void instanceLock() {
// code

/] RBEFEFSHEL, BiNERIclassHR
public static synchronized void classLock() {
// code

// RBEFERBRLE, BiRNESERNNR
public void blockLock() {
Object o = new Object();
synchronized (o) {
// code

XENA—TIRRAXMEES. MEIERX", EBHNEE—RRBXE, ER—NZRER—1T%ERT. ELE
BB FH, 20R synchronized XBFEHEL, BIGFRXMEBENHERNE. MARZ synchronized EB1R,
IR XHMIEHNERBRAZBAIXT,

o EENBIFREANFIUNER, TEXMTEEELZESNIER:
/1 RBEFEZFIGEL, B=RIEA

public synchronized void instanceLock() {
// code

// RREFERBRLE, BRNESEANNR
public void blockLock() {
synchronized (this) {
// code

@, TEXMMAEBMZESNN:
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/] RBEFEFSHEL, BiNERIClassHR
public static synchronized void classLock() {

// code
}

/] RBRFERBRL, BiRNESEANNSR
public void blockLock() {
synchronized (this.getClass()) {
// code

DIRPIFARS R 1ifE R

£ DK 1.6 DAFl, FRERVBIEZ"EER Y, ANERNZRFASNERD, A—TEREFEYN, HibidE#
AsynchronizediREVEAZIGHIEE, BRI . PRET &R L FTXIIRMB LSS ARSHTIR, EIRER
BIR.

XEEANTARZFRERIAN synchronized 4EERENRA.

AT IFD RSB IE R BEERE, JDK 1.6 SINT“REBUHBRERD" BIEZ, X synchronized Y
—IREAFR, FRIEH synchronized MEERI IR LT — 1AM,

DK 1.6 REME, —THREITEOMIUAT, ENEABRASHRE:

1. TTHURE

2. {REPURTS
3. BERBURE
4. EBRHURE

THFBRENZRHETUE, FEAEEHTUZHEBNE, RIFER.
NMIEHEERSEREHAR, PNARREZRE, ERIERLENZEMLERETLT, MERLER
Stop The World (Java SiREHRN—TERBZ, VM E=4#H) #iE, 5 VM BARERNIE, FRER
SEREND, REHITHER.

KT HFERAE —REEWNA:

REFRED X EIROPREERSE, IFRLE HotSpot VM BXIFHIERN, XEILFEE—MRXBICIA, 14
F=Z R RLGEHMY,

In its current implementation, monitor deflation is performed during every STW pause, while all Java
threads are waiting at a safepoint. We have seen safepoint cleanup stalls up to 200ms on monitor-
heavy-applications,

ABNEEMEEERYFERLLET STW (Stop The World) BRER, BERIZFVXAERE VMThread i58)fii%4E
HAth JavaThread 3589395

EMBAIMERRXIEE (KRB (lava HERBZNZA) ) -
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E’ DA ARSI R R B A O, MRITIE
| PETELEERDRESE.

8 SHNSELAEE, 125 TRENIN
& OEE,

43

=

i BIEESTEAEN, F2WUHE CPU,
43

STRAVBTE T A7

BIEEA1RE], Java WEBIHRE TR,

R ERR
MRLREEFEMURES, & ERTRE-4E%RE
R AN DI HAERE BEIESIRIGR .

LIES CreS Rl EoE i 057
fE{ER Bhe=H CPU,

BRI AT (E], [
RATIREIEE R,

BREILE, BEHIR

LI2REZE, IMMNAYEEIE, 045 B

BABIREE TR " ZFREMT AR,

B Java MREABE—THRL, MRZIFHNA

/N e

A 2 MFERFEIRK, WREHA, WA 3ITFE

RIFEXNRL, £ 32 UMIRESRH, —PFEE 321 7 64 (IEBMHIF, — M FRERE 64 I, WHRAMNATWMT
RATR:

KE ES ER

32/64bit Mark Word FHE3THRM hashCode S HHE B %

32/64bit Class Metadata Address FHERI REBLEURERIIE T

32/64bit Array length HAENKE (NRZEA)

BAEZREFE Mark Word BIRE:

RS 29 bit 5 61 bit

T

{m a8 &2 1D

2 E R RO ABHCRAVEE

EER EOERE (EE4RH) AEH
GC tric

1 bit 25 2w EHi? 2 bit $itREAL

0 01
1 01
LR — A A F AR iR {2 £ 00
BERT IX—f AR F AR iR (R a8 10
VBRI — (A F F AR iR {12 B 1
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AIMEE, SNRIRENREDET, Mark word FHERIZIREIRIZIE ID; HIRKENBRERBAT, Mark word 77fi#
AR A2 1% Lock Record MIHETHH; ZREAHEERMEY, Mark word JotgmMERE monitor (EfRZR) Xt
SBVIEE .

£ Java B, I (monitor) B—MES TR, BTHRIPHZEE, BRZIEEHRIDOSHEES—
M}, Elava i, STHREBE—TRERNENER,

BRREERTEERD, — T2, —TEFE/EMNE, FERR®I Object XHFHwait(), notify(),
notifyall() FEEMB (FM=EHConditionfIAETE-HEERIN) F4MAMhH.

TEZANTAZ LML ENZ BRI R,

i [0 £

Hotspot BIfFEZ T UENMRRMAS G R THAMITFESLERS, MASEHE—ZESREE, TR
SINT fRE i,

REBZRETHE—TIARHNGTRE, WRERTROETERES, ZPOLBREMBZEETRE, WA REHE
SREBXCAFEMEELS, 2N, RAMERFELEZFREATHERTRLSIED, & CAS (EESMH, Bk
BEIR) ®REHTMHMT, ERARS TEFETHEE.

REERZHHIRENEZE, WREMHP true, ARFFLESF, WEAFEBESMMNBYBUIRIE, WRH false,
RERFEREMERERFRR, BLrMaESEME.

(R R iR I R IR

— P EEEFEIREARTIRE, SENSREMENFBHCR EFEDRRNLGTRE ID, HTRZEEENXTE
LTIRE, 2ENEBIHY Mark Word EERAZEMAIE SHL%EE ID,

MRZ, RIPZERELRETH, UEZRLEEEHANBRLERSREAFEELTE CAS BIERMBAIED; MR
2, MRRESZ—TEHERZEFZXIMRED, ZTIHMEEEINER CAS KB Mark Word EERIZAE ID Joif
4A2H ID, X PIHMERES MAIER:

o fMI), RINZAIMNEEAREFET, MarkWord EEMEIE ID AFEIER ID, HIASHR, HARANREHH
o K, RIRZAINLRRNATFE, BLEFEZRNEGTRE, REREAYIRIRA 0, FIREYHRENN 00, F&K
NRERY, SRERERVHAHTRSH,

CAS: Compare and Swap SEEEMH, FI#HEIEEIR, XEHRRE—KE.

CAS BREEBRHAIREMNER, BTEBEGEE LIRMEFIHRIE, £ AREAMERRN (Ax86) &, ERFHRIME
TE< CMPXCHG 231 ( (Compare and Exchange) , —fRF1E<S) , BILLRESNAENKE—N, W
R, RN—ENWAZL,

SRR FREEYRIEIENT:
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B8 &EIT lock record 385HE M YRR THRIT— lock record, BRERIIRIBARLERSERNHITT
L2 Enl: ) I

i sH R o) $0

REBHER 7T —MEFEZSEMABERBONG, FAINSEMERESIESRERBN, SEROMNERET BN
i,

REBARRBEERPE, SEEHEEROPNERE, EERODRE, XNIREEERES, TNFHETEERA
89, RERAEFEA0T:

T ZF—TRER (ERXTHERLREFHIBIEERIT) SIEEEBRZEE.,
2. BHEAEN, MREFEDICRINE, FEEEDICHRM Mark Word, {EHEZEMITHURS.
3. MMEEM(ZIERVERE, KRBT RAEER,

AL, MRNARFEMENIERSLT SRS, BawEIME2—MRE, ITXMWER, HAITU—TFiE
B REBIX T EIATNEEL X ] :
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-XX:UseBiasedLocking=false

TEHXTMZHENELDE T REBRIRSAEE:

=

SPGREENRNEIRNE—ED, BAFENRSNGER, hMRBLREEE. HXXMER, VM RBARER
IRIBE R L A2 AUPEZE 5 IRER
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VM 2B NTERBELIIARENEMNPRIER T EEPUCEMNTIE, HIFRR Displaced Mark Word, #18R—1%
LREHRRHMR R IR ERD, SILHIAY Mark Word £%IF) B 2k Displaced Mark Word 2,

REEEZLA CAS BBHiRY Mark Word B iEmBHCRAVIE . WRMIN, HRELREREH, WREKW, KRR
Mark Word B2 EIR T EthZR2NBHCE, RAESHELRR S, SpLEmM=ilER 8 ekl

Bhe: RErEAIRE, —RRAEIT R,

BieEZEHZE CPURY, WR—ERBAZPRIE, BxEEM—ELEBRIRS, ARRE CPURIR, BIRX
o) a8 LA EMZIEE B ierREL, FIANEEAEA 10 R, WMRELIRENZ BiFiH N FEEIRTS,

{BR DK KRBT EBRRNAN——ENEEhE, BRMRMELENREEAINT, WTRERINAEEZES, U
RERKKT, MERERXEAHD .

BiethAZ—E#T TEN, WRERE—ERE (M )VM, BERGEX) , AKBIRNEB, MABRK
W, BARTEHEREE. BNX T HEESAREEER.

RS R

RIS, HEIARESR(EM CAS #2EJ§ Displaced Mark Word BIABEHIE 589 Mark Word BE, ME&E
RERFE, BARXTEFNREZHII. MREEMEERN BRZXSEBEERYFRMNTEERD, B2 CAS
BRIFRRM, LR SRR REERPE AR .

—SRENR AN BIFAIR AT Az :
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EERPRBTRIEARNERB (mutex, BFRIEEALERNEA, RE—1TEEMRITE—BASENREE
ER) LI, MIRMERFHEREERSHERSERNRIKNTE, FILNESRPBERRR, BHEENERERASE
£ CPU,

BIERE, B—TNRTEAIULSM—P 8, S PEEENEREDNNRYE, WRYGPSREPRSARXHE
PiGRESZER

Contention List: FTEEKRBNEIRBEE LB ERNZZFINT

Entry List: Contention List RARLER S & B NIRIEANZIZHEFEE] Entry List
Wait Set: AFLEVEA wait A EENLZHR N EE Wait Set

OnDeck: HARNZIZRZREFE—1TEREEEZEH, 1ZL&LTEMRA OnDeck
Owner: FRISHIRILFIZFRA Owner

IOwner: FERBIRNLETE
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H—TEHRETRAGHN, WRZMELWREA, WRRZEEIRM—T objectwaiter WRIHAE]
Contention List BAFURIRAE, AIEIEMA park FHiAERSRIZIE.

LTRGBS, S M Contention List 3 EntryList FR#kiE— M AIZMRER, FIEFHAFZIUM Heir
presumptive BMEEMFEAN, BREXREAKIEEFSLEIHIRED], 18 synchronized BIFAFM, ATLARE 4F %
AP—EBEIREHL,

XERNNTEELRD, LREFTESXERZURGH, XFMHBNZEN T RO TERIERRRDIRIETRNFT
Ho WRBRRARNBENFFIN, XINPBPLELESFEHIIRNERENRR, HRESIAT, EBE—1TAQF
A5 2 B e 2 I BERIE S T Ready L ARV,

MR EZEIREHIEEA object .wait FiE, MWSIBEAIEINAZR WaitSet 1, H#E object.notify MRS, =%
F2M WaitSet #5h%) Contention List 8 EntrylList 7%, BEIRNE, HAA— BN RMN wait 5 notify /5
AR, MBS RABIEZEER NS KRR ES R,

BIRYF AR

B GRETESRNAZERRIT:
F—¥, & MarkWord EHEIRAERBE K Threadld MR 2, RTRISFILEELT “RaEB

ETH, SR MarkWord ~N2E S Threadld, #iAR, XAJE, F CAS FHITUIR, FHILIEIRE
MarkWord EEIM B Threadld, BHZBIZ%IEEE, ZBIZ%iZE Markword WABENT .,

B=F, MTEEIEHIRMN HashCode EHIFIB CHEZNATEMBIRICRTIE, BHEFIRET CAS IRIF,
BT RAY Markword REZECN B SFTZANCR = B RIHIERY S R F MarkWord.,

B, F=LHINNIT CAS IRGEIR, KMHINHNBNE .

FHY, BReMNLREEERIETD, RINRERRENZIRNAFRNEERTTHRARK T HERRF), WEMKA
SIRARLT BERVRVRTE, MRBRKMK .

BNg, EABSRIIPRES, XTIE, BHRENEEHTEE, HEZEEHNTERHAREBRC.
ING

o Java FIB—THREAIUFEN—TH, Java FRBEEET IR,

e synchronized X#FRIAREEMHAENNIEIR, ERIMRIEER—NZ&ZRE - TERENTZERAE.

e synchronized XEFEEMS AN, BIOHRIEOAING; EEMEFSHIEN, Bi0Ha] Class WK HEBMH
UABIRES, DINIESEENNR,

e Java 6 N T FDRS UM OIERAERESERE, SIAT RS EERD. £ Java 6 MaI, PIAEIHER
2 EER Y., FIATE Java 6 REME, —THREIEDNMIURTS, ENEAIBRISIORZE: TOURE.
REBURS. RERBUAS. EERIURS.

o RAMSRETE—TIARIBRHILE, MREETRSTIEDR, ZPIKBWEMLRRR, WiSERE
BN X EAFEMREL . WfER, ROMERFRLRFIBN NERTRLSIED, & CAS RIFHA
MY, ’eTREFNGITIERE.

o RENHIZEN CAS RIEMBIERIMA, WREKRKW, NEFARAEER,

o EENPUKHMTRMERFNERE (mutex) LAY, MIRIFRFHEIZENIASAFEIRFEER T RAAIN
8], FRAEERPERRRIE, EWEENLIERZHRE CPU,

Wig: MAMEZ, EXATKRTRARNEEXBFRX T BE: RAXL Java 2452, BIHERE,
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% Java, FUIMNEZSIR Java #HM 2B

GitHub E4R2 9300+ RUFHRANIRE (5184 Java P 2 #8) 557 PDF (HAEZ/E) LTRKT! BE%E

EAREZFMERSE. JavalIN7FEREERL . sychronized. volatile, CAS. AQS. ReentrantLock, Z&FEith. H k&
B23. Threadlocal, AF=FHBERAEMANA LV TNERNAS, Hit 15 ARF, 200+KFLE, aJAR

2EEZE. KNEBWE.... F58: K57, —SA 2 RIEHHN 2 . pdf

A SFEIZERK, EEKRNBEZNETN ZHRELE ) ERUATAIREY PDF iR,

BT—T: AN Xt wEH

7£ DK 1.5 ZHi, B3 Java H&B, synchronized B2—BEHRIRSE:

1. BEHE, LSRR
2. FFEFSHE, B ESHEIZER Class &R
3. BFR, S EREREARRENSR

ZEH IR
public void test()({

synchronized (object) {

i++;

4

233 javap -v RIFFEAFELIUT:
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monitorenter FERXERIFESBAIBTBRIFIRME;

monitorexit IHLXRBARNAEERNEENME (EFRIEHE 7 try-finally)

BIWZREBBE— monitor 52 XKEk, H—1TEEHNITEI monitorenter 50, MEIREX KT N
monitor HIFFEIN, tHEIREEIT NRAIBL,

JFRIEM2E monitor
XEBEERE—T monitor KL,

£ Java 7, monitor AILAMEEFZ—MFIIARRE, EWRE—NZIRB—1TEIER IBRIZARIFPAICIEE,
RAIABERKE— T EEN], NMHNEEE—LEENZRA, M monitor MERMRIPIHNRE,

XEE monitor WITEAR:
o HANBEE: H—TEEREHANZRIPHABXE (EE) B, BoZfEE] monitor IR, MREEBIESE

Hih#F 2, monitor RILEHANFH XA,

ZFHMERE: MREEEEEE &, HithEREMUNER. monitor RILEMEIZRAE R, BERIRE
B EREIERR LIEB FEE.

B EE: SEETRENTEHBEAZFRIPHABXIER, monitor REMITHI], HiLFSFAIIFNT—
TEREHN,

HIALZEFE: monitor B A] D@ —LE4F7RAOMLE] (5120 wait &1 notify 755%, 1 Condtion BURHES4HIF)
MALIEZ [BIREIE. LI UBIE monitor RAIE(ESEREMERINET UANITELRET .

EE=Ri
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LBII—TEERTEIRSRNER, HTFEREXIMN nonitor KIFTEN, MESWEE, LRHIZHINREERAE
ERSE, tWAMARM user mode TJ#2E| kernel mode (TEHf MM MIEMEHIREI, BIHEER) , HIRMERSRA
RARREREEMSENINEER, IMBEMENEIM MR TH (ETFXER) .

BEESMKAZNITAERENY, S5|lR2EAKNFHE, IIUAKKEIUEESRB, BAVNEDLERE, XMAES
IMREEBB T 7 —MMRIRFERIEIR —— synchronized <EFARLE FHMBELHF I EERLF, BEHESIARSR, B8
EHHHET .

== \\ V4
e
R CPU BT CAS (EESMIE, BIHEEIA) MBEMIBFMS/BRS, XEMASE LX),

BREIRFRAA, CASZHBZHERE CPU, NE—T, TUARKEELRD, HELEANZES, UHAET
RERVTFTRAEERYENIIE,

HotSpot HIFEETARIL, ASHIERT, WRAFFESLEES, MALRERA—TEESRIFE, A—
METRRERI, MR CAS WS UIREE, hRE—ERN, NFREEMUNE N —LIE?
1 [ £

fREBEfr EME TR BRIR MEE B—14%ERKA0, IESNRICEITLEE ID, SEEFIREH
i, SHS, WREE— ID ERFRRBHE T, —M load-and-test MU, #HI CAS XBRELRT—
Jt_bo

AR ZAENE, UATRREE—TERE—ERNE T, HAREEETEN, UREMSIMEEZEHE
i, B REBTRIIE.

XERMUBE-T: (RABAINEIBRERY, HIEARIIESRBIG?
HEE—THNR, NBEZMHIRT, HENEMSRL:
SANRIFERD, BFERITIEERIR,
RAOBiFRERs, BAIFARLERE (Mutex Lock) , ENRERNTRAMEEZ HRNMFMBUAT, X
A MENEHR TREGEENRE:
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o WEAH: LTRFWBRT, RE-TEEHNGRX, RARWEH

o BRERH: ZNEEFUREHANGRE, RABERD

o EENH: ZERFNENGARAX, KGRERFEFERLE
ATREPALT, FAEWH HiEfsynchronizedth Bi#d, BRXE AT REEZ LRI EEREL,
FINBATXEFMMARNAETIN, SHRIERE—T.

AXE, RRMZERT, BNASHRSED:

1. BN REAEMFELAE 1D 892
2. BOARIEZWMETIEAN?

MRIEEX LR, FFEESAIE Java WRKBIEN,

Java &k

RIBEMIERE, RFEFE 1D FE—H mapping MEIXZAREE, WRBIMEIF XD mapping KAXEEELTE
ZEMNEFE, RIEREBATIRE, Java AYEENR, WRETHEDH, SEREMHEF—D mapping xR,
AR MU BIR(E EHIPTE Java WRAEAS £,

BRI DREE—FMaBERREN, SERIEME: ERBEESYRN, SEVEREEZNARA, H5Z
MERR, MIEFRIZRD. REEOIBTERE.

Java W RAFZH=IPDMAL:
1. MarkWord

2. ClassMetadata Address
3. Array Length (WMIRMRZFEAT T XIS

Hep Markword RFRFUIASHIXHE, WRIVASHUMNROUIARIRERD, BARINEERD, MNLMDE
RFTHURES, AJAE@EAE 4 RS, BE—TNERARTXASEEEBRAMER L KZMH, £ 64 (HRERR
B, EXEFMEN CEREeME) , BERMRERITIE hotspot(1.8) IR X4

path/hotspot/src/share/vm/oops/markoOop.hpp 28 30 17,
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BTREERNMER, ZTRENMRAFTEFEFE, MarkWord RHIHHE SR EARMLH,

BAEFE, T +oHR, (EARRFRNENSZEREREIRIE, WO openjdk EMIRE T AIMEENRNEFER
BRI E JOL (java object layout), FANTEIZ@T Maven S| A\FITE .,

Maven Package

<dependency>
<groupId>org.openjdk.jol</groupIld>
<artifactId>jol-core</artifactId>
<version>0.1l4</version>

</dependency>

ETRBNMBTBISEN T B— TR,
5= 1

public static void main(String[] args) {
Object o = new Object();
log.info("RHANELR, Markword H: ");
log.info(ClassLayout.parseInstance(o).toPrintable());
synchronized (0){
log.info(("HARBDIR, Markword H: "));

log.info(ClassLayout.parseInstance(o).toPrintable());

RERMEER:

FEBHIBEIG JOL BRARN 0.14, FTREMNER 0.16 RABBHLER, ERNXMRAL T HRINERIFHIR
BH, EHERREE, RERMEER:
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BIXTER, BEMAHSEED, DK 1.6 ZERNEFEROBIEY, RTAMBANKEBELIRT, HEA
BSRFERFMGEI ROMNEIRZRBEERD T IE?

SARMNAE T REOS, EZFBEER, A 4s. [FRAZ VM ARRNABERZMS AR T
synchronized, MIREZFAERE, FERFMERBFR, SHERMIMIMEERFE, FRIUME TIRIRK
E%O

AILABIT 2% -xX:BiasedLockingStartupDelay=0 JEIEIRIAN 0, {BERAREIOXAM,
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9% 2

BRAVFACIILER 5 WHKLBEN R, KEBRODELEX

public static void main(String[] args) throws InterruptedException {
// BERE 5s
Thread.sleep(5000);
Object o = new Object();
log.info("ARFEANEWDSR, MarkWword H: ");
log.info(ClassLayout.parseInstance(o).toPrintable());
synchronized (0){

log.info( ("HEHAEBTIR, Markword H: "));

log.info(ClassLayout.parselnstance(o).toPrintable());

-

XEFNERESHERHNNER, BERERTH biasable AT, & MarkWord RIEHHAEE, EXXE—ME
BRARS, EXRDEAT, VM EBAMEEY. JFESBEEHRNR TR

1. BMRIENIAZS: EIEFL CAS i ThreadID, WRKIN, FAIUKEUR@S T
2. AOREYRS: MaTHREERBi

MEBXRT, MAEBNREBRBRONLETE, WRIERTRKIITETIREREFILIENG?
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1553

public static void main(String[] args) throws InterruptedException {
// BER 5s
Thread.sleep(5000);
Object o = new Object();
log.info("ARHFANEDTR, Markword H: ");
log.info(ClassLayout.parselnstance(o).toPrintable());
synchronized (o0){

log.info(("#ARELIR, MarkWord A: "));

log.info(ClassLayout.parseInstance(o).toPrintable());

Thread t2 = new Thread(() -> {
synchronized (o) {
log.info ("2 IRENE, MarkwordH: ");

log.info(ClassLayout.parseInstance(o).toPrintable());

})i

t2.start();
t2.join();
log.info ("ELEEREFUNSR, MarkwordH: ");

log.info(ClassLayout.parseInstance(o).toPrintable());

synchronized (o) {
log.info ( ("FLEIEFRENRDSIR, MarkWword H: "));

log.info(ClassLayout.parseInstance(o).toPrintable());

KEEBITER, FENBBRET:
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e HRiEL: WA EREIRTS

o ImE2 : fREAIELAEE, TLHERHELSAIBIR

o 1RE3: MEEHANRSNBIR, FHR T RER

o fRics: MARENRERVREESHEBIR, TLEEE, TRAIREIRE

o IMC5: ATNEAARRE, FiER 1ELEBRH#ANEBDR, BANSABRERD

i, R—_=FIEEN—KE:
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MZERBTER ERE, RAPER —EFIE, RERETETERE, FEAEMAEZLRERD, BTk

RELH, XENREIFEDBR, FXEAFERE, URMFMAEIRC 2 (EREIRT) , EFT epoch HA1R
BRRE, ZMEMBITHXMERMENRE, £7# epoch 281, BIEETH —THE—REHE (FEE

L ERHNMR R EPHX AR epoch)

R
EREEREZE, BENAREH—MEA—— RO RO SRR R HnE:

1. B BRI, MESTEERSSHITEEFRARODER, TERSMZXTHNRTEBERREER
2. B MR ENER—F, SRNAFE synchronized 757ARIRHEY synchronized 1RAYLS

AR EREH?
MIRERSHEZIFERAPRE, thH24E MarkWord 8958 3 (i (2L maEEE) ME, M 1 ZE o

MRRAB—TLARREB, BL Mriu NG, 2REEHRHERLDN, AXFEDNBHEAEREEERSEN
BRT.

BEHHERDD, ETENEEREAMNEEFZN, MESFGHEROVNLIEZIE—T safepoint RER
RENZERZ VM AT RIEFELREIRNERFSIBXRATERETRMREN—MRERE, EXTRELE
EEMELELRE), AXTZERTEERGREDIERE, BEH VM NIHRZIFRH,

AERTRER, GREARTELERBIRT, KirEdie (BANERBMIEXAER)

1. SRENFE, FEFENSAERLE TRALSIR, RES, EEFBEROME T
2. FENERENERDRZA, BRFMARMREER M

XM epoch RNERZIERR, ARNXERZEEIT=R.

REANSIFESDR TRABFERNLGR, IHFIMRAEEFHHEIEREDR, tNXEGR (EFERKRE
BRI T) -
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1. =P ERERIET RENRHARIT TRNEDEE, ZEES—TERETEIENRIEADRITZEHERE,
2i case T, RSBRAENROBIHHERE
2. BABEZHERES (ECELHEENY) , A2ERRKEY, LRSI MEE

RESR, XFAMISEE2SBREQOEEN, —MoBENBATINE, A2ROEBENBRASTEZNN, 3B
BAT?

BAEERRDY, EERZAERHEREOEMANAR, XS RMBIRT— T AHEHERSZ,

#Ht=F KM@ (bulk rebias)

XERE MR IJ&JEE:FJ%H*, M class AL, AT class HF—TMREIBHHEITEE, RE cass HHRA
EiREREEHE, 2= +1, SXNMERTERE@EE (BIA20) B:

BiasedLockingBulkRebiasThreshold = 20

JVM #IA91% class B9REHIA B, EttE#HTHEE R, SRSEIANMAE T Bl LA epoch .

Epoch, WMMIEEX ML) —#, ME—THERE. 817 class WREB—TIMNHAY epoch FEz, B TLTF R
REHRE mark word PAEIZFE, HYNAENRIEZIZIIRE class FiY epoch B (RS ZEZHEFMN) .

BRREHEERBN, FRZEM1, BER VM AL :

1. $#%2Z class FRE EATFMBURSHREHITR, EH epoch FERAFE
2. class ARLAFINBEASHREHIR CIBEMEEITE, BZRRHAEITEIN, XMPiRN
markword EEEBREAMN) , RIF epoch FEREFE

REF TR, RILHRIXNRM epoch {EH class ) epoch , AESHREAEAE WEREN (E—PLT) ,
MESREZRE T EMhEiE, BASHITREERE, MEERET CAS BIFRKHE mark word AIZ:FZ ID UK =R
472 1D, XLER—ERENMMA, ERIRFRI

R epoch #H—1¥, WIARBRKETHESRD, R markword B%AZ ID, TEHEHMBIRZS, PHERERE
FHRB(ANERIE 2RI F epoch=0),

HESRAZE—MERZ, THE_MEES

=55 (bulk revoke)
AR REMER, BIRX dass HRERMEEEK, SEATISBROEERS (20A 40) &,

BiasedLockingBulkRevokeThreshold = 40

JVM FhIARIZ class BIE RIS FEZSAER S, SifciZ cdass ARARE, ZEXTFZ class is, HiEERE
RHHTIZEE,

EHEEMHES, EEES—MHIE-MBOTEIRET, DREENEZRRANI, s —REE
EEEONE, BREBI—DitHTE:

BiasedLockingDecayTime = 25000

1. MRAEEE DX EEREAEN 25 W2ZA, FEHRITHEITEAR 40, MeKERERE (RRDIIE
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game over)
2. IRAERE LM EEROAERT 25 29, MSEERE (20, 40) AN BLRIS

AREMBAIUERBENE—TIERS, WRHNR narkword HEN, ZEit, BMREBIHITIERTERIA—
SREIZRTR:

B, (REOERESE N ERMIART .
{RE$i5 HashCode

FEIsE—, ZHUIRE, W&LHEHE hashcode; REABURTS, WHLFEEA hashcode, FFFEATH
hashcode & T2

BREME, hashcode FR2AIENRMERNBEENRLPHN, MEELIE—IRIEAMA object::hashCode()
E System: :identityHashCode (Object) T EFEENRLFH,

E—/RER hashcode [F, Z{ENZE—EHRFATH, EROPINEREELHITRE markword, HhESXY
hashcode BVAERB RN, ABEAMIE? FHAIBRIBIOUE:
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tE—

public static void main(String[] args) throws InterruptedException {

// BEEE 5s
Thread.sleep(5000);

Object o = new Object();
log.info("R4R hashcode, MarkWord H: ");

log.info(ClassLayout.parselnstance(o).toPrintable());
o.hashCode();

log.info("B4%R hashcode, MarkWord A: ");
log.info(ClassLayout.parseInstance(o).toPrintable());
synchronized (o0){

log.info( ("HFHAEBTIR, Markword H: "));

log.info(ClassLayout.parseInstance(o).toPrintable());

REBITER
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ZFiewE: EMEVIIRMA A REIASHIN SR, —BiER object::hashCode() 3§
& sSystem: :identityHashCode (Object) , HABTIRMSEIZFFERARESRI,

/= -

RANEREFE—TEIE, REEMT hashcode, RBEI—TEENHARLTIR, TREMAE? KEND:

public static void main(String[] args) throws InterruptedException {

// BB 5s
Thread.sleep(5000);

Object o = new Object();
log.info("R4RL hashcode, MarkWord A: ");

log.info(ClassLayout.parseInstance(o).toPrintable());

synchronized (0){
log.info( ("HEHAETIR, Markword H: "));

log.info(ClassLayout.parselnstance(o).toPrintable());

o.hashCode();
log.info ("4 A hashcode");
synchronized (o) {
log.info( ("B—%EH/XHEANBDTIR, MarkWord H: "));

log.info(ClassLayout.parselnstance(o).toPrintable());

BEEGTER:
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ZiewieE: REsE—, cERERRERI

BRAN KL T EMREPRT, ERSRPFA TR EZRKEN ANE? REAURBINIE:

public static void main(String[] args) throws InterruptedException {
// BEBR 5s
Thread.sleep(5000);

Object o = new Object();
log.info("R4RL hashcode, MarkWord A: ");

log.info(ClassLayout.parseInstance(o).toPrintable());

synchronized (0){
log.info( ("#HAELIR, Markword H: "));
log.info(ClassLayout.parselnstance(o).toPrintable());
o.hashCode();
log.info("BREIAST, £ hashcode, MarkWord A: ");

log.info(ClassLayout.parseIlnstance(o).toPrintable());

REIBTER:
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ZiEHE: URNRLEEREIRT, 4 hashcode 5, MARBEEARBMES LRI,
REABPIN—ERIERER S hashcode ZBHIX R,

TETavail 25 B — AN QAR T A, R % — B Z AN CGREPUEIEE R gwE], A
9 7 P2 AT LA E #hashCode() /7 12:4% 14 CLIK R EGE I A A5 HD ), 75 AR 2 AR gunt S0a 7579 1) APTHE v e 77
TEHA R . T4 4k 22 500 508 75 B 5K U8 (1 Object:shashCode() 771, 3 [l ) 42 it 45 () — B s 75
i (Identity Hash Code) , XM /& REBRbI (AL RSN, &I 100 Gk sh 7Rl 5545 SR R ARAE 38—
W2 )5, FUORARZ R I e A A AGE RS TR AN, B, S4— A RESiEid—
FHEM A IS, CREBTEEANRA SRS T W4 —AX SOSHT E & T RaBURE, S35
A A iR U, SRR PR A ST BRI BB N E R, 16 E R g
(SeEir, ARk IEI T E RGN E, 1R E R ObjectMonitor2t LA 2 BT AT S AR n st
WA FRERA“01") FMark Word, FoH (4 SR T LLIE 5 Sk o 75 .

E=RHiFfl0bject.wait

Object BR T 12 _EIRAY hashcode 7534, BF wait() Ak, RURBRNEBSRFERD, BA wait 5iERN
BiFE AL mE? SkERE:

public static void main(String[] args) throws InterruptedException {
// BERE 5s
Thread.sleep(5000);

Object o = new Object();
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log.info (" R4R hashcode, MarkWord H: ");

log.info(ClassLayout.parseInstance(o).toPrintable());

synchronized (o) {
log.info(("HAEFIR, Markword H: "));

log.info(ClassLayout.parseInstance(o).toPrintable());

log.info("wait 2s");
o.wait(2000);

log.info( ("B wait /5§, MarkWord H: "));

log.info(ClassLayout.parselnstance(o).toPrintable());

i
AN

BEBITER:

ZiEMZ, wait HiERERE (BEERY) WA, —BRERZAE, MEARKEELRS (XTE2EX MRS
MR RAEE)

REBS#EFE—TUNRELAE:

No. 109/ 428



2 Java, FRINEZSH Java MM 2B

5 L {f =) 35

BEXTEIRERA R LR, NEESHIREY, EAEFRABLEST, #K%E Open DK EVIEHR, JEP 374:

Deprecate and Disable Biased Locking

Release 15

Updated 2021/08/28 00:39

R RBRRE A EEE B MARE, £ )DK 15 lRAMBEETET
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—BIEERMEHITNARS

The performance gains seen in the past are far less evident today. Many .
applications that benefited from biased locking are older, legacy applications that

a barrier to understanding various parts of the code and an impediment to making
significant design changes within the synchronization subsystem. To that end we
would like to disable, deprecate, and eventually remove support for biased locking.
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Description

Prior to JDK 15, biased locking is always enabled and available. With this JEP,
biased locking will no longer be enabled when HotSpot is started unless -
XX:+UseBiasedLocking is set on the command line.

RAMZ, JDK15 ZHl, mEiBiAZ enabled, M JDK 15 Fia, BAIAFIZ disabled, FRIEERATES
UseBiasedLocking FF/2 .

Hep7E quarkus FRI—REXEIRANEINER

§ Why is biased locking being removed?

The implementation of biased locking adds a great deal of complexity to the JVM and is understood by only a small subset of the
most experienced engineers. The cost of maintaining it and designing around it is significantly slowing down progress on new
features. It has been a long term goal to remove it if at all possible. Some Open]DK contributors wanted to remove it right away
in jdk15 others argue for a slower deprecation route in order to check that we could really dispense with it.

fREDiLE VMBI T EARNEZRYE, RADNIFEERRNEFATEERETNIRE, #PRARS, KAMBET
FRMSERNEE (T AEER, REET, EFAEMERPRALRNERR TIE? BIR)

ING

IREBETAER SRR T B—E, BLIVMAEATEEETERI, # deprecated 7, JDK# 17 T, HH#HX4
SFHA4?

Java FEXR, B Java 8, XERRZIMIPRT, EMRANMAIZEH deprecated
HiXERRREE DR

F—MREEFIZITAR, “REABXFHERERTIR, TERSATEEFEREEIRIT
HRIBPIIEE, FNNMIZPNMHEE—F, MREZEVDEAEIEINTER, MRIEINHASTTRERIRAE,
TANKABHIERRIE, BSE—R%E

AN -

‘WEE: MEREZ, REINASEIEXRETHH—ENXBRANFEXE
https://zhuanlan.zhihu.com/p/451061367

GitHub L4522 9300+ KFFRANIIRE  —Si8Y lava #HN 2 #8) S PDF (HAE4HEE/ M) ZFRT! BIELE
HERESIFERSE. JavalATFEER . sychronized. volatile, CAS. AQS. ReentrantLock, #7Zith. H &
A28, Threadlocal, &=FHBEEREEMANALLNERENAS, Hit 15 ARF, 200+5KFL&E, vJLAMR
EBR5E. NBUME..... $158: X827, —SHHEREHN 2 K. pdf

A SHEIZENK, EEKNBEZNEN MZ1RELE ) BRI AIREY PDF iRA<,
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F+ -7 RMEi CAS

CAS (Compare-and-Swap) @—M/RMBIHISZSIMA N, MNP LERHRIR", B—MIHHIRERFIRIE,

EHRRER, BIHAE i+ BERIFEAEREN, XRAN i+ BIEARRFIRE, HNZAIEHZLET
KTHAEFRFHE, KKRMIZEICFIE?

WA {RIEIR T4 0E?
B IR MIERE B,
£ Java B, AR LAER synchronized>x#= 1 cas (Compare-and-Swap) ESLIANBIRIE .

synchronized EEMH, REME DK RAMFLR, synchronized XBFELZRER"TRSZ (HIEEHEH.
HEEOE) , BRASEND, ZEAENITE—DMEREY, —BREH, HtNEEENEMIBEHE
=81,
MRAGFIERR, BAIREDEFRGTF: — P ARNNREERIEE GREW) , ARFE EMET, X7
REEMARTMREEIESE (BE) , MEBIMRAH. LTMATSEEIEITHR (B8 , EttARADu#
AT,
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https://javabetter.cn/thread/synchronized-1.html
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cas RN, LENTHRMERSNB, ERERIZLEEERR, RETHRETURIE; MRENARKKTH
B, HERRIAL.

RS BT

BRI AMARNBERS L, LLMNBAIERIEH synchronized PIFHUAZSHRR, RIS REB. BERH. =
SR, WIE? RUBFIERBBIE—FMDEA,

AL 3

NFEMBRE, TRRINVERPIRTHRNRLENR, FADFNERIBREN LY, URIEERE
T E—RT I8 R B — M RRAEAT,

R

FAH, MEEX, ERTFWIK, TUMHSZRIKNHAZZRILEIIAIRR, SREAIUNMSEMRIT, TEMBit
ERFF. —BESTEREREPR, RUBEEER—MIRA CAS FRARMILIENTHREE.

BT R BHRERERIAUNTE, BIARKAIRELIMFEBNIER, RaiER, RMBRESREIEH,

o FMBZATEZE/INIE, BRIMEMBRImLEEE;
N

o ENHBIZAHT'E HOIRE, BN MFIE It RE,
=
+42 CAS

£ CASH, ARHE=TME:

o V: EFEHALTE(var)
e E: THEA{E(expected)
e N: Fi{E(new)

=
3E

W g
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EER A SRRV R AN T

FliT vV BEFT E, MRFT, B VHERENN; IRAFE, RBELBHELEENT V, TERINLENRF
B, A AEAME.

XEAFRHAE E A BRI IBE".
BAA— R R A F R TR

1. MRE—PTEZNMERAENEES i FAFT S5, BUEELEA S, BIECIRENHNES;

2. HANEF CAS KX EE;

3. BRHEANAB I E5 55Xk, RIEFT S5, RARKBARAECEARENT, PBEAMCERENHNEG6, LR CAS
PRI, i BVEHRIREMT 65

4, IRAFT 5, WA i WHEHELENT T (EWE i (ERN 2) , BPAEMH AR, LR CASK
W, i BMEDRR 2,

EXNMIF, igi2V, S5FEE, 6 iE N,
MESRBREEREAM T 185 2fE, EESFEHEHNHMENINER, HEEEEEXNT 1 BER?

AEW, EN CAS B—MRFIEME, ER—TMARARE, B—5 CPUNRFIESL, M CPURHELRIIENERET
.

HSTERERMNER CAS RIE—1TZEN, RE—1 S, FRINEH, HRHASKN, BEXBNEEATS
IR, NEWSEHMKRY, HAEAFHEREN, HAMRITFRBNEEBRFRE,

CAS py[FiE

AIERE, CAS B—HRF#RIE. R4 Java B2 EARIEM CAS KIE? F(AE, #Java B, WR—TILEE
native £, 3B Java MIARREMINE, MERLEKER VM £/ C1ES & C++ KX,

f£Java 1, B—" Unsafe £ (GESHH, BitEHIA) , Ef sun.misc B8, EREHE—L native
%, BB DNERTF CASK:

boolean compareAndSwapObject(Object o, long offset,Object expected, Object x);
boolean compareAndSwapInt(Object o, long offset,int expected,int x);

boolean compareAndSwapLong(Object o, long offset,long expected,long x);

Unsafe Xf CAS fUSEIIZ2 1@ C++ LIRS, ERERMIIFRERL. CPUEBEXA.

Linux A9 X86 TEEEEIT cmpxchgl X PMESTE CPU L5 CAS 121ER), (BAEZAMIERIERT, hIE
FH lock 3B MPIRTH ., HA, TRNRERRMGEREIMA RN L EERBIARE.,

CMPXCHGRE"Compare and Exchange"f485, ERf—MIRFIES, ATESX/ZEENMERLREMEN
HEHIE., CMPXCHGERZMAFMNIBRAREMDEE, Fldllintel x86/x64KFR , M TF32fUIRIEL, X
TMELBEEBIECMPXCHG, MEGANHRIEAF, EHRMICMPXCHG8BEICMPXCHG16B,

BRY EERZEIRTE, Unsafe EEEBEHENG A, LASHFEIZEEMREN park M unpark 733E,
LockSupport £ (EHEZWH)_KEMBER T XA T AR, AR EIRIEN allocateInstance() /i,

CAS e LI R F R 1E?
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FENET Unsafe R/ 3F CAS B9753%. 3R Java BERZANEHEIT X LN 535K SL IR R IERIE?
DK 12 7T —LEAFEFI2/EMNZE, £ java.util.concurrent.atomic Bl FHE, {£ JDK8 1, BLATFIXLEE:
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MBFHPIMNE HEXLEXARRAE (EFEEEZME, BEEER) ¢

[RFEREARLE
[RFEMNRA
[RFEFSIA
RFEHRFER (BlE)

XEFHNIM AtomicInteger KM getAndAdd (int delta) /3/ANMI, RKEE Java 2 NEITIE FERIEN,

Ytk E getAndAdd FiERIIRED:

public final int getAndAdd(int delta) {
return unsafe.getAndAddInt(this, valueOffset, delta);

XEBH) unsafe ELRE— unsafe YR

// setup to use Unsafe.compareAndSwapInt for updates

private static final Unsafe unsafe = Unsafe.getUnsafe();

FRLA, AtomicInteger 2R getAndadd() FiER BT ER unsafe KA ALIAY:

public final int getAndAddInt(Object varl, long var2, int var4d) {
int var5;
do {
var5 = this.getIntVolatile(varl, var2);

} while(!this.compareAndSwapInt(varl, var2, var5, var5 + var4d));

return var5;

WEBANFED T TR, KESHC

e Objectvarl, XTSMARINBEHITRENIR,

e longvar2, XNMSHEMBEREN varl NRPNENFENREEE., XTRBER@ET Unsafe K19
objectFieldOffset 53%5%158,

e intvard, XNTSEZIREEEME.

BRELENTIERE:

o BH4, 7£ do while 8318, BT this.getIntVolatile(varl, var2) ékﬁyéﬁﬂj‘%ﬁiiﬁxﬂ’\ﬂﬁ %
HFENIGRSEEE var5 B, XE/ getintVolatile 73 ARERIEIIRFRORI 14, EMEMMNERERMNEANGE
R, F2EN VM N RE (MiESEHEF) & CPU E’\J%ﬁ%’éﬁiﬁyﬂﬂﬁﬂﬂ’]*&ﬁ

® %}: 1T compareAndSwapInt(varl, var2, var5, var5 + Var4) #H1T CAS 2., IR R varl £A
bk var2 S ROEF T FNEAME var5, MU EREERTN vars + vard, HiRE true; B[N, FMEETER
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fEFHIR[E] false,

o NS CAS BIEMIN, RBAFAIRINMIE varl IF5RE var2 (RIBELMNFERREEF R vars + vard, HEXAD
BIRMERE MR, EUCENBL BT HIREFERAE vars,

o MR CAS #BRIERM, REBERNESXEMENIRE, BEHMERER TZFERNE, RUERNSEER, &
FREUZTFERIVE, AEEREHIT CAS #21E.

XEB{FEANRZdo-while f§3f, XMBEHAALZL, EHNENRRIEBAEANIEDIZEDSBEIIT—E. XIETEER
I return BER IR THIERE,

JDK 9 REM/EhRAR, getAndAddint 757E#] JDK 8 REYSEIIERTARE, FAIFE JDK 11 BURRDFRAM— T SIEE
ne:

@HotSpotIntrinsicCandidate
public final int getAndAddInt(Object o, long offset, int delta) {
int v;
do {
v = getIntVolatile(o, offset);
} while (!weakCompareAndSetInt(o, offset, v, v + delta));

return v;

XN AELEBIT eHotSpotIntrinsicCandidate EfE, X TEMRAIT HotSpot VM B 2R ELHE IR iF
R SEINZ AR E INAYIERE,

IR (Intermediate Representation) =—MATFEENMAARIFRNPEINBRTAE. FiERBEFRED
BREBRNAA IR, ABXY R#TEMAN, REEBALEN REAXRNEHRAE, £JVM (Java Virtual
Machine) 1, JIT (Just-In-Time) #wi¥831& Java F T8 (Bl.class XHHIAS) BN IR, AR IR #HIT
fift, &mEH% R EFANERE, XNIRE Java BFETHT, EHERABIRNEE". VM 89 C1
C2 RiFRHME R FiFR, C1 WIFRERFN T -LHROMMA, REHRERDE IR HFHNEB, C2 4R
FERERFNHITERANNMMA, DIRBESHHITHE, EHFNNEDBAENER,

HMENR, BAKRELERAZE weakCompareAndSet 1 compareAndSet, {BZ2AHER HotSpot VM &F 53K
LI weakCompareAndSet B IFINRERIRTREE ,

BB, weakCompareAndset IRE{IRE T volatile BEZEMIFIE, MRZET happens-before FMIH 3k
HRFIEX . #E)1HIE, weakCompareAndSet FoiERIEAMIERE(EB#RAY volatile TESMIE M T ERIM TR
(4miZRTLEBR N THRAEFEEMNHESFIETERER) , ARELERIEXETSNTRL, BXE—
EFRE Lol S 14EE.

BOEBEAFHE LK, AINERERENIEINER CAS B, WRBHRMW, MUAZEEN,
A EIEIREV|IBE Y RURIEIEITBEMARIE?

Xt ER, AEHANR T, CASMRIBEV AEFTHEMEE, MeEMRW. RBIRNERETZMN., BHAI=
REZRONZHEMLERERTZENIRET, EWKET do BIMEA,

CAS B9 =K |o)a

RE CAS R T —MBRMNED FER, Bthrr—LR#, TEZEMUT=1" ABA[E&E. KEB. STHE
TENRFEE,
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ABA |a) &5

FTBAY ABA [a), F2—TMERKZE A, AT B, XEET A, ZTIR(ER CAS BREFHIZMR, (B3R
FAREFR T PR

ABA [0 A B R B ETERHE N LARA S EREE. M JDK 1.5 Fia, DK Y atomic @B H T —1

2 AtomicStampedReference EFfFR ABA [a]Rl,

XM compareandset /3 ARERREANELRISIAEE S THSIA, AERNESRMEESE S TR
&, MRTEHEEBEF, 7R CAS RENFENITE,

public boolean compareAndSet(V expectedReference,
\Y newReference,
int expectedStamp,
int newStamp) {
Pair<v> current = pair;
return
expectedReference == current.reference &&
expectedStamp == current.stamp &&
((newReference == current.reference &&
newStamp == current.stamp) ||

casPair(current, Pair.of(newReference, newStamp)));

FHRESE:

expectedReference: FHASIA, BIMEMMIANRERANIZEI™MIENSIA,
newReference: 5|, WIRFEAS|IAEM, BHIZREFIZMIENFGIA.
expectedStamp: FREAARIC, XRIRIANRALIZEIB TMUEINRIC.
newStamp: FitRic, MRFHAIRICIER, BHEIZERZABENFITIC.

MATHRAE:

M. Pair<v> current = pair; X{TRIZIRENHAIMN pair WK, EhEE 75| BRC.
Q. ETEHN return BGMT L EE:

® ecxpectedReference == current.reference && expectedStamp == current.stamp : Eﬁf%ﬁﬁﬁiﬁﬁﬁﬁ
#I5| RAARICE S MRS | BAMRICER ., IRZEFEREREA—PAE, XTHEMSIRE false,

o MR LANE®I, AR ARIRSIBMRICSMEANER, BAETRMSNEFSIBIRCESHES
SHATAMEE, WMREE, AR LEREVEMEETNRE, XA EMEIRE true,

o WIRFASIAHEINICS HRINAE, BAMIIEA casPair AIERSIHERN pair K, casPair HIERER
F3 newReference #1 newStamp BIZ289FHY Pair 3 REZREFIN pair MR, WMRBEMIN, casPair FiES
REl true; MREBHREN (HHMIBREDIHZIRIIREP, pair TRELWEAMLIZNETT) , casPair Fik

£IR[0] false,
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B8] B e
CAS Z5HRES . MRBNE CAS KEEARKIN, saRAEM CPU #E,
BRBEEIL VM iR R pause 182
pause IELEEIL B HERMAY cpu RERE—/\EXRTB] BB HE, MMESTRIEFRMEFRERS, RBRRRNEIRE
RMSFHH CPU FKEEHNAMES/NMEZ.,
S HETRIR TR
W — M HETLERTRIERN, CASEBRIPZZENEFH. ERNTFZIMHELE, CAS MEERIERENER
T, 3 H]‘L.%ﬁl'ﬁﬂlﬁﬂ/iﬁ-
1. {£H AtomicReference HIRIENRZ BMNRF 4, IEZPEEMREI—TNREEIHAIT CAS #B1E;
2. FAB. BANIRFRXABRURIERE HRILIZ8EERE.
INGS
CAS (Compare-and-Swap) B—M# ZNBEHAZEHFPNEE, ER—MERAMBAIZIS R, CAS 2K
“LERHRM, B—MEBIEFERE.
CAS IR LEWH3H (Compare And Swap) ., #£ CAS 1, BiXHFE=M&:

e V: EFEFHTE(var)
e E: THHA{E(expected)
e N: FfE(new)

EERFAR AT IR T

FlT vV BEET E, MREFT, B VHERERNN; IRAE, RBEEEBAHECLREENT V, TRINEENRF
B, T AEAME.

XERTIHAE E B L2 BE".

CAS 23, (BEthE O/, tEalii ABA e, BIMITERFHEA. RERIE-THEZENRFRFES, &7
R, BANERELIRBRREZRER CAS B 2fEAH.

g MEAEZ, HENAZSRRTRARTRINX N EE: RAXL Java 2412, BIETRE,

GitHub E4#R& 9300+ FIFFRANIREE ( —Ef6Y Java #H 2 B8) £ "1 PDF (FHAZEIZ/Mf) BFXT! BIEERE
HEREZFERSE. JavaliATFERL | sychronized. volatile, CAS. AQS. ReentrantLock., ZF2ith. H &
&%, Threadlocal, EF%EE’%%‘&*”%EW*H%EUA@ ENARE, Hit 15 BRF, 200+3KF&E, TR
eREHE. XNBWMER.... 158 K27, —SFH L REHN 2~ . pdf

A ZSRRIZEIR, EEKNEZNENN ME1EEE) BFel IUFKEY PDF kR4S,
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BT=7: HRIAIIELTEE AQS

AQS7E AbstractQueuedSynchronizer HYEFR, Bl IMZRINTIEL S, MFE L] DOXFIRRE:

o HZR: MZRE, RXWM—LEEXEIPE, BLEHEHRFEII;
o BAFI: {ERASTHGL (FIFO) RIBATITRAEENIE;
o [ LI TEFHIINEE,

AB AQS B4 RIE?

AQS B— T HFRMZHME L 2R00IELS, (FA AQS fEE R At E BN ZNEIL 2, tEBEIEESH
#HY ReentrantLock, Semaphore, ReentrantReadWriteLock, SynchronousQueue, FutureTask &%, #E
EF AQS #Y,

HART, FIMAILAFIR AQS BMERI LT RBIIEL 2, REXIMEM/LT protected FIEFAIMNT ,

AQS HEIE LT

AQS WERMER T — volatile BIZEE state IERN R IRIIFRIN,

[ **

* The synchronization state.
¥/

private volatile int state;

BIRE X T JU T SREXFI RS state B protected /5iA, FERAUBZRXLESERIIE CHIEE:
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getState()
setState()
compareAndSetState()

X =R RRFRIE, E compareAndSetState BISLIKEH T Unsafe Y compareAndSwapInt() /53,

AQS REMER T —MEitset (FIFO) MIXURBAZI, FHER TR 151 head # tail FHRIRBASIAISKERAI AR,
HEUREM A TEAR:

HiR(state)
P
E—— Fo _ — |
CLHBABI(FIFO) i o8 b s b
gL | 20722 2723 £724 E
head tail
BEATEEREAR, MRMEEREEIEN Node T,
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AQS Y Node i

RBEAMMHZERN, RERHMPED S

o MR (Exclusive) : TREMEH, —RRBEBE—PLIEIREN. 2 Reentrantlock (FESHM, Bibk
BEK) .

o HEEHX (Share) : BN ZMEIZIRE, AFNEETMHAINEISEIEE. W
Semaphore/CountDownlatch (BEHERIX, EESMEWH) .

—MRIBRAT, FERFERESFKIMEF—FMELXH TN, SBAERNIIAMERNELSSE, W
ReadWritelLock,

AQS X TIXMIFFRHZARIVAE SURIBIEAERS Node H1, Ff15KEE Node BILH:

static final class Node {

/1 PRE—TER (W) EHERATES
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static final Node SHARED = new Node();
/1 FRE—TMER (WNAZETRE) EIRSERTEHFT
static final Node EXCLUSIVE = null;

// waitStatusf{H, RTZES (WNLTE) EHEEUE
static final int CANCELLED = 1;
// waitStatusf{B, RNERES (INLETR) FEMFIREE

static final int SIGNAL = -1;
// waitstatusHUfE, RTZER (WNHN%RE) EFEFE—FMG
static final int CONDITION = -2;

/*waitStatusffEH, RABERIME, fheadBRFEMEMBEEMER (HZERXT, SEEHLABRREA
TR, MheadREEHEHESG, FRIEZL RN RBLEHEHNE S, 1REMNhecadE Ry, SAERFEH GRS
R) */

static final int PROPAGATE = -3;

/] FEIRES, BEER, -3, -2, -1, 0, 1

volatile int waitStatus;

volatile Node prev; // HIIRZES

volatile Node next; // [Gt%5m

volatile Thread thread; // Z5mXNNAIATE

Node nextWaiter; // FEHIIIBE T —PMEFFEEFNER

/1 FIBRHZEENTTE

final boolean isShared() {

return nextWaiter == SHARED;

}

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

}

/1 HERERBE, FAINSZEBRRRED

// nosEEMaddwaiterfAE Ak
private Node addWaiter (Node mode) {
// {EF7T NodefJiXMEIIE R K
Node node = new Node(Thread.currentThread(), mode);

/1 HERBER

XEER waitStatus ZRARIFCHAT N RECASH, BN TIIMIRE:

e CANCELLED: RREHBITSR (SHNMLTE) SHEVE. SEHFENEHPE, SAHANRE, #ANZ
REETRIRERBEN;

e SIGNAL: EHTRFFHAIT R KRE;

e CONDITION: Condition (FEHSMH, HIHEEIX) PMEM, Ha1&iZEZEECondition, MRHEMLEIER
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A7 ConditionBysignal7sis, XTI RIGMEFFINIIERBRIRILSINTINE, FHIRERED 61
e PROPAGATE: HE&DR, FIETRMEEETRE, MEBRELTFHEETE;
e 0: FERTE, HAITRAEENTRBEZMRE, ERIATREZELIBEIITTMN.

@it Node A TRT LASEEL FRFHBASY :

1) —&@d prev Ml next 3£ CLH (Craig, Landin, and Hagersten) BAZI (&iZ2EZFAGI. R[@BAF) .

7£ CLH #iifh, 81 FEFNEREHSE — 1 XRBE Node, 81 Node B— prev #l next 155, H—1T &=
REVBIHRMET, ESBESRMEBAIINESFHEIE, FE—TTRNEERRE. XUTEXE,

public class CLHLock {

private volatile Node tail;

private ThreadLocal<Node> myNode ThreadLocal.withInitial (Node: :new);

private ThreadLocal<Node> myPred = new ThreadLocal<>();

public void lock() {
Node node = myNode.get();
node.locked = true;
// EBCKEIAE, HEERIENTR
Node pred = tail;
myPred.set(pred);
while (pred.locked) {

// BRFER

public void unlock() {
Node node = myNode.get();
node.locked = false;

myNode.set (myPred.get());

private static class Node {

private volatile boolean locked;

2) 2B nextWaiter £ Condition (FESMWH, BIEHZEEIA) EMNFSFAENS (BEBAY) , X
Condition FE M7 ReentrantLock

AQS RYIRHDEEMT
AQS i BET BT EERN, TE—ESAUABTEETAN, CNERE:

® isHeldExclusively() - ZAREREEMERE, REMAR condition TEEEIME,
® tryAcquire(int) : JMAAX, EIXIRENER, BINNRIE] true, LKNR[E false,
® tryRelease(int) : A, EXBREIR, BRINNGRIE true, LKA false,
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® tryAcquireShared(int) : HZEHI, FHKMAR. AHRTEY; 0 RREI), EXRBRRATBER;
EHRTAL, BERRER.

® tryReleaseShared(int) - H=FH, %ﬁt%%ﬁiﬁ;ﬁ, WRBEFRN S T IREE 5 4 F 154 ~UR[E] true, =
R[] false,

XL ERAEZE protected B9, (ERENFHIRAE AQS BRI, MEEEMERE:

protected boolean tryAcquire(int arg) {

throw new UnsupportedOperationException();

XENMERMRHENBENE: #BRmBFRPEMENHERA AT —iE, BOXB), XEFERFTETY
BHEXOWHRAGIERNR], Bl (55 Semaphore RFESLH tryAcquire FEMAREMERAFTEARIER
A

M AQS SEI T —RIEERZHE., TEEMNMIRERDT— RN R RNEEZE:
ﬁmﬁ;l \

RINAREIANDORZ acquire(int arg) 737k, arg EBRMANAZRTE, ARARATRERN 1. HEHKEEX
THIEREE:

public final void accquire(int arg) {
// tryAcquire BREIMIRENBIZDR, IR=HAIN, EEtrue, HiXELMIREfalse
if (!tryAcquire(arg) &&
// ERX, RRREBEDRERY, FEGIMERHEN—"Node, EINZIAQsHIBATIH
acquireQueued(addWaiter (Node.EXCLUSIVE), arg))
/] LRFZHHR
selfInterrupt();

B tryAcquire B ERENER, BIERE T XM AEREFRPEMRIIMA, TUEEHN
ReentrantLock A &B&.
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INRIRENBHREMY, MBI addwaiter (Node.EXCLUSIVE) FiAIBRX MEFRIBAZIFSITIR, HPEANNSH
AREHAR Node BIRSINRY, XTATERNERARSI:

private Node addWaiter (Node mode) {
/ /838 Node 2, HHIZE thread NHAILTE, RENHTE
Node node = new Node(Thread.currentThread(), mode);
// 3REX nos HRBAFIRYEERT =
Node pred = tail;
// B0R tail == null, HBAEZRAT,
// AR null, TRBAITERATIHAEEGE,
if (pred != null) {
// BEBTRR prev EENANEESTR, BASHTRNIZIRENET TR
node.prev = pred;
// cAs § tail TRIFENHAITR
if (compareAndSetTail (pred, node)) {
// BZBIRT AN next RENHAITA
pred.next = node;
// REIEHATR
return node;
}
}
eng(node) ;

return node;

}

// BhecasiBEANFTAS
private Node eng(final Node node) {
for (;;) {
Node t = tail;
if (t == null) { // Must initialize
if (compareAndSetHead(new Node()))
tail = head;
} else {
node.prev = t;
if (compareAndSetTail(t, node)) {
t.next = node;

return t;

EEFMTAIELERIFER, MEETINESIEAFI Node TR, ERFEIENEMHT AQS FEEFESZN
SREENSFIRRNER FIEESEMSTEERNIEAT RERE, EXEZET CAS BieARIET
BRIFNZREZ M.

OK, MELZIRFIAM aquire ik, HTEET addWaiter 535, BEAIE— Node MEIERFNTIES 7. Mk
TEFNIINERBMAER—T— P EIRME R . BRAISEIIIAKEE acquireQueued 74!
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final boolean acquireQueued(final Node node, int arg) {
boolean failed = true;
try {
// interruptedFFICR AR DB
boolean interrupted = false;
for (;;) { // BIERE
// FRERHAEIT RAIRIIE T =
final Node p = node.predecessor();
// SIRAIET REhead TR, HEEHIKENE LIRS
if (p == head && tryAcquire(arg)) {
// REHRIT R Hhead TR
setHead (node) ;
// BT RMInext5|AigAnull, #EENEIREIKEREIKIZT R
p-next = null;
// KBRS IRSIN, HfailediZffalse
failed = false;
/ IREIZIZE D PRNT
return interrupted;

}
// WMRRZIEERI &R EEH B AEEEZENE RN, NS interruptediZAtrue
if (shouldParkAfterFailedAcquire(p, node) && parkAndCheckInterrupt())

interrupted = true;

}

} finally {
/7 MREBEZIREEKN, EUEEHIRENEZIRE
if (failed)

cancelAcquire(node) ;

XE parkAndCheckinterrupt 753&WER#EAEZI T LockSupport.park(this) , IMERBENEB—T park 5%,

LockSupport 262 Java 6 5| A\BI—"1 2K, RETEARNLERLFEIE. LockSupport Lfr E2IEA T Unsafe X8
1A%, V342 Unsafe B, RBEH:

® park(boolean isAbsolute, long time) : FHEE HRIZTE
® unpark(Thread jthread) - {FLEENLTZE ILFRZE

FiAE R HNF GGG, 2RAA park FE#HANBERSH., RELEANEERLTERIRSHK
4R, REERMAIERR T acquire b, EBLAT=":

e acquirelnterruptibly: FRIFRIHRTAIER (M E5E)
e acquireShared: BRIBEHERNANZEIR
e acquireSharedinterruptibly: ERIERIFRETHIER (HZ=EX)

AR RE, EEEFIITAIEESME InterruptedException
/L;\,I:li;EE’] Ilill:;*I.
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b0 b BN
BRINER
BNEFELE T REGERRG, |SERTFZ, £ AQS RRE—/NERZH, JRi:

public final boolean release(int arg) {
if (tryRelease(arg)) {
Node h = head;
if (h != null && h.waitStatus != 0)
unparkSuccessor (h);
return true;

}

return false;
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private void unparkSuccessor(Node node) {

// MBRREZAY, SHIEEIRENO

int ws = node.waitStatus;

if (ws < 0)

compareAndSetWaitStatus(node, ws, 0);

// BRILERNEY 45 Rhead .next

Node s = node.next;

/! MRBENERELSAETHERSKT0

// BERIENEXIENFE, KTFoRE—MAlgE, MEXTEREWEUVE (RE Node.CANCELLED(=1) iX
— MRS AR TF0)

if (s == null || s.waitStatus > 0) {

s = null;

/! MEESFHARIESHKE—TEAREUENT R (EEENEHE)

for (Node t = tail; t != null && t != node; t = t.prev)

if (t.waitStatus <= 0)
s = t;

}
/] MREBBERTNE,
if (s != null)

LockSupport.unpark(s.thread);

= java.util.concurrent.locks.ReentrantLock ROSCIN R , tryRelease(arg) ‘%)}ﬁ’/“ﬁﬁ@ﬁlﬂ'\]@%, R
RN ET R0, BBiFHREtrue,

402R tryRelease(arg) AINRRIN T 8l, BAZTRIMNENIINKEG R, WRAERFEHF HwaitStatus iy
0 (XEMFEBLEESFR) , BAZEM unparksuccessor (Node h) FTiARMEESTFILTE.

NG

AQS B— T ARMZEBIFE S 2RAIHESE, (£ AQS BEE R Bt LN A ZNED R, bR
ReentrantLock, Semaphore, ReentrantReadWriteLock, SynchronousQueue, FutureTask EFBEEET

AQS HY,
YT, BIMBAIUFIE AQS B ERIEREMEINL 2, REIMEM/L protected FIEFAIAT
ERPTERB (BA—RZIRRF—1TEEFED) .

import java.util.concurrent.locks.AbstractQueuedSynchronizer;

public class Mutex {

private static class Sync extends AbstractQueuedSynchronizer {
@Ooverride
protected boolean tryAcquire(int arg) {
if (compareAndSetState(0, 1)) {
setExclusiveOwnerThread (Thread.currentThread());

return true;
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return false;

@Ooverride
protected boolean tryRelease(int arg) {
if (getState() == 0) {
throw new IllegalMonitorStateException();

}

setExclusiveOwnerThread (null);
setState(0);

return true;

@Ooverride
protected boolean isHeldExclusively() {

return getState() == 1;

private final Sync sync = new Sync();

public void lock() {

sync.acquire(l);

public void unlock() {

sync.release(l);

public boolean isLocked() {

return sync.isHeldExclusively();

L E Mutex £2EZ—1TERB. ERNEMERT— Sync 2, ZEHWEE AQS.,

e tryAcquire: EINRENEIR. WRIFRSHO CRBIE) , BLAIRERT (BIE) , HEEISREERNESE
Pl 7N

e tryRelease: HXBMEIR. RERSHOHBRIFERFNLIE,

e isHeldExclusively: F#|#FHaIEREEHMS.

RIFE—TEHREALENER, HNFERFRETARZRIE—TLEELEE, BAFAUMERX Mutex 3
KMRAERE,
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public class Resource {

private Mutex mutex = new Mutex();

public void use() {

mutex.lock();

try {
/] NEIRBVIRIE
} finally {

mutex.unlock();

FLERAGRR, BONA—TTZENZFRN T —TERS, BERE-NZWRIAE-TEERIUERXNEIR, MM
MREAERE.

iR MEMEZ, RENMNASKETRAATENXMNEE: RNXH Java 2418, BIIHE., EESEX
= ZIUEA: 28 + 40 KEF/REE® Java AQS, [l Q WS : 203Kk BRI T fZHnsiF0 R )

GitHub #r2 9300+ BFFRAIIRE (2164 Java M 2 88) S5 _1p PDF (FH A%/ LFFRT! BiFELRE
HEREZFER A, JavalIRTEERL sychronized. volatile, CAS. AQS. ReentrantLock, £fEith. H &
A%, Threadlocal. £FEFEBERREMANALADNZRENAS, Hit 15 FRF, 200+3KFLE, TR
EBRZE. XBEEK.....  ¥58: XET, —SNHAREHN 2. pdf

A SEIZEK, EEKRNEZNETN ZHRELE ) BRI AIREY PDF iR,
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T BigRF Juc

[

AIEBRNNB 7 E TN RNRES ——synchronized, SEfR L, Java 7 java.util.concurrent (JUC) 1T,
TABRNRETEZMNPEERMPIED (LEEFE locks ) , EfEERANINEERELIEBREEE.

k& & synchronized BN E ZAME,

MRIEFRXZERERE, EXAUZLE—RNIT, B(FER synchronized B9iE, RE—BIE]REFE—1EER

?TO

synchronized JoiAX1E 42 H %8 BINIREREI 81,

{£H synchronized, WMRIGFXERN 10 FE sleep HEZREBEET, MABEXEKERRS, MaS

HEREEESES.
IHFRX (Critical Section) BZ&REF—D IEEETENMR, BHRERRBFIHORZERFENIED, BE
—ZI REEE— T ERREEHNRB, STEERMIFEOIERRNEZRNREGETMARS (M) &#E, &
EWEFRIVRESATFUNAA—E, MmrEEmiBN =554 (Race Condition), EFZH &IEHIREES,
Blal B A8 synchronized, BinM2RBREMERE—1TEERNGRX,

A, synchronized FXLERE ZE AT BAE JUC B FREMBRIR S, TEARE— TS RIE,

il SR s s

Java IR THEFEROH, SMHREFENTRE, AEHNTR TRBRILIEFESINER, BATRINET:E
BT AR,
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Y
) oo N8
| amerauERsER | O
\ J ]
s F
=
b 0{mﬁﬁﬁﬁﬁim,ﬁ&§$§m§? o —
R TE R B e
TUERE, SMEERRE—HE T
BRARA, RESRRER
A R— M ERATES FIRE SRR L
| srumssmsmBmRRATERERY | O
: ’ S ERESES AN, RERN BRAHY
P ) S
Java E7 8L
SMERESES AN, RERN RS
BRI B e
J\IZ
\ HEIA AT
\—%{%¢ﬁﬁﬁ$mw§$§mu?}*o
/\IZ&Y
SEEIREIN, FERAKIMEBHEA T
/ \ = BN
o] GRS TRETERRE R O
= A
| = HE
\—#{§¢QE%$%#E—EmJ—O
= HEESH

R VS B
FUMBSENHR—F X LB, 0T ESLRASORARE,

FWEE . WTR—MEIRERHRIRE, BUBHAN B CHEERIENIHMR—ERANSERENEE, RIEiR
BEERAHMES TN, BREBERSWAINEIZEN. Java B, synchronized kT 2 RHMEIAENH,

MARMBIAN B SEERBRERNAZEANEIZEREIE, MAASH, REREEERBIENRZEFIBIZEIR
RBANSEREER T XTEEE. MRXTEERKBRER, SRSEEECERMNEIES A, IREIECZRELM
LAZEH, NREARSIMARNRITARNERE (FlAiRENEEHERL) .

RYBATE Java AR BE TTHIRIZRIIM, RERBIECAS 8%, Java [ FERBIBEREMBIE CAS BiEsEM
B,
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cdu
)
=
g
=0

S BREHRRE S FHOH EA GBI TIRIE, RIS 5 S BH, HARREUS S
(B M) A RRESE A CPUME S (310 T2 R BT CHBE
R — T— — P————
STRAMSAHRIERT SIRAMGRE, B
BTRA R | R I R,
160 G2 |

RIS #R I:(> | SESHMARIBHRAERR |

SRR HTRBE TR
R
GREBRDES HRNE BRI BB 2 IS ——
PTEERIRE ARRTRILRSHR BITTRORE
——— — - -
BHAFERS RRNE
i RS BT
HEEHES R it
REHIES SRR 2R
HIRIAE REWEH

@ —> ) — &l N
H
[E)4 35 R

Rpgemy  ORSIGERTTEMRE

(3R%# or Hif)

RIE_ EEAR SR AT AT AR I -

o EMHBEESTREZNGR, BRI MRIESRIEITEUREIER.
o RUHESIRIREZIIDR, TPV RAEGSEFEIRIRIFRIERERIBR T,

FHRBS B LR, BAIRE T RADFIER SRS

YA — EMBAPAAH T ————-mmmmmmmmmmmmmmmm e
// synchronized
public synchronized void testMethod() {
/7 BREELFIR
}
// ReentrantLock
private ReentrantLock lock = new ReentrantLock();
/! BERLESTEEERANZE—1 8
public void modifyPublicResources() {
lock.lock();
/1 BREELRIR
lock.unlock();

VY — SO0 -

private AtomicInteger atomicInteger = new AtomicInteger();
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/] BERESN&IZFERANER—TAtomicInteger
atomicInteger.incrementAndGet(); //HITEIE1

BT EAAS AR, HNRINENHEALEEERNNYEZEEREFRFSZR, MAMBNERERERLS R
Ro Ao, AERMBEESHBI S ER D ZIRE A AERAISEIMEIZE L R? HAVXEHRAGES—T “CAS" 19
RARE, ZEtEHY, MEREIT.

CAS B—MIui&iE, IMEMERD (RBELEWMEE) B TIISLREZENEERS, JUC BFNEF
% (EEZEH, BHRER) M8 CAS TIAIRMHL,

CAS BRI REI=TRIEEC

o FERENANFEV,
o BTLLEAIE A,
o EEA\HIFE B.

LB VHEST AR, CAS BIIETHAMHE B REHVIE (L EFBEE— M RTRE) , TN
TRPTETRE, —RIELT, "B E— MR EIRRIE.

ZBIER JUC BRMREFE, ME@E CAS SEMARME!, IATATHNIRFZE Atomicinteger RIRES (FE
=, BRAHET, XEMET—TIE) , KE—T Atomicinteger FIEX:

public class AtomicInteger extends Number implements java.io.Serializable {
private static final long serialVersionUID = 6214790243416807050L;

// setup to use Unsafe.compareAndSwapInt for updates
private static final Unsafe unsafe = Unsafe.getUnsafe();
private static final long valueOffset;

static {
try {
valueOffset = unsafe.objectFieldOffset
(AtomicInteger.class.getDeclaredField( name: "value"));
} catch (Exception ex) { throw new Error(ex); }

}

private volatile int value;

RIEE X BATRIUE L ERBEIER:

e unsafe: JRENHIRIERNFAIEIE.
e valueOffset: 7Zfif value 7£ Atomicinteger HHIRIEE.
e value: 7Zfi#f Atomicinteger B int {8, ZEMHFE(EED volatile XBFRIFEELRZEZ T LA,

TR, HNESE Atomicinteger BIBIE5IE incrementaAndGet () , KM BIEGARKE AR
f£ unsafe.getAndAddInt () ., B2 HT JDK KE RHF Unsafe.class, @i class XIFEFINSE R, HTEERIFH
TRRAERIER, FRAEAT@T Open)DK 8 3kEE Unsafe (FEMSH, #IHEEIR) FRNE:
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// AtomicInteger BHI&HE
public final int incrementAndGet() {
return unsafe.getAndAddInt(this, valueOffset, 1) + 1;

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

return var5;

// Unsafe.java
public final int getAndAddInt(Object o, long offset, int delta) {
int v;
do {
v = getIntVolatile(o, offset);
} while (!compareAndSwapInt(o, offset, v, v + delta));

return v;

RIBRBEMNTAEB L, getAndaddint() BFRENAETENR o PREELNE Y, RABRHMAGFERSET v.
MBEENIEAZFEIZRER v+ delta, BNRE] false, HEEF/IAHITEIR, BRIRERINAEREENR, FBEIE
|[H1EIR[E],
BN+ B R EE £ 25 7E compareAndswapInt () F, 7£ NI B2EBIF—1 CPU IES TR, BT EFiE
E, AJLAMRIES NN ERRRERERIE— T 2B RE.,
Java Native Interface (JNI) EJavaSA#iE (WC. C++) ZEH R, EnTFavaRiBERENBREF
A93EO (API) FIAHE#RITRE, HIRE—LL)avaleERNTRHESEES .,

[54E DK @i CPU f9 cmpxchg 182 ELEREZ2RFH A ] AEFE V., NREE, MEESANHFEB EA
REHR, IRTEE, MIEAEFEEV BELATFERPHEA. AEET Java KB while fEFRERIER
cmpxchg $EL#HTEI, BERERIINLE,

CMPXCHG=Z"Compare and Exchange"f48E, Ex—MRFES, ATESZ/ZEEMEPLEMIEN
HEHIE, CMPXCHGER SR M IR REMHEE, Hlulintel x86/x64{KZFR, IFTFI2MIRIEE, X
MNMELBERE EECMPXCHG, MEMURIEEF, EMFIRACMPXCHG8BICMPXCHG16B,

CAS 2SN, BtEE=KOE, HllgEHT, FHEARFKIFILEAR, WRAILCHE, TUEREERF—K
(dogdogdog) .
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B hEss VS &R B hEd

PRZESIREE— Java LIEFERIERLIIR CPU KSR TM, XMRTIEHFEERRLIERNTE ., MREHG
RAPNABTE T RS, IRSEREFENN B Al fetb B P AU HRATIIRT BE K,

AEFZHREP, BSRRNPENEIRE, ATX—NEREEEDRETRE, SEEENRELRELRNNENES
ILRRBAMER, WRMENSZE SIS, SR TN LNERERNATRT, ROMAIMILEERME
RPBVEAZRIF CPU BIHITRTE, BERFAINAREEDSIRIRBERDL.

ATILHRSEEEE-T", BNFRILINLERTENR, NREBRTHERIENERD ZRNLIEELREM
TH, BAHRISEMAUTAEEMEERRNELRR, MMBRIREATENTTHE. X2 Bk,

R R IREE
SRIRAIBIERIY,
R A

1EE e QZE;%
l 1k pedi

CPUIDHURTS, 1%
E LIz

—»

CPULDIRZEIZHIT

A FECPURTE F,
HbiBE 2 ;

BT B RS 5 iR

B B iR (EiR I CPUL]R
MR Vx S5 SEBHFE

P —

S ARY FIRN%
FERERY Bl

BRIl SRR

BRI

SREX[E)L SRR

BB A S2ERRN, EFEAEMEE, BRFFRAER T LREVRNTHE, EEELALIERETE, R
WEANNERE, BRFEHIRMSFRT. Rz, ARG SAOREREK, BoERNEAERSZARRE
SLIELRER. FTDA, BREFENNELONES —EMNRE, MRABE TRERE (FIAZ 1008, PIUER -
xX:PreBlockspin RE) REMINIREH, WM HERLE,
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BHesip0 ST REE# M2 CAS, Atomicinteger i unsafe #17 BIZRERRIZFH do-while B E—1
BiEiRIE, MREREBRKRNEIBEIFRNITER, BEEEKID,

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

return var5;

BhetiifE JDK1.4.2 5|\, {EM -xxX:+Usespinning K5, DK 6 RZREINFE, FESIANTBENETE
o (ENIEERES) .

BiENEFRE BiehatE Ox%) ABEE, meBs—/XER—8i i B8 8 & BiHiEE EHPRSIIRE.
MRER—THINZRLE, BRENINIRINRSEH, HESEEMNERIETETP, BARLWMKIAXRElet
ERAUERIRIIN, #MESATERESERNITE, RN TFENS, BREIOBRINRES, BEUES
WRBUX TSRS rTeE B IRIE B e E, BEEELRE, BREFEGERHIR.

7o Hiflm ) $i%3 & 2 10 B = 4 i

XPOFEE E T8 synchronized B9, FA1%Esynchronized $iE0ZIE 214 —X P EZ AN BT, XEHA
ﬁ%’%ﬁ? o

ATENBIFIEATEN

AEANBXZBAY, BIEE—TXEEINESEREBBINME, BHENZEENANESEZSBREB (FR:
BHRRE—TNREE class) , TEERAZAIERIREUT IREFRNMPEZE, Java HReentrantLock (FESYH

W, BiEERER) Msynchronized#BZAIEAD, AIEABN—MIRMEBR N —EREERIEH. TEARGIN
BR#HITOM:

public class Widget {
public synchronized void doSomething() {
System.out.println("A/E1HIT...");
doOthers();
}

public synchronized void doOthers() {
System.out.println("5E2H1T...");

ELENRBE, KRR EBEHRES synchronized fE489, dosomething() HEFIHAT
doothers () 75’5, ENNBEMETENL, FAE— LB doothers () B UEBHKS LRI R,
J&)\ doOthers () L#’ﬁ'ﬁ%{’lfo
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MRB—AAEAND, BAHRILIRERE doothers () ZAI, BEIEHIT dosomething () FIIRENHAIXNIRA
DIREREE, LR LZNRMEEKIREREMTE, BEXERK. LS HINFES.

AL RTEN B A ATE R R A B sh3R15 5ie?

ERITKEBIF, BZDAEHBATK, HREEZAFHHE—TANSTKEAE. XTARZTKIEITK
Y, S—TKBHBHEHITKZE, BNkt UERNSGEFATIATIK, FAKEEITTKZET
IKAT ZRHELEERR ., XTANMEITKRIZEEEBERINAIT, EEFHFHNAMEBITEIK, XMEUEAN
8

AEA#, RERMNE—T ZERNEMFRE (k) SRERANSTFIRE (OKiB) MEEB
Filiz (kH8) ATIAZRERZISE. T BASRERE X M, PATSREHERY, BHEMATZIRER,

—> EBEE

Kifa Kb Kifa Kb

Kifa  EAhkiE

f f

BANRZIFFTEANDRIE, WRHEERRAFIRIE—TAN—TKEBHRE, B—TKBNBHETTKZEHAR
SR, SEEZTKETENBMAELTIEIT K. SRAEHIIEH, BMFHAIIPIRE AIZE AR IR
2.
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FEATBAB, REENE—T ZERNEMFRE (ki)
Fifig (ki) PILASRERESA. FRREEIX 8, HATEIZRETH.

T —

HAERIH, SBEGIT
PR ERREBIIERLT.

I —

Z BIEA(11%12 ReentrantLock I synchronized #FEEANH, BBAFTEIIEAND ReentrantLock A IERT E N 8

NonReentrantLock BYRIBRISLE D i — T A AIET EANBIEEE RRAEDS RIFERNSHISEH,

B5tReentrantLock®] NonReentrantLock #4477 REAQS, HARZE AQS HLEF T — P EIPIAT status KiTEX
BENREL, status #HAEN O,

HARIRENEIR, AIEANBESIRIRENF E R status 16, R status == 0 RVKBEMERERTRELN
15, M3 status ER 1, HEILEARNIT. AR status 1= 0, MABTHFILEESREETX18, WR=Z
AUIEHAT status+1, HZBIZAZE P] IABRIRENHL,

MAFF BN R BEEIRIA I ER AT status A9E, R status 1= 0 NIESSHEREBIERN, HriLiziE
=,

RS, AJEANBIEFSICIRENAY status BUME, HESRIAERITHEDRIZENRTIR T, MR status-1 ==
0, MRTHLREMEEERNPNREBELNITRE, RAEREETZHEERKS. MIFTEANBNZER
TR AYNGEZE, HiRRE status BN 0, BHRK.
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BEPN: EFTEAN

final boolean nonfairTryAcquire(int acquires) { protected boolean tryAcquire(int acquires) {
final Thread current = Thread.currentThread(); if (this.compareAndSetState( expect: @, updme:l)b {
int ¢ = getState(); this.owner = Thread.currentThread();
if (c=0) { return true; TSR 1 18 SRR
if (compareAndSetState( expect: @, acquires)) { } el::t{ .
setExclusiveOwnerThread(current); } e =0
return true; )
}
} protected boolean tryRelease(int releases) {
else if (current == getExclusiveOwnerThread()) { if (Thread.currentThread() != this.owner) {
int nextc = ¢ + acquires; throw new IllegalMonitorStateException();
if (nextc < @) // overflow }else {
throw new Error("Maximuym lock count exceeded"); this.owner = null;
setState(nextc); [this.setState(0); | BREIE thRHEBsas B0
. return true;

return true; RICHIRS SERI, AN A ZAAL (L2 }
} A BIRARE . Mistatusfii+1 . 3R [0 true, }

return false;

protected final boolean tryRelease(int releases) {
int c = getState() - releases;
if (Thread.currentThread() != getExclusiveOwnerThread())
throw new IllegalMonitorStateException();
boolean free = false;
if (c=190) {
free = true;
setExclusiveOwnerThread(null);
¥
setState(c);

! return Trees  wrimiing L e MG M T A R R TR O A A LR
RIGAE R Wrstatus . T status ZTF0, AP IE A BRI

ATHSIATH
BN AT, HLEREXKEME FHEEE, BME FIFO. MAX—THRE, SXNPERMBERNEE—E
RERHE, FENPERBBRNEEEEHE, BXTUMELATH. kZ, BMEALFH,

—RRIBR T, IEATHHERA—EMNRE, BRFLATHAERSRELENE (FLEERRKNESAEIH) 1F
Mo PRAERIRIESEFRRY TR RAIE I BRI 2 F 81

ReentrantLock Z#FAEAFHIF A FHIRm,

EE HiF0HEe B

BATBIEIHEIR synchronized FEEZE A ReentrantLock, HELHZ2HEH, iR, XEHER—RZ
R[RF—T&RE#TIALE,

MIEEHir] UER—IIZI R IF Z MELTZTH0), Java 18117 ReentrantReadWriteLock (FEISMW, BptiEE
1X) BEMESPRIBIASII, ASAEF TS —MES, — 7 B8l. B o BiEHMES, F5E1E25
DHIERET, RAMIRS T8,

IR, BMERESH, AELRNEN, MAMELENEEELEIHRMEE,

HrEDBIRZH], MRERE T XNEE A N LAFEDE, WEMZRETEERY A IME[RENH. KSHE DR
L2 BRI AR X BEISORENIE .

52Z3NE, MEREY, BZMAHSTERREMSTE. WREE T WEUE A NLAZHE, WEMETZEREEN A
BIMAZEH, TEMAeEd. RIEAZURLIEREREIE, TaeEEE.

MEBSHZHHIBIAQSHKLIN, BIXMARNGE, RIIBMEFERE.
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T B} ReentrantReadWriteLock BIER 4 JEAT

public class ReentrantReadWritelLock
implements ReadWritelLock, java.io.Serializable {
private static final long serialVersionUID = -6992448646407690164L;
/*x Inner class providing readlock *x/
private final|ReentrantReadWriteLock.ReadLock readerLock; |
/% Inner class providing writelock */
private final ﬁleent rantReadWriteLock.WriteLock writerLock; |
/%x Performs all synchronization mechanics */
final Sync sync;

/%K. . k]
public ReentrantReadwWriteLock() { this( fair: false); }

[k, K/

public ReentrantReadWriteLock(boolean fair) {
sync = fair ? new FairSync() : new NonfairSync();
readerLock = new ReadLock(this);
writerLock = new WriteLock(this);

}

public ReentrantReadWritelLock.WritelLock writelLock() { return writerLock; }
public ReentrantReadWritelLock.ReadLock readLock() { return readerLock; }

public static class ReadLock implements Lock, java.io.Serializable { public static class Writelock implements Lock, java.io.Serializable {
private static final long serialVersionUID = -5992448646407690164L; private static final long serialVersionUID = -4992448646407690164L ;
private final Sync sync; private final Sync sync;
/K. . x/ Ve TNt A
protected ReadLock(ReentrantReadWritelLock lock) { protected WriteLock(ReentrantReadWritelLock lock) {
} }

HA1EZIReentrantReadWriteLock B FRIES: ReadLock F WriteLock, HiF®NE, —MEHI—1NBH, SFR4E
B8, BH—SMRrI LI ReadLock 1 WriteLock ;2 FEAERE Sync SLIAIHI, Sync 2 AQS BI—1F, X
MzEtECountDownlatch, Semaphore ([FESHM, BEHEEIA) . Reentrantlock (ETREW, #pHEE
X)) BEEEEE.

£ ReentrantReadWriteLock 2H, EHIFMEBIRIBIEMRELZ Sync, EEBIFRBEBRIMBIA RN A—H, EBiIEH
28, EYMRMED. EHNAZTRIEHLZEESH, MEE. 5. EENIREER, BEAZHNEE
DB, FrLA ReentrantReadWriteLock B9F & MMELE—RRIIE FBIE TR AIRT .

ABIEBIFN S BRI R A MBI A 4 XA0E?

ETERBZAIBRNFBE@B—TEMAIR, ERFRER AQS MIHMERH(IIZE T state FE (int &, 32
) , EFERARERE S DA/,

A/mZEHiR, IMEBER20TE 1 (WREEANDNNE state EMESENNRE) , EHEZHIT state 2IFHE
BiEVEE, {27 ReentrantReadWriteLock A%, SEH, FAABEAE—TEELTSE state 2 IR IEH
MEPMNEHE (FEHAIIRE) .

T 21§ state WERMUPIEI"IDBR TR TED, & 16 URTEHRS GEHITE) , €16 IRTBIRES (B
BITEL) . WTFEMR:

\ 32t ‘
0 0 0 0 0 0 0 0 0 ‘ 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bt RS B, SRS

TERTBZZEHNEREND, STESURIMBIRE:

protected final boolean tryAcquire(int acquires) {

Thread current = Thread.currentThread();
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getState(); // EXRIHBIHIHITE
int w = exclusiveCount(c); // BB Ew
if (c 1= 0) { // MRELBEERKHE 7Hi(c!=0)
// (Note: if c != 0 and w == 0 then shared count != 0)
if (w == 0 || current != getExclusiveOwnerThread()) // WRELIEE (wv) N0 (S ZEFEE
) WERBEUNEESEIRILEMIRERK
return false;
if (w + exclusiveCount(acquires) > MAX COUNT) /] MRBANPHIBERTFHAE (65535, 2
168 F7-1) it — P Error,

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

int ¢

// Reentrant acquire
setState(c + acquires);

return true;

}
if (writerShouldBlock() || !compareAndSetState(c, c + acquires)) // WRHBEZEFEEH O,

HESREREFTEEERLAMIREBIEN; HEUWRBIICASIEINE LFZHRKMDIREIKK,
return false;
setExclusiveOwnerThread(current); // #%c=0, w=02HEc>0, w>0 (EAN) , NNEEHAILZT A
5&

return true;

o XERIBELIRHAIBI T ¢, REFET KRR T w, BASHIEME 16 i, FTLABUE 16
UMNRAES SR c M51Z8 ( int w = exclusivecounto; ) , & 16 {Ufl 0 5izEE=E 0, FITHIH
ERACENE, ANtIFESNgRENE.

o THRISHARENNER, BRFMESTELELARISE 7. WRELELEIE 7 8i(c=0), NEEHH
EYLRNHE, MRELEH N 0 (AMREFEIES) FESEINSRETEAILRENREAN (PRE
NFPFRFEAFE BRI

o MRBEANHHMEBATRAE (65535, 28916 X A-1) FiuLE—" Error,

o MRIUBBELIEHN 0 (BIAELIELAIZN 0, BN LEEENE c1=0 WIER) , HESAIEEZTEMRE
BAFIREILM; dISR@ET CAS 1EHINE AL MR EILMK,

o 1R c=0,w=0 FHH c>0w>0 (EN) , MIZELRILELBINAEE, REIKI!

tryAcquire() FRTEANFMY (SRILREANRNEHNGRE) 25, EBINT —MENESFENFIRT. MRFER
o, WEHAEEEIRE, RRET: LIRS HAMRENIESR L, MRAFEBTESHERRNER T EHH
IREY, BRAIETEIETHEMIREREMITARAE S S LR20ERE,

Eitb, REFFEMRERHRM T ES, SH KSR, MEM—BERIRE, WEMRELEMNGEE
IBEIMRPEZE , BHRIFRENS Reentrantlock IS EEREM, SXBRBIRDERTE, HAEREN 0 WX
TEUEHEREN, RAEFEIRELRETEBAEHOIREN, FNAIREELRMNENXEEMEELERL.,

1ZE2IRUROA:

protected final int tryAcquireShared(int unused) {
Thread current = Thread.currentThread();
int ¢ = getState();
if (exclusiveCount(c) != 0 &&

getExclusiveOwnerThread() != current)
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return -1;
SREUZHIRY, HENFTIRE
int r = sharedCount(c);
if (!readerShouldBlock() &&

r < MAX_COUNT &&

// AREAMZIZELIRMT B, NHETLE

compareAndSetState(c, ¢ + SHARED UNIT)) {

if (r == 0) {
firstReader =
firstReaderHoldCount = 1;

current;

} else if (firstReader == current) {

firstReaderHoldCount++;
} else {
HoldCounter rh =

cachedHoldCounter;

if (rh == null || rh.tid != getThreadId(current))

cachedHoldCounter = rh
0)

readHolds.set(rh);

else if (rh.count

rh.count++;

}

return 1;

}

= readHolds.get();

return fullTryAcquireShared(current);

AJLABZFE tryAcquireshared(int unused) J5iAR, MREMATECSEIRI T 5B, NSHEILEREULDIR

W, HENFFIRES.

BE"
LERS, FABEAE—TERH

AT

[k, . %/
protected final boolean tryAcquire(int acquires) {
final Thread current = Thread.currentThread();
int c = getState();
if (c 0) {
if (!hasQueuedPredecessors() &
compareAndSetState( expect: @, acquires)) {
setExclusiveOwnerThread(current);
return true;

}
}
else if (current == getExclusiveOwnerThread()) {
int nextc = ¢ + acquires;
if (nextc < 0)
throw new Error("Maximum lock count exceeded");
setState(nextc);
return true;
}

return false;

SIRSHRILFZIRIN T SHEE SHERBERE, NWZHE&iE (BiERE, k& CAS fRIL) 0
BRTE, BUINIREUES. EHMNSRRN (LRELEN, FUiE S MREERNBRROEN) WD RIRE,
1<<16 ", FIDUES BT EETINETMTERZ, MEE. 5. EENIREER.

e

ReentrantLock F/AF8F1IE A F BRI BHED :

A/
E|/NS
Vi - Taars 1A
final boolean nonfairTryAcquire(int acquires) {
final Thread current = Thread.currentThread();
int ¢ = getState();
if (c ==0) {
if (compareAndSetState( expect: @, acquires)) {
setExclusiveOwnerThread(current);
return true;
}
}
else if (current == getExclusiveOwnerThread()) {
int nextc = ¢ + acquires;
if (nextc < @) // overflow
throw new Error("Maximum lock count exceeded");
setState(nextc);
return true;
}

return false;

BIRMAFHUNIEATFHUNRESERET 2B MAOLEN , MAGERMB.

FRAENTRINAIER2IRZH 1
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AR ReentrantLock BAB AFHMMIFATHIFmM, ELENAMNBERIRED., BRIBFBHAR, SX—1
%2R lock FIEREPIN, WRELRFKEREMEREDE, B HBIETEE(FER CAS Fif state BRINEM
SRINEHIZER. MNRARBFERSHAEFAESHENEEZESR, BBAMIMBIKK. AAARIAHE
ReentrantLock TLIRIRRIEERRBIRIE, RIMNBIEEH 2 IRZH.

&L, AA synchronized BiTiZA B E S SITBAIERE, 1ZTRENNE—T DK B XHHI—LHz
mEIES

JUC 8T A9

IREFEIAD, JDK AR FHEREAZHE JUCET,
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ERFHHAEE, locks BRIRME—LEHE AT EZEMN, BIEIBEMNNEBHI AQS (AbstractQueuedSynchronizer)

MEEXTET.
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52 AQS/AQLS/AOS

X=THREE—ENXR, PINXEREI—EH,

BEHNIREAQS (AbstractQueuedSynchronizer) , BE=&7E JDK 1.5 &, RMHET—MATIED 2R HIEARID
Ab.—ai)b

AQS BEEMENR'ZA—1 int XEIWEUEREKTH, BMEWSHERNFRBEBLH T int BSEE, FTLATE DK
1.6 #, ZT7—1AQLS (AbstractQueuedLongSynchronizer) , ERIfUIBER AQS JLF—#, RZREHIRAYLE
TR T long K8,

AQS F AQLS #B4tAH T — 1 KNYAOS (AbstractOwnableSynchronizer) , XM E7E JDK 1.6 HHIIAY,
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XTERBATEENKE, WEEE ERSEERIUANE, ERBTRRUISHAZEZENXAR (BAER) . 7
MNE—TENEELE:

/7 BERRN, BENSEHEE

private transient Thread exclusiveOwnerThread;

// REIREE
protected final void setExclusiveOwnerThread(Thread t) {

exclusiveOwnerThread = t;

// FRENBIRIS R 412
protected final Thread getExclusiveOwnerThread() {

return exclusiveOwnerThread;
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}2[0 Condition/Lock/ReadWriteLock

locks 8B FHB=4Z: condition. Lock . ReadWriteLock .
Hr, Lock #1 ReadWriteLock MBAFFAIAEEBHR, 23RS HNERE. Lock Z0OE A —LEIRENBIF
B SEFERR, T ReadWriteLock EERAEM N AL, 20 5REEHF1" S 51"

public interface ReadWriteLock {
Lock readLock();

Lock writeLock();

Lock #OshE— IS4 ERE— 1 Condition (BELMEH, BEHEEA) :
Condition newCondition();

ZBIEANNHREIS BN KA T AR object Await/notify 75 AR LI FGF//BAMNEI. ™ Condition EOHIRMH T
AU Object 95 R, AJMECELock LI FR/BAMEL,

BLAE Object MmmflEsHA T, AT AKEER Condition IE? XEBHE—MEBAIXLE:

33 EE I Object Y5023 Condition
o - . AR Lock.lock SREXEH, A
BB & BN B0 g

Lock.newCondition 3XBY Condition &

BEB S N EISEM. HEAl condition.avait()

object.notify()

AU Y N 24
UMAEENEENSERS X w15
AR A SRS, N N
FE SRS TR e A =
IR\ B S

‘éf BRI IH N BN i i
RS

IR\ SRS N N
B RIE g >
RS BB — e *i5 x5
RS BB h HAT %15 w15

Condition 1 Object #Y wait/notify EAMBML, EHH, Condition A await FiEXRAIZ Object A wait 3%,
Condition Bsignal/signal All 7535033 N Object B notify/ notifyall() , 1B Condition Z£{lF Object KI5/
BAINLEIBIINsRMR ., BAIREBEENIE:
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Pebr =t ik

LPEEHNSSRSEIREA (signal) SEDRT; HRIZEHNIGT
REHM await() FEREMNGREE: (1) ELEEEARER
Condition 3¥5HY signal/signalAll 7554, FHHHBI%i2@IeEE; (2) Hith
AF2VF interrupt AR HAIZIE;

await()

SAISRERASHERTERRERN, FLTREFYFHES AR, 5
FRE = BIZAE

awaitUninterruptibly()

HAAREANFGHRE, BRRBA. FHREBN, REREENTFT
0, ﬂb(i)\?fﬁ)ﬂzeﬁg N g

awaitNanos(long)

SAISEREREAFHRS, BERRBA. FHEEEN, RKIEENER

itUntil(Dat
SRl (2R B, MGEE true, ZMIEE false

MaEE— D EFFIE Condition LHYAFE, WRIREEMILIETE S AR EIRIVNTERTF

signal() 5 Condition R &EXAIH

MREZRRA F1S57E Condition ERVETE, BETEM await)F R ERIREIRIZIZNIN

signalAllg 5e5%185 Condition F BRI

B[ E A\ §liReentrantLock

ReentrantLock (¥ F>R4EH, BIHEEIR) =& Lock HMOMBAIASZHL, STHLT BIRIEAINEE,

ME2FLEE, EBR—THAEND, MRBLE, ERSE—THRE sync, YET AQS, BEXMT—TEF
o

@AY, ReentrantLock NEFEFTIEMSE NonfairSyne ] Fairsync, EAIEYET Sync, MBFELAIAES
H, 232" AEAFELSEF M ATFESRNEL, XEIE ReentrantLock A AT 15"/ 410" IE A F 8",

BEEXATEDRAEBE UL, EMIXIIEZE M58, #IEAB T AOS B setExclusiveOwnerThread
75, FilA ReentrantLock OB "M & 80, tHHEW, ERBIEZE HHMEB, TeEH=E,

T‘ReentrantLock HIMET AR, AIMEA—T boolean KEMBY, KIEEERSE—TFH, FANBRAT
SIATH, BTSH—BETHIEMTE ﬂ*EﬁZ, REEBEW isFair() HAKRESR.

EE— ReentrantLock Y& &2 745l :

public class Counter {
private final ReentrantLock lock = new ReentrantLock();

private int count = 0;

public void increment() {
lock.lock(); // ZRER®
try {
count++;
System.out.println("i€% " + Thread.currentThread().getName() + ": " +
count) ;
} finally {
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lock.unlock(); // FERUHI

public static void main(String[] args) {

Counter counter = new Counter();

Runnable task = () -> {
for (int i = 0; i < 1000; i++) {

counter.increment();

}i

Thread threadl
Thread thread2

new Thread(task);

new Thread(task);

threadl.start();
thread2.start();

try {
threadl.join();

thread2.join();
} catch (InterruptedException e) {

e.printStackTrace();

System.out.println("&#&4R: " + counter.count);

FEXNRBIF, Counter Z£{FM T — ReentrantLock 4RI count ZZE/IiHE], increment 535 E So3RENE,
SRISHEINITEN, FH7E finally SREPEEIRE. XEMR T EMESETMESE, ShamEmRER.

£ main 5EH, BI18IBZ TR NEERHA LT increment 18, ATFERTH, ELI count TEMG D2
BT, FR2IEHN.

XM RBIRTR T ReentrantLock IEAAE. 5 synchronized X§F1HLE, ReentrantLock R TESHNRE
M, FIANETRETROBIREN . ATFBUED. BIRERIRENE.

FKE-—TREMILSE
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1EE$iReentrantReadWriteLock

ReentrantReadWriteLock (FEISHH, BiEiEHIX) =2 ReadWriteLock ##OMENAZI, S
ReentrantLock B9IHEERML, BRI EANY, ZFEAFHANAFEH, FENE, BEF1EZEH",

ReentrantReadWriteLock AIBEBRYLEH AL 21X

// REBEEH

private final ReentrantReadWriteLock.ReadLock readerLock;

private final ReentrantReadWriteLock.WriteLock writerLock;

final Sync sync;

abstract static class Sync extends AbstractQueuedSynchronizer {
// BRI

}

static final class NonfairSync extends Sync {
// BRI

}

static final class FairSync extends Sync {
// BARSEI

}

public static class ReadLock implements Lock, java.io.Serializable {
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private final Sync sync;
protected ReadLock(ReentrantReadWriteLock lock) {
sync = lock.sync;
}
// BRI
}

public static class WriteLock implements Lock, java.io.Serializable {
private final Sync sync;
protected WriteLock(ReentrantReadWriteLock lock) {
sync = lock.sync;
}
// BRI

/] MERE, MRt

public ReentrantReadWriteLock(boolean fair) {
sync = fair ? new FairSync() : new NonfairSync();
readerLock = new ReadLock(this);

writerLock = new WriteLock(this);

// REGEBIR S BRI
public ReentrantReadWriteLock.WriteLock writeLock() { return writerLock; }

public ReentrantReadWriteLock.ReadLock readLock() { return readerLock; }

AINEE, ERFRAREN TR T ELEE. HAEF TR Lock AISEIENZE ReadLock # WriteLock, AIRRZRILA
BRI, XATNERERANZIMNBENED .
& — T ReentrantReadWriteLock B9{E R

public class SharedResource {

private final ReentrantReadWriteLock lock = new ReentrantReadWriteLock();

private int data = 0;

public void write(int wvalue) {

lock.writeLock().lock(); // 3RENE %
try {

data = value;

System.out.println("E " + Thread.currentThread().getName() + ": " + data);
} finally {

lock.writeLock().unlock(); // BB

public void read() {
lock.readLock().lock(); // 3RENIEHI

try {
System.out.println("J¥€ " + Thread.currentThread().getName() + ": " + data);

} finally {
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lock.readLock().unlock(); // FEHUEH

public static void main(String[] args) {

SharedResource sharedResource = new SharedResource();

/7 BIEIZETE
Thread readThreadl = new Thread(() -> {
for (int i = 0; i < 5; i++) {

sharedResource.read();

}
)i
Thread readThread2 = new Thread(() -> {
for (int i = 0; i < 5; i++) {
sharedResource.read();
}
)i

// BIEELIE
Thread writeThread = new Thread(() -> {
for (int i = 0; i < 5; i++) {

sharedResource.write(1i);

)i

readThreadl.start();
readThread2.start();

writeThread.start();

try {
readThreadl. join();

readThread2. join();
writeThread. join();
} catch (InterruptedException e) {

e.printStackTrace();

ELREBH, BINIEX T — SharedResource £, %E{#A ReentrantReadWriteLock RIRIFPEAEREIE.
write FERIE i, HEFRHEZEIE. read HIEREGEH, HIZTEHZEIE,

£ main &, EMNBIE TR MELREN—1TE4Z%f2. BT ReentrantReadWriteLock 2F Z MEEURE R AT 3#
17, RAIEEFERIEIRIGTT, A, BARESEBRTH, HEESNIRERTH, EEUREBHEE,

RKE—THHER:
i¥£ Thread-0: 0
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Thread-1:
Thread-2:
Thread-2:
Thread-2:
Thread-2:
Thread-2:
Thread-0:
Thread-1:
Thread-0:
Thread-1:
Thread-0:
Thread-1:
Thread-0:
Thread-1:

e Al T T L R
[ S Y . T R ~ R SR~ OV B\ B N e B e ]

ReentrantReadWriteLock SEI TiEEH, (BEEE—1/)\i%, MEE'BRIENNE, HEEXRETESHAEE
E, BOMXMMKRASIE", BETXE StampedLock ZE4REEITISIX A,

fliFstampedLock

StampedLock R Java 8 7 &), thZ Douglea K#HFIE, HAMENBRIMEREZE.

StampedLock ;2B LI Lock #MF1 ReadWriteLock ##[0, BB TESH1"AOINAEE, FHEMAELE
ReentrantReadWriteLock B, StampedLock FIBIEHI R T “ RIS A1 IENIE R Fd

BIEEEIT ReentrantReadWriteLock &4 "BIH"BIIER, 1B StampedLock 7%, EREBAMEIRIIE?

ENZOBRET, EENMMRNREETES, NiZBIERNANRIRIE, MAMZEESRE. XHE
AR HRENTHIRZER, T CAS BieMBE—H, XMRIEAVRE T StampedLock FEIREIZIFE ZME
SRFEEVNZRTIFEER, BARNSER T SIHBRNEL.

AR —TELRMENAE (£ DK IRIBEEIRN £ Javadoc BERIIE)
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HKE—T,

class Point {

private double x, y;
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private final StampedLock sl = new StampedLock();

// BHINER
void move(double deltaX, double deltaY) {
long stamp = sl.writeLock(); // 3REXE%i
try {
x += deltaX;
y += deltay;
} finally {
sl.unlockWrite(stamp); // RS

/7] RIIESREF
double distanceFromOrigin() {
long stamp = sl.tryOptimisticRead(); // JRENRNIIE:
double currentX = x, currentY = y;
if (!sl.validate(stamp)) { // //MERVLPEESEEEMEHILRE, EliREfalse
stamp = sl.readLock(); // JREN—"REWEE1
try {
currentX X;

currentY = y;
} finally {
sl.unlockRead(stamp); // FEHGENIEEI

}

return Math.sqgrt(currentX * currentX + currentY * currentY);

// AEIEBIARIE B RS HirER
void moveIfAtOrigin(double newX, double newY) {
long stamp = sl.readLock(); // EWIiE%H
try {
while (x == 0.0 && y == 0.0) {
// EBIEIHERAE N BRAIIERES TR T B8, BREAKEISTEEIRAA

long ws = sl.tryConvertToWriteLock(stamp);

if (ws != OL) { // WIREHRHIN
stamp = ws; // EHNEREEHANEBIR
X = newX;
Yy = newy;
break;

}
else { // UIRFEHREKN

sl.unlockRead(stamp); // FBEHUEHI
stamp = sl.writeLock(); // S@FHIFRELE i

}
} finally {
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sl.unlock(stamp); // FEMPAEHI

FEHNEEMEBABREEX T UEREE, HEZEFSHNE, BARETSHAE, BMAFTELM,

FEREVREWIES 2 [E3HT T —LeigtE, ABXIART validate A%, XA EMERFRIIE tryOptimisticRead Z
o, eaBSRENITE, NMRE, MERER—1EN xS, XEBEAFENEHF ReentrantReadWriteLock HRAYIEH
EM, LENHEN,

BIEEI, StampedLock SRERSHEAIRE— long XEMTE, BRMNNEEEXIEREEE, GREEE
B

// BT {Estate/55KEstamplI{E

private static final int LG_READERS = 7;

private static final long RUNIT = 1L; //0000 0000 0001
private static final long WBIT = 1L << LG_READERS; //0000 1000 0000
private static final long RBITS = WBIT - 1L; //0000 0111 1111
private static final long RFULL = RBITS - 1L; //0000 0111 1110
private static final long ABITS = RBITS | WBIT; //0000 1111 1111
private static final long SBITS = ~RBITS; //1111 1000 0000
/] WA statelIE

private static final long ORIGIN = WBIT << 1; //0001 0000 0000

/! PiHELEstate
private transient volatile long state;
// FEBUE R SRTF i 2 AYIEET

private transient int readerOverflow;

StampedLock FiX1 long £EAIT2HIFT 7 i (LG_READERS) RFRNIZHI, SIRER—ENHEHL, #hn
T (RUNIT) , SRBM—TEVES, #m 1, mEVEHi&RZ REER 128 T (7 (IfRH) , REZ&L, FAR
— 1 int REIRTEKZ M L AVEIIR

B[ state TER THIMRRT, EXFRE—"5%81, HH0 0000 1000 0000 (WBIT) ., EEFTENZE, GHITE
BeorHE, HA2E WBIT, 2B WBIT, XERNTiLEXREHI#B TRE, f#R CAS i ABA [O)fE, th
HEMBIHE BT Cvalidate AR HEERE,

RVNEBEILEREIR T, FHIRBRIENE state B{E, MEERNBRIRMRICE state OB, ERFETHEE
HWE state BRSO REREZMN, £XHRET, SXREHMEHEE MREE, 2N T XERAIHEETMIRME
HfE.

SRR, StampedlLock AMEERIFEMFAY, EAR LFTLAE ReentrantReadWriteLock, Ff1K—1
StampedLock #1 ReentrantReadWriteLock 93 EE{E R,

ReentrantReadWriteLock:

public class SharedResourceWithReentrantReadWriteLock {

private final ReentrantReadWriteLock lock = new ReentrantReadWriteLock();
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private int data = 0;

public void write(int value) {
lock.writeLock().lock();
try {
data = value;
} finally {
lock.writeLock().unlock();

public int read() {
lock.readLock().lock();
try {
return data;
} finally {
lock.readLock () .unlock();

public static void main(String[] args) {
SharedResourceWithReentrantReadWriteLock sharedResource = new

SharedResourceWithReentrantReadWriteLock( ) ;

Thread writer = new Thread(() -> {
for (int i = 0; i < 5; i++) {

sharedResource.write(i);

System.out.println("Write: " + 1i);
}
)i
Thread reader = new Thread(() -> {
for (int i = 0; i < 5; i++) {
int value = sharedResource.read();
System.out.println("Read: " + value);
}
)i

writer.start();

reader.start();

StampedLock:

public class SharedResourceWithStampedLock {
private final StampedLock sl = new StampedLock();

private int data = 0;
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public void write(int value) {
long stamp = sl.writeLock();
try {
data = value;
} finally {
sl.unlockWrite(stamp);

public int read() {
long stamp = sl.tryOptimisticRead();
int currentData = data;
if (!sl.validate(stamp)) {
stamp = sl.readLock();
try {
currentData = data;
} finally {
sl.unlockRead(stamp);

}

return currentData;

public static void main(String[] args) {

SharedResourceWithStampedLock sharedResource = new

SharedResourceWithStampedLock() ;
Thread writer = new Thread(() -> {
for (int i = 0; i < 5; i++) {
sharedResource.write(1i);

System.out.println("Write: " + 1i);

)i

Thread reader = new Thread(() -> {

for (int i = 0; i < 5; i++) {
int value = sharedResource.read();

System.out.println("Read: " + value);

})i

writer.start();

reader.start();

RE—THHEROMLE,
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1. ATEAM: ReentrantReadWriteLock XIFRJEN, BIE—TEFREPTIAZ/RIREUEHIS S8, StampedLock
MAZIFTEN,

2. RVIER: StampedLock IR T RIIEHWNGE, RF—TEREERETAENRIERERNER TIZEEUE, M
2= THRE, T ReentrantReadWriteLock %A 12X AR &I,

3. ®if#EZ: StampedLock 21 7 MEHIRNEHAIFRRINGE, XAERLIHS T o] DUREEIIIMNIREM
ReentrantReadWriteLock AN EIEIR X HFRITHEE,

4. APl EZvit: HTFIRMET RULEHIFSIFERINEE, StampedLock B APl B E Zv—LE, FEE/| b Ak
RIEBIFIE AL D, ReentrantReadWriteLock B9 APl 8 EEMMB S{EMH.

4R EPmR, StampedLock 11t T ESHMEERRIES, (BthHRTEERMNER LS. ReentrantReadWriteLock
MBS ERNEN, SERTFEEEHAEINIGR.

JUC 8 TFRVEMB T A

locks B FRUBUHEOMBIEN AT T, BITXEBH—L JUC B THEMIT A, tbal Semaphore,
CountDownlatch, CyclicBarrier. Exchanger. Phaser % (Xic7EiE(E T EEFHESMI) .

Semaphore

Semaphore E—MTHIESE, ERFRZEMRHEAILIAEELRIR (WEBIEN) WERHE. Semaphore
AME AR MEEESENHE, hrEERTR AT,
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Semaphore B TEZEMNFE: acquire() M release() . acquire() FERZHIEN—MESE, WRIKE
B, MEEEYRILE, BIELEEBRMSESE, release() HiESBH—NMEEE, BHZE, SmE—
EHETE,
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Semaphore BE— tryAcquire() 5%, ESZRKN—MESE, WRKEAR, MSIRE false, FSFEZE
EIE57

Semaphore ARIZHIERTARIE MIERRIRIFHE, EATMRIELERE, MNERIELRERZE, TFEM
LRIZ B,

EE— Semaphore F{ERRHEI:

public class ResourcePool {

private final Semaphore semaphore;

public ResourcePool(int limit) {

this.semaphore = new Semaphore(limit);

public void useResource() {

try {
semaphore.acquire();

// ERAEIR
System.out.println("ZOEMFIRFERT " + Thread.currentThread().getName());
Thread.sleep(1000); // &G IRIFERTE
} catch (InterruptedException e) {
e.printStackTrace();
} finally {
semaphore.release();
System.out.println("#ERT " + Thread.currentThread().getName());

public static void main(String[] args) {
ResourcePool pool = new ResourcePool(3); // BE#I3MELIZEII5E)ER

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

new Thread(pool::useResource).start();

FE-THLE

ﬁﬂ?ﬁﬁ“ﬁﬁﬁ? Thread-0
HBRFAFERT Thread-2
J\/}?ﬁy {7 Thread-1
FIRFEM Y Thread-0
HEBT Thread-2
FIRFAERT Thread-4
ZFEFE{ERAT Thread-3
HREFAERT Thread-5
R T Thread-1
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HRFAERT Thread-6
HRFAERT Thread-8
HBRFAERT Thread-7
ZREET Thread-4
FIRFEMY Thread-3
BIRFEM Y Thread-5
BIRFEMY Thread-8
HEBWITY Thread-6
FFEFE{ERAT Thread-9
FERM T Thread-7
R T Thread-9

CountDownLatch

CountDownlLatch 2—"1EFTHEHZE, EATF— TS IEE—

CountDownlLatch BH—" 15423, AILAIBIY countDown () A ITEZSAO B #1T

await () 7AERBEELRIZE, HEITHENER OO,

CountDownlatch —fRFRIZHIZIZER, EUMNILEE N Z%E—

E— CountDownlatch BI{ERBRH:

public class InitializationDemo {

e

BE,

=

W2 8%

FEHEIBITRER, BFRIT,.

public static void main(String[] args) throws InterruptedException {

// BIE—TERTEN 3 B countDownLatch

CountDownLatch latch = new CountDownLatch(3);

Thread servicel = new Thread(new Service("fRZ 1", 2000,

Thread service2 = new Thread(new Service("fRZS 2", 3000,

Thread service3 = new Thread(new Service("fRZS 3", 4000,

servicel.start();
service2.start();

service3.start();

/ EIFFRB RS AT
latch.await();
System.out.println("FRIBRSZSEAESZET");

static class Service implements Runnable {
private final String name;
private final int timeToStart;

private final CountDownLatch latch;

latch));
latch));
latch));

public Service(String name, int timeToStart, CountDownLatch latch)

this.name = name;
this.timeToStart = timeToStart;
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this.latch = latch;

@Override
public void run() {

try {
Thread.sleep(timeToStart);
} catch (InterruptedException e) {

e.printStackTrace();

}
System.out.println(name + " EEFT");
latch.countDown(); // BDMEITER

ERXNREIF, BBE=1RS, 8TRSTE—TEMNERETER), FEE—LREFRIBNL, TEEER
CountDownlLatch FFX=1TRSBSELBEETHRE, BLENT. STRSBEITERHSTEA countbown ()
ik, FEEETER await() AEEFEF, BIETHRERNE, ARRENIT,

KEBBITER:
RS 1 EEIEFT
RS 2 BEEEFT

ARSS 3 EEEFT
A RSEES T

CyclicBarrier
CyclicBarrier 2 — 1 EIF LAZE, ERT—ALELEES, BIAENLAHERES (common barrier
point) .

CyclicBarrier IMATFZ &R ITEERE, RESHITEERNNAG R, tLWBENIB—1 Excel RZTHAFPMRABR
17K, B sheet RE—IMKFIE—FMNESERITRK, UESERITHFNBYRITRK, SRZERELES
4 sheet BRURITIAIK, #HITRZE, BEIED sheet WAMIRITRIK, &E, B barrierAction X2
FITEER, ITEEHED Excel BBIRITRX,

CyclicBarrier BUIT#R23 P LAUBIT reset () HIAEE, FINEREMEEIMERMNIZR . bW, HBIPE—IPKRESD
B 10 TMESS, B 10 TEEDFHATX 10 NVES, H 10 MMESHNTTZ/E, BEHX 10 MVESH
Z£R, XEMEFL IR CyclicBarrier SEsLE,

CyclicBarrier B—1MESM& %, FIAIEE—1 Runnable, iX4 Runnable &7 CyclicBarrier #9it%k284 0
FIBRHMERTT, FARERESEZRES.

FE—TMERTRBIA:
public class CyclicBarrierDemo {

public static void main(String[] args) {
int numberOfThreads = 3; // ZiZH=
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CyclicBarrier barrier = new CyclicBarrier (numberOfThreads, () -> {
/] BB LEEENARIS RETHATAVIRIE
System.out.println("FIELEHCIARE, #ANT—ME");

})i

for (int i = 0; i < numberOfThreads; i++) {

new Thread(new Task(barrier), "Thread " + (i + 1)).start();

static class Task implements Runnable {

private final CyclicBarrier barrier;
public Task(CyclicBarrier barrier) {

this.barrier = barrier;

@override

public void run() {

try {
System.out.println(Thread.currentThread().getName() + " IEEREREAFST");
barrier.await(); // HEFMAEXEIIAERSS

System.out.println(Thread.currentThread().getName() + " E#HIRE[E.");
} catch (Exception e) {

e.printStackTrace();

AR RN AR

Thread 1 IFERELAEFS

Thread 3 IEERELEFST

Thread 2 IEERELEFS

FRiB 4R EEIXRERE, #HNT—ME
Thread 2 BT REFE.

Thread 1 B#IIREFE.

Thread 3 B#II/REFE.

Exchanger

Exchanger 28— "AT&RREMENITERZ., Exchanger BT #THRZENEIERR, ERE—TRAS S, XD
BXR, MTEEIURIGEIMEIE, XA DNEEEE exchange FIERKIBENIE, MRE—DEELNIT
exchange /5%, Ba—ESHEFE_PNEEHLHIT exchange /3%, HRMNEARREEARS S, XM NEIEMAT
PARIRERIE, SEANGIEA = HRAEIBERETT .,

Exchanger AIMAFEE&IE. WY TEMBIERELSETR.
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public class ExchangerDemo {

public static void main(String[] args) {

Exchanger<String> exchanger = new Exchanger<>();

new Thread(() -> {
try {
String datal = "datal";

+ " RHE")

data2);

System.out.println(Thread.currentThread().getName() + " IEfEIE " + datal

Thread.sleep(1000); // 1&EINLIELIEFER
String data2 = exchanger.exchange(datal);

System.out.println(Thread.currentThread().getName() + " ZHET " +

} catch (InterruptedException e) {

}

e.printStackTrace();

}, "Thread 1").start();

new Thread(() -> {
try {
String datal = "data2";

o STRHE") ;

data2);

System.out.println(Thread.currentThread().getName() + " 1F7EIE " + datal

Thread.sleep(2000); // t&EINEFZLIBFERT
String data2 = exchanger.exchange(datal);

System.out.println(Thread.currentThread().getName() + " ZET " +

} catch (InterruptedException e) {

}

e.printStackTrace();

}, "Thread 2").start();

45 R0 T AR :

Thread 1 IEfEIE datal R_HEE
Thread 2 IEfEIE data2 R_HE
Thread 2 Ri%FE|7T datal
Thread 1 XR#%ZE|7T data2
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Phaser

Phaser @— 1T EFZ TR, BEAMILZMEREEETNZI—ETRIES.

Phaser RIDAIRAR N — M EIZMNITEES, ERREX MTHESEM—2UR—, SXTIHEEER 0 NidR, FREIE
A await () AMESFTNEEMSBENT.

Phaser BT ER23 P AR BNZSHIE, el DAREhSHBIEANER D . Phaser gt T —L5 AR B FAIE iz
HllZi2EIA

FE—MMERRH:
public class PhaserDemo {

public static void main(String[] args) {
Phaser phaser = new Phaser(3); // 3 T&IEHEZ=MES

new Thread(new Task(phaser), "Thread 1").start();
new Thread(new Task(phaser), "Thread 2").start();

new Thread(new Task(phaser), "Thread 3").start();

static class Task implements Runnable {

private final Phaser phaser;

public Task(Phaser phaser) {

this.phaser = phaser;

@override

public void run() {
System.out.println(Thread.currentThread().getName() + " 5B THE—FTIRIE");
phaser.arriveAndAwaitAdvance(); // FHHFHMERETHME —DIRE
System.out.println(Thread.currentThread().getName() + " S TE_SRE");
phaser.arriveAndAwaitAdvance(); // FHFHEHMERETME —DIRE
System.out.println(Thread.currentThread().getName() + " ST TE=FRE");
phaser.arriveAndAwaitAdvance(); // ZHHFEMATETHE=FTIRE

AR AR
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Thread 1 5ERl T HE—STRIE
Thread 2 ST T SH—FRE
Thread 3 SER T HE—SIRE
Thread 3 SER T HE_DIRME
Thread 1 TR T HE_SIRE
Thread 2 FEAl T 8 _HHRIE
Thread 1 5ER T HB=DIRE
Thread 3 FER T HB=DIRME
Thread 2 TR T HE=FIRE
INGG

AXNET JUC B TFRBHEOMBIZE, B35 Lock. ReadWriteLock, Condition, ReentrantLock.
ReentrantReadWriteLock, StampedlLock %, E®NAT JUC B FHIEM T HZE, B3% Semaphore,
CountDownlLatch., CyclicBarrier, Exchanger. Phaser %,

JUC ETHIBUROMBEE, PTNIRZ Java HRERZNZD, LEELFLEREENIRR, X, —EEZ£E
4%,

“Rig: ﬂﬁf_,%ﬁm%ﬂ@%ﬁ?%ﬁmtﬂkﬁﬁﬁ%L BFE: FANEY lava &2, BIER;
BE—EoABERKETEHSIT , RZUETE,

GitHub E#r2 9300+ BFFRAIIRE ( ZSif Java #HI 2 #8) 35 _1p PDF (HAZgiz/\f) LFFkT! BiFLRE

EARMZFMERSE. JavalIIFEREERL . sychronized. volatile, CAS. AQS. ReentrantLock, Z&F2ith. Hk

ﬁ%ﬁ ThreadlLocal, &= HEHREREEMANALDNZRNAS, Hit 15 ARF, 200+5KF&E, TR
BRASE. NEBHER.... 58 A8 T, —SHREEHN 28 pdf

A SFHEEEK, EEKRNBEZNETN ZHREE | BRI IREY PDF iR,
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F+AHT: EA ReentrantLock

ReentrantLock EA!, BXILock IFOMN—1E, HWEREZMRBIEFERMERESHN— 8, IFEANY, R
TEEBMHEFFEEE M, ENHFIEERBZBIEHEXIRBASHEZE,

BERIFENY, MERRRF N E:

1. ELAZREBIIER, WRELZXIAMBINEIZR HRILAZANEN B EBIRIRELIN;
2. BTFHSBIRI n IR, BAREBERBRRERFN nIRZE, T BERTERMAI.

Hx0E, FAPAGFFERBIETES AQS B9/ protected HiERFABCSHELIENX,

ReentrantLock BIRIB o 1

I E DA, FA1REE Reentrantlock B BT, DAIAFAFHING, #IRTHBILIZeESIREBING, %
INFERRERZE Sync B9 nonfairTryAcquire 4

final boolean nonfairTryAcquire(int acquires) {
final Thread current = Thread.currentThread();
int ¢ = getState();
//1. MREZHGARWEALIZEE, ZHEER S RILETZIRE
if (¢ == 0) {
if (compareAndSetState(0, acquires)) {
setExclusiveOwnerThread(current);

return true;

}
}
/72 . E5WEE, HMESBEAREESEINAE
else if (current == getExclusiveOwnerThread()) {

/7 3. BIRIRER, HEUIN—
int nextc = c¢ + acquires;
if (nextc < 0) // overflow
throw new Error("Maximum lock count exceeded");

setState(nextc);

return true;

}

return false;

XEBRZERER, BMEETRE. ATFEAN, EETSEMTHESE, IRZHMEERERESE
T, [REKRE SBELERSNIENERE, WREMNIE, BRI 1IRE true, RRAUERRELIN. 8XE
R SN B IRSHITIN—ARIE, BABMARMRMIEBRRE BHFRE? (KATEZUIELATFHIABI) 220
F535A tryRelease:

protected final boolean tryRelease(int releases) {

//1. BEHIRSEL

int ¢ = getState() - releases;
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if (Thread.currentThread() != getExclusiveOwnerThread())
throw new IllegalMonitorStateException();

boolean free = false;

if (¢ == 0) {

//2. RBEISEZIRENON, SIAINERFI, REtrue
free = true;

setExclusiveOwnerThread(null);

}
// 3. BiIRETEEN, REfalse
setState(c);

return free;

RIBEIZEIEE TR, FEIENE, EAYNBROINESERIRSIRESR 0 B4 EMINER, SNBUHRER
M. WMRBUFERENT nx, BT n-1x%, ZPRTEBEBORME false, REWBER n XA EMINERK, RE
true, FIMEFKATATAIEE ReentrantLock EANMMIM T, UMEEE TRIDIBEXNE K,

ReentrantlLock SxH5mfsl: AFHIFIEATFH, @IEATE, SHITRMBMSH, MR—THELFN, Ba
BIRERERIR RN % S 15K ERVEII RS E)IRE, 5%E FIFO, ReentrantLock A& AT S EMIEIEL T
Bl, REHN:

public ReentrantLock() {

sync = new NonfairSync();

FINERM T -GN, AIEA—" boolean fH, true RARFHL, false FIJIFAFH, JRIBN:

public ReentrantLock(boolean fair) {

sync = fair ? new FairSync() : new NonfairSync();

EIRAFHERENES (nonfairTryAcquire 733%) , RERBAIRINT — T HAPRSARGEM T —LEiZ1EAE, HiR
ZRE IR AT R iz FHFRIIBR.

BAVRER A TOIRIGIRZEE BN, OTERN:

protected final boolean tryAcquire(int acquires) {
final Thread current = Thread.currentThread();
int ¢ = getState();
if (¢ == 0) {
if (!hasQueuedPredecessors() &&
compareAndSetState (0, acquires)) {
setExclusiveOwnerThread (current);

return true;

}

else if (current == getExclusiveOwnerThread()) {

int nextc = ¢ + acquires;
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if (nextc < 0)
throw new Error("Maximum lock count exceeded");
setState(nextc);

return true;

}

return false;

XEEABHYIZEES nonfairTryAcquire A E—, B—AREETIEMT hasQueuedPredecessors HIZ4EF]
W, MAERMAUEEIZS ERRAMSE T RERSAIIPREERR TR, NRERETS, RBELRE
LRI REERNERER, RIBATM, HAILRERBRFEIW. RSN RLEIRTR, TEMEEIESE
FURTAINE 1,

NFHREE MRS ATIFRE— T RIREEI B, ML FEBNA—E, FoIEERIRBBRIZ%TEEER R
B,

ReentrantLock B9{FF3

ReentrantLock B{ER A NS synchronized *<EFEM, #MEEIMPIFABRRBPLIME L, BIKEE
ReentrantLock BIEA A, AIEAFHINH):

public class ReentrantLockTest {
private static final ReentrantLock lock = new ReentrantLock();

private static int count = 0;

public static void main(String[] args) throws InterruptedException {
Thread threadl = new Thread(() -> {
for (int i = 0; i < 10000; i++) {
lock.lock();

try {
count++;
} finally {
lock.unlock();
}
}
)i
Thread thread2 = new Thread(() -> {

for (int i = 0; i < 10000; i++) {
lock.lock();
try {
count++;
} finally {
lock.unlock();

)i
threadl.start();
thread2.start();
threadl.join();
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thread2.join();

System.out.println(count);

RIBRER, MTEREDAI count ILEFHIT 10000 XREMIRIE, ZEWL count BB, HIREBGITE
20000

AIUEE], MTEEN count TE#H1TT 20000 X EMIRIE, 15#BF ReentrantLock EZIFEANMR ., HI1EFRE
ENTHIERAR, REES ReentrantLock BIME AR /A FEHENT :

private static final ReentrantLock lock = new ReentrantLock(true);
BITERN:
20000
FINEE, AFHRETERSELATHNEGITER N, XRANATFHRZIMSNSIFLAFHNTINHRNER

—, RZEIRMBEIEN T AT R 2D B RET RENSEFIMT,

o N RBERRERBIAVINFIRENG, BEN%EI%S.
o JFATFHL BARRENBIRVINF FTRESERBINIAFARR, PIRESHRLATZRENIAVEERIR,

HEIEMZE, £/ Reentrantlock B, BILFTE try fURBIRFIAZRIZREY, HEMBIZBIREREREML, TN
7£ finally SREPFR AR B (ReentrantLock BIBIATRTE finally FFEIFEL) .

EE X R

Lock lock = new XxxLock();
70 oo

try {
// MREFEHHWEFE, SEEHIT finally RECE
doSomething();
/! NEPREMIN, finally REFEMIT
lock.lock();
doOthers();

} finally {

lock.unlock();

iV ik
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Lock lock = new XxxLock();
70 ocoo
lock.lock();

try {
doSomething();

doOthers();
} finally {

lock.unlock();

ReentrantLock 5 synchronized

ReentrantLock 5 synchronized XFEEAXRIIMELH, BAENZBEEHAXRE? B(IREEENINT
tE:

e ReentrantLock 2— %, i synchronized £ Java FEIFXEF;

e ReentrantLock RAJLASEII ZERIFIFRA (FIUHBEZ M Condition (FEEHH, HEEER) ) , ™
synchronized R EE@iT wait 1 notify/notifyAll 75i%MREE— A HIREELEPLLTE (PIREH)

e ReentrantLock HAFNBMH, BEBE finally IREFER unlock 7535 AREIR I [ERRERRL,
synchronized S EIFERB, HREDPRAITTERN, H VM BohEBR, AEEZFhRE.

e ReentrantLock: BERMEEIIFIMLEE, FRRESRESRIMET, synchronized: EELEIER T, MBERIEER
Z—L%, {BlEE IDK IRAFR, MHEEEEEEAKRT .

UTFE—T RSN EELEEdemo:
import java.util.concurrent.locks.ReentrantLock;
public class PerformanceTest {

private static final int NUM_THREADS = 10;
private static final int NUM_INCREMENTS = 1 000 _000;

private int countl 0;

0;

private int count2

private final ReentrantLock lock = new ReentrantLock();

private final Object syncLock = new Object();

public void incrementl() {
lock.lock();
try {
countl++;
} finally {

lock.unlock();

public void increment2() {
synchronized (syncLock) {

count2++;
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public static void main(String[] args) throws InterruptedException {

PerformanceTest test = new PerformanceTest();

// Test ReentrantLock
long startTime = System.nanoTime();
Thread[] threads = new Thread[NUM_ THREADS];
for (int i = 0; i < NUM_THREADS; i++) {
threads[i] = new Thread(() -> {
for (int j = 0; j < NUM INCREMENTS; j++) {

test.incrementl();

)i
threads[i].start();

}
for (Thread thread : threads) {
thread.join();

}

long endTime = System.nanoTime();

System.out.println("ReentrantLock time: " + (endTime - startTime) + " ns");
// Test synchronized
startTime = System.nanoTime();
for (int i = 0; i < NUM THREADS; i++) {
threads[i] = new Thread(() -> {
for (int j = 0; j < NUM_INCREMENTS; j++) {

test.increment2();

}):
threads[i].start();

}
for (Thread thread : threads) {

thread.join();

}

endTime = System.nanoTime();

System.out.println("synchronized time: " + (endTime - startTime) + " ns");

REMBLER:

ReentrantLock time: 269913857 ns
synchronized time: 350595013 ns

XM ERFBALE T EINMT SR ERME, RENERMFEITE,
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ING

KEEENBT ReentrantLock BISTIFRIE, K5 synchronized X#FAILLIR,

Mg NEEZ, REINAASTEFRBFCLO610/Y GitHub € FEhttps://github.com/CL0610/)ava-
concurrency

GitHub E4R2 9300+ BFFRAIIREE ( ZSifY Java HIN 2 B 55 "7 PDF (HAEEEZ/MY RFRT! SEERE
HNEXREZFERFE. JavalIAFERL . sychronized. volatile, CAS. AQS. ReentrantLock, ZFgith. FH k&
B8k, Threadlocal, AFFHRESBREFEHAMARLNZRNANS, Hit 15 ARF, 200+5KF&E, AINGR
B E. XNEUWME..... $158: X587, —SiH AR 2 K .pdf

IA— SRz 23K, EEKNB BTN TZHREE ERATBASREX PDF iR7A,

Ieis N, . s~ [y I LAY 4 °

F1757: 1 E5%i ReentrantReadWriteLock
ReentrantReadWriteLock 2 Java I—FZE ], EARFZ MELERNIAR, BERALAF—1E%Z1H0 (REZE
FRERIES %i2) . XMBENRITT RS HEE, 155 2 E R ENBET BT SIRENERT.

AERHEGRER, NTHRREREZZEE, HIEEREMRXHETF synchronized 3F JUC BT T Lock #2089
ReentrantLock, {BE(IHEIRATVIREE, tWMEER—RZIRE—1EIZAEMBIRENDL,

ME—LBFEF, KEHRIBXRHE, SHBRLD, NRUNBZHIEMEHASTNEIRERYE, MURE
XiEigaT, IRANMERMSHIANE, REASTIVMEEERD, X XME25 0% R, Java iRt 7 54—
SEIN Lock 3OS ReentrantReadWriteLock——iE 5 %,

BAFERIE G Lock ZOIRIANR, 1REITIREH, THEARZELERHR.
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EEHA TR —NZM S MELIRD, BRESLENNN, FIEMEEENEMNSEEREHNIEEE,
£ %7 WirteLock #1 ReadLock BOE /RI4ERY, FfTATIAIRER WriteLock 5 WriteLock, WriteLock 5 ReadlLock LA
K ReadLock 5 ReadLock #1733 EE D4,

XESE— RSB E:

1) AFMEERE: FFELATY (BOA) MQFBERERAR, IFATFHNERERTAF;

T ENMENEEEITHESR, FIEE (Throughput) B—TMEERSLIEENRVIEIR. EMR T BUNBARS
REOSAM RN B SHIRMENE . FIIEFTUARKIHERFNEN LR, fla, SVHTHZRIERIIRE.
FAFUMRIEFFRNBNERZNINT . SPHRRE, BPERESRBIAYH SR ENINT . X
KABERERS, ANEREAFTERRBIIINFSS, MMAED> EFXIRINBERE, ReEUHE.
AFHNFRFESFRBNSRFRRENERYBIAFE AR, F—TEKMNEREEFE — TSNS
72, DAL, BRANFHEVTHESSIN, BRTEELS — T IRMRPASIIRE, FTEEREMEFINITTHE, M
M REEILE.

HEMEHRE)SiReentrantLockiBE T X —&,

2) EANM: FEAN, RHEAEUEEERRIAR, SUBRIZ/EREBHERIRNEH, FthaETssRENEH;
BATHIEEH Lock RURMR BAZUIIIAT X — K.
3) BifER: BHERE—MATFESHERNIEDNERE. BENIRNFE:

REEH: LREESRRANEH, WEREEEUERHEFETRE.
IRENIEH: S BURITHIEIRT, 272 ] ABIRIRENEZ,
BB SRRFRTEZHNEERERE D,

RRRUEH: REEERBEN.

X, SHRBREANIED, RFEHMEREHITHAZE, BINARRMEMEZENSRE, TENNEBRER T 0EE
F8 ReentrantReadWriteLock &R S $ii:

ReentrantReadWriteLock lock = new ReentrantReadWriteLock();
ReentrantReadWriteLock.WriteLock writeLock = lock.writeLock();

ReentrantReadWriteLock.ReadLock readLock = lock.readLock();

writeLock.lock(); // IREXEHI
try {
/1 PATEIRIE
readLock.lock(); // 3RENIZEH
} finally {
writeLock.unlock(); // BHEH!

try {
/7 PUTIERRME
} finally {
readLock.unlock(); // BEROEHI
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SHiFRAIEHENI R TRISEEN -, MAZMARIZRNIEEE, &
LRI G HENR, BT ES SRR ZIZEE, 3<$¥—IL/{E%1%?‘ ’:ﬁ RVEAIRES ANIRIR(F 2 [ AU 2R

—H, ARAFEMIERAREHF R,
ERMERIEFIRE B AE IS IEARX L1 )

o 1. EEHREHTISINCRIESIREH?
o 2. SR EHFIREIRKAN?
* 3. XU EFIREIRREIAY?

BIHEREN= NG, BATRTFRSH,
B Hi1F67
ESE: SEFN: VS

E—HAIZl, ReentrantReadWriteLock BTG 42

XA, SF2 R DARERTTXY

TEEW ZPNATRIRENN, RES ReentrantReadWriteLock BYE 4iit

2RAIH, MITUEHNETIEXZEITEES AQS R tryAcquire 737AEMA, TRIBHN:

protected final boolean tryAcquire(int acquires) {

/*
* Walkthrough:

* 1. If read count nonzero or write count nonzero

* and owner is a different thread, fail.

* 2. If count would saturate, fail.

(This can only

happen if count is already nonzero.)

* 3. Otherwise, this thread is eligible for lock if
* it is either a reentrant acquire or

* queue policy allows it. If so, update state

& and set owner.

Y

Thread current = Thread.currentThread();

/7 1. FREEHHBINESIRE
int ¢ = getState();

/7 2. FREVEHBRENAYRE
int w = exclusiveCount(c);
if (¢ != 0) {

// (Note: if ¢ != 0 and w == 0 then shared count != 0)
// 3.1 HIEBERIELIZRINEE SRR EEEIRNE BILIZAIE

// SHIZAZIRING SR

if (w == | | current != getExclusiveOwnerThread())

return false;

if (w + exclusiveCount(acquires) >

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

// Reentrant acquire
// 3.2 SRI%RIREEH, XIFPTES MY
setState(c + acquires);

return true;

}
/7 3.3 BHRBEDEIEIRE, HpILiE RS i

4

MAX COUNT)
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if (writerShouldBlock() ||
!compareAndSetState(c, c¢ + acquires))
return false;

setExclusiveOwnerThread (current);

return true;

XERBNZEEE TR, XEA—THAFTEERKXE, exclusiveCount(c) ik, ZHIEIRIBA:

static int exclusiveCount(int c) {
return c¢ & EXCLUSIVE MASK;

HAEXCLUSIVE_MASKy:
static final int EXCLUSIVE MASK = (1 << SHARED_ SHIFT) - 1;
EXCLUSIVE_MASK 39 1 =% 16 fii#A/2/% 1, B9 0X0000FFFF, T exclusiveCount FiARIEEIFIRS (state 9

int £8!) 5 0x0000FFFF 185, BIEXEILIRZSAIE 16 1.

A 16 URTRTAME? RYE exclusiveCount 73 7ARNER IR S TURERRDREIEN B SR ERARER, TR AT LA
BHR—TECRASIRSHE 16 L ARKR TS BIRVRBURE

BREE — 1 HEESRITER:

static int sharedCount(int c) {
return ¢ >>> SHARED SHIFT;

ZHERIRIULBGRENERE, BRELSIRE (intc) A 168, BIBESIREHNS 16 i, MEBNTAIUGEL
BI—PEREBZIRENE 16 AIARRTIZHIHIKENAIRE

EBIEFX N EE R BELI D ANCFIEB RGN E? H RS R TEAR:

9%, MAEFANEEKRESBERIIE tryAcquire, HEZEZER: HiEMELWITEERNBESHCIHEM
B4R, WEBERBKMN; S0, REBIWHSFEN, EINERE.
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BRI
EHEBBEEES AQS B tryRelease A%, JRREN:

protected final boolean tryRelease(int releases) {
if (!isHeldExclusively())
throw new IllegalMonitorStateException();
//1. EHEREBESIRE
int nextc = getState() - releases;
//2. HABREREN0, RONBREH
boolean free = exclusiveCount(nextc) == 0;
if (free)
setExclusiveOwnerThread(null);
//3. RRMEFEFIRE
setState(nextc);

return free;

RBRSEINZEIER LR, THIEME, 5 Reentrantlock £A—3, XEFEIENZE, BPBEIRE int nextc
= getState() - releases; RAFZAHAIASRTERAEZERS, FERLERENNZ NS RESEHELD
ARSHIME 16 AIRTAY.

IR
1EHIAFREN

ETEY, BREFILY, AR, EIE—RZNZBEIIAE S MELERE, M —FEERX 8.
REBZRIN AQS INAE, TMEZXRETAHFNESEXNEFEBIES AQS M tryAcquireShared 7 iAH
tryReleaseShared /5%, EBIRVIRERSEIL G AN

protected final int tryAcquireShared(int unused) {
/*
* Walkthrough:
* 1. If write lock held by another thread, fail.

* 2. Otherwise, this thread is eligible for

* lock wrt state, so ask if it should block

* because of queue policy. If not, try

* to grant by CASing state and updating count.
* Note that step does not check for reentrant
* acquires, which is postponed to full version
* to avoid having to check hold count in

* the more typical non-reentrant case.

* 3, If step 2 fails either because thread

* apparently not eligible or CAS fails or count
* saturated, chain to version with full retry loop.
*/

Thread current = Thread.currentThread();

int ¢ = getState();
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//1. AMREHELWIREH EIRNEHNLRET S HRI%EMNE, H6
// IZIRENEHIR MR E-1
if (exclusiveCount(c) != 0 &&
getExclusiveOwnerThread() != current)
return -1;
int r = sharedCount(c);
if (!readerShouldBlock() &&
r < MAX COUNT &&
//2. HElZFRIRELL
compareAndSetState(c, c + SHARED UNIT)) {
//3. TEHNRBEZZEN—LLINEE, tbillgetReadHoldCount () A%
/ /3R [E HRTIRENL iR IRE
if (r == 0) {
firstReader = current;
firstReaderHoldCount = 1;
} else if (firstReader == current) {
firstReaderHoldCount++;
} else {
HoldCounter rh = cachedHoldCounter;
if (rh == null || rh.tid != getThreadId(current))
cachedHoldCounter = rh = readHolds.get();
else if (rh.count == 0)
readHolds.set(rh);
rh.count++;
}
return 1;
}
//4. IBEEZHHRCASRIEAMMBRELSTMENY

return fullTryAcquireShared(current);

RBNEEIEEIR, FEIENE HEHINEMSIEREG, EBEREAM, SMIREAT), A CAS B
BSIRES,

2Hh, HEIEHSIRSEZNM L SHARED_UNIT ( (1 << SHARED SHIFT), B 0x00010000) WIRE, FHf1ELE
HiRiE T, BPIREHE 16 ARKRTIEHIEIRENEIRE .

AR CAS KM E ELSRBUE BRI AZF /IRENEBIRY, £5 fullTryAcquireShared AR, XERABHMA
RAIRT, BXBOUES.

IEHIRRE R
EHRR TN EEBIT S tryReleaseShared, JRBUT, TEBEEETR:

protected final boolean tryReleaseShared(int unused) {
Thread current = Thread.currentThread();
// BIEIEZENT LW getReadHoldCount HFHINRE
if (firstReader == current) {
// assert firstReaderHoldCount > 0;
if (firstReaderHoldCount == 1)
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firstReader = null;

else
firstReaderHoldCount--;
} else {
HoldCounter rh = cachedHoldCounter;
if (rh == null || rh.tid != getThreadId(current))

rh = readHolds.get();
int count = rh.count;
if (count <= 1) {
readHolds.remove();
if (count <= 0)
throw unmatchedUnlockException();
}
--rh.count;
}
for (;;) {
int ¢ = getState();
// BRI BRSNS IIASENAT
int nextc = c - SHARED UNIT;
if (compareAndSetState(c, nextc))
// Releasing the read lock has no effect on readers,
// but it may allow waiting writers to proceed if
// both read and write locks are now free.

return nextc == 0;

EEPENEE, ERRBRNES, KRNEHBENEHIREF, SUaeu2ERMNIEN, ~FHPHAHK, x
F g, TERIREIIEEE ReentrantWriteReadLock JFES:

void processCachedData() {
rwl.readLock().lock();
if (!cachevalid) {
// Must release read lock before acquiring write lock
rwl.readLock().unlock();
rwl.writeLock().lock();
try {
// Recheck state because another thread might have
// acquired write lock and changed state before we did.
if (!cachevalid) {
data = ...
cachevalid = true;
}
// Downgrade by acquiring read lock before releasing write lock
rwl.readLock().lock();
} finally {
rwl.writeLock().unlock(); // Unlock write, still hold read
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try {
use(data);

} finally {

rwl.readLock() .unlock();

XAV PT IABRRRAN T -

o FRENEH!: BRTHWRBUZIRNEETMEEFRES AN,

o MEEF MREFLH, WEERBEH, EAERNE B ZBATREBIZH

o FMEH: RENEBLAMEEREF. W, AIEEFREERNERFRT, FEAERBOZHIFZRERE Bz "]
e EMh A2 TIRE.

o TiEF MRMIANEFLH, EMEFHEEMCABR.

o EHFFRITH: ERMEHIZA, FKBUEH, MMEMEBENEBRIER, Xt¥, ERBEDE, Hihi2
FIFRIEE, BAREBEBA,

o FREUE: MAEINLEMEREFLIET.

o REMUED: TTRURIERFRBILH,

XTREES TSNS RNR, BRTEEN—SIENTAY, RN RFERERNER FHTHKIER. £
EEHRCRAIERERIERERENERMEER, EBERETERANARES, JRFRSSLENAER
AYMERE,

{ERIEE 1

ReentrantReadWriteLock BI{EBIEE EER, TEHRABERT Wa{FER ReentrantReadWriteLock LI —1 2%
2RIt

public class Counter {
private final ReentrantReadWriteLock rwl = new ReentrantReadWriteLock();
private final Lock r = rwl.readLock();
private final Lock w = rwl.writeLock();

private int count = 0;

public int getCount() {
r.lock();

try {
return count;
} finally {

r.unlock();

public void inc() {
w.lock();

try {
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count++;
} finally {

w.unlock();

HANBFRER T THHER—REGF, WEERMESYEREI T EMIZIMAM BRI ZEIE,

public class CachedData ({
private final ReentrantReadWriteLock rwl = new ReentrantReadWriteLock();
private Object data;

private boolean cacheValid;

public void processCachedData() {
// Acquire read lock
rwl.readLock().lock();
if (!cachevalid) {
// Must release read lock before acquiring write lock
rwl.readLock().unlock();
rwl.writeLock().lock();
try {
// Recheck state because another thread might have
// acquired write lock and changed state before we did
if (!cachevalid) {
data = fetchDataFromDatabase();
cachevalid = true;
}
// Downgrade by acquiring read lock before releasing write lock

rwl.readLock().lock();

} finally {
rwl.writeLock().unlock(); // Unlock write, still hold read
}
}
try {
use(data);
} finally {
rwl.readLock().unlock();
}

private Object fetchDataFromDatabase() {
// Simulate fetching data from a database

return new Object();

private void use(Object data) {

// Simulate using the data
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System.out.println("{EAEIE: " + data);

public static void main(String[] args) {
CachedData cachedData = new CachedData();

cachedData.processCachedData();

HEFLHE, SEBRRLH, AERBEICREMRER. —BEFHEN, MIHTEIEEMER, 2FHE
T2 H ZIRE, (ENARFREA.

XIS R ERREIE—SUEMNER, SSEHAIZENMNE, NMiReZEEETAEEE,
INGG
ReentrantReadWriteLock 2 Java BI—MIEE R, EARATFZ MELEZRNTAE, ERRATF—1B% A0, EME
EFfEMIES %2, XMBINITRAIMRSMEE, 1S3 REHESEM D, RENHET B SIRENERLT.

EEHNIHMEERBIETE AQS B tryAcquire J535F0 tryRelease 753ALIIM, SIS BROIAENFI R IEL 218
TIXFEN A,

I IFHIER, BREEBRRED, REULUBERREHNIVRF, SHEEBMRERMMIED, RIFFHTFR.

HEE: MEAEZ, REEBIMNNSTERBETF CL06108Y GitHub B FEhttps://github.com/CL0610/java-
concurrency,

GitHub E4R2 9300+ MFFRAIIREE ( ZSifY Java #HI 2 B 55 "fp PDF (FHAZEE/IMY RFRT! S1EEE
HNEARESFER L. JavaliAFEEL . sychronized. volatile, CAS. AQS. ReentrantLock, #ZFgEith. H &
B8%. Threadlocal, £AFFHHHREEREEFMAMALLNZRENANS, Hit 15 ARF, 200+5kF&E, AT
EBEHE. KN@BWER..... ¥158: L2717, —SHEREHH 2K pdf

A STEIZERK, EEKRNBEZNEDN ZHRELE ) ERUATAIREY PDF iR,
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FTtT: FHFEHMEMY Condition

*FHFBASK MY Condition HAIERIE ReentrantLock BIRHMRIZRNT, FEEARFICEAR?
BIWREBATLAEA Object B wait/notify 7 7ARLHEFS/@ANMEI, M Condition #FOMRME T E LIS A,

Condition #O—H®BEHTIUT 7 M AE:

o avait() @ ZREZFHFEIHBEMIEPRET, EXMPTF object.wait() .
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awaitUninterruptibly() : &REFEFEIWEXN, BMEESFESNEPIBARIRE, RES ZXINA
Object 5%,

® await(long time, TimeUnit unit) : LIEFFIEERIATE], SLHIBEN, PR, RHUF
Object.wait(long timeout) , BT 5 R;EAIMTE B,

® awaitNanos(long nanosTimeout) : ZLFEFFIEERINIOATE], SUHOER], K FUT, 2B S ZIINAY
Object 7%,

® awaitUntil(Date deadline) : ZRRHFEIIETEMNEILAHEA, WBEH, HWPET, 2BS 2N
Object /53%.

® signal() @ MAEE—PEHFNLRE, EBT object.notify() .

signalall() @ MREEFTEFFMEIE, £MUT object.notifyall(),

BATERER—T Object XMEERHE:

® wait() @ LREFFEIIMBAEPHT,

® wait(long timeout) : LFEEFEFIEERIATE), SUM@EAN, AU,

® ywait(long timeout, int nanos) : ZLZIEHFFIEEMIATIE, THEGEED, IR,
® notify():@ ME—IFEFHNEIE,

® notifyall() : MRERFRESHIFNAIE,
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Condition JEB o1

FRERNIERE Condition BISLIRIE, FFEIZIE—T Condiiton BIERS,

BlIlE— Condition MR ATLUET lock.newCondition() FBIE, XNHEZLFRLS new —
ConditionObject #9335, ConditionObject & AQS M— 1 HWERZE, FHAIFZ Reentrantlock JF&5IRAANE,

public class ReentrantLock implements Lock, java.io.Serializable {
abstract static class Sync extends AbstractQueuedSynchronizer {
final ConditionObject newCondition() {

return new ConditionObject();

}

public Condition newCondition() {

return sync.newCondition();

AIEBAIZEN, AQS RER4EF T — NGttt (FIFO) RIXRImRATY, H{ER T M5 head 1 tail B FARIRATY
AOSKERFIEZER .

#iR(state)

o) (A |z | 3, 3

T !

head tail

Condition AEB{ER T BRI TN, AELYHR T —7edticd (FIFO) RIREPASY, HIUEEMRAFEITL,
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ConditionObject
Node Node Node

firstWaiter nextWaiter ——>  nextWaiter ——>  nextWaiter

lastWaiter ]

)

FREVAR await AL MAZIEFNGIFR, HELRRSHRHEFIRE, firstWaiter IEEET =
lastWaiter $8[@ET =, JRAZUT:

NS

public class ConditionObject implements Condition, java.io.Serializable {
private static final long serialVersionUID = 1173984872572414699L;

/** First node of condition queue. */

private transient Node firstWaiter;

/** Last node of condition queue. */

private transient Node lastWaiter;

Node F#J nextWaiter 38EIAFIFEI T —1 T =, HEHANZIERFIATIA Node T KSEHESRIRER
CONDITION (THEH demo FRJIUESBE) .
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EmE#R%E, Condition FIFRFFTIZ—1EMBAT, FE(IB—1 demo &I debug A XINIET .

public static void main(String[] args) {
for (int i = 0; i < 10; i++) {
Thread thread = new Thread(() -> {

lock.lock();

try {
condition.await();

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

}finally {

lock.unlock();
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})i
thread.start();

XERBZERALHEX, EERR, MET 10 MR, RBELESTREE, AFAA condition.await 737&
BROE SR ZIEFTIFR, BT debug EEIZE 10 MEIRNEHRE, EE firstwaiter BIFFATIAH
XA
v (¢ firstWaiter = {AbstractQueuedSynchronizer$Node @644}
f waitStatus = -2
prev = null

thread = {Thread@614} "Thread[Thread-0,5,main]"
nextWaiter = {AbstractQueuedSynchronizer$Node @647}
waitStatus = -2

f
f next = null
f
f

>
v

f prev = null
f next = null
> f thread = {Thread@617} "Thread[Thread-1,5,main]"
v f nextWaiter = {AbstractQOueuedSynchronizer$Node@657}
I wall>tatus = -2
f prev =null
f next = null
> f thread = {Thread@623} "Thread[Thread-2,5,main]"
Qe NEvETEr = (ADstraCo A TONgerSNode @663}

MEZTEEANATURFRENERRF 2 K-

1. M condition.await FEEHEMOREIBAR T ERFAFIF, KA Thread-0,Thread-1,Thread-
2...Thread-8;
2. HEBASIR— D@, RERWT:
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ENEE —S2EETE: HITTLAZRIERE newcondition () AiEBIEZ Condition W&, HRE—1 lock 7]
B Z1EFFAT,
MERZE Object ANEVIE, MREEBE — T REIZINFIFI—DFRFINTI,

Etb, ReentrantLock % AQS 2RI B —TRLZIIFZ N FRHBATIRY, new 2 Condition 1T T, mEE
LI

Condition
firstWaiter Node Node Node
lastWaiter | Y I .
\\ nextWaiter nextWaiter nextWaiter
~
~N
\~‘\ 4
B B
-~ hand - d|
Condition
firstWaiter Node Node Node
lastWaiter | P : e . W ol p
\\ nextWaiter nextWaiter nextWaiter
~
N
. 5 4
\-\ -
o & - -

A ZMERAIINFA R ANE? AT DU T ENX M F K17 HA -

public class BoundedBuffer<T> {
private final LinkedList<T> buffer; // {£F LinkedList fENZEHX

private final int capacity; /! BRXBRARBE
private final ReentrantLock lock; // BRFH

private final Condition notEmpty; /] BHRXIETFM
private final Condition notFull; /7 EHXIEHZ M

public BoundedBuffer(int capacity) {
this.capacity = capacity;
this.buffer = new LinkedList<>();
this.lock = new ReentrantLock();
this.notEmpty = lock.newCondition();

this.notFull = lock.newCondition();

/! BN—TTTER

public void put(T item) throws InterruptedException {
lock.lock();

try {
/1 MRESKH, FF
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while (buffer.size() == capacity) {
notFull.await();

}
buffer.add(item);

// BAAREEEFFRIERE
notEmpty.signal();

} finally {
lock.unlock();

/! BE—TTER

public T take() throws InterruptedException {
lock.lock();

try {
/1 MREBEHRXZE, FF
while (buffer.isEmpty()) {
notEmpty.await();

}

T item = buffer.removeFirst();
// BREREEEFFNETE
notFull.signal();
return item;

} finally {
lock.unlock();

EZREXTERNERETX BoundedBuffer, HREFERATR, HEENMHTRE. HIPFERHT
Condition: — M RTEFRANE (BTHEESFT) , 3~ TRTEFXAH (BTEFESS) .

£EBRA put HIEMATTER, MREPXE#, MWFT notFull 5, JHEZ B take ZiERE TR, WIRE
MR, MFSF notEmpty i, S—PTHEWBARELEN, HNAFESREES, RESFITHEE,

EMAZ Condition WRMNEBEMKRBHNDURM T EMRENIEH, TUIMEERNETHR, LUl EEREIAY
BREFX,

W, ETE, BAIEAEES T Condition HIJRERD,
Condition By await A&

HBM condition.await () HIAERELREAEBRIEIZHNEIFHIAT, WRIZLIZEEGBM avait() HER
EI8NE, —ERBIEIZIRE TS Condition HHXEXAVHL,

BIEAHE Y, Condition RE—1M&O, EMISEIEN ConditionObject, 2 AQS HFK.

No. 194 / 428



FJava, BINEZEH Java HIM 2K

ConditionObject & await /53R T :

public final void await() throws InterruptedException {
if (Thread.interrupted())
throw new InterruptedException();
// 1. BHAILERERMKNode, BEAZIFFNTIF
Node node = addConditionWaiter();
// 2. BIERIZIEFIEAMNlock, ERMANEEPSMEERDSAIIPHT—THR
int savedState = fullyRelease(node);
int interruptMode = 0;
while (!isOnSyncQueue(node)) {
// 3. SHEIERHENIEFRE
LockSupport.park(this);

if ((interruptMode = checkInterruptWhileWaiting(node)) != 0)
break;
}
// 4. BheFGRREIESIAS (BI3REElock)
if (acquireQueued(node, savedState) && interruptMode != THROW_IE)
interruptMode = REINTERRUPT;
if (node.nextWaiter != null) // clean up if cancelled

unlinkCancelledWaiters();
// 5. [IBHEAHETEIIE)

if (interruptMode != 0)
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reportInterruptAfterWait (interruptMode) ;

RENEEBEBFE TR, HAEFEHM condition.await () FiERE, SBM lock AEMAZIEFIAG, BRI
signal/signalall FiAMRER,

AKRATBER AR B)RE:

1. B SRIAERNINEIFFATIH?
2. BRI ER?
3. BHEZEEM await HIEFIRL?

FEXBRABMERTHIX=MIBOER.
B 1 NER

T8A addConditionWaiter 73751 SRR INEIFFATIH, JRIGAT:

private Node addConditionWaiter() {
Node t = lastWaiter;
if (t != null && t.waitStatus != Node.CONDITION) {
/ I BARTFEFFIREIT R MER AT PR
unlinkCancelledWaiters();
t = lastWaiter;
}
Node node = new Node(Thread.currentThread(), Node.CONDITION) ;
/BTRAT
if (t == null)
/ /BT R¥EEnode
firstWaiter = node;
else
/ /R EnextWaiterig@node™ =
t.nextWaiter = node;
/ /BT R¥EMEnode
lastWaiter = node;

return node;

}

BB tIERRTE, IRETEFANTSHEHEMW waitstatust=-2 (-2 59 CONDITION, RRIEEZHEF
Condition &) , NMPEARATFEFRIRSHT SMNEFNGIFREER, HBEE tIEEORNED R,
REIE L BIATEE AL waitStatus -2 BT SIENNZRIZESNTIESDR.

MRETRAZ, WRBAIIRNZE, BRERTREEREHITR.
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ConditionObject
Node

firstWaiter waitStatus=2

lastWaiter }

\\\\\

ConditionObject

t
Node Node l
waitStatus=2 waitStatus=2
firstWaiter | ‘
nextWaiter ——___,  nextWaiter — 4

I Node

~

[ lastWaiter ] —7 waitStatus=2

N

I 2 i

BRILGE—T, XBRABNEAMISETEBANARIESALIEIIRE Node IEANZIFEHINTIG, FNETME
i, Condtion FRHAIIZ—TAFHL T REVEEZNRASY, ZEIFA1ZES) AQS IIANERF TR — 1k T a5
XTI, XEMER—TEX,

RTATRER, BIIXEFRRA—T.
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FHEAPNREBEAERRIESHD, BRNB-—TTDRMEXLMMFENE—THETR, MAR—THEN"X"D
=, ZPRAEEERREIE.

1) AHEXTREVEER:

o WMRNEF-—TTRMEL T LIRIEET K.
o HEXRNTHS, K3IA (BEMIN head) #E[E@ null,

2) HRTRHHER:

o BEXRA—THRARNTRIEABRNITL, ZITMHRHENTRMFAXTR.

o ANREENFEETAXITEIE, NECHBEFRARER.

o TILWMREDNZE, ATREEFEN. SBRRAZTH, XPROT—TTRED null,
o FRAXTRABARELERREE, EARRUISIHRGIESE — T TRZAVEATIMBIR.

AT BIFHRRRRIX PRGN, BRASMEMRME—NE RNB BRI IERNTA,
1) AT RAEER
public class Node ({

public int data;

public Node next;

public Node(int data) {
this.data data;

this.next null;

public class LinkedListWithoutHead {
public Node head;

public void insert(int wvalue) {

Node newNode = new Node(value);
if (head == null) {

head = newNode;
} else {

Node temp = head;

while (temp.next != null) {

temp = temp.next;
}

temp.next = newNode;

2) HATRIVHER

public class NodeWithHead {
public int data;
public NodeWithHead next;
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public NodeWithHead(int data) {
this.data data;

this.next null;

public class LinkedListWithHead {
private NodeWithHead head;

public LinkedListWithHead() {
head = new NodeWithHead(-1); // #iAfttkTa

public void insert(int value) {
NodeWithHead newNode = new NodeWithHead(value);
NodeWithHead temp = head;
while (temp.next != null) {
temp = temp.next;
}

temp.next = newNode;

-~

XTRAEMMEERT? WA TLTR, FMB\EE Condition A await 3%,
o)E 2 ER
BHITRBEANSEEFRIZE, SEHREERN lock, H fullyRelease /AL, JRRBANT:

final int fullyRelease(Node node) {
/I BBBBIRM N true, BEBIKIINfalse
boolean failed = true;
try {
/ /R ERIBistate
int savedState = getState();
/ /BB INRYIE
if (release(savedState)) {
failed = false;
return savedState;
} else {
throw new IllegalMonitorStateException();
}
} finally {
if (failed)
/ I BRI AVIER T RS E R BUR
node.waitStatus = Node.CANCELLED;
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XERBOREZIER, HA AQS KIRIRF I release BN AQS MRS IRSH B MRERTERI STk 17 R BG4
TRSIBANETR, MRBHEAIINESRE, ERWEERBESRE.

[a)RE 3 RIER
EHEM await 7ZEIRHIE? MAERNT KERE await 5iE, EFERXE—RIZHE:
while (!isOnSyncQueue(node)) {
// 3. HAEEHFNEFHRE
LockSupport.park(this);

if ((interruptMode = checkInterruptWhileWaiting(node)) != 0)

break;

isOnSyncQueue AT HIET HEI % 2FR7EAY Node 2B ERLZIATIA,

IR SHEIT RAY waitStatus=-2, WRIAEEFEHFTIH, R[E false; WRIHRTR/REBET R, NIEFETE AQS
AR, BRAIBTRANE, RAERLTR, MATRZEFASE5URFH, BiRME false,

MRHRITNREANEFFHAIF, XAZ AQS PRIk TREFE next TR, RAEFET AQS 1, HIZR[M
true,

XEBERELGARE—TRLSINIISFEHEIINXARET
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AQS
Node Node Node

head — | | |
[ L—» prevv € ——— prev € ——— prev

tail

next ——— 3 next —— 3 next

5

ConditionObject
e Node Node Node

firstWaiter ‘ ;
| |

nextWaiter —>» nextWaiter ——>» nextWaiter
J

|
' )

lastWaiter —‘

ConditionObject
Node Node Node

- firstWaiter P = - ) — \
_I-V nextWaiter ——>» nextWaiter ——>» nextWaiter ‘

lastWaiter |
Il o £

HEFEE—/XIER condition.await 753ERY, S#FHARXA while 183, #A/5@1Y LockSupport.park(this) #
HAIEARERANSFRS, BLERED await, F—PRHREEMEESLIRLE X while 183, HOM R M i
5

1. FEE break ;B while & ;

2. while ¥ FhB0IZEEFIETA false,

HELEE 1 BRI GRE, SRS ENEARERPIERBEES break BE, 2 2 MIBERZHAITNRWEET
BHBATIH (BDBIM—1EF2AM T condition 8 signal & signalAll /53%) , while FiZB5EHIBTR false fR45
while 7&f,

BE—T, B await HIENEHERHE SRS EHPEIELE AR condition.signal 5i# condition.signalAll {&
LAl RSB EIESRATIE.

HiRH while lBMAE2 A acquireQueued (node, savedstate) , 1ZAERNEREEBIRIEREZETHEIR
RRESIRE, EEIKID (KRR lock) , X##HiRE TIRE await FiENIRBELIRE T condition 5|
(XBX) M9 lock,

BEHaIALE, EXARFIN="10R, FAIEEEEIRIENAZETEER, IR T X await AR,
await FianEEWNT:
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AQS

R % =

prev prev
head next |-& next
tail g \\\
\\“~
-§ \
~
\gmﬁz%%wu
\ FHINode
Condition I___!___l
firstWaiter Node Node : Node :
lastWaiter L— . ™ o
\\ nextWaiter nextWaiter I nextWaiter I
o I .
\ —_— - — —
\\\\ ,f
-~
\\\\‘ ”/’

~
— —
T ——————

RN BIFEAS

S0E, YA condition.await 7ENSENIARERIRIF T lock BIZIE, WM HRILERRSNIIFILT R,
WA EERESEMAREMITRAN Node EEAFIFGAIIF,

EENDIRENES;

condition EEASNSZIFBAIHLF, {FAZETIA awaitNanos, awaitUtil iIXFDN A, SHREEA LS AQS Ky
tryAcquire 73 7A20H —H.

ARz A RFEY 7 45
ERRARN NN AT AT DA A condition.awaitUninterruptibly () 7‘:;_/%, 2R ERRIBAN T

public final void awaitUninterruptibly() {
Node node = addConditionWaiter();
int savedState = fullyRelease(node);
boolean interrupted = false;
while (!isOnSyncQueue(node)) {
LockSupport.park(this);
if (Thread.interrupted())
interrupted = true;
}
if (acquireQueued(node, savedState) || interrupted)

selfInterrupt();

XE7AS EEM await 7EEA—, RATED T XS HrRILE,
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signal/signalAll LI [EIE

1AM condition Y signal B # signalAll 73R AEERTIFSFEEIR KN T RBEIRIRLSIIIF, £15%
TREEBBENNSIRE lock, FREBAFIZTEHTH (FIFO) By, FRAFEAIIAKT R AR FENEIRKAT
=, WEREERIAA condition #Y signal ARSI LT mAEENEIEP AT,

B BTERENANIIEX T EEZ R ZERRY, signal 757ATRIBNT

public final void signal() {
//1. FAMEHRIEEEEELIRMNlock
if (!isHeldExclusively())
throw new IllegalMonitorStateException();
//72. FRBFGINRE-—TTR, ZEHNEFHEZHNXTTR
Node first = firstWaiter;
if (first != null)
doSignal(first);

signal HABE SN HFILERSEAEIRIT lock, WIRREIRW lock 2EIEMERE, WRIREE, BE
BFFNTNBL TR, Z/E80 doSignal AiAtMRETZT A, TERNIKESE doSignal FiEM 7T EHAEIE,
doSignal A& BB T :

private void doSignal(Node first) {
do {
if ( (firstWaiter = first.nextWaiter) == null)
lastWaiter = null;
//1. BT RMERFNTIPIER
first.nextWaiter = null;
//2. whileftransferForSignal /5 iAX k5 R E 1IEAILLIE
} while (!transferForSignal(first) &&

(first = firstWaiter) != null);

BRZEIFEITR, HIEXSLT RMtErZiETttransferForSignalsias, %75 A RIBA:

final boolean transferForSignal(Node node) {
/*
* If cannot change waitStatus, the node has been cancelled.
*/
//1. BEIFRERHO0
if (!compareAndSetWaitStatus(node, Node.CONDITION, 0))

return false;

/*

* Splice onto queue and try to set waitStatus of predecessor to
* indicate that thread is (probably) waiting. If cancelled or

* attempt to set waitStatus fails, wake up to resync (in which

* case the waitStatus can be transiently and harmlessly wrong).
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*/
/72 BT RBANRESNGIRE
Node p = eng(node);

int ws = p.waitStatus;
if (ws > 0 || !compareAndSetWaitStatus(p, ws, Node.SIGNAL))
LockSupport.unpark(node.thread);

return true;

RAEZHEIFEIR, XBRABIEMTMHEHES:

o 15T AAIRZSE RN CONDITION;
o 2AM enq HiE, BiZTRREREAZIBLINGIGR, XF enq AiEEE AQS WEELIIXEYE,

AN S ENTEL:

1M condition.signal AARIBHRSR AR HAIATRZEEIRMT lock, %A ESEFEHATIPAIL T RBEIFFITE
RN TEBARELSIAG, MBAIBSINIIEZT BN SMEIREE, BEIM await 7575+
LockSupport.park(this) FAFIRE], A BNSILER await FANLRERINEL.

signal AT REEN TE:

AQS TR | BE — 55 b—e| w5
prev prev

prev prev
head A=

next |<——— next

tail ~

I\ FIPRISLE S
RIEABIFSF

4""———-
Condition ’ N e ot s it
\ | |
firstWaiter Node * Node : Node :
lastWaiter ' _ e _ |
\\ nextWaiter nextWaiter I nextWaiter |
» | |
~N
‘~"~. L
‘\ ’/

signalAll

sigllAll 5 sigal AKX BAILTE doSignalAll 7534 £, BIEHKIIEZA0E doSignal HiER W EHFATIRIL T =
#ITHRIE, doSignalAll BRRBUIT:
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private void doSignalAll(Node first) {

lastWaiter = firstWaiter = null;

do {
Node next = first.nextWaiter;
first.nextWaiter = null;
transferForSignal (first);
first = next;

} while (first != null);

ZHASRSFEINIRHNE—T T REBAZIBSASG, BB SE1EA condition.await() FEMNE—T
57

await 5 signal/signalAll

NEFRIREINES/BANE, &id condition & await F signal/signal All 75 3AR AT IASEH, X FHL 5 sEGSAR
REZHENEBRE LCESEFEED, “ErEEREJTEEARINSRER, FESEHN, HHEE
5&0

await, signal fl signalAll Z3EFG—TFX, EHELE A (F157) MLEB (BHF) . EMNZENXEAR
MATEXIEERLRE, SEWMY:

472 awaitThread %6i@id lock.lock() A EIRENEI, MINEIAA condition.await F3EHNZESAGI, B —1
472 signalThread @1 lock.lock() A EIREXBIRLINGIEA T condition.signal 3i& signalAll 733%, {£154672
awaitThread BEB BN SBAZIEDIATIFR, HEAMERERN lock F{FE4%TE awaitThread BETB BN SIREX
lock, MTMEFLIE awaitThread BEBBM await J57AFIREFHIMITELEIRIE, R awaitThread 3REX lock KM=
BIZHAEIREZBAT,

Condition{ERA R
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BNA—MREBAFFi7i7 condition BIBA:

public class AwaitSignal {
private static ReentrantLock lock = new ReentrantLock();
private static Condition condition = lock.newCondition();

private static volatile boolean flag = false;

public static void main(String[] args) {
Thread waiter = new Thread(new waiter());
waiter.start();
Thread signaler = new Thread(new signaler());

signaler.start();

static class waiter implements Runnable {

@override
public void run() {
lock.lock();
try {
while (!flag) {
System.out.println(Thread.currentThread().getName() + "HBIEZURHE

try {
condition.await();

} catch (InterruptedException e) {

e.printStackTrace();

}
System.out.println(Thread.currentThread().getName() + "{ZUEI@ENEEH
Ell);
} finally {

lock.unlock();

static class signaler implements Runnable {

@Override
public void run() {
lock.lock():;
try {
flag = true;
condition.signalAll();
} finally {

lock.unlock();
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HBERN:

Thread-0HBIRERNHEERT
Thread-0#ZUWEBN, REHRE

FFE TR %42 waiter F signaler, waiter &R IAHITHRMEBR TRERHR, 1T condition.await FiA(FEZ
ZREHANEFTIRS, BB, signaler RIZRENEIBI2 EEXNEZY, HBHARBENSEHERE, AEBKS. X
BF, waiter ZLF2IREXEIRI, BT signaler ZF2E R T &K, LAIEXTF waiter iR, FHEFHE, PEHIT,

ING

Condition &2 Java AR FEF—TEENEHE, BTLRERNMBENERE, cBESH (532
Reentrantlock) —iefER, NERRMT —MEFEGETFEMRENNSG, ARTEMEAREEZFHERAENS
FEiE, XNLRENMERMHTERE. FrANIA.

e MEREZ, REINNHNSTIEFRBETF CL0610 Y GitHub € FEhttps://github.com/CL0610/Java-
concurrency, P HNEMERREIZEMN Q RABNXEXEZX T ConditionFRHBEW 1, 2ZIE

-

o

GitHub E4RE 9300+ MIFFRANIRE ( Z S84 Java HIM 2 B8) 510 PDF (FHAEZGE/RY LFHET! B1ELE
EARMZFMER %, JavalImIFEREERL . sychronized. volatile, CAS. AQS. ReentrantLock, ZFEith. H k&
AE8. Threadlocal, A FEBHEUEEMAMARMANZENAS, Hit 15 ARF, 200+5kFLE, BTG
SBAESE. XNEBWE....  ¥E8: A2 T, — SINH A RIZHIN 2 B pdf

A SN EIZEK, EEKNBEZNEN MZHREE ) BRI AIRE PDF iRAR,
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E1T/\13: ZFEFHZEMREESE LockSupport

LockSupprot FI>RBEEMNIREELLTE, KESSIKEIT Unsafe 25 (EEISHEH) .

ZEBE—HATHEENMRBELENGSHE, XEFEXTERZRESE park 1l unpark BF, B4 Z1%, HIZRE
— M E 2RO FIE,

public class LockSupportDemol {

public static void main(String[] args) {

Thread mainThread = Thread.currentThread();

// BIE—1FEM1EEI1000
Thread counterThread = new Thread(() -> {
for (int i = 1; i <= 1000; i++) {
System.out.println(i);
if (i == 500) {
// HEEI5008T, MEEFLIZ

LockSupport.unpark(mainThread);

)i

counterThread.start();

// E%EFEBpark
LockSupport.park();

System.out.println("Main thread was unparked.");

EERKIBE, & counterThread £(% 500 BY, ERMEE mainThread, M mainThread EiEA park 75ERS
#WFEZE, EZI#K unpark,

LockSupport FHGEARS, XERXLELEH—TEB4:

FHEZE

1.

void park() : PHEHBIZLE, WMREA unpark FESEREHE TR, MiZERETEET. 1BER,
park A& InterruptedException, FEIEZFEN TR MO E PP,

void park(Object blocker) : INEEEIGIE 1, ASHEI— Object WK, FRICESHNLIZHEENIT
R, AEEFHE,

void parkNanos(long nanos) : PEEHFEIZFE—TERIMIOETE], SKERIH unpark B, ATEH AR,

4. void parkNanos(Object blocker, long nanos) : INBER/IE 3, ASHLHN— Object WHR, AANRIC

FESWLRREAENNR, HECRHEE,
void parkUntil(long deadline) : FEEHMEEERIENMETNE LLRE (MEWAEA) , HEEE
unpark B, SNL&FEH AR,
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6. void parkUntil(Object blocker, long deadline) : INEEEI/5IA 5, ASHEII— Object 3%, FE
IERSHEEAENNR, HELQTHE,

IREELE 7=
void unpark(Thread thread) : MEEE—H park H/ABZEMNLIE. RZEERBFEAZE, BATIXEH
park FREIZEMRE], XAAF S &SI HIREENLH] .

PR tE, LockSupport FEEFMIMGEEAFZAIINEEMRENIT sun.misc.Unsafe, XE2—TMREENE, EEXEXES
A, EEg0 LockSupport B9 park 7534521813 unsafe.park() FIASLHIAY,

Dump %%

"Dump 42" BE ZRANEEN SRHASHIERERIFRIRER, XA RHX TERIEEIITH ARIFURE
RERBNB TS NEERRES.

THRSZRREETIEEEN—EER

o 412 ID MBI LREANE—IMRAFANERMR,

o IR LEMNHEDAT, HIa0E1T (RUNNABLE) . &4F (WAITING) . BERE (TIMED_WAITING) ZpHE
Z (BLOCKED) ,

o RN HIERAMEARIREE, EREEMIERFRTREMRIMGERNTESEBRFS.

o PER: WRAREASHHITED, AEHMBEFEEEEXXLEHNEE.

SRR LU &I A IRE, FIA{ER Java B jstack TE, M Java VisualVM. Java Mission Control T
BHIREY,

THEHR— 1 ERMEF, B8 LockSupport FAZELTZ, AF@ET Intellij IDEA & dump &iEER

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

LockSupport.park();

i&1T, AEH Run @R AT lattach debugger) .
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AGTE debugger IR AHEEFE lexport thread]
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FMAAE T Dump &ZF2EE T,
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A park()/5i% dump &3:

"main" #1 prio=5 os prio=0 tid=0x02cdcc00 nid=0x2b48 waiting on condition [0x00d6£f000]
java.lang.Thread.State: WAITING (parking)
at sun.misc.Unsafe.park(Native Method)
at java.util.concurrent.locks.LockSupport.park(LockSupport.java:304)

at learn.LockSupportDemo.main(LockSupportDemo.java:7)
18 park(Object blocker)75i% dump %72

"main" #1 prio=5 os_prio=0 tid=0x0069cc00 nid=0x6c0 waiting on condition [0x00dc£f000 ]
java.lang.Thread.State: WAITING (parking)
at sun.misc.Unsafe.park(Native Method)
- parking to wait for <0x048c2d18> (a java.lang.String)
at java.util.concurrent.locks.LockSupport.park(LockSupport.java:175)

at learn.LockSupportDemo.main(LockSupportDemo.java:7)

PHRBARTSHESH park 55, AREEE dump LIZEERIMUEL, F Object B park BEERT TS
park)?ﬁﬁ‘*tmﬂu parking to wait for <0x048c2d18> (a java.lang.Strlng) Eﬁfnuﬁ, *¢1nuﬁ;Eﬂxa:

BR'RRIT, BMTFERNFLEDLIRLICDH ARG,
BEERBMNEIERE, Java 1.5 # i LockSupport B &R 7 BEEE SRR, T2 Java 1.6 BIRHMEHIT T 1M,

No. 212 / 428



FJava, BINEZEH Java HIM 2K

5 synchronzed FIX 5

TE—REEIEMNE: synchronzed RFLTZEE, ZIESH AN\ BLOCKED RZE, MM LockSupprt 7534
EZBESEETTHANT WAITING K.

R RBNGFER—TXEAR.

public class LockSupportExample {
public static void main(String[] args) {
Thread thread = new Thread(() -> {
System.out.println("Thread is parked now");
LockSupport.park();

System.out.println("Thread is unparked now");

)

thread.start();

try {
Thread.sleep(3000); // FEPEHEFIW
} catch (InterruptedException e) {

e.printStackTrace();

LockSupport.unpark(thread); // F4FiEMREEFHZERAVLEIE

thread #2118 LockSupport.park() {F thread fEZE, X mian LIZEER 3 EFREET
LockSupport.unpark(thread) 7 iEMRER thread é%*%, thread &iEIREE G MITEEMNIRE., 5
9, LockSupport.unpark(thread) BJIAIETELTEX RIREEIEERIETR.

IBITER:

Thread is parked now

Thread is unparked now

\n_\

121+1E|E\E§

LockSupport #9ig1T B EEI PRI, MESELESEARK, AOLEREUET R, HOLERHBIT
£, IRRBEBITRMEMIEIELLE, AR DUEEN—KBIT R,

LockSupport & R{ERERMEERE—MFRNE (permit) AT, permit BiEX T2EBWEFAL , 0 KRS, 1
RER=Z, RIARZ O,

® LockSupport.unpark : IEELLIERIAR permit EIEEFHN 1, MREFHBIM permit<1 , MERIETELTE
® TLockSupport.park : HBIZIZEXREXHY permit Z1R>0, EIFE permit i 0, [NIPAE HFIL%LTE

KB
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B [E1Ee

LockSupport.park

ENBEIEA

EFipermit=0

e
@

]

LockSupport.park

o

HEIERE et IRERLTE

mﬂﬁ

v
IR

A\ 4

o %72 A 11T LockSupport.park , &I permit 5 0, RIFBEFAIE, HELEA

472 B $14T LockSupport.unpark (AZLEIEA) , N ALRIREIFANE, permit BEiN 1, MEELIE A
%72 B MRS R

AFE A RIRER, &I permit 91, SHERIFANE, permit EFA 0

%2 A MATIRARKX

&IE A TRAZL

23 FENDITBEEL unpark BIEXBTRA MEAREIFE AL , park BIBXEEMRAN DERERISENGT

A1, FilA unpark 5 park BI4TINE 2B EHIE R, REIZFIFERNLTZEIR, unpark=>park HITIRIEL
—F
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ASEHBIZEE (| LockSupport.unpark | =

LockSupport.park

v
HATIRR X

|
.

permit BRIAZ 0, £&F2 A $11T LockSupport.unpark, permit BN 1, 412 A FEIFAIE
72 A H14T LockSupport.park, LIRS permit 2 1, SHERIFRIIE, permit Bl 0
HATIRREX

IR
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REBHFET park FES, B park FEENSGREAXIXSH unpark IREE, Er]BERIRLFE MR
(Thread.interrupt) MiEE, MHEASHIH InterruptedException 7&, FRIXEINE park f&BITFIETZAZEH
BOIRRS, SRS RIA9 5408,

AT 1 EZFERA LockSupport SRILFZNBES R (LR2EMELIE) , RAEESUTHR:
MERNIRENRERNSHEELEZNEMIENX

REEEE, JLUEMRIPRERE — &R (notify FENLIREE—4ETR, notifyAll IREEZFTE F5HETE)
EEZFUNR (ULREARENR) , T2EEFUIRTEIEH0A

unpark 5 park j2BFEIATINF, FAEERATINFSIRIESIEE, bl Mhread.suspend #l
Thread.resume] J&IREB™BINFHIT, ML

Eid &
FEEIRE: 8 3 MIINETE, — R A, —PREeHE B, — M REmH C, E=1"4%EBm0E)
T, EEEENA NI 1ZIFFFTED ABCABC,

public class ABCPrinter ({
private static Thread tl, t2, t3;

public static void main(String[] args) {
tl = new Thread(() -> {
for (int i = 0; i < 2; i++) {
LockSupport.park();
System.out.print("A");
LockSupport.unpark(t2);

)i

t2 = new Thread(() -> {
for (int i = 0; i < 2; i++) {
LockSupport.park();
System.out.print("B");
LockSupport.unpark(t3);

});

t3 = new Thread(() -> {
for (int i = 0; i < 2; i++) {
LockSupport.park();
System.out.print("C");
LockSupport.unpark(tl);

)i
tl.start();

t2.start();
t3.start();
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/! ELRMEHES—T, BREMEREEZBNH B#HAparkiRi,
try {

Thread.sleep(100);
} catch (InterruptedException e) {

e.printStackTrace();

}

// BEhENRE

LockSupport.unpark(tl);

}
}
XENIIMAHRE:
o HMNEXNETTEIELE— Runnable, {EEEENT park BS, RRBHENNNFR, 7 unpark T
— e,

o FIBLREERMNERFTIEMA park EECHEE,
o THBEWHMIEIREEM t1 9 unpark, FEIEMTENRE.

XHER DURIES & 2R BIREARIIN = #17 T1E,
ING

LockSupport 2t T —MERENRENETFRAEAR . EMETRESIREISENDHNR, IUNBTFHEEES
KRS &N, BB EXSiEH 5B 25. LockSupport.park 5 LockSupport.unpark BI2E S{ESAIE 2 [BH0FEHR
RHTHESS, MABEEXNEDTZENNREM,

iR MEEZ, REFINASEERET CL0610 B GitHub B Ehttps://github.com/CL0610/)ava-
concurrency, BB ABMEFXE FEEERIRREMNTLE/N\HER LockSupport, 2T,

GitHub E4R2 9300+ MFFRAIIREE ( ZSif Java #HIM 2 B 55 "fn PDF (FHAEEZ/MY RFRT! SEERE
HNEARESFERSE. JavaliAFEEL . sychronized. volatile, CAS, AQS. ReentrantLock, ZFgith. H &
A%, Threadlocal. £FHERERBFEANA LKV INZENAS, Hit 15 5RF, 200+3KF&E, TR
EBA5E. XBUWME..... FI58: 58T, — S A RN 2 K .pdf

A SHEIEEK, EEKNE_NEN TF1REE) ERUrIASREX PDF iR,

No. 217 / 428


https://github.com/CL0610/Java-concurrency/blob/master/13.LockSupport%E5%B7%A5%E5%85%B7/LockSupport%E5%B7%A5%E5%85%B7.md
https://mp.weixin.qq.com/s/xSro-bwg__ir9EXwoCJ-rg
https://github.com/itwanger/toBeBetterJavaer
https://javabetter.cn/thread/
https://javabetter.cn/thread/
https://javabetter.cn/thread/
https://javabetter.cn/thread/

FJava, BINEZEH Java HIM 2K

ETHT: JavalIH LB 23

Java WH R E SR RIRH T EZEENERSROLRFIRENEIESN ., XL BIWEBIRISHLHISSH T 472
T, FEARELEEXRATABMEEHAMETLEFA, LR : ConcurrentHashMap., FEZEFAZIF]
CopyOnWrite B23%.

java.util B TFRMT —LB/EEE (EE1EZ) , HA Vector #l Hashtable 4L EH, (BXWAHLLRESR,
WIS E LN Tsychronized | *EEFLI,

{BEMER Vector RIFLERERIE, ANNSZLERENESHEFNEUEREEEP HAEMBARIERFE. KET
ERIBIF:

public class TestVector ({

private Vector<String> vector;

/IRiE—
public Object getLast(Vector vector) {
int lastIndex = vector.size() - 1;

return vector.get(lastIndex);

/1T3EZ
public void deletelast(Vector vector) {
int lastIndex = vector.size() - 1;

vector.remove(lastIndex);
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/1RE=
public Object getLastSysnchronized(Vector vector) {
synchronized(vector) {
int lastIndex = vector.size() - 1;

return vector.get(lastIndex);

/1 REN
public void deleteLastSysnchronized(Vector vector) {
synchronized (vector){
int lastIndex = vector.size() - 1;

vector.remove(lastIndex);

WMRFE-MBE_R—THGRNE, BASEHE—IRIET vector M size ZfF, HEZBENITTE, XFHM
SRR LIER,

WRFBE=5HENEASHIE, MAEFEREBINYRMRIE vector ERIRFIEERIE,

TRARBHMNAMET, EMNBEAREREN, FAINESLRENR TESRUETARIARELE, MAFTEHIIE
Siakt.

AT

RSN T EIAR:

[ Queue l
T
[ BlockingQueue l

ArrayBlockingQueue ------------------------------- BlockingDeque

I LinkedBlockingQueue ] A A

TransferQueue

I PriorityBlockingQueue

synch . . .
[ ynchronousQueue ] | DelayQueue [ LinkedBlockingDeque ] LinkedTransferQueue
ConcurrentMap . . .
CopyOnWriteArraySet CopyOnWriteArrayList
L)
ConcurrentHashMap ConcurrentNavigableMap ConcurrentLinkedDeque ConcurrentLinkedQueue

A

ConcurrentskipListMap ConcurrentSkipListMap

#& Map
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ConcurrentMap 0

ConcurrentMap #&O4%& 7 Map &[0, 7 Map #EHOMNEM EXEX TN AE:
public interface ConcurrentMap<K, V> extends Map<K, V> {

//FBENTTER
V putIfAbsent(K key, V value);

/ 1T8RRTTER

boolean remove(Object key, Object value);

/ /&It ER

boolean replace(K key, V oldvalue, V newValue);

/ 1ERTTE
V replace(K key, V value);

putifAbsent: 5[RA put FEARERE, putlfAbsent S1RFN key HE, MAREREAGH value {8;

remove: 5JEH remove FERERZE, #Tremove FEFIEIT X value BYEIRT, NREMIFREY key-value
fES Map HRAEM key-value 38 E, MASMRIZTE;

replace(K,V,V): 07T value ERIFIRRT, 208 key-oldValue BE5 Map FEREER key-value IR £, 7 HITE
HRIRIE;

replace(K,V): 5_EEH replace REMZ, It replace A&X Map HRABEH key-value #HITEEE, R key 17
ENEEER;
ConcurrentHashMap

ConcurrentHashMap [ HashMap —#¥, th2EF8FIFRMN map, BRERM T —M5 Hashtable E£AEHY
PNPAZRRE, RMET ESRAIH LR,

EEEMNEBEMA—mRIFIEMANA ConcurrentHashMap, FiHEEIX,

ConcurrentSkipListMap

ConcurrentNavigableMap #4477 NavigableMap &0, X MEORM TN AERRBNRE RIZT LA
S E.

ConcurrentNavigableMap #O0MFELIMEE ConcurrentSkipListMap 2, MBFLERE, ENERERANE
Bk (SkipList) . BKRE—M =IERETE"ROBIBLEM, TTLMER CAS RRIEHAREM.

5 ConcurrentHashMap AUIEZRE##EHBEL, ConcurrentSkipListMap BUiER B 12 /ERY M BERXIRIE, XE2HE
BIREMSHN, ERARRBEATBIRFEEE S RIBHIRIE. AT, ConcurrentSkipListMap 12ETBF 14,
X2 ConcurrentHashMap FTi& &M,
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ConcurrentSkipListMap ERTHELELENEN X EETZREFNTE. IRTIEFEEF,
ConcurrentHashMap FIRER FIFHNIEE, FATEBFEEREESHMEE.

H & Queue

IDK ARBREEIREZEM List £, A List Kit, REEFRE—TERHBEREHRIEMHLEEREH List,
EREMEE LAIEIRIE, L contains() , NEHEEBIERMIMEBIERE list,

FRBAGR—3, DK 12187 BAFIFIXNIHPATI BV L FE L £25: ConcurrentLinkedQueue
ConcurrentLinkedDeque, FERFAFITEXSF List Kix, BEZHIRG, XFATEREM CAS KEIMERELEH,

BsEEEBMA—FERIEMNRBConcurrentLinkedQueue, EfEEHIX,

H k& Set

ConcurrentSkipListSet &L ENERES ., KELE{ER ConcurrentSkipListMap 3L,

BIHY GuavasLI 7T —1MEFIELZ £/ ConcurrentHashSet:

Set<String> s = Sets.newConcurrentHashSet();
Set HEARTANANZ, MAXEMARITHEHAT .

BHZERAT

BRI —MiR, EFE—BEETHR, #E (EEZMEH, BEHERER) , RREMEE—
M, EFEREFNRRFAZMER, HEEMNEPERZIFZIFHITHE, XMERRRRNESTE- ,|‘=J
BER.

ZREBRATRERE, —AEERTEFEXRSEREXLZENRKEN, S—AEEETSENTRESE
2k CE NP S 2 T k=

HAMBC coding TIXMEXRIHE, AANFEIULSIMEERERZEE BIFR) , AINREZ5IREERE
B, ERESHBRNED, LEREFENREEFESTHERL. B, JEPHTT, BIFEEEHRE
&, MEBEME;, SEPtHRT, BNBEEELTE, REHREE, XETFEF-RESELFTESCIN.

RXABZHENEE, DK SRERASM, XZEZES (BlockingQueue) , RRABEXEEF. BT, M
TRELZEZEFRETE. BAZTENEAERENE,

BlockingQueue =& Java util.concurrent 88 FEZEMNEIEEM, X3IFTE@AIBATI, BlockingQueue 12T
SRETENINERIAR, HAB TRZSSREDENIIMIEET BlockingQueue LU,

BlockingQueue —fRAFATE-EBEEN, £FER2FNIERMTENERE, HEEZMNINEEZTENS
2. BlockingQueue fi2FBRITENEES.

BlockingQueue BIIE(EA %

PRZPASIRM T WARRNGERTEAN. B, RETER:
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BEREAR i FE RE4FHE —HME=E R
WB\ARAE add(e) offer(e) put(e) offer(e,time,unit)
BRAE remove() poll() take() poll(time,unit)
WERE element() peek()

MHESRE: WRBRETELENT, SMFE. SEENINGHRME, BEMRIIEEATE, St
IllegalStateException(“Queue full”) F&E., HATIAZTHE, MBAFIERE TR
NoSuchElementException && ,

REHFIRME: MFRIRETIEILBINGT, RREI—TMFHKME, BEE true/ false,

o —EHEE: MREFLAEILEINT, N—EEEFENN PR,
o BENIEL: MRJPETAILEMNGT, EHMERRBRRERE, BRRBNT, EFENEAIASBESAEE.

REI—TMSEENSIZIRIEER S RIN, BER true/ false,
xR

o THEEFEZEBAFIFREEAN null, SHMEZEHEE,
o HJBAAEIPEEIIFMIERTR, B remove (o) AIMLKINIIZ REISEN BB, BAFESH, REER
fEH.

BisEEERMA—RKBlockingQueue R4AH, BiEEEIA.

BlockingQueue FJSCEE
ArrayBlockingQueue
FREAEMARBEFRBEZERT, AMEMEEE, EHHRANTTL.

public ArrayBlockingQueue(int capacity, boolean fair){
/7. . BEBRHE
}

AILARIIAERAT IR, —E¥IAMIEAEENZE., WM& AP fair R IEHINRMNABBEERAAFS, KR
E| /NS 2N
LinkedBlockingQueue

HERGMAMNBREENT. ASRERRME, BEERINTIE, FUABATIAIA/NZ Integer . MAX_VALUE ,
A BEE AN, HERATHIRER S RN TR EITHF .

DelayQueue

ZBATIFRTTR R S EIEERNERNEE T, 78S MBATIFIRERENZTR, IEAEPHTEOTELN

java.util.concurrent.Delayed 0O,

DelayQueue B—"MRBEA/NRFIFIFAZY, FLLEASIPBALIENERE (£77E) KIZASWAEE, MRAEIRE
LIENEE CHRE) TRREE.
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PriorityBlockingQueue
ETMARETREAENT (HARFIETRIIEREENN Compator HRFIRTE) , AEMHZHILIZRE A
RANZIER T,

W_E A5 1E% L PriorityBlockingQueue A/~ 5, ELZAXNA, EHEIEE (i
github:ambition0802[E]2 35 H) :

public PriorityBlockingQueue(int initialCapacity,
Comparator<? super E> comparator) {

this.lock = new ReentrantLock(); //ENIAMNETTiE-IE/N T4

./ TEHRAEE
}
SynchronousQueue

XTRASILEES 7%, IRBEARSEE, EEE—TIIINBERHRE., AEET put WAFRF— take, RZ

FEXFIFER 1 89 ArrayBlockingQueue. LinkedBlockingQueue,
T AERIRENE, RIDAZSBIERERX T BAS:

® iterator() JKIEIR , ENEESRERA

® peek() KiZiR[E null

® put() 1 queue BHE— element UEFt—E wait EEIHEEfh thread FHHRIEX element BUE,

e offer() 1¥ queue B— element [FIENRE], NRAHITIX element #5—1 thread BXET, offer
B3%IRE true, I offer BIh; EBNRE false,

e take() EXHFH remove 1 queue B element, BN EIEAME—ES,

® poll() EXHFHH remove #2 queue BHY element, RBFNFIIZBIM—1TEIZIETEE queue B offer BT
& put BURRIBHMR, 12557 SEEIZRA, SMNIZELRE null,

® isEmpty() ZKIZiR[E] true

® remove()&removeAll () JKIZIR[E false

=3
PriorityBlockingQueue N ZEELIELETE (ANIIZTHRH) , MASERETHEENEIEIIEELEN

HEE, AERANRERERSINER, £FEEEFrSRNEEEN A RER T HBRE HRIUENEE, TNATE—
K, SRZFERMENTIHENESZE. X FERARKIAK)BLinkedBlockingQueueth 2—1##7,

CopyOnWrite &23

7EH CopyOnWrite & 28 Z BIEA 15 RIKIR (T 42 CopyOnWrite #l#l, CopyOnWrite 21t BEALIZ T A —FHA
R, LR—MEHRIIZETEBRNZITRE——BARER,

tARBEANRERINE?
MEIR ST EAEERNAEBR—THZFMENNR, 5—TERELTREERRFTEY SHIMEREREITENR,
T HERSCE R E S — T SRR RNEI AL ERE BN,
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CopyOnWrite =3I EREHNER, JBNE-—TBRTRNTRNNER, FEZREFSITARM, MERFHE
BEH(T copy, ERIHER—THNEZR, RAREAMBRTHRNENTENTRE, HEEREHENSIBEQHRE
%Eo

XIEHAFAET, RMIUEHRNHE TSR T RREMAZTE NS, MMARIEESBENEN. M
JDK 1.5 FH4 Java H & BEIRME T M MER CopyOnWrite HlFISZIMH £ F2E, D2
CopyOnWriteArrayList (FEISHH, BHEEEIA) 1 CopyOnWriteArraySet (RER) .

INGE

AXEENRBTHABFHN="EENSTRE, Map. BERAFIF] CopyOnWrite 2§, Map BFEMEEXN, [E
EAIBTAE-HBEER, M CopyOnWrite BB T XS5 HNH LGSR,
Fwig: MMEZ, MoRABTKBRTRARNEEXBFRNXNEE: RAXL Java 2432, HEFENE: BOL
IdEiXEE ConcurrentSkipListMap #EIRAES, RAIAES],

GitHub E4R2 9300+ MFFREIIRE ( ZSifY Java HI 2 B 5 "fn PDF (FHAGRZ/AM) KRFRT! S1EERE
HEREZFER A, JavalATFEER | sychronized. volatile, CAS. AQS. ReentrantLock, #7Eith. H &
A28, Threadlocal, &F=FHBEEEREEMANALLNERENAS, Hit 15 ARF, 200+5KFL&E, vJRAMR
EBR5E. NBUME.....  $1E58: X827, — SHH AR 2 K .pdf

AN SFEIZERK, EEKNBEZNETN ZHRELE ) BRI AIREY PDF iR,

B_17: #ABz3ConcurrentHashMap

ConcurrentHashMap 2 Java #& & (java.util.concurrent) AR —FA R L 2R H R,
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HashMap EZ &R T S HI CPU Z1F 100% MI1ER, ERN HashMap HABEIELTERM, FHiTeTbu@E
Collections B Map<K,V> synchronizedMap (Map<k,V> m) J§ HashMap 88— M EEL £ map,

EEgn SynchronzedMap B9 put 753E RIS 2 N8I AT :

public V put(K key, V value) {
synchronized (mutex) {return m.put(key, value);}

}

synchronized EZCERIARBATRTEBHET T, ARMIZEBEBER,

T, BHARRMHNS. Doug Lea KIFARERDWAENCNET —EERELZENH LTS, 1LE5— Java
FEAREERER, BXTF HashMap, ConcurrentHashMap Fi24iE% £/ map, EHRFIAT HioRNEE
AKIBE T HEHRE,

BENBH LB MR, FA1thZ23)iT ConcurrentHashMap, EM JDK 1.8 FHAHE THRAKZH, XEAWEE
MERIEMTRS,

1.8 RAEHET segment, FEFRT KEM synchronized, MKk CAS FHi#E{ELMRIE ConcurrentHashMap 9
ZEREM,

AT ReentrantLock M synchronzied Ig?

SCfR L, synchronzied M TRZMMMA, XOBAIRIEIHE T, SE ROV, BE2RP. ESRB, TR
m EARBURE, Eitb, synchronized H8#TF Reentrantlock M AEELERZ, EEGEREEIEML,

ConcurrentHashMap Bt

ConcurrentHashMap 7£ JDK 1.7 1 JDK 1.8 FE—EX3F|, XEHRNHFANE—T.

JDK 1.7

ConcurrentHashMap 7£ JDK 1.7 #1, 27 —FRIEEMAMNBANE], XFHLEIIYD EREE Lock Striping) .
TRAERBDONZTER, BTERHMIIHE. EEUREAEEN, SARENRBIERRNE, KB/ T BUPRMTL
K, NS 7THAMEE,

XAAFIRL R EHRRRETRIMNESHNELE, MERLEIME T RIRKIFE/NMEEE,

ABUXAFE@R O RS, MEBHREIR, NEe—REEIE—EH. S—TZESAMHDEP—EREUENR
1k, EAERAVEIEDEEREMEIZI0),

ﬁ%ﬁiﬁiﬁﬁgﬂéﬁﬁ, tban size() . isEmpty() . containsValue() , EAIIESEMNERENTRMAMMUNZET
B, RRERINFHEMBEE, #FfxE, BERINFERMEERND., NTE:
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ConcurrentHashMap 2H Segment #4450 HashEntry #UEMALAT. Segment @ —F e ENAIHA
ReentrantLock, HashEntry MFF 72552 (ENTEE,

—* ConcurrentHashMap 28&— Segment {4H, Segment f95#F] HashMap £, 2—FhEBAFERSE
¥, — Segment BEEIEZ— HashEntry {48, 87 HashEntry @— PMHREMITTER, 81 Segment FiF
E—" HashEntry 2HHERITTER, =X HashEntry BRAREIRHITENET, DAETIRSEXNRNAY Segment

i,

E—4Y Segment £ :
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next

P-----------

Segment

BXHH) Segment %R, 7E ConcurrentHashMap £EEHEZ/D1IE? B 2 9N XA, HEREE—TBN
segments FIEAZF, FELLED ConcurrentHashMap FIZEHEEIT

mm

Segmentl Segment2 il

BJIAE, ConcurrentHashMap 2— P ZERIEHKR, F—TMEHNBHERTH, BETTFBEER.
Casel: A[E Segment IH LB N (RIHKNIT)
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A

/

ZRFEA  Put ZRFEB  Put
(FATH) (AT )

Case2: [@— Segment —5—iE (FTAFEINIT)

“

ZLFEA  Put ZFEB  Get
( #ﬁﬁ: EP ) ( j:}h.’/f—.]_; EP ) @tHTidE il

Case3: [E— Segment WH LB

“

ZZfEA  Put ZZf2B  Put
( ﬂkﬁ‘ EP ) ( Bﬂ% ) (O i ol 1 i 77 S 4 A

Segment IEANZEE LAY, EILIIE— Segment IHLEEANSHIEE,

HIER M, ConcurrentHashMap &1 Segment & B1FE—1EHi, ERIILETENRENEE T HIONE, it
HEREREES,

ConcurrentHashMap €5 3280 :

get 5i%
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o I Key il Hash iz&, 8% hash {&,
e Bid hash &, EfIZIXIRAY Segment X5
o EX@T hash &, FEuZl Segment HHREANEIARMIE,

put 733&

NEAH Key f# Hash a8, 153 hash {&,

B hash {8, EFIXIRAY Segment YR

FRENPTE 8

BR@d hash {8, ENIZ Segment HhEANBARME,
AT EE HashEntry M4,

FERUBA

JDK 1.8

M#E JDK 1.8 1, ConcurrentHashMap EE# T MK :
e [G HashMap —#, WRUSERKEAE 8 HIMRFEM NI ER, XETURAAXSHPRIMREIGRE;

o UEMIBHLESR (BERALERSLLEMN root &m) A, Ee&BNE+ CAS BRANENBIFHE, B
— R F R ERE,

ARXMTR

WRTR

@SR

#8EE JDK1.7 H#g ConcurrentHashMap, JDK1.8 H1#9 ConcurrentHashMap BUE T Segment 2 E&, X F CAS
+ synchronized RRIEHALZE M, BETE2RR D H—1 Segment, Bl table #84H.,
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JDK1.8 F#9 ConcurrentHashMap XT3 52 Node RFPHIHZ=TE, 1 JDK1.7 —F, (A volatile X§F, RIEZ
LIRRIEN, TENATME!

static class Node<K,V> implements Map.Entry<K,V> {
final int hash;
final K key;
volatile V val;

volatile Node<K,V> next;

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

this.next = next;

ConcurrentHashMapH)=FE&

1. table, volatile Node<K,V>[] table:

%% Node BUER4H, fEA ConcurrentHashMap MIEEZRR, KAWL, BRSEEANLIRENRIRZT
SHATIRNIRIE, SEHNANEERN 2 WEXRT, W HashMap RIRHRIHE

2. nextTable, volatile Node<K,V>[] nextTable

EER, TR null, REET BNEHMEZ 793E null

3. sizeCtl, volatile int sizeCtl

ZB M ARIZH table AR/, RIFESVRENZRSERYT FE/LMER:

o LENMENS: WRN-1 RRERMAN, WRA -NWRRHBIESR N-1 NMEEHITT BEME;

o H{ENIEHAET: RHFIEENRN null BIIERT table EXNAKIETER, sizeCtl RNAFTEMEHNANKE;
BFELZVAMLT, RRHREIERS (table 1) AT E, LADERMIGFE (BATREBE 7XiE
FUEMBET T) , BMENHRANKE n M IN#EEF loadFactor;

o H{EN 0, BIMAEKENERINIRE.

4. sun.misc.Unsafe U

£ ConcurrentHashMap FISZHIH, BIAFEIA T KEH U.compareAndswapXXxX AL
ConcurrentHashMap B9—LEE 4,

REFEXFRERMAT CAS EZATRIELEREN, X2—MRUWRE: RREIRELTIETERE,
HENHFREENRERBESIL,

FAIEIEIHIT T, CAS BREREITMALERESE, BIKRENCMPXCHGIESL I, cas(v,o0,N) &OEME
7 BYHAIREXMME V SHEMIAE O 18E, MRAZZFEXWEMAEHRTEN, ELLATMUREHIEHEN
MELTE; FHMTEXMEV SHEMNIRE 0 7 HE, NRAZEECEWMHEAMETZM T LR, WIEHE
N IHEABERFMETIREN, EHTER.
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TEHEEZEF, CAS BB sun.misc.Unsafe ELUHY, ZELRM T — LR UEIERIERNFHLENERIRE,
FILAIEAR S Java FRRY“EET", 12 R R ERIRENE AR SIS IR A

static {

try {
U = sun.misc.Unsafe.getUnsafe();

} catch (Exception e) {

throw new Error(e);

ConcurrentHashMapRIRAIERE

1. Node

Node LI T Map.Entry #0, EZEZF key-value 3, FEEE next i

static class Node<K,V> implements Map.Entry<K,Vv> {
final int hash;
final K key;
volatile V val;

volatile Node<K,V> next;

RHOEINE B RS BIUEER volatile XEZIEMA, thER TIRITFRET LY.
2. TreeNode

MR, WERTHREEIEN Node 25, AEMAREZ TS TreeBin 2289, MIZERERMAILAE L, TreeBin
xf TreeNode IB— X3, TEHSRE.

* %

* Nodes for use in TreeBins
*/
static final class TreeNode<K,V> extends Node<K,V> {
TreeNode<K,V> parent; // red-black tree links
TreeNode<K,V> left;
TreeNode<K,V> right;
TreeNode<K,V> prev; // needed to unlink next upon deletion

boolean red;
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3. TreeBin

EPMEHAATAFH key, value B8, MaEHR TR TreeNode TR, LFRAY ConcurrentHashMap “£840"
H, FAVERE TreeBin W&, MAE TreeNode %,

static final class TreeBin<K,V> extends Node<K,V> {
TreeNode<K,V> root;
volatile TreeNode<K,V> first;
volatile Thread waiter;
volatile int lockState;
// values for lockState
static final int WRITER = 1; // set while holding write lock
static final int WAITER = 2; // set when waiting for write lock

static final int READER = 4; // increment value for setting read lock

4. ForwardingNode

T BNSBIEHRT R, Hkey, value, hash 285 null, 45 nextTable 5| FYHT table 14,

static final class ForwardingNode<K,V> extends Node<K,V> ({
final Node<K,V>[] nextTable;
ForwardingNode (Node<K,V>[] tab) {
super (MOVED, null, null, null);
this.nextTable = tab;

ConcurrentHashMapH#9JCAS

ConcurrentHashMap & A2{FEF CAS RENENE T —LEIRE, FLt, EIEAR ConcurrentHashMap &Y
FiERl, BARETRILVTERNFIA CAS BERRELIZL IR,

1. tabAt

static final <K,V> Node<K,V> tabAt(Node<K,V>[] tab, int i) {
return (Node<K,V>)U.getObjectVolatile(tab, ((long)i << ASHIFT) + ABASE);

1Z 5 5FRIREN table #14EH &S| i B9 Node Tt &,
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2. casTabAt

static final <K,V> boolean casTabAt(Node<K,V>[] tab, int i,
Node<K,V> c, Node<K,V> v) {
return U.compareAndSwapObject(tab, ((long)i << ASHIFT) + ABASE, c, V);

FUF CAS #R1EIRE table 2UAF RSN i TR

3. setTabAt

static final <K,V> void setTabAt(Node<K,V>[] tab, int i, Node<K,V> v) {
U.putObjectVolatile(tab, ((long)i << ASHIFT) + ABASE, Vv);

ZFERFIRE table $HAHES IR i TR
ConcurrentHashMap#i 7%
&R E

ConcurrentHashMap —34@MH T IXAF 5 MIIE S TA:

// 1. WE—1ZMmap, Bltable ALK IAMN, VIAKKIEE IXIBALIEN, EBIAK/NN16
ConcurrentHashMap()

// 2. faFEmapHIAR/N

ConcurrentHashMap(int initialCapacity)

// 3. fAE—"Tmap

ConcurrentHashMap (Map<? extends K, ? extends V> m)

// 4. BEmapfIARNARINBEF

ConcurrentHashMap(int initialCapacity, float loadFactor)

// 5. BEmap A/, MBAFURHKE (FUtERELIENLE)

ConcurrentHashMap(int initialCapacity,float loadFactor, int concurrencyLevel)
ZANFEER, BREERR 2 WERE, RIBAT:

public ConcurrentHashMap(int initialCapacity) {
//1. INFOEENMEE
if (initialCapacity < 0)
throw new IllegalArgumentException();
/72, FMIREBI T ATNEAE, BITEVRGEAE, SNBMNZEH—TLIE
int cap = ((initialCapacity >= (MAXIMUM CAPACITY >>> 1)) ?
MAXIMUM CAPACITY :
tableSizeFor(initialCapacity + (initialCapacity >>> 1) + 1));
//3. T{ELEsizeCtl

this.sizeCtl = cap;
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XERBREEEE TR, REZER URNTFOMEEMEE, NREEEATRAATHNRAKEMNRAE,
BB EEEME—DLIE., &EIE cap WAL sizeCtl,

SERMWIEREZE, sizeCtl WANFHKERT ConcurrentHashMap #IA/)s, Bl table $4AHKE.
tableSizeFor 7 L 1BIR? JRIBAIT:

[ **

* Returns a power of two table size for the given desired capacity.
* See Hackers Delight, sec 3.2

*/

private static final int tableSizeFor(int c) {

int n = ¢ - 1;
|= n >>> 1;
n |=n >>> 2;
n |=n >>> 4;
n |=n >>> 8;
= n >>> 16;

return (n < 0) 2 1 : (n >= MAXIMUM CAPACITY) ? MAXIMUM CAPACITY : n + 1;

FIRENRIER, ZHERBMEREEENARNEIRE— 2 ERFGE, iR ConcurrentHashMap Y
KNN—ER 2 &R F, thal, SHEEXNA 18K, RTHE 2 XA HE, EFRL ConcurrentHashMap #Y
RNR 289587 (32) ,

B4, EETEMNE, WRANES AR HAIIAK table 48, MREH T table HANKE, HE—RME
ConcurrentHashMap A\ EIEIN A S HIEFISTERYIEL, HEIEE table 4.

initTable 5%

Bz ERI:

private final Node<K,V>[] initTable() {
Node<K,V>[] tab; int sc;
while ((tab = table) == null || tab.length == 0) {
if ((sc sizeCtl) < 0)
/7 1. RIERE—NEREETEHTORNERE

Thread.yield(); // lost initialization race; Jjust spin

else if (U.compareAndSwapInt(this, SIZECTL, sc, -1)) {
try {
if ((tab = table) == null || tab.length == 0) {
/7 2. fFHEERIR
int n = (sc > 0) ? sc : DEFAULT CAPACITY;
@SuppressWarnings ("unchecked")
// 3. REBAEIERRHEAE
Node<K,V>[] nt = (Node<K,V>[])new Node<?,?>[n];
table = tab = nt;
/7 4. TTEEARFTANAN: LA wn*0.75 (MNEFEF)

sC = n - (n>>> 2);
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I
} finally {
sizeCtl = sc;
}

break;

}

return tab;

RADRNEHEIE W IER,

FIREFAERBE—MIER, STERERNEANRXNAE, ATRIEEBIERIEGEMN, %1 S2GET if #TH
#, MRHPEBLXRE—TEREENIAN, XIHEREMLEIEREA Thread.yield() ik CPUREA,

IEEHITHRNZIZEREAA U.compareAndswapInt 737549 sizeCtl 2809 -1, BIIEEVIIEHAVIATS,

PIHIMNEZREREE, EEOSHESH—PITERAETTRIAR), BIEAENSEFRAN n EMNEREF 0.75, 0.75 7
29 2=, XBn - (n >>> 2) QIIF2 n-(1/4)n=(3/4)n, EEEBHINE?

MRABRERTSHIMESE, XEBTE new Node FAMRSEREAIAA/ DEFAULT capaciTY (16) , FA/G3E
BAMNEREF 0.75, £RF 12, MR IREE LSRR ANA 12,

put 5%
T8 put SIERTRIEM putval 5%, JRBAIT:

/** Implementation for put and putIfAbsent */
final V putval(K key, V value, boolean onlyIfAbsent) {
if (key == null || value == null) throw new NullPointerException();
//1. it8keyfhashiE
int hash = spread(key.hashCode());
int binCount = 0;
for (Node<K,V>[] tab = table;;) {
Node<K,Vv> f; int n, i, fh;
//2. WMRZRItableMZBIAN T AMAinitTable FiE G tabi#ITHIIAMK
if (tab == null || (n = tab.length) == 0)
tab = initTable();
//3. tabPRES|IAINMUENTEAnull, NERERCASIEEIBARIR
else if ((f = tabAt(tab, i = (n - 1) & hash)) == null) {
if (casTabAt(tab, i, null,
new Node<K,V>(hash, key, value, null)))

break; // no lock when adding to empty bin
}
//4. HEIERY B
else if ((fh = f.hash) == MOVED)
tab = helpTransfer(tab, f);
else {

V oldval = null;

synchronized (f) {

No. 235/ 428



FJava, FUIANEZSH Java #HM 2
if (tabAt(tab, i) == f) {

LHpihiER, ERERPEAMNBES
if (fh >= 0) {

//5.

binCount = 1;

for (Node<K,V> e

= f;; ++binCount) {
K ek;
if (e.hash == hash &&

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

(ek != null && key.equals(ek)))) {
oldval = e.val;

if (!onlyIfAbsent)

e.val = value;
break;
}
Node<K,V> pred e;
if ((e = e.next) == null) {
pred.next = new

Node<K,V>(hash, key,
value, null);
break;

}
// 6. HBIALLEN, FKHIHHBEXBAZLERNF

else if (f instanceof TreeBin) {
Node<K,V> p;

binCount = 2;

if ((p = ((TreeBin<K,V>)f).putTreeval(hash, key,
value)) != null) {
oldval = p.val;
if (!onlyIfAbsent)
p.val = value;
}
}
}
}
/1 7 SENEREREERESLRANEEEE

TR BRI RALIEN
if (binCount != 0) {

if (binCount >= TREEIFY THRESHOLD)
treeifyBin(tab, i);
if (oldval != null)

return oldval;

break;
}
}
}
//8 STEHRIBENNHITHE

MRBI T ImFE (EFRAINBEF) AEET T
addCount (1L, binCount);

return null;
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ConcurrentHashMap 2 — 1 IE&EEAH, MRALIEFRPRNME, BRIV MEBEHBHRAR., =
B PRAEME, RERBEENBRAR, J§ hash BEENT RERBEROFN, S5b, 7EJDK 1.8 kK
, AT R, HRRNKERT 8 WIHMER B HEREIRMLIEN,

MEFANZRS| i f5, AT tabat() FEREUZME ERITTE, MR HAET Node A null B9IE, AIIAEEA
casTabAt A FEIEA.

RIEE. MEZRS| | BANRES S HashMap MRHMERRIHE, BEARPTLES.

MREBTEAR null, BizTRA5%T R (forwardingNode) , HiitBAZ#I concurrentHashMap [E7E#4T
T B8%RE, BARESINXT Node 245541 RIE?

BT FIBTIZT =AY hash ERTE% T -1 (MOVED)
static final int MOVED = -1; // hash for forwarding nodes

Y table[i] AN null HEARZ forwardingNode B, AKX 8] Node BJ hash {lEXF o (£fh >= o) B, %8R
UBIT A RNERNLT S, BB4ME ConcurrentHashMap BAFEM E @XM HERIBAFE, BT
synchronized (£) RIATNFHITIIBIAZTILREZR S,

ERERPIBAT REVE DB T

if (fh >= 0) {
binCount = 1;
for (Node<K,V> e = f;; ++binCount) {
K ek;
// % hashfEtHENkey, BEIREENF]
if (e.hash == hash &&
((ek = e.key) == key ||
(ek != null && key.equals(ek)))) {
oldval = e.val;
if (!onlyIfAbsent)
e.val = value;
break;
}
Node<K,V> pred = e;
if ((e = e.next) == null) {
/ /ANRBNERARENARIE, NWEERHERBARIERARER T
pred.next = new Node<K,V>(hash, key,

value, null);
break;

XER D RIS RIFIERR, FARIPIER:

1. MREFERPHE T SEFHARN key HENT R, MERES;
2. MRAFERAKREERDIRILEINE, BREFBEANRENENZIERIARE,
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HuRKEBE 8 (BNME) B, PERMEIRAIEN, FAIEMIRERILH BN RATURS
ConcurrentHashMap HI14£RE:

if (f instanceof TreeBin) {
Node<K,V> p;
binCount = 2;
if ((p = ((TreeBin<K,V>)f).putTreevVal (hash, key,

value)) != null) {
oldval = p.val;
if (!onlyIfAbsent)
p.val = value;
}
}
XEIERER, A putTreeVal ZAMABMENF TR, EFNZE, MRELEMNTBEFE Key 1HE

(hash {EIEFH H equals 75iEFIEA true) BT R, MEEIRE, SNERLEMEMFHTR.
HEMRBIEM T RIEANGE, FR—THRIERA/NHITER:

if (binCount != 0) {
if (binCount >= TREEIFY_ THRESHOLD)
treeifyBin(tab, i);
if (oldval != null)
return oldval;

break;

Elt, put BEMANTT, HNRETELE:

1. JIB—TEANIE, A spread 53537 key B9 hashcode #4T hash T8, HILEMEXMETE table 1
fig;

2. QIR L[] table BMAXEKRAN, HITWRLERIE;

MREXMIER null, FBAER CAS BIEEEBN;

4. MREXMIBEETR, RAKLET hash fifiE, THBNX M TROEE, WRIZTHR ==MoveD HIE, HAE
EEHRTT S

5. IRZBHWRTR (fh>0) , LHRBELTR, BERRABEHREXNHIMATRINUE, MRIBZ] key 18[E
T, BEEE. SNERRERBN;

6. WRXMTRIEER TreeBin, HIFFARIEMIVENGEBAFNT A

7. AR TRZEBIMMEBRRNKE, IRKEKRT 8, MIEXMHRERMLIEN;

8. WHHIBREA/NHTE, MRBITIGFHE (ZHANNBETF) MBET B,

get 5%

get HIARIRRZANT

w

public V get(Object key) {
Node<K,V>[] tab; Node<K,V> e, p; int n, eh; K ek;
// 1. Ehash
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int h = spread(key.hashCode());

if ((tab = table) != null && (n = tab.length) > 0 &&
(e = tabAt(tab, (n - 1) & h)) != null) {
// 2. table[i]HTRMkeySEHkeyiBE, MEERE
if ((eh = e.hash) == h) {
if ((ek = e.key) == key || (ek != null && key.equals(ek)))

return e.val;
}
// 3. HEITRhash/\FoiRBRANT R, EAERMPEIKEN
else if (eh < 0)

return (p = e.find(h, key)) != null ? p.val : null;
while ((e = e.next) != null) {
//4. MEERPER, EHREINIREZT RAvalue, BMHIRENullBIA]
if (e.hash == h &&
((ek = e.key) == key || (ek != null s&& key.equals(ek))))

return e.val;

}

return null;

o A% NWEANNRNGREHITHS, XBEHTHIEHRFRNATEME. £/ spread 757AR MRIETEIAH
B D HIEREAET,

o HEEH BENNE—SENERNERESSUTRNERUE. NREZBAE—TTmPHEITHE, N
BEERENZTENE. XEFERT == BERH equals HERIERE, XBBTLEATEERN null BFNHRE
HRREFIEEER.

o RMEW: IRB—NTRNEHENTO, BBAXMBNEIELEMZLIER (Java 8 5IN TSR
HRRERFIPRITAMEE) . ERMIERT, (£A find BAELRNPERRE,

o WXREH: MRAIMNMRGENHE, BARIBEEHZIEPNHER, MREBERRPHE T EBFHEERREM
BETR, WREHE., WREHTE T HEREALE, WRE null,

transfer 5%

% ConcurrentHashMap ZER EREHE, TEX table #1TH B, XTHENEAREBRER HashMap R%, EH
FXEHET S, FIKEER—LE, transfer FIERBAUT:

private final void transfer(Node<K,V>[] tab, Node<K,V>[] nextTab) {
int n = tab.length, stride;
if ((stride = (NCPU > 1) ? (n >>> 3) / NCPU : n) < MIN TRANSFER STRIDE)
stride = MIN TRANSFER STRIDE; // subdivide range
//1. FhENode#H, BENZAIRIFME

if (nextTab == null) { // initiating
try {
@SuppressWarnings ("unchecked")
Node<K,V>[] nt = (Node<K,V>[])new Node<?,?>[n << 1];
nextTab = nt;
} catch (Throwable ex) { // try to cope with OOME

sizeCtl = Integer.MAX VALUE;
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return;
}
nextTable = nextTab;
transferIndex = n;
}
int nextn = nextTab.length;
//2. ¥EforwardingNode3 |, EZEsHEE
ForwardingNode<K,V> fwd = new ForwardingNode<K,V>(nextTab);

boolean advance = true;
boolean finishing = false; // to ensure sweep before committing nextTab
for (int i = 0, bound = 0;;) {
Node<K,V> f; int fh;
// 3. HREEBHPHRS] L
while (advance) {
int nextIndex, nextBound;
if (--i >= bound || finishing)
advance = false;
else if ((nextIndex = transferIndex) <= 0) {
i=-1;
advance = false;
}
else if (U.compareAndSwapInt
(this, TRANSFERINDEX, nextIndex,
nextBound = (nextIndex > stride ?
nextIndex - stride : 0))) {
bound = nextBound;
i = nextIndex - 1;

advance = false;

}
/74 BREBFNTRERRFBEFE
//4.5 forfEMBL, ¥ BERIENsizectlEM
if (1 <0 || i>n || 1+ n >= nextn) {
int scj;
if (finishing) {
nextTable = null;
table = nextTab;

sizeCtl = (n << 1) - (n >>> 1);
return;
}
if (U.compareAndSwapInt(this, SIZECTL, sc = sizeCtl, sc - 1)) {
if ((sc - 2) != resizeStamp(n) << RESIZE_STAMP_ SHIFT)
return;
finishing = advance = true;
i = n; // recheck before commit
}
}
//4.1 HEBUAFREINITENnull, FACASIRE YT T mforwardingNode ( B] LAXRARRL S AIRF)
else if ((f = tabAt(tab, i)) == null)
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advance = casTabAt(tab, i, null, fwd);

//4.2 MREHEForwardingNodeTim  RAXTREEHAIET T BEIT XEZREHFHRY SHZO
else if ((fh = f.hash) == MOVED)

advance = true; // already processed

else {
synchronized (f) {
if (tabAt(tab, i) == f) {
Node<K,V> 1ln, hn;
if (fh >= 0) {

//4.3 SMEYHFITH R ABRNKESNER, RIBSESUNIEEN(RSAIEHAKEL), KR
KIFD AR TR, DAREFHENLMCENInUE, XEXBIIPNLIERENR, RERERPN—TDEERET
EFEER (Blastrun REEEREN—HTR), R TEs7T FEBEInew s RN eESNRIFEERD (CRAXE
%) .

int runBit = fh & n;
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;

lastRun = p;

}
}
if (runBit == 0) {
1n = lastRun;
hn = null;
}
else {
hn = lastRun;
1n = 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)
1n = new Node<K,V>(ph, pk, pv, 1ln); //BIUEREEFENGR
TRy (k)
else
hn = new Node<K,V>(ph, pk, pv, hn);
}

//TEnextTableMifUE LA —1HER
setTabAt (nextTab, i, 1ln);
//fEnextTablefJi+nfIfIE A S —1HER
setTabAt (nextTab, i + n, hn);
//TEtablefJifiE F#HNforwardNodeTa RACAKWMETIZT S
setTabAt (tab, i, fwd);
/ /1% EadvanceNtrue RO EEMwhilefBIHAAR AT AMITI--1R1E
advance = true;

}
//4.4 IBRYETT RETreeBinAYIER, #RIEF _EEAVEM

else if (f instanceof TreeBin) {
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TreeBin<K,V> t = (TreeBin<K,V>)f;
TreeNode<K,V> lo = null, loTail = null;
TreeNode<K,V> hi = null, hiTail = null;

int 1lc¢ = 0, hc =
for (Node<K,V> e = t.first; e != null; e = e.next) {

int h = e.hash;

o

.
14

TreeNode<K,V> p = new TreeNode<K, V>

(h, e.key, e.val, null, null);

if ((h & n) == 0) {
if ((p.prev = loTail) == null)
lo = p;
else

loTail.next = p;

loTail = p;
++1c;
}
else {
if ((p.prev = hiTail) == null)
hi = p;
else
hiTail.next = p;
hiTail = p;
++hc;
}
}
In = (lc <= UNTREEIFY THRESHOLD) ? untreeify(lo)
(hc != 0) ? new TreeBin<K,V>(lo) : t;
hn = (hc <= UNTREEIFY THRESHOLD) ? untreeify(hi)
(lc != 0) ? new TreeBin<K,V>(hi) : t;

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

advance = true;

RBBZEBE IR, BN BREDNAMITERS
—ER D BWE— nextTable, ENFEZFEMRNME, X MEFEERETETHHN.

BT EBD 2IEEK table FAYTREFHZ nextTable 7, FEREHEHIRIIE.
BRIHAEHEANE i, AT tabAt 5iERST i (UBMTER:

CMEREXMIBERE, HER table B89 i AL B forwardNode T, X MU EMAH LT BHXEE;
2. MBXMUEBR Node T (£fh>=0) , HERBERNLT SR, MIEXTMERDEBEFAIEE, EEND5!
FTE nextTable 89 i 1 i+n B9 E L
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3. MRZXMUER TreeBin TR (fh<o) , UHI— 1T RFLE, HEAMESEE untreefi, IBAIERIZEE

BBAE nextTable B9 i #] i+n BOAIE L
4. BAFAEMNT S, MemEHI T, XL nextTable fERFRY table, FHHEEF sizeCtl HFFFER 0.75 {Z

, TR,

Table NodeA | Treeiin | Node | Node | Node tmN--
Y ¥ ¥
NodeB || Treehode Node
v Y Y
NodeC|| - Node
Y Y
TreeNose Node

’

nextTable |Nodea|tresia| Node | Node | Node |Treebin | Null | Null
' N .
NodeB | | o Node NodeB || Teaode Node
3 . ¥ i B 3
NodeC - Node NodeA|| - Node
¥ L B ¥
Treehode Node TreeNode Node

size tHXHIFE

34T ConcurrentHashMap 3ijt, X4 table BRRE T ZORARNREN, ANTATEERRA size() HiE
BIRT IR stop the world" it BB METRERIT, MTFXNAREER size, ConcurrentHashMap BAEHET
RENHS.

NTHITTETEL, ConcurrentHashMap ENX T —ETEF— 7 AELZE,

/**
* A padded cell for distributing counts. Adapted from LongAdder
* and Striped64. See their internal docs for explanation.
*/
@sun.misc.Contended static final class CounterCell {
volatile long value;

CounterCell(long x) { value = x; }

/******************************************/

/**
* PR E{RFHEHashMapPHITTER T FIBCASHIHITE
BEEHARIRE HATHashMapfITT =41
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*/

private transient volatile long baseCount;

/**
* Spinlock (locked via CAS) used when resizing and/or creating CounterCells.
*/

private transient volatile int cellsBusy;

[ **
* Table of counter cells. When non-null, size is a power of 2.
7

private transient volatile CounterCell[] counterCells;

BREWNPSITRRG:

public int size() {
long n = sumCount();
return ((n < OL) ? 0 :
(n > (long)Integer.MAX VALUE) ? Integer.MAX VALUE :

(int)n);

/**

* Returns the number of mappings. This method should be used

* instead of {@link #size} because a ConcurrentHashMap may

* contain more mappings than can be represented as an int. The
* value returned is an estimate; the actual count may differ if

* there are concurrent insertions or removals.

* @return the number of mappings
* @since 1.8
*/
public long mappingCount() {
long n = sumCount();

return (n < OL) ? OL : n; // ignore transient negative values

final long sumCount() {
CounterCell[] as = counterCells; CounterCell a;
long sum = baseCount;
if (as != null) {
for (int i = 0; i < as.length; ++i) {
if ((a as[i]) != null)
sum += a.value;//FiBcounterf{E>KF]

}

return sum;
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size 753%RE] Map RIITTEHE, BERMIRHIZE Integer. MAX_VALUE A, MNRiTEHANBITXME, MR
[E] Integer. MAX_VALUE, #IRITEARIVNF0, MHREO,

mappingCount 77AIRE Map FIITTEHE, BRFRE—T long &, FEMAIMRKRTRAT
Integer.MAX_VALUE B E., 5 size() AAEM, ZFELRBEMAE, REO,

sumCount 53&1TE Map BISLRR A/, ConcurrentHashMap {8 — 1 EiH4X baseCount F1—4 CounterCell
#5148 counterCells SRERER A/, EXMEMBH TRV ZERIMEFNER, BATENEREAIESEMNTEN

CounterCell,
EIHE R, sumcount() 5iESE baseCount 5 counterCells 4 RIFRBIET B ThUERN.

£ put AIEERMAR T addCount 3%, 3BZHE] ConcurrentHashMap BITTE T +1, XA E—HEM T ™4
%, B baseCount B{E, WMREHITY B,

private final void addCount(long x, int check) {
CounterCell[] as; long b, s;
//¥FcasAiEE fibaseCountifE
if ((as = counterCells) != null ||
!U.compareAndSwapLong(this, BASECOUNT, b = baseCount, s = b + x)) {
CounterCell a; long v; int m;

boolean uncontended = true;

if (as == null || (m = as.length - 1) < 0 ||
(a = as[ThreadLocalRandom.getProbe() & m]) == null ||
! (uncontended =

U.compareAndSwapLong(a, CELLVALUE, v = a.value, v + x))) {
fullAddCount (x, uncontended);
return;
}
if (check <= 1)
return;
s = sumCount();
}
/ /R checkEATEHFT0 NFENNEDHRERTY BIRIE
if (check >= 0) {
Node<K,V>[] tab, nt; int n, sc;
while (s >= (long)(sc = sizeCtl) && (tab = table) != null &&
(n = tab.length) < MAXIMUM CAPACITY) {
int rs = resizeStamp(n);
//
if (sc < 0) {
if ((sc >>> RESIZE_STAMP SHIFT) !=rs || sc == rs + 1 ||
sc == rs + MAX RESIZERS || (nt = nextTable) == null ||
transferIndex <= 0)
break;
/ ANRELBEHMEIZERITY TRIE
if (U.compareAndSwapInt(this, SIZECTL, sc, sc + 1))
transfer(tab, nt);
}
/SRS RER—NREE — T RET ST  ItifnextTable=null
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else if (U.compareAndSwapInt(this, SIZECTL, sc,
(rs << RESIZE_STAMP SHIFT) + 2))
transfer(tab, null);

s = sumCount();

ConcurrentHashMapizf§l

BSRITEEME— SRR OBHRRI AP HERMMIEE, X8, ConcurrentHashMap 2—MREFHY
WEiE, ENERMTEHANEE,

import java.util.concurrent.ConcurrentHashMap;
public class UserVisitCounter ({
private final ConcurrentHashMap<String, Integer> visitCountMap;

public UserVisitCounter() {

this.visitCountMap = new ConcurrentHashMap<>();

// RARPIRERERNGE
public void userVisited(String userId) {

visitCountMap.compute(userId, (key, value) -> value == null ? 1 : value + 1);

// SREXF P RYTh[a)RER
public int getVisitCount(String userId) {

return visitCountMap.getOrDefault(userId, 0);

public static void main(String[] args) {

UserVisitCounter counter = new UserVisitCounter();

// BRIk
counter.userVisited("userl");
counter.userVisited("userl");

counter.userVisited("user2");

System.out.println("Userl visit count: " + counter.getVisitCount("userl")); //
td: Userl visit count: 2
System.out.println("User2 visit count: " + counter.getVisitCount("user2")); //

B4 : User2 visit count: 1

}
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T LR G-

A {EA T ConcurrentHashMap3R7ZfEFE F #9518 R 51,

LAPIBREN, i@ ZuserVisited 5 iEEFIAEDREL,

£ ConcurrentHashMap#Jcompute 75 AR BARIRIR F i EFi A P ROTA R ER
AT @ getVisitCount /5 iE RIE B P AYTA AR ER

ConcurrentHashMapfEE{18E82 L F B OH X DM EEM EXE—T SR RIT RS,
+
INGG

ConcurrentHashMap &L EN, XIFTE2HLNZE, HEBARZEZREFIUENHTITEN. TRHRAE (6
4N JDK 1.7) =, ConcurrentHashMap {ERZERHIFRAR, BPNEHREOR—LER (Segment) , ST ERIRIZLIN
i, X¥, EARBERLABRETTUHLHIT, MIDK 1.8 FF18, ConcurrentHashMap BIAERSEINE TRANE
ft. EMRET DRIIEA, BXATBERHENHARITHIRE, W CAS BREMLENE, #—PRETHAM

e
BEo

mTHEMRE, ConcurrentHashMap A/ NTE AR, 1DES B EEETE,

YREE: STEAEZ, MHMWBKETCLO610R GitHub B EEhttps:/github.com/CLO610/Java-concurrency,
BHABEE FXREL24A5-ConcurrentHashMap, B R ERIFHIZER.

GitHub E#R2 9300+ BFFRAIRE ( ZSifY Java I 2 B8) S "1p PDF (HEZiz/\ft) LFRT! BIELRE
HNEXREZFER L. JavalIATFERL . sychronized. volatile, CAS. AQS. ReentrantLock, #ZFgith. FH &
A2%. Threadlocal, &FFHBEEFREEFMANARLNERENAS, Hit 15 ARF, 200+5KFL&E, 7T
eBR5E. XNBUWME..... 158 X587, —SiH AR 2 K. pdf

A SFYRIZ 2K, EEKNB BTN TZHREE ) ERATBASREX PDF iR7A,
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B 1+—75: EFHZEPATI
ConcurrentLinkedQueue

ConcurrentLinkedQueue & java.util.concurrent (JUC) BITFH—NAIELE2HIRATIZIN, EFIEEEZ
% (Michael-Scott IFFEZEEEM—FIISK) , XEMIEE ConcurrentlinkedQueue F~EB{ERELH BN EI IR
BIRZE, MEREREERRFNIRIE (40 CAS) FL,

Michael-Scott B Maged M. Michael 1 Michael L. Scott £ 1996 FiH, EXMEED, —MEENERWIIER
AESHEMERRRM IR,

0¥, ETE—#EFE—T ConcurrentLinkedQueue HIJRRZSEIN

T HENode

FTCMERTIRZE Node Bite, #FBH ConcurrentlinkedQueue MIREHHELSM. Node SKATREZAIT

private static class Node<E> {
volatile E item;

volatile Node<E> next;

Node TREETMWIFE:

o — EEED item

o F—1E next 18, ATEE T—1TT KM HEEIUAT,
M FEERZ A volatile 1B1fiRY, DAMRIERZFAIA ILIE,

B4b, ConcurrentLinkedQueue FEXHEM AT E:

private transient volatile Node<E> head;

private transient volatile Node<E> tail;

tBA ConcurrentlinkedQueue BI A XERM TS| ARHATINIIEE, SHNTARLTSHWER AN, HIRRBU
T

public ConcurrentLinkedQueue() {
head = tail = new Node<E>(null);

head 1 tail €#gME—1TE, LEAEF ConcurrentlinkedQueue ARSI FEIFRR:
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head

NodeO
item:null
next:null

tail
head # tail $#§@E—1T 5 Node0, iZTaM item FE&A null, next FE&tHEA null,

TERAFEITHANBARIRH R, AT EXN T RIATTIRIE, EZEEMRE TR ZHINERET RO,
ConcurrentLinkedQueue 1E#F{E A CAS FRIFLELE:

/ / EeiNode FHYEHEE i tem
boolean casItem(E cmp, E val) {
return UNSAFE.compareAndSwapObject(this, itemOffset, cmp, val);
}
/ / BNodeFHIIEFH Einext
void lazySetNext (Node<E> wval) {
UNSAFE.putOrderedObject (this, nextOffset, val);
}
/ / BNode Y15 Einext
boolean casNext(Node<E> cmp, Node<E> val) {
return UNSAFE.compareAndSwapObject(this, nextOffset, cmp, val);

FIEH, XEFHASLR EIEARZE UNSAFE B730E:
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sun.misc.Unsafe & Java REIII—1E, BRM T —AIUNEEALDRERS RINBRERENSE. X1MENI
BEIEEEA, EAEAWRERSET Java KEIERINRENE, BEEIITRERME,

Unsafe 815 Ec. BIAITAEASAE, FMIKER C1ESHRY malloc # free —#F, Bl 17EiH CAS RURHRE ¥4
e, BEARBERHR,

offerf73%

ConcurrentLinkedQueue 2—fhscitfH, (FIFO, First-In-First-Out) B9BAF, offer HiEATFENTI BB IHEN—
MNE, WEAINRNTE, MRE true, FTEEXMNAEN—RENX:

public boolean offer(E e)
FEXL—ERRE:

ConcurrentLinkedQueue<Integer> queue = new ConcurrentLinkedQueue<>();
queue.offer(1l);

queue.offer(2);

HAIRIZE—1 ConcurrentLinkedQueue 335 queue, it offer 1, B offer 2, Ef offer RORZAN T :
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public boolean offer(E e) {
checkNotNull(e);

final Node<E> newNode = new Node<E>(e);

for (Node<E> t = tail, p = t;;) {
Node<E> g = p.next;
if (g == null) {
// p is last node
if (p.casNext(null, newNode)) {
// Successful CAS is the linearization point
// for e to become an element of this queue,
// and for newNode to become "live".
if (p '= t) // hop two nodes at a time
casTail(t, newNode); // Failure is OK.
return true;
}
// Lost CAS race to another thread; re-read next
}
else if (p == q)
// We have fallen off list. If tail is 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 is a better bet.
p = (t != (t =tail)) ? t : head;
else
// Check for tail updates after two hops.
Pp=(p!=ts&& t != (t=tail)) 2 t : q;

—_
4
M

SEHE: checkNotNull (e) fREENITEAE null,
2. T AREIE: final Node<E> newNode = new Node<E>(e) BIE—THIHIT RRREFEERMNTE.,

3. BT REN: ZEARTHENIINES TR, HREHTREEMEZRES.

e a B F—TT/R: Node<E> q = p.next IEINHAI TR T —TTR.
o b EEfTRINE: MR q & null, XEHRELHRITR p ZRBET R,
o . CASIERIERINFITIR: p.casNext(null, newNode) {£M CAS BRIERHT RIHZRZIHANER TR, W

RARIH, WEFFEZSS|IA, FHiRIE true,

o d. WHKEEFEF: casTail(t, newNode) BRNEIXNEMEESIH, FHIEQMNESNTR, XBETHIM
SR F R RIESS,

o e IBEHIIRNE: MR p==q, XEFREHEFEMIIR LIET TR, A, RESBERILEBEFE
8.

o f.H—THE: BN, KEBHATH—DTIKNEHEH p 19E, JEESHINESI T—TTA.

HIERETIRERE, FRLTS,

public boolean offer(E e) {
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1 checkNotNull(e);
2 e final Node<E> newNode = new Node<E>(e);
3o for (Node<E> t = tail, p = t;;) {
4. Node<E> g = p.next;
B if (g == null) {
6. // p is last node
7o if (p.casNext(null, newNode)) {
8. if (p != t)
9. casTail(t, newNode);
10. return true;
}
}
11. else if (p == q)
12. p = (t != (t =tail)) ? t : head;
else
18 p=(p!=t & t != (t = tail)) ? t : qg;
}
}

BaRETRAED

BAVBMBLTRIBESHT offer 1 HITTE,

%1 FRIBINETE e 237 null, J null MEIEIHSIEH 55,
%2 17034 e @A — Node HE,

2 3178 for B, RBVBHEHSBRUIEREFZY, XRAFS CASW'ER", EREWMAA, R CAS ZIEK
NS EE return iR[E], R CAS RERMME for BIAPAMEBIXEERT), XEXLHITE t FAWRMLN tail, p
AR t B tail,

p BIARERIIEEMNET R, tail F—EREENET =, ERNE ConcurrentLinkedQueue H tail ZEREH
A,

RAIZERZE 3 TR, tF p PRIIBEWAMLASEIER item (null) , next FE&tHJ null, BD NodeO,
B 417TE q ®RER null,
28 517 if FIBTER A true,

58 7 171 casNext $§HEAM Node iIREANSHIATIET R p B next TR, MR CAS BIFKRY, LRIBFLE
R, TRBEHRHITEL.

CAS 1R1ERRINAEERISE 8 17, LAY p==t, if #IiF false, EHIZ return true IREl, WNRKINEA 1 AYIE, LEET
ConcurrentLinkedQueue BPRSII FEIATR:
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head

'

NodeO NodeT
item:null — item:1
next:Node1l next:null

!

tail

LERSRATIBIE T mAL1%Z Nodel, T tail #E@AYT RUKAZ NodeO, FELERIIXIRPA tail ZIEREHAY.

BABANEEE offer 2, REAILITEE 417 q FBEWTRAN null 7, MEEE Nodel, 55517 if #IKTA
false, 58 1117 if #Il#f4 false, KBBREZRIE 1317,

37, BEATRNERIREDESZFE—EE: tail FAREENET R, BAEBATRNIHE, &2
FRRZFCH B HRET /7T EEEAN?

E 13 TRBMEREMINEENRT =,
p=(p!=t && t != (t=tail)) ? t : q;

RXEREERLREMENITI, BT p==t, LIS p WWIEN q, T qFT Node<E> g = p.next, Bl Nodel,

EFE—IRESF, pERATIIIEENET R Nodel, BBATET—XRBEHFP, 5417 qiBEMTHERR null, B4
25 517 if FUBRNIA true, 2B 7 {THRAAEIT casNext IRE p T =AY next IHBIFIEARY Node, ETREERIZE 8 17,
XEHE pl=t, 28 8 1T if #IB#TA true, RBIT casTail(t, newNode) IFHBIT A Node iIRENAIIHNET =,
LERTRIRAFIAPIR S R R E W0 T B AR :
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tail ¥5EAYTT =2 Node0 TH Node2, XE casTaill BEAFEEINMN, FREE, offer TERE@ET p A9 next 17
R q (Node<E> g = p.next) JREGHEINEEEM, casTaill KMPRSRERUT:

902R casTail i tail KK, B tail #2350 Node0 T, TAFMIBZMEIF/LR, BIE 13 TRBEMEIET

\\\\\

BERERNTRENDH, BATRIMNT#E2 offer BUMITIEREN:

1. MR tail TR T—1TH A (next FER) J9 null B9iF, %08 tail TRENAMNIIEENET =, EaIlbliE
it casNext FEAHFIFEANT R, {BLEET tail HERER

2. MR tail THEMNT—1MTAE (next FER) A null B9i%, %A tail TEFZMNIINEERET S, B3
q (Node<E> q = p.next) FRIHXEIRT R, AGEEI casNext FHAHFFHEANT AR, HiEI casTail
FXEH tail,

TERHIEMET, p= (p !=t && t != (t
EZAFEIE TREDT,

SEENTRED R

ESEBEMIRT, p= (p !=t & t != (t = tail)) 2 t : q; XITREMEERT.
BT t 1= (t = tail) XNMFEHE—NFEFRIE, FRURMEXE—FER

tail)) 2 t : q; XITREBKERRNE p BENt, BINLE
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BRIEETE A LLAHEEN T T2 t, 4712 B NIFEX MR offer —> Node, LERTRE tail, ABALTE A BIRIAT

t=tail iY, t ZEEABHP—TTR, REALE AERXEZNNEE tERANTRAE, Blt 1= (¢t = tail) A
true, HEBRTF tTRNTN, p 1= ¢ B true, BIRZITABIRITERE: pMtHERTE—ITR, #

BtthEINBEENET R, ik, NEESLEMIIIEENET R, ATMUMNIT offer IRIET.

BALE, ERTE 11 THORBKEDN, AKRMZAMBRIXMER: —#5 4R offer, —Hf5 4R
poll (FEZWH, BTHRRHAMERBATIRXERTER, 0 offer 2HEXIHY) .

Hif (p == q) A true B, %A p TR next HIERAIEBS, BEMTNRMZABETR, XMTREAIIPE
FENMETK, —BRTERRNTRRBET R, N TEBEFIBRXMER, H11EEE poll HERRITE
12, BOAEAKE, SZEXR—TRAERENSEE,

poll 5%
poll AR T :

public E poll() {
restartFromHead:
for (;;) {
for (Node<E> h = head, p = h, q;;) {

E item = p.item;

if (item != null && p.casItem(item, null)) {
// Successful CAS is the linearization point
// for item to be removed from this queue.

if (p '= h) // hop two nodes at a time
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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;

else

p = 4g;

1. FbRTER: SNERRFBRIEIAZ AN T WIRE S KR R EEGS IEFAt MBASIR K ERREFRTT R
2, ¥AEIA: MTFHRXTRhAITRp (FHaRSEkTRER) BFET.,

3. EEEHAI TR E item = p.item EEVHAITRMNITE,

4, MEHRITES A ANl

o NMRZE, HECASIEEMINEZIZE AU (Eﬂp.casltem(item, null) ) , MRRTRERINER.
o MNRHFPRARLTSR (p!=h) , MEFLSIBN " BEHT"FRNT =,
o ROIHWFRIREVTTER.

5. NERBEAE:

o YN%Rq = p.next@null, MRREZABATIKIEER, E?ﬁ;&%lﬁﬁ FHIREINUlIFRRBAFIAZT

o MRp==q, WRRTEEHARELNELNEERR, BiTcontinue restartFromHeadﬁJLlEl%“Mé%E’JFF
a, B,
6. BEIEIT—1T R BpikERq, IR, HEREER,

BaETRED
PTEFH, RERBIEMET, #5LTS,

public E poll() {

restartFromHead:
1. for (;;) {
2 for (Node<kE> h = head, p = h, q;;) {
3 E item = p.item;
4. if (item != null && p.casItem(item, null)) {
5 if (p != h) // hop two nodes at a time
6 updateHead(h, ((g = p.next) != null) 2 g : p);
7 return item;
}
8. else if ((g = p.next) == null) {
9o updateHead(h, p);
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10. return null;
}
11. else if (p == q)
12. continue restartFromHead;
else
13. p = 4d;
}
}

{iRi% ConcurrentLinkedQueue #IAIRSI FEIFRR:

S offer IEX, BATGEE p (FAEBRILTR, h (head) HAF—ERNMIIFILT =,

53k & poll I Nodel BFRI1ER, HTF p=h=head, REFAULLET p }E[@HY Nodel BIEIEA R null, F 4 171K
fg item!=null BYFIETA true, 1F BT casTtemi§ Nodel FIEIEIRE N null,

G0R CAS KMNILLREMLER, F15 F—RBEHRATER.

BB ATHRATARINANEISE 5 7R3, RS p A h #346(@ Nodel, 35 517 if B4 false, AEEIREIE 717
return [B] Node1 BYEUEIEL 1, HIELER, MASAIBATPRS FEIFTR,
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REEMBAFIF poll, REAZRAT h ] p #6EAY Nodel RIEIER null, BAE—HEMEEEMESHIRALT R
(HKREBIEFR null T R)

WerE, F=17R item A null, 554173 if HIBTR false, EZRE 8173 (g = p.next) , ifthA
false, T q38@7T Node2, £ 11 1789 if FIMFthA false, EARBERTEE 1317, XDEME p F q HEIER
T Node2, izl T EMFROEIENLT =,

EAFFRBRAIL T SR RN . MR HFTRAOEIER null, REAZTRAT2EHERNTR, MASITRNT
—THRENR., EUEIREHE, IPRSEN TEMR:

BT T —IRTEIR, 26 4 [THIRIER LATAR, {RIXEE 4 179 casltem iREIN, BT p EL3E@ T Node2, i h &
|BEM@ Node1, LEAYEE 54789 if FIBRA true, FASH1T updateHead(h, ((g = p.next) != null) ? q :
p) , AT q38M Node3, updateHead 753ERRRBUIT:
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final void updateHead(Node<E> h, Node<E> p) {
if (h != p && casHead(h, p))
h.lazySetNext(h);

ZFHEEEET casHead ¥§BAFIEY head #5a Node3, HEEIT h.lazysetNext & Nodel B next 5@ EH
=, REESE 7 TRIIRE Node2 Y{E., LERIBAFIAIRSU FEFATR:

head

V

NodeT Node?2 Node3
item:null item:null —P item:3
next:NodeZ2 next:Node3 next:null

*

Node1 B next #§EEHES, head &M@ 7T Node3,

WMRFNFIRZRIE, MEMITRISE 817 (g = p.next) == null, if W true, FEULESE 10 ITHREEIRE
null,

RN B

1. WNRLE head, h Fl p AT S Item FH null, HPIZTERAEENLTE (FHRTS) , REE#E
iZ casltem 753%3§ item iRE A null, AEIEEEH item iREEPH,

2. tNR%EI head, h fl p IERMNT A item 7 null 193, RIPIZTH SAFAREESHERNT R, IBARZdEE
FH item T null 9T, BIIL q 8@ p MT—TTR (q=p.next) #HTIXIR, FHRIMED
updateHead A iEE#T head TRMURMIEREET R (B JupdateHead 5 h. lazySetNext (h) ) .

SHENTRRDH

AR HRE poll 777ERE, BXEFE—7:

else if (p == q)

continue restartFromHead;

XEBDAEARGIEZNEIRE poll B9, g = p.next, BHER q KIZE@E p W TF—TTR, BETARRT
p Ml q RIERE—TT RE?

RIBRTEN 2, RE p #E@ATRTE poll NEHEZER TIHETR (@ updateHead 75EHRY
h.lazySetNext) .
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HEFE A TEHIBT p==q i, 2&7E B ELHIT poll A&, B p TRERANEETR, HH head TREZRETH
T, FRIATUEEM restartFromHead 46117, RIEFARIBNE&HHI head,

AR, BEERXFE—MPIER, MRIRIBATINZBAT, Li2 A #1T poll #1F, EITETE B 1T offer, ARLIEA B
AT poll, FBALLRTEAZ A REIFZE null 324642 B MIFEANBIBR T RlE? Ff1RE—E demo:

public static void main(String[] args) {

Thread threadl = new Thread(() -> {
Integer value = queue.poll();
System.out.println(Thread.currentThread().getName() + " poll HIEN: " + value);
System.out.println("queueHBIEENZTIATI: " + queue.isEmpty());

})i

threadl.start();

Thread thread2 = new Thread(() -> {

queue.offer(1);

)i
thread2.start();

BMBESRN:

Thread-0 poll HEA: null
queueHBIRENTBATI: false

thread1 Fe#1172I5E 8 TS if ((q = p.next) == null), BHTFPAFTIRZT if #IETR true, FHN if 1R, LEAE
thread1 &f®, /5 thread2 #1T7 offer IEAERN 1 TR, thread2 MITHER., Hik threadl #17, XAfthread1
HegEHRHITER, MBRLETE, RE null, RELIIATIHT thread2 ERIEATER 1 UFTT R,

WMHERN threadd poll BIH null, FAEBAIILAZT,
Fitb, EHIERRATIR S H=MIATR, FEEET poll RE] null #1THIET, EiBiT isEmpty HITHIET,

R £%F% offer SR & IE poll
D offer ZIARIBHMEIAIE 7 — 1 a@, BIXY offer 753AHEE 11 1TCIEBHVIERZ,
offer->poll->offer

AIEBARER], offer 5iAME 11171UES if (p == q), BEBILIf FMHH true WIFRRE p TRABRTR,
T ARMEEBHEE T RIE?

£ poll MO, HAMLEITER, B head TRH item FEM null B FHEENXTR, FHFE
AT RBEAZE, £8# head, HEIE head TRIRENEETR. RIRAFTIFIRIRSU T EFTR:
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FELEFELLTE A AT offer BF, £572 B H4T poll RFEM F—MIER:

HAZA £S5 3]
NodeOBnext
AAnull
Node1i#1T
B q=p.next HHBARRE

EUETS ‘

EHENodeOf
nextiEmEES

" i

——

true
MheadBEH UrITETE
AT BTR

- ——————————— — —————————————— ———
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%72 A B taill TRTFTE next TR Nodel, ERBEE q FRISHKAIIEENETR, SITE if (p == q)
B, 472 B 11T poll #&1F, 3442 B ki, head #l p $8[@ NodeO, HF NodeO 89 item FEZA null, EHFEEF
AITBATIRIEIESL T = Nodel, 7E4:%2 B #1758 poll /&, NodeO s ANHET R, HEWRETIA head
AETHE, WERBATPRSH TER.

head
NodeO NodeT Node?2
item:null item:1 = item:2
next:Node1l next:Node?2 next:null

{

HFE AWITEIMT if (p == q) A true, KREHIT p = (t != (t = tail)) 2 t : head;, HF tail B/ LR
AN, FA p #®IR{ER head, FHM head FHIATTRRIEBNIRIE.

R R B FhRER

i _EEX offer # poll EMDHT, 1AM tail §] head ZIEIRFFH, AMEEMIIMAIINI:

tail EFFAOAL RGN : % taill TEMNT—TTAEARR null R, SHITEMINIIBEERET S/RE, KIETS
EMIEN, ZEA 2B casTail #17 tail B 2 tail PR T—1NT20 null WEHMR, RIBEATEARER
tail,

head EFAALAERI: = head T8 item A null IEHR, SHITEMIIEIE LT SRIE, HEXTRE
SRMIER, ZfE7=8d updateHead #4T head E¥fi; = head =AY item A1 null BIEHE, KPR SRAE
#1 head,

AR, FRBPEXF—EFRE: hop two nodes at a time,

T A ARIER BRI SRER I HOPS, ABREEZXT (5BHY) , MLEEMIPRSERIMEL, head 1 tail
MEHRE HEN", BPESERT . ZFRITHEEZTANE?

ORI tail KIFNRT R, EMHNBEREL, MAZEESE.

B, XHME—TRR, WRBAENANRE, SXRMERNIT CAS #1T tail NEF, CEERMEEHRRIE
BRI, WMREEMD CAS BFURIE, MATMAKRANRHRIEIRE, FALA doug lea KIMiEERE 1R (tail
MBART =RIEEE 79 1) 7 FIA CAS & tail,

3t head MUEFIh ZEFANEE, BABRFIRITESHAERAPEMURET RIVEME, B2FKR, EHRENEE
BIRETERNE, AL, ZHRNEMET REVMERFEANMERANT.

{E Rl
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public class ConcurrentLinkedQueueTest {
public static void main(String[] args) {

ConcurrentLinkedQueue<Integer> queue = new ConcurrentLinkedQueue<>();
queue.offer(1l);
queue.offer(2);
queue.offer(3);
queue.offer(4);
queue.offer(5);
System.out.println("queueHBIEBANTII: " + queue.isEmpty());
System.out.poll();
System.out.println("queueHBIEB NI " + queue.isEmpty());
System.out.println("queue=HBIMIA/NA: " + queue.size());

HBHERRN:

queue HBIEB NG false
queue HBIEBNTIAG: false
queueHAMA/NR: 4

INGG
ConcurrentLinkedQueue 2—fhsci#tH (FIFO, First-In-First-Out) EIRATI, EE2—PEFRIETENTRL
FELREBAY, ZBAFIRTTRERESH L ENEN, L2HRAMAN, BERRIEIMAN, ZBAFIR T null TTE.

ConcurrentLinkedQueue X 7T HOPS 89i%it, BN head 1 tail 2IEREFAY, XMIFITHNTEBNE R/ 24
RMETHEA, HIZStEE,

ConcurrentLinkedQueue A9 offer 777EARTHEMIIBIBEA—TITR. MRMINAMITER, NIRE true,
ConcurrentLinkedQueue B poll 7 ER TR HMIBREATIAILER TR, WRAFINZ, NHRE null,
ConcurrentLinkedQueue B isEmpty 55T EIIZS

ConcurrentLinkedQueue K size 7535 T IREIBATIRIA /N,

i MEEZ, SHABFRETCLO610AY GitHub B FEhttps://github.com/CL0610/Java-concurrency,

GitHub E4RE 9300+ MIFFRANIRE ( Z S8 Java M 2 B8) 510 PDF (HAEZ%GE/Y LFHET! BIELE
HEREZFER A, JavalATFEER | sychronized. volatile, CAS. AQS. ReentrantLock, £7Eith. H &
A2&. Threadlocal, AFFEBEEUEMAMARMANZIENANS, Hit 15 ARF, 200+5kFLE, BTG
ERMBHIE. BB FE8: KET, —SHERIEHN 2 B pdf

MA_SHHVREIZERK, EEMNE_TEINNS TAHRERNS ) BERMAIIUIREX PDF ARES,
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E_+"%5: FHZEPATI BlockingQueue

BlockingQueue 2 Java FEJ—1EO, EART —TERERERAI, NMURAIMBEZMNEEHFRAE, ERNT
F1FBAE, MEEASIANZIEZERITRNETR, ERIASIERGAA, BB ERIVHNEEBATRENS
2, HEIRAFIZFHHA.

REMANETEHEE "R, IEERIELREENSIERRS, &8 Er HROMIERARIESS,
HBEEMNBIES SR PIRIEE, X, £ErE4RERELENERET, SERFELTIECRLSEIR.

FHZEFAFI (BlockingQueue) #[ iZAF 4= &-BEE 0EF, H[ERARZ BlockingQueue &£ 7 rIHZERIIEA
MR AL, SHATIBRER, E-EXESWEE, BRRAIIRE; SAIISRATH, HEEXESWEAE,
EZERASIFESRT AL,

BEXRIE

BlockingQueue #OE XA AN FAIR:
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BT BlockingQueue #7&7T Queue 3%, EItt, BlockingQueue HE%H Queue EOMERNEME, WTFHAR:

1) BATE

1. boolean add(E e) : HLEAMNEIATIES, ARATHT, MHLEFF lllegalStateException,
2. boolean offer(E e) : FFLRNIMEIATIESS, GIRBAIIHT, MIRE false,

2) MIBRTH

1. boolean remove(Object o) : MBEAFIFMIFRITTE, AINRE true, KMIRE false
2. E poll() : HZRHMIFRILCBAZIEISLER, GNRIECBATIAZ, MEREINUll,

3) EHtE

1. E element() : IRFR(EAMIBRILPAZIAISLES, WMRPAFIFZ=IN#ME NoSuchElementException &8 ;
2. peek() : HZEEARMERUBAFIAILER, NRULIATIAZ, NHRE] null.

B2 T M Queue 3EO 4HEEF—LE 7555, BlockingQueue BEREX T —EEAMME, LEURENIRIE:

1. void put(E e) : RmRANMEIAFIESS, WMRBATIHT, NELZGEEEEIB=IE.,
2. offer(E e, long timeout, TimeUnit unit) : JFIEEMTTRBALBATIR, REAFLHT, MHFHE
TERIATE), ERIAFIRTA,

EEan i mIBRIR(E -

1. take() : HRHMBERLEBATIRILER, WELE, WHFFSERIATIATA;
2. poll(long timeout, TimeUnit unit) : H&RHMIBRLLEATIAILER, WRFBETZTETH, WERHETE
HFITAI(E],

No. 265/ 428



FJava, BINEZEH Java HIM 2K

ArrayBlockingQueue

BlockingQueue & OHYSEISEH ArrayBlockingQueue, DelayQueue. LinkedBlockingDeque.
LinkedBlockingQueue. LinkedTransferQueue. PriorityBlockingQueue. SynchronousQueue &, F{15tM
ArrayBlockingQueue iz,

ArrayBlockingQueue ER2—1"E T HENE FREERT:

e H5: ArrayBlockingQueue IA/NEAEMIERMBE Y, AEEZETEEEN, XTHRRREMH T REES,
BTRIFNGEER,

e FIFO: BAFURIEFG S Fedt St AR,

o IPNIBRERN, BMETEMANIIESIEE; SN TZHAIIRE TRt REE.

BELEME, ArrayBlockingQueue FRAERIELNIAT, FIBATRIEFERREREFNBNNEIRT,
BV S50 I2AE05 B 5 1HIT) ArrayBlockingQueue,

XERANEEEMBRAZRINER, NMERFE, FESTMEIZRIRTING, IRFEAFN
ArrayBlockingQueue, AJ7EREBRRIRMRIRE A FARER true:

private static ArrayBlockingQueue<Integer> blockingQueue = new

ArrayBlockingQueue<Integer>(10, true);

ArrayBlockingQueue BY=FERE1TF:

/** The queued items */

final Object[] items;

/** items index for next take, poll, peek or remove */

int takelIndex;

/** items index for next put, offer, or add */

int putIndex;

/** Number of elements in the queue */
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int count;

/*

* Concurrency control uses the classic two-condition algorithm
* found in any textbook.

*/

/** Main lock guarding all access */

final ReentrantLock lock;

/** Condition for waiting takes */

private final Condition notEmpty;

/** Condition for waiting puts */

private final Condition notFull;

o items: XZ—TATHEMINIITTRIEA, IIINANEMERNEN, HFEEEGBEBRNTSNE

e takelndex: XTZRSIAFT—" take. poll. peek 8 remove #fE, b?arﬂéﬁuT%&/ﬁ%E’\Jmﬁ{qu

e putindex: XPMESIBFTF— put. offer 3 add EfE. EIBEMTRIEHBANNE.

e count: XEMIIRLRITTRENNE., HARNEARN, H—FH put RIEBKEE,

o lock: IX2RBFRIFBAFIIEEIAY Reentrantlock 3R, FBMITARIFIEKR AT REB B E BT IX MIKE
+

o

e notEmpty: XM &M Condition FBFEH4T take 1, ZHBAFIATH, SHXMBAFIFEUTRNEIEREFIX
1%,

g

o notFull: &M Condition BTEHT put ##IE, HBASIERAT, Fl@ATIFRIMTRILEIREFTXTF

.
FEFEA T

public ArrayBlockingQueue(int capacity, boolean fair) {
if (capacity <= 0)
throw new IllegalArgumentException();
this.items = new Object[capacity];
lock = new ReentrantLock(fair);
notEmpty = lock.newCondition();

notFull = lock.newCondition();

1) put 7iEi¥kE

put(E e) A /ARBBUT:

public void put(E e) throws InterruptedException {
checkNotNull(e);
final ReentrantLock lock = this.lock;
lock.lockInterruptibly();

try {
/I NREHTAFIER, B4R RInot Ful 15455 H
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while (count == items.length)
notFull.await();
/HRBANEURNER, BERHITANRE
enqueue(e);
} finally {
lock.unlock();

ZERNZERE R, HIAGIEHR (count == items.length) JEEIEFEAZ notFull ZHFRAGIF, WERFHE
BABIRENEMS, BIZAR enqueue(e) HATTE. enqueue 5iERIZUIT:

private void enqueue(E x) {
// assert lock.getHoldCount() == 1;
// assert items[putIndex] == null;

final Object[] items = this.items;

/ IENEHE
items[putIndex] = x;
if (++putIndex == items.length)

putIndex = 0;
count++;
/1 BEVERELIE, SRS EEIETADEZ
notEmpty.signal();

enqueue 7 ARNEHEEIFRER, FTHEALBIE (items[putindex] = x) , AEBEAMKEEHEELRE: S
BIRANSIFREEUERTHEZR ( notEmpty.signal()) 7.

2) take 75iE1¥HR

take 737ERYRIGA0 T :

public E take() throws InterruptedException {
final ReentrantLock lock = this.lock;
lock.lockInterruptibly();
try {
/IAORBNFURZ, REEHE, HEBRELREBANEFRFHIGIHR
while (count == 0)
notEmpty.await();
/ 1 3RERERHE
return dequeue();
} finally {
lock.unlock();

1. MRGRIBATIAZENE, NGREEIERNE R E LB AR FGETF;
2. NRBAFIR A Z=NERERESE, BITTALLRAIRIE dequeue . dequeue 75 7AIRIBANT
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private E dequeue() {
// assert lock.getHoldCount() == 1;

// assert items[takeIndex] != null;

final Object[] items = this.items;

@SuppressWarnings ( "unchecked")

/ /SREXE AR
E x = (E) items[takeIndex];
items[takeIndex] = null;
if (++takeIndex == items.length)

takeIndex = 0;

count--;

if (itrs != null)

itrs.elementDequeued();

/ BRI FEZERE T E LR

notFull.signal();

return x;

dequeue FEFEM T RRHEE:
1. SRENBAZIRIEEE ( (E) items[takeIndex])

2. BAAREEAESR
.

WATRNETELEZNIINERTRZE, BIEAnotFull £H4%E

=

==l

# signal 753%5C

MU EDHAEBAES, put M take 77AEREY Condition BB EIH TSR EXEITEEFFIHEE,

3) {ERRHGI

OK, FA1B3*&E—" ArrayBlockingQueue RIER A

public class ArrayBlockingQueueTest {

private static ArrayBlockingQueue<Integer> blockingQueue

ArrayBlockingQueue<Integer>(10, true);

public static void main(String[] args) {

new Thread(new Producer()).start();

new Thread(new Consumer()).start();

static class Producer implements Runnable {

@override

public void run() {

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

try {

blockingQueue.put(i);
System.out.println("EFTEETHIE: " + 1i);

} catch (InterruptedException e) {

e.printStackTrace();
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static class Consumer implements Runnable {
@override
public void run() {
for (int i = 0; i < 100; i++) {
try {
Integer data = blockingQueue.take();
System.out.println("JHEEBHELIE: " + data);
} catch (InterruptedException e) {

e.printStackTrace();

BITHER D SR T EIRTR:
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LinkedBlockingQueue

LinkedBlockingQueue @— M ETHRNAFEL EHIFEERT:

o FAIAFERAFISLEBFNEBREHAT S ARV BAFIMIBRIEE

o ZPASINZTRS, BURFZMWIEZE, BERNIIREMBOTERAIR. SNIIEHEN, BARESKIEE, EFIAT
BRI AZIE,

o FUEMENIEERATE. MRFEE, BIAN Integer. MAX VALUE, XEWEFINANZIRFAIARN
=,

LinkedBlockingQueue BIFERIN T :

/** Current number of elements */

private final AtomicInteger count = new AtomicInteger();

/*x*

* Head of linked list.

* Invariant: head.item == null
*/

transient Node<E> head;

/**

* Tail of linked list.

* Invariant: last.next == null
*/

private transient Node<E> last;

/** Lock held by take, poll, etc */

private final ReentrantLock takeLock = new ReentrantLock();

/** Wait queue for waiting takes */

private final Condition notEmpty = takeLock.newCondition();

/** Lock held by put, offer, etc */

private final ReentrantLock putLock = new ReentrantLock();

/** Wait queue for waiting puts */

private final Condition notFull = putLock.newCondition();

e count: —> Atomiclnteger, FRNAFIFEHBITTENNE. BIRERFRERIELELZS.

e head: PAFIRIKE TR, HTXE—T FIFO BAFl, FAATTREZMKERISER, LET R item FERIBER R
null, EffA—TEMT R, ATEEET,

o last: NIRRT R. MITREEEARESR.

e takelock # putLock: Xz LinkedBlockingQueue HHIFRIE ReentrantlLock i, takeLock FF-1=HlEX R
E, putLock ATHZEHIBMNIRIE, RXEFAIRITHESHRAN R RFREBE—ERE LHITIIT, MMmiESAS!
HWEILE,

e notEmpty # notFull: XZM Condition &, #5I5 takeLock # putLock #8XEx. HIAFIA=TH, =i
MPBAFIFRER ST R ARG STE notEmpty EEF, HMTREWMARTIE, XEZGFNEZRRIRE,
EltEHh, HRASIEHRET, =WEBATIRMATENEIZRE R notFull L%F4F, FSMATIA PT A= B #R
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2.
BERAY Node TTRAYE X AN T :

static class Node<E> {

E item;

/**

* One of:

* - the real successor Node

* — this Node, meaning the successor is head.next

* - null, meaning there is no successor (this is the last node)
*/

Node<E> next;

Node(E x) { item = x; }

01) item: N FERBATFEHETARESHNTE.
02) next: ITFERRTREMNIIFHNELAT R, ITFEE=THENE:

o [EHT REVSERRSIA.
o tTREBMSIA, BEWRER 9**'3—"'5% RE TR,
e null, RNRBEBHTR, EMBRLETRENIINEE—TTR.

03) Node(E x): XE@TMREMMESE, BIEZ—1 R x HEHEES item FEL,
1) put FiXiFk#
put FiERIBAT:

public void put(E e) throws InterruptedException {
if (e == null) throw new NullPointerException();
// Note: convention in all put/take/etc is to preset local var
// holding count negative to indicate failure unless set.
int ¢ = -1;
Node<E> node = new Node<E>(e);
final ReentrantLock putLock = this.putLock;
final AtomicInteger count = this.count;
putLock.lockInterruptibly();
try {
/*
* Note that count is used in wait guard even though it is
* not protected by lock. 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.

2/
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//ANRENTIE#H, MIEELRIZETRE, BEBANZFGIAT
while (count.get() == capacity) {
notFull.await();

}
/I NBABRPE, FRAEE

enqueue (node) ;
c = count.getAndIncrement();
/1 EBNIH R BRI R, NBAEPAENAEF=E LR
if (¢ + 1 < capacity)
notFull.signal();
} finally {
putLock.unlock();

}
if (c == 0)
signalNotEmpty();

put 5ERIBEEE AR ] ArrayBlockingQueue B9—#%,

01) SEIKRE: WMRENNTEN null, MHIE NullPointerException, LinkedBlockingQueue AR null
TTER.

02) BEPZENIEML:

e int c = -1; FATEFMIRERIMNNIITRAE, FUEN -1 "RAEM, RIFHEIRE.
® Node<E> node = new Node<E>(e); BIE—THNTREEEHEANTE e,

® final ReentrantLock putLock = this.putLock; #] final AtomicInteger count = this.count;

SREXBAZI RO BT BZE T &R
03) JREX#{: putLock.lockInterruptibly(); ZURENATREARIEAOD!, MRLFEWBET, MM

InterruptedException,

04) HFIIIER: WRIIIEH (count.get() == capacity) , HAIEBIGHIBE, HBH notFull KEEH
R, —BETEEME, SREHRERRENT,

05) ABA#EfE: M enqueue(node); T RIEATIRIES.
) Ei?ﬁffn& l_l_ c = count.getAndIncrement(); S%Hy;#ﬁﬁi%EA?UE@EE%%?*?QO

07) WMEHPIREAREEEhE~E X2 WRINFKEH (c + 1 < capacity) , {#F notFull.signal();
MR A BEIE FE S BN T B EMAE T~ EEIE,

08) FEHH: finally REGIRITEIRIE TR EHFRIL.

09) AJRERIMEEIHTRE AR MRBAREBIIIMETNIET (c == 0) , MWIEHA signalNotEmpty(); MR
EERIBE EEFHAFEATIRTH R B AR,

No. 274 | 428



FJava, BINEZEH Java HIM 2K

2) take HiEIFHE
take FAHREBA T

public E take() throws InterruptedException {
E x;
int ¢ = -1;
final AtomicInteger count = this.count;
final ReentrantLock takeLock = this.takeLock;
takeLock.lockInterruptibly();

try {
//HBIBAFIRE, NREESFLR, WEHBAIFFNIIFR, EERESRH
while (count.get() == 0) {
notEmpty.await();
}

/ 1TEBRBAKTTR, SRENEURE

x = dequeue();

c = count.getAndDecrement();

/ /ANRERHEBRITRAIFMG, NBAKEERERE LR
if (¢ > 1)

notEmpty.signal();

} finally {

takeLock.unlock();
}

if (c == capacity)
signalNotFull();

return Xx;

01) BEPZEVIAL:

E x; ATEFERENERTER,
e int c = -1; ATEMHRMFERNIITERE, Figh -1 KRR, RIFHEIRE.
® final AtomicInteger count = this.count; ] final ReentrantLock takeLock =

this.takeLock; JREXPAFIAYITEZRFIBITR,

02) 3REX®M: takeLock.lockInterruptibly(); FIXIREXATERLIRIEAIE], WMRLTZMPUT, MHE
InterruptedException,

03) F1FRASIAFE: ARBAFUNZE (count.get() == 0) , HEIATBRHWEE, HFRF notEmpty AW
B, —BBAIIHEE, SIERMIMREEAREENIT,

04) HBARIE: VA x = dequeue(); MBAFIRILERREIRTTR, HISEHMES X,
05) EFfit#i: B ¢ = count.getAndDecrement(); IRENFHIEFINTIAITTRITEL

06) EFHAJRERIMREEEMIETRE LA WRIIINBEEMITER (c > 1) , {£M notEmpty.signal(); MREE
IR EASFFIEEAIIRNEMERE LI,

07) FEHL: finally REGIRITEIRIE TR E IR
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08) PIBERYMREEZAE™EHLAZ: WMRENLIRIEIGBAIIMBHLENRH (¢ == capacity) , NEA
signalNotFull(); MREEFIBEIEAEFIFBAT BIRNAETELIE,

09) REEREMITTER: &REREREEHITE X,

3) {ERRHI

public class LinkedBlockingQueueTest {
private static LinkedBlockingQueue<Integer> blockingQueue = new

LinkedBlockingQueue<Integer>(10);

public static void main(String[] args) {
new Thread(new Producer()).start();

new Thread(new Consumer()).start();

static class Producer implements Runnable {
@Override
public void run() {
for (int i = 0; i < 100; i++) {
try {
blockingQueue.put(i);
System.out.println("EFEETHIE: " + i);
} catch (InterruptedException e) {

e.printStackTrace();

static class Consumer implements Runnable {
@Override
public void run() {
for (int i = 0; i < 100; i++) {
try {
Integer data = blockingQueue.take();
System.out.println("JHEBEHEEHIE: " + data);
} catch (InterruptedException e) {

e.printStackTrace();

BITHIER D SR T EIFfR:
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ArrayBlockingQueue 5 LinkedBlockingQueue AJLE#:

1R ArrayBlockingQueue ] LinkedBlockingQueue #3:21&1T Condition & &04|H)5ESCE 7] BEZEAYIE N FIMH
bR o
TES:

1. ArrayBlockingQueue EF#{4H5L, T LinkedBlockingQueue EFH4&R5LI;

2. ArrayBlockingQueue {#HR—"EJH#Y ReentrantLock iz HIXSAFIEIIAE], T LinkedBlockingQueue {EF
M8t (putLock # takeLock) , —PMRAFBARIE, Z—THATFTEEIRIE, XATAURME AN ERIIZH],
Hrelgem D&z BNRES,

PriorityBlockingQueue

PriorityBlockingQueue @—"EAMIARAFH AT REZERNT] ., TREMTIFRIHIFERE B RAFSEET
RMULEREHITESRF . RAILAEE LI Comparable 2 OME X BARHEF

LEBIRIBEMRARFPITESR, PriorityBlockingQueue £IFEER., TENAISETR 7 WE{EH
PriorityBlockingQueue REEEB REMITRIIES.

class Task implements Comparable<Task> {
private int priority;

private String name;

public Task(int priority, String name) {
this.priority = priority;
this.name = name;

}

public int compareTo(Task other) ({
return Integer.compare(other.priority, this.priority); // higher values have
higher priority
}

public String getName() {

return name;
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public class PriorityBlockingQueueDemo {
public static void main(String[] args) throws InterruptedException {
PriorityBlockingQueue<Task> queue = new PriorityBlockingQueue<>();
queue.put (new Task(l, "Low priority task"));
queue.put(new Task(50, "High priority task"));
queue.put(new Task(10, "Medium priority task"));

while (!queue.isEmpty()) {
System.out.println(queue.take().getName());

_I:1§|JﬁJLT—/\1755'Ei&BH§B}\§U FARIT =T EETRMARNES. ENRMFTRMNSENRAINGIFHEXHFF
TED., BITERWT:

High priority task
Medium priority task

Low priority task

SynchronousQueue

SynchronousQueue &— 1 IFE45FRAIBEZERNT, EREFMRECITER., B—TRERARELNFEGS — 1T EENRE
FRIRIE, RZTRA, AL, SynchronousQueue AR EETH, BEAF—TEEQS —TMEEENMEH
TT&R,

SynchronousQueue AFLRERBTRERTLR— 142, BEit, MR—TEEZNBEAN—TTR, #BE»
— M EREZUBR—TTR, WEANBREERRIIN.

MEBIL—PEREERNEEERRZAS—TEENERT, "JMER SynchronousQueue, TERNIEE
T T #fEl{E A SynchronousQueue j ﬁiﬁ [B)AE(E

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

SynchronousQueue<String> queue = new SynchronousQueue<>();

// Producer Thread

new Thread(() -> {
try {
String event = "SYNCHRONOUS_ EVENT";

System.out.println("Putting: + event);

queue.put(event);

System.out.println("Put successfully: + event);
} catch (InterruptedException e) {

Thread.currentThread().interrupt();
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}).start();

// Consumer Thread
new Thread(() -> {

try {
String event = queue.take();

System.out.println("Taken: " + event);
} catch (InterruptedException e) {

Thread.currentThread().interrupt();

}
}).start();

LEBIBIE T — SynchronousQueue, AE—THEFBAT —TR, Z—TEETBRTXTTR. BITH
RUTF:

Putting: SYNCHRONOUS_ EVENT
Put successfully: SYNCHRONOUS EVENT
Taken: SYNCHRONOUS_ EVENT

LinkedTransferQueue

LinkedTransferQueue @ — 1METHREMWIFEMOAGI, I T TransferQueue ##0, EIRMH T —FMEA80
AFREIZANE . ENIIEES HAZEATIRM, BERSIFHEEEN: AT — " mREEMNETEERSESR
E, IREBEBECAETEE. URRBESFEIERSE, TERBAK,

BRAEEM:
® transfer(E e), FUREBIAFHIIHREE, MRTFEFHIHREE, xRS AABEERIZTER
WOHE,

® tryTransfer(E e), =UAERBTER, WRBHEBRBFLEESFS, WERMDY; BN, RO false,

IR EE R L ENERE ZENRE, AJUAMER LinkedTransferQueue,

public class LinkedTransferQueueDemo {
public static void main(String[] args) throws InterruptedException ({

LinkedTransferQueue<String> queue = new LinkedTransferQueue<>();

// Consumer Thread
new Thread(() -> {
try {
System.out.println("HEEEESFREITTE...");
String element = queue.take();
System.out.println("HZEEIKE]: " + element);
} catch (InterruptedException e) {
Thread.currentThread().interrupt();

}
}).start();
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// Let consumer thread start first
TimeUnit.SECONDS.sleep(1l);

// Producer Thread
System.out.println("£FEEEERTE");

queue.transfer("Hello, World!");

System.out.println("£FEEEEITE");

HBRELREETEIASHRETR. EFELREAA transfer HIEBTRERERGHES.

BITERNT:

HEEEESFERBTR. ..
ArEEEEERTE
ArEERBTR

HEEIER: Hello, World!

LinkedBlockingDeque

LinkedBlockingDeque @— 1" E T HREMHINIHFEZERAT, BRI SIFMNTLEBIBEANBIRTR, WM
AT EMENFRERRTTE, Eitb, LinkedBlockingDeque AILAfES FIFO BAFISE LIFO BAFISE{EF,

ERAEE:
® addFirst(E e), addLast(E e) : fERAFIRIFFL/ERIRINTE,
® takeFirst(), takeLast() : MBAFIBIFL/ERERBIFFIREITTR, WRAIIANET, MFHFST,
® putFirst(E e), putLast(E e) : fEBAFIBIFFL/ERIBATE, WRINFIER, NEEF,

® pollFirst(long timeout, TimeUnit unit), pollLast(long timeout, TimeUnit unit) s TERATIRY

TR/ ERMIFANIREI TR, MRAIIAZE, NHFFEERBETE,
ERRHA):
public class LinkedBlockingDequeDemo {

public static void main(String[] args) throws InterruptedException {

LinkedBlockingDeque<String> deque = new LinkedBlockingDeque<>(10);
// Adding elements at the end of the deque
deque.putLast("Iteml");

deque.putLast("Item2");

// Adding elements at the beginning of the deque
deque.putFirst("Item3");

// Removing elements from the beginning

System.out.println(deque.takeFirst()); // Output: Item3
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// Removing elements from the end

System.out.println(deque.takeLast()); // Output: Item2

BITHERWT:

Item3
Item2

DelayQueue

DelayQueue @— M FRFEZETI, AFEMEIT Delayed #EOMTER, XLETR REEEHEIHRRT 7 8EMBATIAH
ENE. X{#15 DelayQueue i usEIIRT (B2 TS5 RAVIEE AR SS FOIRAEIESE

TENTREIRT T WE{ER DelayQueue,

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

DelayQueue<DelayedElement> queue = new DelayQueue<>();

// BHEESMIERAITTEILART
queue.put (new DelayedElement (5000,

XE—T 5 WERHNITER"));

try {
System.out.println("Bl—Pm&H...");
// take() FFHZE, HIIFERZIHA
DelayedElement element = queue.take();
System.out.println(element.getMessage());
} catch (InterruptedException e) {

e.printStackTrace();

static class DelayedElement implements Delayed {
private final long delayUntil;

private final String message;
public DelayedElement(long delayInMillis, String message) {

this.delayUntil = System.currentTimeMillis() + delayInMillis;

this.message = message;

public String getMessage() {

return message;
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@override
public long getDelay(TimeUnit unit) {
return unit.convert(delayUntil - System.currentTimeMillis(),
TimeUnit.MILLISECONDS) ;

}

@override
public int compareTo(Delayed o) {

return Long.compare(this.delayUntil, ((DelayedElement) o).delayUntil);

EBIRIE T — DelayQueue, FRF—1HH 5 DIBHNTEMANI., AE, EEA take() 737AMBATIFRER
HtE. BT TRNERNEN 57, HIt take() AEKGHEESH, BRI, GITERUT:

B—1 7. ..
XE—T 5 WRIRHTR

ING

AXNET Java FRIPEZERAT, B3F ArrayBlockingQueue, LinkedBlockingQueue, PriorityBlockingQueue.
SynchronousQueue, LinkedTransferQueue. LinkedBlockingDeque #1 DelayQueue, Ef1#E4&IEZEHY,
AIAEZ A IEIME MEA,

FBEMNIZ—TIFEERNIAR, JUATIRESE-HRERN, AEESELERRETRHITEEERE. B
TR AR T LI AR EL A LIRS, M FRBATI. FERRATISE,

PHEERATIRYSEINRIEZ(ER Condition BALEI, SHPAFIRNZ=RS, HEBRBLIZGHKEE, BERIRASIFEEERHE
. SINTIETRAY, £FELERBRIEE, EEIAIBTRZE.

PEZPASIR Java HRFIEFN—TEEMD, EAESZLREEEPEEN ZHUNA, B, HNNZAEENINE
A7 EMSEIRE,

fREE: MEAEZ, SO ABFKETFCLO610AY GitHub B EEhttps://github.com/CLO610/Java-concurrency,

GitHub E4R2 9300+ MFFRAIIREE ( ZSi8Y Java #HI 2 B 55 _fn PDF (FHAZEZ/IMY BFRT! SEEE
HWERESFERSE. JavaliAFEEL . sychronized. volatile, CAS, AQS. ReentrantLock. #Z&Fgith. H &
A8%. Threadlocal, £FFHEREREFEHAMALLNZRENANS, Hit 15 ARF, 200+5kFL&E, IR
EBR5E. NBUMEK.....  $158: L1587, —SHHEREHN 2 K. pdf

IAZSHVEIZEK, EEKNBEZNEN MZHRELE ) BRURIAIRE PDF iRAR,
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E_+=7: HA&B2E CopyOnWriteArrayList

5T Arraylist BMAEROZICHS, Arraylist B— TN EABEALZENE 2, NRAESKENMETNER, FEEFoN
i, SyE{FR collections.synchronizedList() AAGEHERANEZIZLZENESS.

EN, YA ConcurrentModificationException & .

T2, DougLea KIMAFENNRME T —DFH LHRAHI ArrayList——CopyOnWriteArrayList,

CopyOnWriteArraylList &2 R EM, FIMAEZLIZNE MEA, CopyOnWriteArrayList E&SRTEHIREREN,
BEXNTIRATER (FIAAM. MEFRHESTTR) B, MELRIIRN—TIEIR, XTHEIASERIBNT!
&, XS IEFIRAFREIRERETIA AT BAAREL,

TSI RIZ THREIAR, MERREAEEMNE, XMEFESEMENDOBEAZNER TIZRURIFIFES
M. SR, HTEBXERESZEE—TMORARIE, FAUSIENFENNENTTHE, REHREEEME, 4

BESZEIRN,

+47& CopyOnWrite

AKRMIZIFICFES #{ ReentrantReadWriteLock [B? IXEME BRI IEE 7 BHYBERTINM, ENEEHUIGEER
ED RIS, MMSEIES RN ERIT.

BR, EEHithEFE—LRE, RESHITE, EEESHKEE, BEREIBNEIXERETBISIRNE
DIMTIRZIGRFREE, IHEIELENARRE, ELEEEONRMERNEIRMAOEBIE, HEBIESTHE,

il CopyOnWriteArrayList 3@ Copy-On-Write(COW), ENSATE HlI#/B A8 BT i BH ISR LI AU &
KL, HESEBRIDTEEEAEE, S92, XTHEHIEAZI T,
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BRI, CopyOnWrite fiZ HEAVE—TBRNMTROINR, FEEEFHEPRM, MIEHLESL—THEY
Bax, REEMNERERNTR, AiTZE, BRREHENSIBERMNESR. STEEEENINER, TR
met, ARHRaSARmEATE.

BMNENBH L EENIR, BBIREE, HERRBEBHR.

CopyOnWriteArrayList/RIE

OK, #ETREAIRE—T CopyOnWriteArrayList FFEIS, BIEENX, SEFRLE CopyOnWriteArrayList NEBAEIFHY
FE—TEAE:

/** The array, accessed only via getArray/setArray. */

private transient volatile Object[] array;
TZENAMK volatile 181, BESRIRIEEIRBAINTZRIILIE,
N
get 5%

get 77iARIRABAN T :

public E get(int index) {
return get(getArray(), index);

}

/**

* Gets the array. Non-private so as to also be accessible
* from CopyOnWriteArraySet class.

*/

final Object[] getArray() {

return array;

}
private E get(Object[] a, int index) {

return (E) a[index];

get HAMNTHAFERIER, JIFME—T"RERE", REMIEANEAEREE, RENNHIREAE CAS #F, R
R A IELE R RN RPEE, A HITEN,

add 5%
add FIAHIERBAI T

public boolean add(E e) {
final ReentrantLock lock = this.lock;
//1. {£MLock, RIEE&%REER—NZIE—T
lock.lock();

try {
//2. 3REX|BERBS|IA
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Object[] elements = getArray();

int len = elements.length;

/3. BURFRROERAE, HIGIHRANBIEERIZIFEAESR

Object[] newElements = Arrays.copyOf(elements, len + 1);

/74 . EFEEARRINFAVEE

newElements[len] = e;

/5. Y5|BERAAS| BE@FRRERA
setArray(newElements) ;
return true;

} finally {
lock.unlock();

add FENZEHEERB B, TETITRXALA:
01. XF ReentrantLock fRIEE—MZIRBE—1TEXZIEEHITHRAENES;
02. BiFIEA getArray() FHEIREXIBAVENA,

final Object[] getArray() {

return array;

. RECVE—EVEAE, EIRNRASTIER, AREMNMATRINGE, BiEmNSARES BREAES]
Hio

final void setArray(Object[] a) {

array = a;

R4 volatile #Y happens-before FI, ATLAXNECIIFRE &2 BT LAY,
04, &f5, 7 finally IRAPBME!, MEEMEIERIATARIFIERTIR.

CopyOnWriteArrayList f4{$F

CopyOnWriteArrayList RO{EFRIEE &, ] ArrayList ERLF—#, REEUENSKNMMEEZER
CopyOnWriteArrayList BI#91& /535, AN TFIR:
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CopyOnWriteArrayList<String> list = new CopyOnWriteArrayList<>();
list.add("elementl");
list.add("element2");

for (String element : list) {

System.out.println(element);

CopyOnWriteArrayList B =

CopyOnWrite 83 B REMK, ERRNMEFEM N, BIAEFSRREMEE—RIERM, NEF LR
REERER,

1. AFEAEE: E7 CopyOnWrite WERIEHIE, HEHITEHRENNE AFESRNER IR, B
MRMFEANNNR, D7 add FENREAREERT .

NERIXEEII R S RRIAFLER A, tbalix 200M £/, BBABEAN 100M #iE#HE, AEFEMSEA 600M, BAX
FHER S I1ERSNZEAR minor GC 1 major GC,

1. BUE—E%ERE: CopyOnWrite B2 REERIFAIENRAZ —EUE, FEERIEAIENTAS—EUE, PRIAZNRR
FEENRREIE, DLEAEER, BAEFER CopyOnWrite 2%, RIF@id ReentrantReadWriteLock BE
X—1THFIEK,

Ak —T CopyOnWrite FIIEE i,
el B

1. MEHSET LSS B BRI

2. BATREE EREEN

REA:

T THEUEIRY, EEMRRIVS, RAEAME; NELITIRRIVS, SARAHE, MR TN
EEE, 7 CopyOnWrite SEUBMENSSITEHIN, RITARSERBAN, ERRFERENER.

X —RMXF LA RELE BORIEAR, Ff )@ debug KE—TF, add HiE#&OAREA:

.Object[] elements = getArray();
.int len = elements.length;
.Object[] newElements = Arrays.copyOf(elements, len + 1);

.newElements[len] = e;

u b W N =

.setArray(newElements) ;

fRrig COW RZEH A T EIFfR:
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FAPERHE 1,23, NAESLEBEMATRINEIE 4, FHNESE 5 THTEMR, IL5EREERE.
BERY, EERRAR A2 FIMEBERIZEEIE, AR REE1%EE1,2,3,

UNRIRLFZREB I ENERIFRMAOBIEFIL BRI M, SXI58 5 TR RBUTE, R T HIENELN,
PRIAIRE T SERRVEE 1.2,34, XIWBIRRL—NE, REGAETEIERT /L7 A2,

INGG
CopyOnWriteArrayList R —TM4RER MR, ©R Java B ArrayList ZHH LA, XM ENEELZE2EET
—PMERERANEASIIN: SHIIRMEEN, MEIEIIRN—DFEIZ,

CopyOnWriteArrayList B FIIRIETEZ AT SiR(ENZR, tEUliRER. FA CopyOnWriteArraylist XKEES
REHNER, FINBRENMLERE, RN Ee5RIEMENTR.

CopyOnWriteArrayList tRfZ7E—LERR R, LAl AF O RIEEAEE—SEEE, MNEFLNEFEER T

=
/G o

fREE: STEAEZ, MHMWBFKETCLO610 GitHub B EEhttps:/github.com/CLO610/Java-concurrency.

GitHub E4R2 9300+ WFFRAIIREE ( ZSif Java HIN 2 B 55 "fn PDF (HAEZ/MY RFRT! SEERE
HNERESFERSE. JavalIAFEEL . sychronized. volatile, CAS. AQS. ReentrantLock, ZFgith. H &
A%, Threadlocal, £FFHEBRERBFEHANA LKV INZENAS, Hit 15 5RF, 200+3KF&E, TR
EBA5E. XNBUME..... #1858 X587, —SiH R RN 2 . .pdf

A SERIZERK, EEKNBEZTEN MZHREE ) EFATAIREX PDF AAE,
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(o

— — =]
E£"1TM7: AT = ThreadLocal
ThreadLocal 2 Java Fizt—FfMBATFINMAREEHMTEN TE, ERLAFEITEREAAEBECHMIIAIZA, MM
ST AFEFRE . ThreadLocal AIARTEAZSEAIEPTHENRNEIELZ S0/,

BE, AR synchronzed x#= s#& lock FIZH AN IR A X ZRNE TN, EXMIIBEIHENEIER
REEIBNSRERITEE, REAR, XMAINNERMEAZES.

SRT2EFENZOETSTERESNE— MR XORAZRFRRTHE, BUREBTLEHATECHNHER
R, EREN, BEATM, ZEMATHMEELENEE T, MIE?

EXF, IMEB-MZEREENER, STEEREAECNHERR, ERAELSAEKRT, EHTAEE
BE, hmD T A2 REFENMEERE, MMESHE LAMER,

A, ThreadlLocal #A7E java.util.concurrent & BT, METE java.lang 8T, BEEMQTFIEESEE—F
HEBEE.

&8 X, ThreadlLocal iR&EN"AiESE", BIBTEEMATZEEN—TEIF, RAAF—HHEN, X
HEMTNBERAZTRNES.

ThreadLocal BB 5 1
set /%

set AEATIRE HRI&TE® ThreadLocal T EME, %A E0RBUIT:

public void set(T value) {

//1. SREXHRIZFZLAEI SR
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Thread t = Thread.currentThread();

//2. BIERIEEXLHIZRENEIThreadlocalMapXf 5
ThreadLocalMap map = getMap(t);

if (map != null)
. WMERMapAHnull, MEAZHFIThreadLocal £l Akey, BRvalue#HiTEAN
map.set(this, value);
else
//4.mapAnull, MFEThreadLocalMapHiF Avalue
createMap(t, value);

1Bi¥ Thread.currentThread() A EIREXHBIERLLGERIZIZSEA,

B EREHBEBSH ThreadLocalMap, X MREIREM 7T EENFBEHETE, HPHEE Threadlocal IR,
BENEE TEHRENINR,

N Map A7 null, MBAZAET ThreadLocal 61 key, B9 value #1T/EN; R map 79 null, NFETE
ThreadLocalMap ##ZA\ value,

BIREBIHAIXE, value 21FTE ThreadLocalMap E#Y, 3RET ThreadLocalMap 2ft4, B TEERIA
R, EEHEHEMH.

ThreadLocalMap 2/EH#EMIE? BT getMap(t) :

ThreadLocalMap getMap(Thread t) {

return t.ThreadLocals;

ZHEEEROIHAIERENR t — P RTE ThreadlLocals:

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

BRE set A%, H map A null IAHES BT createMap(t, value) /)% new H3k—1

void createMap(Thread t, T firstvalue) {
t.ThreadLocals = new ThreadLocalMap(this, firstvValue);

%555 new T— ThreadLocalMap I35, SREUAZHE] ThreadLocal SEFIER key, {EX value ZHE!
ThreadLocalMap H, #AEIGHATEIEIT HAY ThreadLocals MR ThreadLocalMap 335,

set HIENEEMETERR TS IMEAETEECHNERRER, BT XELTSZEFMES AIZRIKARETRFRY,
FTATREIRIEIE 2 BIRYIXEZ £ H AR,
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get 5%
get 7 EATIRINABIAIEN ThreadLocal (UZB{E, FIRM0T S RE BD:

public T get() {
//1. FREXHBIETERITHINT R

Thread t = Thread.currentThread();

//2. FRERERIZFENThreadLocalMap

ThreadLocalMap map = getMap(t);

if (map != null) {

//3. 3KEmap® HHiThreadLocal L HkeyH{EMentry
ThreadLocalMap.Entry e = map.getEntry(this);

if (e != null) {
@SuppressWarnings ("unchecked")

//4. HElentitiy AR AnullfiE, FIREIMENA{Evalue
T result = (T)e.value;

return result;

}
//5. FEmapAnullEFentry AnulliIEBITIZAENAN, FHiREZAERERvalue
return setInitialvValue();

KIEZEIEETR; BIRET setinitialValue TEM T EMHAEE?

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

return value;

ZHERIZEEN set BIELF—HF, EZRFET initialValue 757A:

protected T initialvValue() {

return null;

XM FiERIET protected 1848, thitEKE ThreadLocal WF LA UEEZH AL — N SBEIIARE.

XE R initialValue FERBBIRA:
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private static ThreadLocal<Integer> myThreadLocal = new ThreadLocal<Integer>() {
@Ooverride

protected Integer initialValue() {

return 0; // #IREIRENO
}i

LA ERBIFR T — 1N #8Y ThreadLocal<Integer> MR, EHYAREN 0, FAIEIHE/RIAEILE ThreadLocal T=E
HNEEH=EEEO,

£ setnitialValue AN BRZMRARE TN EEESE —XEMIAEHE Threadlocal BENHABE —TEENE, X
"B R ERR T (RES IR RS E TEENERN T @R EE.

remove 5%

public void remove() {
//1. 3REXERI%FEMThreadLocalMap
ThreadLocalMap m = getMap(Thread.currentThread());
if (m != null)
//2. MmapRIFRIAZRIThreadLocal Xl N keyHIRRIERXS

m.remove (this);

remove 753ERI1E 2 ML HIZFEM ThreadLocalMap FERS a0 ThreadLocal L) REARIEE ., XNAEE
BRAERPTENR RN EELERPTEMNEMIFHIER.

IAT2EM remove HEREICHE:

ThreadLocal<String> threadLocal = ThreadLocal.withInitial(() -> "Initial Value");
Thread thread = new Thread(() -> {
System.out.println(threadLocal.get()); // %t "Initial value"
threadLocal.set("Updated Value");
System.out.println(threadLocal.get()); // Hifi "Updated value"

threadLocal.remove() ;
System.out.println(threadLocal.get()); // %! "Initial value"

})i
thread.start();

AR

Initial Value
Updated Value

Initial Value

ThreadLocalMap BIREEB o1
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ThreadLocalMap 5 ThreadLocal ERIFFSAFE, ER—TEHNEER, TR TREBTEERNLZEER

i1
X2,

static class ThreadLocalMap {}

MAZEE 1, ThreadLocalMap RERAEHT T —1 Entry SKEURVEN4E KEURVENAE table, KER 2 BIFIR
j‘j—o o

/**
* The table, resized as necessary.
* table.length MUST always be a power of two.
*/

private Entry[] table;

RET Entry 21+4:

static class Entry extends WeakReference<ThreadLocal<?>> {
/** The value associated with this ThreadLocal. */

Object value;

Entry(ThreadLocal<?> k, Object v) {
super (k) ;

value = v;

Entry 4%& 7 555|F WeakReference<ThreadLocal<?>>, B value FERFTZE545E ThreadLocal 3% x
BXAVE. (ERBESIREARAFIERNEREANBRENER FEW ThreadLocal 3£,

XEHANTAT A —KEKIEFE T Thread. Threadlocal, ThreadlLocalMap. Entry Z[EBIXZ:
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Stack Heap

Thread
Local
Ref

Current
Thread
Ref

FEPHRTERSIH, BERRE5IH. 810%EEIAEE ThreadLocals 3XBXZI ThreadLocalMap,
ThreadLocalMap SLFR_EFE2—1 ThreadLocal 3£ key, FEXERA value B Entry $i4H,

(18 ThreadLocal TEMERS, PR EMEAZHE] ThreadLocal 614 key, 1ER Entry FX D
ThreadLocalMap H7Fi4,

IR, Entry B9 key A555|F, EIREH ThreadLocal #MEB5&5|B#E null ( ThreadLocalInstance=null )
B, WRIERIAMESHT, Threadlocal SEFILLENSBEAI—5KBERSIFAE, MRS GC MIEIE ThreadLocal 2% [0
188

XHE—3k, ThreadLocalMap &L key A null B9 Entry, thaiZIMETAOIXLE key XFRHY value, SNIRZFZR
IRAREERAIE, XL key B null B9 value fie—EBEFE—FK525|A¥E: Thread Ref -> Thread -> ThrealLocalMap
-> Entry -> value, JTTEEIRHMEIERRFLR.

2K, WR thread 1IZ1T4ER, ThreadLocal, ThreadLocalMap. Entry ZBS|IABERNA, FELIREIKINESHE R
GBI, BXfRALRF, LENTERARTREMERN, LEINREUEREEZT, TANLEE N IESIE MR
RN, ESERELEBNANIERENEER BB TREX N EE,

NTBRZXNEE, E8XMEMS Threadlocal 2[5, &IiFRHHIAMA ThreadLocal B9 remove 7535 MIFRS H a0
FIEXENE, XETURGREZRERBXMERNAEFEHN. TBEENE.

5 ConcurrentHashMap., HashMap & 23—#¥, ThreadlLocalMap th2@EIMEFH RTIAY,

lRHR

BHEXREETHAN, STMHEATEEMRI—" (Bucket) , HHFMETHEN (Key-Value Pair) , 28
WIERRBEMDN, EENRRERAATMII oM, MMEAREMEDIRR,
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BRMIEH DM D R, MTIRAREED AR, SIS PRNEAERRE (EIREZIE—1 )
B, ZAREAR. B RORRREE SEENF BLE,
hItgik

W HashMap BIBSMR, FANFAHTAHEE, HEAKBERHNR, BIIXBERRERF—T: SETXEFET
EAREEIRHERPOEMIE, EZFHERMNIERF, EMEFRFEIXMIENBEIHERFERNE
=P, THETEE:
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23 S 33 o 83
4 = a4 = 64
6 - 36
17 ZE
#4R
9 J
Y
e

FrisstetikiE

FRtHEER, EEEAEERFRERARETELROIA TN, MEEFHEMUERTHR. BTt
FERBE=MAKIHEMBOUE, 232 LR . T2OXEN ( TBR&EA .

01, ZIEHN: SRFRITELRNBA TRELW AR, MINFEEEKR, BRI —T=RNMUIE.

FlanBf G882 I I RN EEINEA TInET6, ERERATIINI6NABREFETR, BAFK7,
178 FETEML18, —EE T, EERIIZAMAFRITERE. HA1HKE TEIXKE:
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) TiFAOFETR
TFiFEALFET®R

TRA2FETE

TFiIRA3EFETR

®BEZ > Hash(key)
TIRHARTFETE | 168
SSFERE

BMNEEFRPRIN—TTREES S, BSZI2TRFREEFIORATIIN0, EREMUEELRAK=T,
FRATARERITS, BRI T4 A, MR TR S ZRMEIAE Trh4mit 7.

02, ZREHEN: HARFRETELROBATIRELW AN, MNFTEEKR, BERE—TZ=RNUE, TE
NE, RN RBEMNRER, MAZIMFER, LMRSREXNIKE, 2, 4, 8, 16...

ELERNERERT, BEFZRERSE, —BERETN, EMITONIGHA, PERRRBEEERFCEARN
WRED, MFE—S—DERBH, ARBAZIRENGEEH, FIREZOHA, REEROEIR, XTHEHA]
FERBH—F, SETHAARSN, ARGHEKRS, ARPLRARBAMEXEETH4,

“RENERIEREFEN—MEE, BRERVBRRIZNST, MASNREMVERSNET, ELERN
B, WRIEHREGENERE TREX, SHERNHEXH,x+2,x+3......, DIERH, MERRENF, RIZRER
X+1,x+4,x+9,x+16,x+25....., DAL, BIRIGIEBEBNS TR, N7 HEER, BlIRETEXKE,
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MiaEE
04 K= =
o / !
R 11 SBLREN
&/ _ v
f 1 m=
&/
& /
4 2
wEES 2
,,ﬁ’ 4 BERREN
& // 3
BEZ »{ Hash(key) |
4

FELMRNPEARI RS SNFRUEFTEZTAS ., ERRNS, SXRRAEESHNTS, MUENR
BEMXHMAE 35S SNEFMHEUE,

03, Ble%FA: SRFARITELRNHYEA TRELW AR, MERS—TIRHREITE LKA TR,

TOREMGERR T S MERNAIRE R, XAPRECBIUMIRIARE, Am, TIRRUBFEETHORECR, ZAmh
MEFEMNRERE, ERNMERFEE—IENRRFETHZMUN, RUNUEHBE—F6,

EEgiit. 110 210 31, 4MORBAZIRARFR, SIMRBNUELRZT, BATTFER—ATKEN, 21FENU
MASREM, STBEANASREN, MBEUTARNSKEN, REZEF DRG0V E, MEEERND
THRERN, XTIMRIFMIRERE.

BIREFEZN T HRFRIEREN XREREE, FERLMRNER ZIXFEN, 8RR KEZEEN, e
FERT B TIRFERBIMNEN—TRHERBARREXBFERRND K, XEEMEFE TG R RRREIE T
HANE—T45, BERNSKA—H, XEMEBRRRENE,

B EHRBLTREN TR

o ME—TIEHRHMA—HF
o TEEHILEN 0, AANL KN 0, BRFNEZE@E—MIE, KHEANERBS, 2TMRSGH stepsize =
constant- (key%constant); FZTVRIIRH RERIFELF, constant2— 1 REHAENTHATE.

TEEWT:
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ARM{LE stepSize=3
0 /4 K= <
£/
&/ -
&0 B=
& /
&/ BLREN
& 2 2
BT #’#”
B2REN

— &
h
\\
\\
.
B
"

BEE [

ThreadLocalMap Z{ERFEMILERLGIEEFHFRA, M HashMap TE, ZFAUNRBARENLXEERE
N

ThreadLocalMap PR HESBNLERES, ROSHINFR, H B ThreadLocalMap & & & FFRFTARIRT
R, PRIOBERENT .

set A%
W, E7RRERNOBEXRINRE, BINBRE—T set A%, set HIARRRBUT:

private void set(ThreadLocal<?> key, Object value) {

// We don't use a fast path as with get() because it is at
// least as common to use set() to create new entries as
// it is to replace existing ones, in which case, a fast

// path would fail more often than not.

Entry[] tab = table;
int len = tab.length;

/ /1REThreadLlocalfhashCodeffiEEntry NAZZ NI &
int i = key.ThreadLocalHashCode & (len-1);

/I REFEE, hash/PSRAGEHMEER L MR
for (Entry e = tab[i];
e != null;
e = tab[i = nextIndex(i, len)]) {

ThreadLocal<?> k = e.get();
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//B%E|HEntry
if (k == key) {
e.value = value;
return;
}
//Hkey}Inulll}, i#BAThreadLocald®s|FESHBENIE, BAMIIE
//BEIEIX M keyiRElThreadLocalMapF X W entry, XEBMEEAFTRAIATEEM
if (k == null) {
// R ERHEARERIRIEX T key Anullf“ " entry

replaceStaleEntry(key, value, 1i);

return;
}
}
//fientryHifNtableHikh
tab[i] = new Entry(key, value);

int sz = ++size;
/BNEBRRERFR— ey AnullfJ i entry, IR A THEMNEET B
if (!cleanSomeSlots(i, sz) && sz >= threshold)

rehash();

set HERNXESDIBRERIR, XBEELAEETR:
01. ThreadLocal iJ hashcode

private final int ThreadLocalHashCode = nextHashCode();
private static final int HASH_INCREMENT = 0x61c88647;
private static AtomicInteger nextHashCode =new AtomicInteger();
/**
* Returns the next hash code.
*/
private static int nextHashCode() {

return nextHashCode.getAndAdd(HASH_INCREMENT) ;

ThreadLocal B hashCode 2181 nextHashCode() FiAIRENHY, 1% EXFR 2R Atomicinteger A0k

0x61c88647 KLY,

0x61c88647 2— T B%(, AT Threadlocal MIGHIBEIE, X MEMNEEANZMHNE, ER—THRE, BEMU

TiFIE:
o I ER—ITHE, XBWRECTEMRMR 1 MERS ZIMIETHFER.

o EEILH: XTHFANFTHELLIN 32 (IFRETHN—F, EREFARF-EFBNHZHEE, EhZ

—B 5 ERIZHIINKR,

o EiH7: 7E Threadlocal B, XTHFHETFERFRPOHABELIENRFE, MNMBMNTR, SHEIE
189 ThreadLocal 3K, FHEWUERINZEI E—1 ThreadlLocal BIIRAHBH, XMBENES KEBFER

HERFHYSIMHE ThreadLocal I,
o HEEMMiL: BIERXMIENE, EXREBRRRAFRNESDH, MBI REF
FROMEEXEE, ENPRAESFEETHAORE,
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2, EHFHEMREBRANLE?

B X{TI8: key.ThreadlLocalHashCode & (len-1) ,

[E HashMap —#¥, BT a0 key 89 hashcode 5IEHRA/IVES . REFKIE HashMap HIBHMREZ LT, F
BEN/MAEFRTMEEE—E.

3. Et#fF/R hash #4158?

BT nextIndex(i, len), ZAZETAI ((i + 1 < len) 2 i + 1 : 0); BERHFERZLMEIRN, HIAKRER
REBIBHREM 0 FFia, REFHL.

4. :._.\1‘¥ﬂg/;§"ﬂr"|5ntry9

HAIFE, {8 ThreadLocal BRIREFENFEIRAVGE, 331X key 7 null B9 Entry, F(1FRZ R stale
entry”, EENTIEEN entry, RIETEBENBE entry”,

H#R7, Josh Bloch #1 Doug Lea EZBEHANZR T XMIBFRN, IRIBHRMH 7 XLERRSSE:

@ ThreadLocalMapii s B, AIMMEERSAE "I Entry (B AnullfEntry) , HAMMWZXEBHRE., X
SR replaceStaleEntry /5 iEAIETS

ARLREIEDR (BRI, FREF) , FTRUEINERIMNYBR R EH BRI Entry, XA BT EHE %A
&, FRERIBLE Ul BRI, JRIGHRIcleanSomeSlots 5 iEM B X E—TIF,
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05. Wfa#1TH &?

# HashMap —#¥, ThreadLocalMap thEH BHHl, IBAER threshold X2 EHFERIIE?

private int threshold; // Default to 0

[ **
* The initial capacity -- MUST be a power of two.
Y/

private static final int INITIAL_ CAPACITY = 16;

ThreadLocalMap (ThreadLocal<?> firstKey, Object firstValue) {
table = new Entry[INITIAL CAPACITY];
int i = firstKey.ThreadLocalHashCode & (INITIAL CAPACITY - 1);
table[i] = new Entry(firstKey, firstvalue);
size = 1;

setThreshold (INITIAL CAPACITY);

[ **

* Set the resize threshold to maintain at worst a 2/3 load factor.
*/
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private void setThreshold(int len) {
threshold = len * 2 / 3;

£ —/xxd ThreadLocal TR{EMIRMRSEIEWIIAAR/NF 16 B ThreadLocalMap, FHHi@id setThreshold 753%1%
& threshold, EENHBIIBHAEARKETRMN (2/3) , WM RNEBEFH 2/3,

MBETF (Load Factor) RIRFRMN—TEEMR, ERXRTKRERTELTENNZEHESHRERTEMLLE,
MBEFAIARGERERFHEE, TNEHROER. BATRBRIRIENSEEE. BEAREBEIDE,
HashMap B9hn#E F#5 0.75,

iXEThreadLocalMap #MtAK/A 16, MEBEFH 2/3, FRUBFRTBANR: 16%2/3=10, BIRFHERTAS
2710,

UIEFH R size KT threshold BEHR, £3@1T resize FiEFHITY B,

[ **
* Double the capacity of the table.
*/
private void resize() {
Entry[] oldTab = table;
int oldLen = oldTab.length;
/ I FREB R IR R R 215
int newLen = oldLen * 2;
Entry[] newTab = new Entry[newLen];

int count = 0;

for (int j = 0; j < oldLen; ++j) {
Entry e = oldTab[]j];
if (e != null) {
ThreadLocal<?> k = e.get();
//BAEREPUNR BRI FentryliEEZ SvalueAnull, BBiFvalueEl #E[EIUX
if (k == null) {
e.value = null; // Help the GC
} else {
/ /B Eentry EMENANMUE, AFHITEA
int h = k.ThreadLocalHashCode & (newLen - 1);
while (newTab[h] != null)
h = nextIndex(h, newlLen);
newTab[h] = e;

count++;

}

//EBE R FE RN threshHoldflsize/B 14
setThreshold(newLen) ;
size = count;

table = newTab;
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HEEEEEER, MENNENRRAARENME, REEHRRAT entry FHEEBAZFREAES., £

B, XRABZREGIEERE, £ fNIREHR, #H3ME entry RIE value 1879 null, DMEHIIREIW, ARIREE
BRI TF ittt R e) =

getEntry 5%

getEntry 73 7ARTRISANT :

private Entry getEntry(ThreadLocal<?> key) {
//1. BEERAFBAFNOLUE
int i = key.ThreadLocalHashCode & (table.length - 1);
//2. tRIERS|ijkElentry
Entry e = table[i];
//3. HEFHMIREZentry
if (e != null && e.get() == key)
return e;
else
/714, REWEHEZ M MNentry, EIMEMAILIE

return getEntryAfterMiss(key, i, e);

FIERZERER, MRZHET entry B key B key HEAMEIZREXD entry, BNEIFED
getEntryAfterMiss i — 408 NRRS|FZFB Anull, FEERSLENRALE, BBAFEREA
getEntryAfterMiss 75 5 >RG IR PT BERIIS F R R,

getEntryAfterMiss 753&0TF :

private Entry getEntryAfterMiss(ThreadLocal<?> key, int i, Entry e) {
Entry[] tab = table;
int len = tab.length;

while (e != null) {
ThreadLocal<?> k = e.get();
if (k == key)
/ /3B E BN keyiBEMent ry R [E]
return e;
if (k == null)
/ /R REent ryfi (o]
expungeStaleEntry(i);
else
/| BREREIEER
i = nextIndex(i, len);
e = tab[i];
}

return null;

getEntryAfterMiss 737AB FTHERERH PRGN T4 EEE ThreadLocalMapHh ER K E, BRI UAIER
%, ERFRPIVEMUEER, HESHGE R KB,
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remove 5%

HiZRERS:

[ **

* Remove the entry for key.
7

private void remove(ThreadLocal<?> key) {

Entry[] tab = table;
int len = tab.length;
int i = key.ThreadLocalHashCode & (len-1);
for (Entry e = tab[i];
e != null;
e = tab[i = nextIndex(i, len)]) {
if (e.get() == key) {
//EentryfikeyE& Hnull
e.clear();
/ /¥EiZentryfivalueth & null
expungeStaleEntry(i);

return;
}
}
}
01, BiYBETEtabsKE ThreadLocalMaphla FREE, lenRREKE,
02. B key.ThreadLocalHashCode & (len-1) ITEZaE ThreadlLocal#BHIEH RS, XIGREMBITZRS|L
BFREER,
03, FRARIUERIRER, BiL nextIndex(i, len) ITE F—PRS|IUGIEIEFHHR
04, MRIKANESLTERICENVEZE (Ble.get() == key) , HITUATERME:
o EIRHE: BIEME e.clear() AiA, BHREMBERNNUI, HTFEntryZEWeakReferencefJFE, clear5ia
BRI ThreadLocal X &AV5I1FH, AFHHIRKESRTEEENEIKE.,
o FFMME: BITEA expungestaleEntry (i) 7%, BMMZFBENEHNEHERHAITELEE, ZHENEN
e ahRERPINIMEE, BILEHBERIIRKENEE,
05. Z5RMIBRIRIE: —B3REIHMRT LEMNEZE, AERE, RIBHENRHERIZEXINCENE, WizH

ENPATIEREHF EEIRE.

ThreadLocal BJ{ERIZ=

ThreadLocal B{FEBSRIEEZ, tbulix:

BTREBAFERESR, XFER—TEEFIEM AT LERRAERER.

AT RFEIEEER. Session WHRFEF, XEFAER—TLIZRAEH S E AT DERIZIBIEEER. Session
NERF,

ATREFSES LT, XFER— M2 FREEH 5 ER AT BAREREIF 55 £ T3

BTRELEFNES, XFER—TEREFIE AT ERRBAEPNTE
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TEE—MEMThreadLocalRIxRFAFPERERNTRA. ZNRAEATEWebIRSZIZIFNZSEIENE, HA
BTERELE—TIRIIAFIEK,

public class UserAuthenticationService ({

// GliE—"PThreadLocalsLffl, AFREAFERER

private static ThreadLocal<User> currentUser = ThreadLocal.withInitial(() -> null);

public static void main(String[] args) {
// BEHRFER
loginUser (new User("Alice", "passwordl23"));

System.out.println("User logged in: + getCurrentUser().getUsername());

// BB ERGES—TRP
Runnable task = () -> {
loginUser(new User("Bob", "password456"));

System.out.println("User logged in: " + getCurrentUser().getUsername());

Thread thread = new Thread(task);
thread.start();

/! BHRFERAE
public static void loginUser (User user) {
/] ZREBERE—LEMHIILZE

currentUser.set (user);

// FREHRILRR XA ER
public static User getCurrentUser() {

return currentUser.get();

// R
public static class User {
private final String username;

private final String password;

public User(String username, String password) {
this.username = username;

this.password = password;

public String getUsername() {

return username;

// Effbgetterfllsetter...
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RENRBIE X T —TUserAuthenticationServiceZ, %&£ {EMThreadLocal>RIREFES HRI&IEXKNWAFERE
B, RIEBFEREISMIIE, BRI REFMHEECcurrentUser ThreadLocalZTEH, getCurrentUser/5EBEF
MES YR EXENABIER. BFEE TThreadlocal, B ARHNLIET]ARNEZIARNERF, MASE
BT,

INGG

Threadlocal E— M FEBRANITAZE, ERMATHREFL4ETNES, XFER—TSEFEath7S &I UK
EREIZEFINES, BRF, Threadlocal h2—TIFEBSZHMIRANITAE, MRRBERLY, MAEREMATF
MRAYE)RR.,

ThreadLocalMap 7& ThreadLocal B8y, ER—LA ThreadLocal ZHIA key, EFEXNFRA value IEH K.
ThreadLocalMap {ERAF Mt AERMBIGF TR, ENVIRBEN 16, MBEFAH 2/3, T ERNRBEE=T KA
[RREIFRE .

YREE: MEAEZ, o ABFETFCLO610AY GitHub B FEhttps://github.com/CLO610/)ava-concurrency,
OB RMAT KGR XEEF.

ROBIE T M4 ENFEI RN, SREARRT Java ZMiES (VM. Java ESHER. Z41E) , BEET BUE
B, iTBENNE. BEE58IESEN. RiHERN. 1% Spring. Netty, kS5 (Dubbo, JEERATI) WX EHFH
FF.... F58: BIRAORE 2022 FEREFHNZ S T /ER PDF IR T

MEE MBEZ SRE A AR _FHNREARSNIRET, EE 222 AIF]RFEMEN.

B_TAT: SZiEt
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9F, BTFJava MG T, X2 Java ARFEETIFEEEN—RAT, SKENMBIEXNGAREFE
LA TR, DARRFESERRIN A Pizilfe B E &R W SHIZE .

—. TaR&iEH

LA ESL R — M ARSI, I RARRZ OB EMEIMEIRNER, BRARNES IZMNHRT RN
MREFT . SRRt IUEE AR, ILEREITRESZETHTHER, MEREALERELRECZRINE
£

730

(AR5 ZENUEN GRS

o [RRHFFHZE. BIESTNAERIRNEIZFRETECENHEIEMATEFE,

o REBMMMERE., HESITAN, ESHIUFETESILZLIEMEEIIAIRNIT,

o RELRENAEEM, LRERMRER, MRITRENEIE, MISEERARR, TBFERFNREM,
ERSEM A LUAITR—NDE, WHARE,

— S : \t
Z . &IERIME
Java FEZ@IIME ThreadPoolExecutor SREIFRLIZMAY, I TRENE— TLEIE B U EIE LKA

ThreadPoolExecutor BI¥IE 5 3%
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corePoolSize: &gt ARXTIENZOELEZERE.

maximumPoolSize: JALIEL, LIEMAITRIBZNRALIZL.

keepAliveTime: #8H corePoolSize GFEIEMNLIZFEN BIHE BFIBELERAFENE, BUATEE.
unit: keepAliveTime AR E] 8L,

workQueue: fE5BATI, B—1FEERT, HEARIBAZIZOERERERE, SBETSEMHEERZETIF,
threadFactory : &2t AERCIRLIZFTANI .

handler: 1E4%KEE; HATIEHRHBLEHERIFAEENEN, STEMZHELEES.

LIRS HIRE R, MEENESH, RAEHITEHBNOMERE.

_ s g
=. &iEhNETRIE
HEATBRIROIESH, B TRRABRE S B AR R T (R,
SIBURIGIR SRR AR TR, WTFE:

R, MISIERERNERBARRE—MIERENNEET, EEHREEE, WREBEERTZAICIETFZO
4725, TJLAAR prestartAllCoreThreads /53ARLM, ERIARIRBELIEN,
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HEXFEET execute AIARR T —MES, SREHAIE?
BASEHIMEAIATEHNERRERZED N TZOEER, UMEETEHEREANRNSE corePoolSize,
MBNTF, BBAFMEIEEIT ThreadFactory BIEE—NERERMITXMES, WE

HESHITRZE, HGEAZEY, MESEMEEIPIRRES, WTE
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B RUORXIERT—MES, LSRBERNSREFIMES/NTOLREE, RNF, TRESEIBREERR
1T1ESS, PITRZE S MBEZEASIFIREVESS.

XEFITHET, MERXESHINR, MEBLENENETEMBEENTIPREARES, NMREENENLEE
BRNFIOETRZEL, BARASBELLIELE, MATERERNETRE,

RN BNERHMAB/NTROLERR? BALNMEIELRESHRABENIIFR, NKIhZE, WE
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XF, PHENSEMAIERREES T,

BR, HBEESEKNZ, AIIERHT, ESHMAKK, EAk?

RSB HRI AR BENARHES/ N TRALRELR, BMEANSHA maximumPoolSize 2%
WRNTERALIZE, BALREBILOLIERNTIRZNES, WE

AL, BEBAIIRBEES, MEIRNSAEEESMALERXMERIMES, MAZMAIIRIRREEESRNIT,
MZFIUEL, FTRIWEST—ESLRNT.

RUNLEREHELRIZAREENE, BEAMIE?
LRSS HATIELL RS, WM EMEETEMAIRE, EAM RejectedExecutionHandler 335, RAMEXMES,
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BlockingQueue

FNFROGREIE, _p ak et
ES T2 NN

PRZEIRENESS
execute> £S48 _/J\:P%L‘n?%%ﬁ&—l
s ThreadFactory it
B}\guelﬁ, 1%%)\BA%W—’ ﬁuﬂg*gﬁ}gm?i
SKIEMEARKEEN, TEGIR »| Thread Thread
LAWY 57 25 ¢
(corePoolSize)
RejectedExecutionHandler B ALEHgR— | Thread hesnd
IBRIEIZRIES
RALIZEL
(maximumPoolSize)

JDK B9 RejectedExecutionHandler SEIE 4 F

AbortPolicy: EFESH, HMEHBITHEERE

CallerRunsPolicy: HIRIMESZNEEZRNITES

DiscardPolicy: EZFXMES, BETMEE

DiscardOldestPolicy: MEAFIRZIBRERITHANNIINES, AEBIRERES

LA BIRRAHME, WMRAIETEIRLERIBMENIAZ AbortPolicy 3REE,

Z28, 1Rt ATAE 25LI RejectedExecutionHandler 20, EEWIBESEFEIIEESEEFTTD, XEMBAME
BEDEEFHIREMIELIENES T .

X, BTRM, LRSI NS5 corePoolSize, maximumPoolSize, workQueue. threadFactory.
handler FHA#E LRMTIRRFRIHET, BAKRERTSE keepAliveTime #1 unit (unit & keepAliveTime
ARSI R ML) SRIHEI, FRIA keepAliveTime 2UMEEE(ERMIE, XM aMBEIEE DT,

MEEMNITIRE, ETRESE execute FiANAR GRS,

public void execute(Runnable command) ({
// BEMERRINESEEAnull, 2MENMENullPointerException,
if (command == null)

throw new NullPointerException();

/1 FREVEFRMIHADAS (ctl@—AtomicInteger, HAEE T MRS IIEEEE)
int ¢ = ctl.get();

/7 1. MEHINGITHN IEEXERR S VD TO%TEE (corePoolsize)

if (workerCountOf(c) < corePoolSize) {

/1 ARDTFRODEZE, BRI — T T ELRRRITIRRAIESS
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// addWorker HiERMBLEMASH TIELREY, HRERSEMNRINMLRE
if (addWorker (command, true))

return;
// BFREERRMACRS, EAESHRINEARNEREPERAPASARESRETN
c = ctl.get();

/7 2. EERISESRINENESSBAGIF
if (isRunning(c) && workQueue.offer (command)) {
int recheck = ctl.get();
// NERNELRHARS
if (! isRunning(recheck) && remove(command)) // WIREEHMELREZ1E, MBAFIFREIRES

reject (command) ;
// MREEWIERIEIT, BRIEEEH N0, EWRM— NI IELRE
else if (workerCountOf (recheck) == 0)

addWorker (null, false);

}
/7 3. MRESIET, RN —TFRIFR O TREARERRNITES

else if (!addWorker (command, false))

// MRFTERMFNTELRE (RN ELFEILHNEATIRALZLHRG) , WIELES

reject (command) ;

® workerCountOf (c)<corePoolSize : FIMTEEH/NFOEIZLE, RINEMET addWorker 7535,

addWorker AR INEREFHRITES.
® workQueue.offer(command) : HIREFAZENIIFRINES . RIIKBMSEXEAR addWorker E1870

IR OETERAITIESS: WRERBKMT, MSEA reject (command) SKIELXMES.

BREBE—KEEE—T execute BIHITRIZ

M. ZiEithhsizsXilE AnFRE

LA O INEEM R T MAENEEF A, ABrL& WAL LZNE AR?
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LREELIR AN E SR ERAL T —1 Worker 3%

Worker 487% 7 AQS, tUMEREBE—E BRI,

BIBATERMTESNAE, FEIERT, 28T addWorker 5%, 7EBIE Worker ISR HIHE, SIELTEFT
LZ—ECFEE| Worker NSRS, AR runWorker FiERIEEEZERITES, BETRBENMAFE—T runWorker 75
o

final void runWorker (Worker w) {
// REREEI LIF4A2
Thread wt = Thread.currentThread();

// M Worker HEIHE—MES
Runnable task = w.firstTask;

w.firstTask = null;

// BREI Worker (S1FHRER)

w.unlock();

boolean completedAbruptly = true;

try {
/! HERESTERNTHERBMESIIPREENESE, TIEAEMSITEIET
while (task != null || (task = getTask()) != null) {
// BIE wWorker, WREHITESHBASEEMEIZTIN
w.lock();

/] MREFBEEEL, HRREARZESEFH
/] MREZSHEPMHFBLRBNELARIE LR, Pl
if ((runStateAtLeast(ctl.get(), STOP) ||
(Thread.interrupted() &&
runStateAtLeast(ctl.get(), STOP))) &&
!wt.isInterrupted())

wt.interrupt();
try {

/1 EPATIES 2RI, FIMEA—LEBE XARIE

beforeExecute(wt, task);
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Throwable thrown = null;
try {
// EFRHATIES
task.run();
} catch (RuntimeException x) {
thrown = x; throw x;
} catch (Error x) {
thrown = x; throw x;
} catch (Throwable x) {
thrown = x; throw new Error(x);
} finally {
/1 BATIESE, FILAMEA—LEEE XAVIRIE
afterExecute(task, thrown);

}
} finally {

/1 EEES, HEMTERIESITE
task = null;
w.completedTasks++;

// FE8 Worker

w.unlock();

}
completedAbruptly = false;

} finally {
// TYEEFEREAEEEAMIE

processWorkerExit (w, completedAbruptly);

MIXEF AT AR H LR T RIS ASBRINERET, runWorker RERER T while 3E1EIF, HE—NMEESHITE
2, SRS getTask FIEREUES, RERERENENES, MR run BIEREMITES, XME%IZEE
BERNEERRA,

BRUNEM getTask IFKEVAREIERIE, MA@ finally Y processWorkerExit 753%, J§4F2RH.,
XEFEN—THTHME, BN Worker 447% T AQS, BREHITIES ZRIARSTEE Worker 89 lock 753%, #4758
5 2E, 2R unlock 3%, XHEMAYB IR AT LB Woker BIMMBUASEI BT H HE1 422 S EERITES.

MRBAELIZED EEIITIES, RBEEIFAH Woker 1 tryLock 7575, RIBRSINDIALINFAREFIET, INHIAIN
REBHRIEREEE MY, LMEBERITEST, TR shutdown FIAXRFALTZMAIEMR, AT A T0REIRT
SLRAERBAEIITIES, ARBENE, SEMITENIBENITESHNERE,

f. LIERUMEEFREVES A K U0 {E] LI B AT AY

BIEBEI1HE, ZREENTRESZE, SHEM getTask FERIREVES, KEAZIFSRE, & FRBENHE
E—%& getTask J5iERISEH,

private Runnable getTask() {
// W&, Rnmia—Tpoll ()RIERSEBY

boolean timedOut = false;
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// FBRTEH, BEIREEIESIATE LIEEFEN1ZRL
for (;7) {

AT1,

int ¢ = ctl.get();

int rs = runStateOf(c);

/7 RGNS ZESHUTDOWNELE S (dsTor) HEMESIVAE, BBATIELRENIZMDFHEBE
if (rs >= SHUTDOWN && (rs >= STOP || workQueue.isEmpty())) {
decrementWorkerCount () ;

return null;

int wc = workerCountOf(c);

/! MEBTFELRERESNIEREESHITH, ZidkeepAliveTime Z [FHELE

boolean timed = allowCoreThreadTimeOut || wc > corePoolSize;

/1 MRITAELRRHBE RARGENHEBEROEZNE E—Rpoll ()8, HEMIIAZTHITIFLIEE

// MR TIEAFZEN
if ((wc > maximumPoolSize || (timed && timedOut))
&& (we > 1 || workQueue.isEmpty())) {
if (compareAndDecrementWorkerCount(c))
return null;

continue;

try {
// HRIFEtimediTis, RESTIRPEFFES, BEFFkeepAliveTimelT|g)

Runnable r = timed ?

workQueue.poll (keepAliveTime, TimeUnit.NANOSECONDS) : // IBEMEIAEE
workQueue.take(); // TIREFZIF

if (r != null) // RRINEREXEMES
return r;

// 9Rpoll ()RS, NMIZFEtimedoutinis
timedOut = true;
} catch (InterruptedException retry) {
// MREZFESHEREPE, EEtinedoutiFEHEMEINREUES
timedOut = false;

AIEME LR —LRSHIE, XEF—1THB

boolean timed = allowCoreThreadTimeOut || wc > corePoolSize;

AT L2 SR AT LT SRIRBUE S LR 2 T I LGBRHE Y . #1R allowCoreThreadTimeOut iR & A true 5§
ZLTE LRI FR A T AOETEE, tHELE corePoolSize, BRAIZKEVESIIAIZM AT IARBRHESY
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BAMEBREBHIE, MEXITZO0EE

Runnable r = timed ?
workQueue.poll (keepAliveTime, TimeUnit.NANOSECONDS) :

workQueue.take();

SARIBER T AT IEIZF A ZERAY workQueue B poll 5iAEE take ik, WRAFEE, NER poll /5
%, 2 keepAliveTime, W EMIELFEMITENNZT AT E, LXﬂ\Hlﬁﬁ’]%‘,EE\T}LxE}}\B}\ﬁquJBH%
keepAliveTime B [E]SEIREMESS, IRENAZIFSIRE null; MRARLIFBE, M take Bk, XNAEE—
BEFEZEIREBUES, EEIMBAFIFIREEIES NIE,

MIXEFRETIAEZR keepAliveTime 2uE{ERNT .
FRAEXE, ARMIZAELFE P HNEIE RN A T AMEEI= RA—ER BB L 7T IE?

REEMEF A TEEIIN poll B3, XNTAEAIEEBIETE, —B%EIXZET keepAliveTime &%
ﬁﬁﬂﬁ& ,%%ﬁﬁnw,—Egﬁh%ﬁ%&@nw,%ﬁﬁﬁﬁﬁo

XEtE—TET, MEAAMHIRAETESHNEERS IR EARE, 8RI% allowCoreThreadTimeOut
BENR true, %BZFﬁﬁéﬁ&i?UL/P timed &2 true, FIEZIEEIEZOEEZA T AMBIBINELY, WMRERED
FSEEZIOATZRBIEY, #MeIbU@T allowCoreThreadTimeOut 554 allowCoreThreadTimeOut ZTEi&E H
true,

B getTask HiEMN R L2 B IR B A H 2N E AR

78, ZIEHRY 5 MRS

LABMAERE 5 MEERARLEEENAMIAE

private static final int RUNNING
private static final int SHUTDOWN

1
I
i

<< COUNT BITS;
<< COUNT_ BITS;
<< COUNT_ BITS;
<< COUNT_BITS;
<< COUNT_BITS;

private static final int STOP
private static final int TIDYING
private static final int TERMINATED

]
w N = O

o RUNNING: ZIZtEIRNMEX AT, BEREWEIES, UENERMIESHITLE,
e SHUTDOWN: @M shutdown 75i%, &M SR SHUTDOWN IR, LAY EFEMABIZKGEIES
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{BEEd AN IEERIANES ZIRA T,

e STOP: i shutdownNow 5%, SIZMFIREEIRAL STOP R, TEWGIES, A EERSELEERINN
ELERNNTIRES, FEESEXPEIEELIBTESHNEIE.

e TIDYING: SHUTDOWN RET, B8N0, HMWAMBESELIE, LEHMETH TIDYING RE; &igis
£ SHUTDOWN MR, ESBAIIATERITRESAZE, LFEMSTR TIDYING JRE; LIEtTE STOP IR
S, EEMPRITRESHEN, LiEhs jJTIDYINGJkuo

e TERMINATED: #FEMMIRZR L, LIEMHFE TIDYING IRSHITSE terminated() FiEMEHETH
TERMINATED JAZS,

SLIEMRTSEARZRFE ctl RATEPR, cl PNMIFME T EE0RVRSEFME T SRIEE 0 h &R LRI A
private final AtomicInteger ctl = new AtomicInteger (ctlOf (RUNNING, 0));

REBTERDE—TX 5 MRS

HE, ALEMNETERER, EASBIRFRITRIHSHB SRS LTRSS, BRRERDREIITIXR
%,

t. &iFEtAXFE
FIEMIRM T shutdown F1 shutdownNow TN 53R X &S,

shutdown A&

[ **
* BEI—RIRFEXRE, EXRKXEAR, FITHRABESHES, BaREENIIRNEREES.
~ HFERESHTRE, S4REMPNERESFMNRLE.
*/
public void shutdown() {
final ReentrantLock mainLock = this.mainLock; // ThreadPoolExecutorHI34i

mainLock.lock(); // ANEILARRIRI® G150

try {
checkShutdownAccess(); // MEREESHE <FNINE

advanceRunState (SHUTDOWN) ; // JEH1T2sR0IKSE A SHUTDOWN

interruptIdleWorkers(); // HEFABEREN TELTE

onShutdown(); // ScheduledThreadPoolExecutorfFHIEH AL, FIEFEREE DUHITIIMEE
} finally {

mainLock.unlock(); // FiBtryiRUNM{aE L EBEREMUEI
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}

tryTerminate(); // WRFHERTF, SWLEHITES

MR AR APRSEE N SHUTDOWN, REEIRITEI=MANERE (EFIRT=R, EEER Worker 485 AQS
RRMERIRE) , AR AEREESFFESHLIE,

shutdownNow /3%

[ **
* DB LEFTE IEERATRIESS, FBLEAEEFNES,
* FIREIFFHENESTIR,

*

* @return MARFHAHITROESIIR

*/

public List<Runnable> shutdownNow() {
List<Runnable> tasks; // BATFEERIITHESHTIE

final ReentrantlLock mainLock = this.mainLock; // ThreadPoolExecutorf=FE4ii

mainLock.lock(); // NNEACARR{RIE S1h(0)

try {
checkShutdownAccess (); // MEZEEAEXHANIE

advanceRunState (STOP); // BHITHRIPIKSEF IsToP

interruptWorkers(); // HMiFREILIFLIE

tasks = drainQueue(); // BEIIHBERBMNESIIRF
} finally {

mainLock.unlock(); // FoiBtryHRal{aE &t EBEREHBBL

}
tryTerminate(); // WIRFHRTF, ZHLIEMITER

return tasks; // REIPAFIFRREHITEESSIER

MBI EIEMANIRSME R STOP, AREINITIFTERIZLIE, MEENTFRRERRIRIES, XtBERMTA
shutdownNow R EEMITRIFRESHERR.

FRA A AF 1 shutdown 757EF] shutdownNow FAENEEXFFZ, shutdown Z 5T EELMIETERAGFRIE
%, shutdownNow EEMIGESMINIIFBIR, HBHENEEMALBLET,

5 2 ] AR £

AR PERLENNME, —MREEXNGENHITRE, HELOBOMRREELN. SAENASRMHT L7
BRI MBI TR,

e getCompletedTaskCount: BEZHITRBIMESEE
e getlargestPoolSize: ZZMWEBZARTNRANEENE., XTETEZARAMEREESHI,
e getActiveCount: FRENEEHATESNLIZEE
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e getPoolSize: RENHRIZIZhRLIZENERIA /N

RT AEMIREN ERELRIN AL, BRNEEOHINE TRZY BAE. LLATE runWorker 5352, 1T
55 2 8i=[ElE beforeExecute /574, HITES ZE=[EE afterExecute 574, MXLEFEEIABETIH, /)
INEETRT A B 2 447% ThreadPoolExecutor SRE B XL /%, LI ESAEERIINEE,

N, SIEMNERDR

£ Java F2FH, HXLEFERRSLIRGE LSS, BEFENBLEYH Thread & LI Runnable &0
KEVELRE, IRZSEUNECIRREREE, RANCIETSNEARED ARSI RBRERNNEL.

FTMERZIE R —MMESIEREE, HEEEES, ANIHEARENESNA., MNEEL—RESTERT N
S LIS IGR,

UTFEINSAZ M ER I AR B RH:

01. WebBRS3231&HL:

BRI — T REBEAWebRSS 28, EZIFKAEREIENHITLIE,
import java.util.concurrent.*;

public class SimpleWebServer {
private static final int NTHREADS = 100;
private static final ExecutorService exec = Executors.newFixedThreadPool (NTHREADS) ;

public static void main(String[] args) {
while (true) {
/1 FEBEEKR
Runnable request = new Runnable() {
public void run() {
/1 REERIEK
System.out.println("Request handled by " +
Thread.currentThread() .getName());

}
}i

exec.execute(request) ;

02, HTitH:
ERLREMHTHITHNEEITE.
import java.util.concurrent.*;

public class ParallelCalculation {
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private static final int NTHREADS = 4;

private static final ExecutorService exec = Executors.newFixedThreadPool (NTHREADS) ;

public static void main(String[] args) {
Callable<Double> task = new Callable<Double>() {
@override
public Double call() {
// XEEM—LEHETE

return Math.random() * 100;

List<Future<Double>> results = new ArrayList<>();
for (int i = 0; i < 10; i++) {

results.add(exec.submit(task));

for (Future<Double> result : results) {

try {
System.out.println(result.get());

} catch (InterruptedException | ExecutionException e) {

e.printStackTrace();

exec.shutdown();

03. BRH{ESZLIE:

BRHER SIS,
import java.util.concurrent.*;
public class AsynchronousTaskProcessor {
private static final ExecutorService exec = Executors.newCachedThreadPool();

public static void main(String[] args) {
exec.execute(() -> {
/! PATRERTSES
System.out.println("Async task started");
try {
Thread.sleep(2000);
} catch (InterruptedException e) {

e.printStackTrace();
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System.out.println("Async task completed");
)i

System.out.println("Main thread continues to execute other operations.");

exec.shutdown();

+. Executors 192252t A K [a) @85 i

£ LERRAIF, FAMERT JDK AERRMHA) Executors TRZEFRIRER B LAE)
1) BELBEHMENLREN: ROERHSRAEENES

public static ExecutorService newFixedThreadPool(int nThreads) {
return new ThreadPoolExecutor (nThreads, nThreads,
0L, TimeUnit.MILLISECONDS,

new LinkedBlockingQueue<Runnable>());

2) BTERBENLIE

public static ExecutorService newSingleThreadExecutor() {
return new FinalizableDelegatedExecutorService
(new ThreadPoolExecutor(l, 1,
0L, TimeUnit.MILLISECONDS,

new LinkedBlockingQueue<Runnable>()));

3) BETRALEHENLIE

public static ExecutorService newCachedThreadPool() {
return new ThreadPoolExecutor (0, Integer.MAX VALUE,
60L, TimeUnit.SECONDS,

new SynchronousQueue<Runnable>());

4) HEREEINEERIZIEH

public static ScheduledExecutorService newScheduledThreadPool(int corePoolSize) {

return new ScheduledThreadPoolExecutor (corePoolSize);

B DK IRE T RERCIBEEMN S TE, BHEHIAHTEF(ER Executors REIELREM, ERAM EEMEEEE MK
BA A&, newFixedThreadPool &gt FF{EMA T LinkedBlockingQueue, BAFIMBEZIATIRA, SLFRE
RAHEMESTZHESHAFEE; newCachedThreadPool &2t R FRZOERHTIRA, HES T ZROMR
SKESMOIBERENGTE, JEEENBISSHRSEN.
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XBEEINEEN—E/\RX, ARFETE.

+—. ZFRMBFUESENEE X &iEi

BE EEDIRE], 8T Executors XM THERBIZBNAIRMESTETIEH E LFRNERTR, IBATESLFRAIIT
B, IRznEmELizitk, ZNEaENiREaSHn?

n AY 72
LIEEN
SIS BT ERATIS R 10 BELTE CPUBER,

CPU ZERE: BNEESEIEEMARATAENITE, RBTASHEEEE., —RXMIENEEHIREN
CPU #ZiDvE+1,

10 BEE: SRMTESTEKREN o, LEWE o, M io, FIBERTFAEAREMNMEE, FIATE 10 BEEUESHE
AZEIERI AR AHANRIES IR, —RREBEURE R 2*CPU il

Java FASRIREX CPU #Z/O\EIR9 552 Runtime.getRuntime().availableProcessors();
10
Sz

—MREBWBEXERRETL], MELAENMRIRELENRR, XHEE H TR EXE M EERTIN
B,

B5BAT

—MBEEIRBEBRFIA), EEU LinkedBlockingQueue FEFISRIBTE BT LAE NS ERBRFIAT PES EUER
R, BERAREATRRENTIRTHES SEARSRY oom,

OK, FEA1E@IEEENX ThreadPoolExecutor BUE— FBIEI{ER Executors BIFIF,
WebfR$3 231841 :

WebfRS523E B FELIEI/OBME, LEIINEI/O, RLEIMAAIVORERES. Eit, HITGERRIRER2 *
CPURZILVER,

import java.util.concurrent.*;

public class SimpleWebServer {
private static final int CPU_COUNT = Runtime.getRuntime().availableProcessors();
private static final int CORE_POOL_SIZE = 2 * CPU_COUNT;
private static final int MAX POOL SIZE = 2 * CPU_COUNT + 1;

private static final ThreadPoolExecutor exec = new ThreadPoolExecutor (
CORE_POOL_SIZE,
MAX_POOL_SIZE,
60L,
TimeUnit.SECONDS,
new LinkedBlockingQueue<>(1000)
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public static void main(String[] args) {
while (true) {
Runnable request = () -> System.out.println("Request handled by " +

Thread.currentThread() .getName()) ;

exec.execute(request);

HTIHE:
HTTEESTEMTIIG, REVOMEE, MUTIRPUBERN, STRESENCPURLE +1,

import java.util.*;

import java.util.concurrent.*;

public class ParallelCalculation {

private static final int CPU_COUNT = Runtime.getRuntime().availableProcessors();

private static final int CORE_POOL_SIZE = CPU_COUNT + 1;
private static final int MAX POOL_SIZE = CPU_COUNT * 2;

private static final ThreadPoolExecutor exec = new ThreadPoolExecutor (
CORE_POOL_SIZE,
MAX POOL_SIZE,
10L,
TimeUnit.SECONDS,
new LinkedBlockingQueue<>(1000)

public static void main(String[] args) {
Callable<Double> task = () -> Math.random() * 100;

List<Future<Double>> results = new ArrayList<>();
for (int i = 0; i < 10; i++) {

results.add(exec.submit (task));

for (Future<Double> result : results) {

try {
System.out.println(result.get());
} catch (InterruptedException | ExecutionException e) {

e.printStackTrace();

exec.shutdown() ;
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FOESLE:

FEESBEDRE/OEE, WNBIEEEWRXMHES, ELENRMNI/OBERIES., FHit, HITELEN
®ERN2 * CPURZILER.

import java.util.concurrent.*;

public class AsynchronousTaskProcessor {
private static final int CPU_COUNT = Runtime.getRuntime().availableProcessors();
private static final int CORE_POOL_SIZE = 2 * CPU_COUNT;
private static final int MAX POOL_SIZE = 2 * CPU_COUNT + 2;

private static final ThreadPoolExecutor exec = new ThreadPoolExecutor (
CORE_POOL_SIZE,
MAX_ POOL_SIZE,
60L,
TimeUnit.SECONDS,
new LinkedBlockingQueue<>(1000)

)i

public static void main(String[] args) {
exec.execute(() -> {

System.out.println("Async task started");

try {
Thread.sleep(2000);
} catch (InterruptedException e) {

e.printStackTrace();

}
System.out.println("Async task completed");

})i

System.out.println("Main thread continues to execute other operations.");

exec.shutdown();

-f-:::\ ﬁglzd:

AXEBENRBTEHENNRBEULERGR, 4ENEEESBIMEENIIRIIM, AEMNEBHREIERRD
NEZEHRENIBESNITR., LRRMAERRDUET Executors SRIRELIZE, (BEAHZFER, EJ Executors 8l
BRI A —LIREE, AT FAIIRRESHRNF L, TRANERENFIESENGENETS. MUESLIR
MNIR®, BINBEXZE ThreadPoolExecutor, RIFWSIHFHKSEMMRELEZL, IR NESEH

‘REE: MEEZ, BOABTKETFLZE=ZRNAREXE
https://mp.weixin.gg.com/s/[Vem8mGANea8aUYF3XCO7Q, BEIEERE, 183U RE,
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GitHub EAR2 9300+ KUFHRANIRE (5184 Java i 2 %) 5—hik PDF 2T K7 ! SfFjavaBhitiEA. HAER
FiFE. OOP, £AMELR. Java |0, FELIE, Java #iiFlt. MERIE. NIO. HREE. VMEF, Hit325
RF, AANRZEMESE. KB ¥ E8: L8 7, GitHub FHRE 9300+ [ Java 2

MR MAREZ SR TA BT _FHNEREEIARSTIBET, OE 222 BIF] % FRI;E,

Ly e S I
F"1+731: TERMES
ScheduledThreadPoolExecutor
EHT_TEE% ScheduledThreadPoolExecutor %ﬁﬁ/l\ﬁﬁﬁ }EEEW\EHEEEHW?EE%Q Eﬁﬂ'ﬁig}ﬂ?f1§%o

JDK 1.5 ZH, EE(FMA rimer HKFZHEMES, BRZ Timer B LA TERFE:

Timer ER&EER;

MBEHITESHEEA TimerTask ERER, MawMEEESHIEE;

Timer WESAERETEII B/, FRFAEMBER;

Timer N"EHIRMIT TimerTask BSFA LIRS, BT Timer RBEEREN, FIN—BHMEE, ZREMRE
b, EMMESTIERT.

FR2IDK1.5 2fF, FEEMMAT Timer, FFIR{FH scheduledThreadPoolExecutor , Fi@Id T EIXHKE R

2T
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scheduleWithFixedDelay add(}—— @@ GSD GS'D 659
4 PBEZEFAFIDelayedWorkQueue
21 ¥

- take()[awaitNanos(.)}——

- take()[awaitNanos(.)}———

ScheduledThreadPoolExecutor TEGe & /7SR

(E3EES]

RIBAIERXFE—TFK, BENEEAEMAREER. BARNEHEE (BSRIEME) FEELIEES, &
FER—TERES, 8K 1 PNELEEESNNEARKARERENER, P MITIESEATRIE? TEHZE

N Demo:

public class ThreadPool ({

private static final ScheduledExecutorService executor = new

ScheduledThreadPoolExecutor (1, Executors.defaultThreadFactory());
private static SimpleDateFormat df = new SimpleDateFormat("yyyy-MM-dd HH:mm:ss");

public static void main(String[] args) {
// FHE—EELERN BT RIES
executor.scheduleWithFixedDelay(new Runnable() {
@override
public void run() {
if (haveMsgAtCurrentTime()) {
System.out.println(df.format (new Date()));
System.out.println("AZKIRT, HWELAEHET

}
}, 1, 1, TimeUnit.SECONDS);

public static boolean haveMsgAtCurrentTime() {
//EREIEE, BB SRINERERENER
//XEERELI, HiZiREtrue

return true;
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TEHH—EHEY (demo2—EHIBIT FE)

2023-08-24 16:16:48
AFERT, BBRERT
2023-08-24 16:16:49
REERT, BERERT
2023-08-24 16:16:50
REERT, BERHERT
2023-08-24 16:16:51
REERT, BERHERT
2023-08-24 16:16:52
AFERT, BERHERT
2023-08-24 16:16:53
AFERT, BEBERERT
2023-08-24 16:16:54
AFERT, BBRERT
2023-08-24 16:16:55
REERT, BERERT

XFZ ScheduledThreadPoolExecutor H—NEEBIZA, ETFRBENKEEEHNIMRIE,
A\ Y ¥4 t
K5

public class ScheduledThreadPoolExecutor extends ThreadPoolExecutor

implements ScheduledExecutorService {

public ScheduledThreadPoolExecutor (int corePoolSize,ThreadFactory threadFactory) {
super (corePoolSize, Integer.MAX VALUE, 0, NANOSECONDS,

new DelayedWorkQueue(), threadFactory);

ScheduledThreadPoolExecutor Z¥F T ThreadPoolExecutor, F+3LI T scheduledExecutorService &[],
4 #2th ThreadPoolExecutor EZHINAI T, BEARBAERESR, ETRKINKEE

ScheduledExecutorService &[],

public interface ScheduledExecutorService extends ExecutorService {

/**
* ZH— 1 Runnableff S ELATENIEREHIT,

* @param command BHBERITHIES

* @param delay IEIRA(E

* @param unit BJ[EJEEL

* @return AIATFIRENGERIGEUEAScheduledFuture
*/

public ScheduledFuture<?> schedule(Runnable command, long delay, TimeUnit unit);
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/**

* ZHF—1CallablefFBELAERNEREMIT,

*

* @param callable TEMITHES

* @param delay ZEIRAY[E]

* @param unit HBI[E]EE{L

* @return PFJATRENGERIEVENScheduledFuture

*/

public <V> ScheduledFuture<V> schedule(Callable<V> callable, long delay, TimeUnit

unit);

/**

* ZHF—RunnableffSHELTERNIBIEIREERINT, BEEE T perioditEEIRHIIT—IR,

*

* @param command FHEHITHIES

* @param initialDelay BL/RMITHIFIAIEIR

* @param period ELEHITZIEJRIET(E]EIFE

* @param unit HBI[E]EE{L

* @return PFJATIREVERSBEUEMNScheduledFuture

3/

public ScheduledFuture<?> scheduleAtFixedRate(Runnable command,
long initialDelay,
long period,

TimeUnit unit);

/**

* ZH—PRunnablefFSELTENMBIEREEXNT, MEERARRESESFEENERERNIT.

*

* @param command BEHITHIES

* @param initialDelay BE/RHITRIVIRIEIR

* @param delay B/RMITEREHIEIRAE

* @param unit HBJ[E]EE{L

* @return PFJATIREVGERSEVENScheduledFuture

*/

public ScheduledFuture<?> scheduleWithFixedDelay(Runnable command,
long initialDelay,
long delay,

TimeUnit unit);

ScheduledExecutorService ¥Z[4%H& T ExecutorService ¥E[, HIENMT /I NEREXNIEOSE, BIFT
FiEBFEIRNAERNITES, XFEEREIRME,

ERNMAB—TREEMIMHE:
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01. scheduleAtFixedRate

scheduleAtFixedRate 757A7E initialbelay RKEE—RMITES, EEMR period KBXHITES.
=, period EMNESHIBHITEEN, FHEIITESE, ENZEEME period I KEEBZESZSEE TN, WRTH
NBEXRBES, SNFZESERET BIES., & FE:

initialDelay BUTIES HITIES
A A --;\ > LG J
Al Y Y Y
period period period period

02, scheduleWithFixDelay

ZJIVETE initialpelay I KEE—RNITES, MEBIEESNTRRRE, FiF delay K, BRHITIES.
E—F o

delay delay delay

initialDelay BiTES BITES BATIES BATIES

EARERAERE PN ESR,
FER/E
schedule

// delayfKEHITEScommand, ZESZSRHIT—IK
public ScheduledFuture<?> schedule(Runnable command, long delay, TimeUnit unit) {
if (command == null || unit == null)
throw new NullPointerException();
// XBfdecorateTaskFEN{GREIE _N5E
RunnableScheduledFuture<?> t = decorateTask(command,
new ScheduledFutureTask<Void>(command, null,
triggerTime(delay,unit)));
// EREEBBRPITESHNEZERE, HES—RA
delayedExecute(t);

return t;

HMAERBEE S REIRLTENROMNXREIE:
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<<interface>> <<interface>> <<interface>>
Delayed Future Runnable
<<interface>> <<interface>>
ScheduledFuture RunnableFuture

i i

<<interface>>

RunnableScheduledFuture FutureTask

i 1

ScheduledFutureTask

Delayed [

// #REcComparablel&[], RMIZEMNRZIFHF

public interface Delayed extends Comparable<Delayed> {
// IRENZISRFIRETIE
long getDelay(TimeUnit unit);

Delayed Z[RE &, 4#/& T comparable &[0, RIANEREAALLEHIFE,

ScheduledFuture 1E[]

// R4 E T DelayedflFutureitd, BB EEIHE

public interface ScheduledFuture<V> extends Delayed, Future<v> {

}

RunnableScheduledFuture 3%

public interface RunnableScheduledFuture<V> extends RunnableFuture<v>,
ScheduledFuture<v> {
/! RERERES, BRESAIRBEIETZX, FRBESRKRET X

boolean isPeriodic();
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ScheduledFutureTask 2§

B3] schecule FiEH, BEBEIET — scheduledFutureTask W8, H_EENXZRZRETR
H1, scheduledFutureTask HiZo&BIEXLI TRZIEO, —i#£EE ScheduledFutureTask BEEMLI 5L
e,

WERE

ScheduledFutureTask (Runnable r, V result, long ns, long period) {
// TEABXEFutureTasklIIES 5
super(r, result);
/7 timeRRES TIRINITRIATE]
this.time = ns;
// BEHAESS, EHRTERBETEER, AHRTRBEENTE, cRAAEEHES
this.period = period;
/! ESHNRES
this.sequenceNumber = sequencer.getAndIncrement();

Delayed #Z[#93EI

// EHipelayediz[HigetDelay’sik, REIESFIAMITHIRIRATE
public long getDelay(TimeUnit unit) {

return unit.convert(time - now(), TimeUnit.NANOSECONDS) ;

Comparable #&[]AJ3CH

// Comparablel%[1fcompareTo/5iE, LERMMESHY” K\,
public int compareTo(Delayed other) {
if (other == this)
return 0;
if (other instanceof ScheduledFutureTask) {
ScheduledFutureTask<?> x = (ScheduledFutureTask<?>)other;
long diff = time - x.time;
// IhVFo, RBASHRIESHNITE BIRE Fother, EHEER AT otherAYRTE
if (diff < 0)
return -1;
// RF0, RBALRIESHMITIE R Fother, EHEERBASotherN/EHE
else if (diff > 0)
return 1;
// MRAMESHHITRIER—#, ERATMESNES, HS/AWRIEIIRIE, HBSANHIEIIER
else if (sequenceNumber < x.sequenceNumber)
return -1;
else
return 1;

}
// WMRFESEBIAZScheduledFutureTask, BidgetDelay AL
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long d = (getDelay(TimeUnit.NANOSECONDS) -
other.getDelay(TimeUnit.NANOSECONDS)) ;
return (d == 0) 2 0 ¢ ((d < 0) 2 -1 : 1);

setNextRunTime

// ESHITRER, RE XTI E
private void setNextRunTime() {
long p = period;
// p > 0, RBAREERRITITAES
/7 TERFRESFERATR ERERL o0 EpBA]
if (p > 0)
time += p;
// p < 0, RBAREENEGITHES,
/7 TFIRBATES [B)7E S BIRY 8] ((ESSINAT TSR AYRT(B) ) A9EA _E ANk - pRORY ]
else

time = triggerTime(-p);

Runnable $E[]sCI

public void run() {
boolean periodic = isPeriodic();
// MREEFRE TABERITES, WEUEES
if (!canRunInCurrentRunState(periodic))
cancel (false);
// NEREAMAES, T —RESENE, ERREMNrunE
else if (!periodic)
ScheduledFutureTask.super.run();
// =EEM1ES, FAFutureTaskirunAndReset5iA, HEHITRAE
// BIFNREES T RITHNE, FZESERA, FEEREE
else if (ScheduledFutureTask.super.runAndReset()) {
setNextRunTime();

reExecutePeriodic (outerTask);

BEE—F run FENRITER:

1. MR HFLEEMETRETETRTES, BAMECEZES, AREEZRE, SUWHRTEE 2;

2. NRAZEHAMES, A FutureTask B8 run FiEMIT, SIREWTER, ARERRE, ZNHITEER
3;

3. MR ZFEHAM(ES, M FutureTask HAY runAndReset 53EH1T, TRIFBRTER, RAEHIERE, &
MITH I 4 FHE 5;

4. HETFRPITIZESH B R E);

5. EERITES.
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runAndReset AR NES ZIRMITMIZITHI. runAndreset FIENITRESEARREESZHNITER, BAR
SEEMESIPRE, UREHESHRSAHBRES (NEWIRT) , RXtE1Z57EM FutureTask run 757ENX
wilI8

scheduleAtFixedRate

HAE—THRS:

/7 ER, BERENETENE, EANSEHEERunnable, MR XMENESEIREIREERN
public ScheduledFuture<?> scheduleAtFixedRate(Runnable command,
long initialDelay,
long period,
TimeUnit unit) {
if (command == null || unit == null)
throw new NullPointerException();
if (period <= 0)
throw new IllegalArgumentException();
// BIE—1BEYRENFEEEHRNES
ScheduledFutureTask<vVoid> sft =
new ScheduledFutureTask<Void>(command,
null,
triggerTime(initialDelay, unit),
unit.toNanos(period));
RunnableScheduledFuture<Void> t = decorateTask(command, sft);
// outerTaskRTIFEEMAMNIES
sft.outerTask = t;
// WA
delayedExecute(t);

return t;

scheduleAtFixedRate XN FEH schedule £, [EE scheduleAtFixedRate F5iAANEREIZEAY
7= ScheduledFutureTask , 8 #JIAERFIEEBHIRNES.

scheduleWithFixedDelay

scheduleWithFixedDelay t2iBIY ScheduledFutureTask REIAY, ME—REHOHHETEIZERN
ScheduledFutureTask 4 [@,

public ScheduledFuture<?> scheduleWithFixedDelay(Runnable command,
long initialDelay,
long delay,
TimeUnit unit) {
if (command == null || unit == null)
throw new NullPointerException();
if (delay <= 0)
throw new IllegalArgumentException();

/7 RIE—TBYIREREENTENES
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ScheduledFutureTask<Void> sft =
new ScheduledFutureTask<Void>(command,

null,
triggerTime(initialDelay, unit),
unit.toNanos(-delay));

RunnableScheduledFuture<Void> t = decorateTask(command, sft);

// outerTaskRTIFEEMANIES

sft.outerTask = t;

// WHERER

delayedExecute(t);

return t;

delayedExecute

BIEHZEIM schedule . scheduleAtFixedRate #] scheduleWithFixedDelay Exf5#FAFE T delayedExecute

Bk, BAERENESHTNERRLE, —EREFIRD:

private void delayedExecute(RunnableScheduledFuture<?> task) {
/] HIEWELRXH, EREERITAIESRNIE
if (isShutdown())
reject(task);
else {
/1 BESIANEIFRHERASY
super.getQueue().add(task);
/1 SRRMEEXMA, BHIPRESTREEBITIZES, KAESMNEGAIERHBUEZES
if (isShutdown() &&
!canRunInCurrentRunState(task.isPeriodic()) &&
remove (task))

task.cancel(false);

else
// EIl—"Tworker, HMiBcorePoolSize=0EEIN—" 1 worker
ensurePrestart();

delayedExecute 77 AHZHEMRER, TEMBFHESRIMEIFGAY, A/FVHH ensureprestart ik,

void ensurePrestart() {
int wc = workerCountOf(ctl.get());
if (wc < corePoolSize)
addWorker (null, true);
else if (wc == 0)
addWorker (null, false);

ensurePrestart 717 AETER WA T addworker 7374, Lizitt PN TRGREMEEI X AR ENHPIITES
B, BERRTEFHR.
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33F scheduledThreadPoolExecutor , worker inINEIAIZNEREFEHFNIIPHFFIREES, XaEM
ThreadPoolExecutor ;2—fJ, {B=Z worker 2E24MEEHFIFIEERMESAVIE?

DelayedWorkQueue

ScheduledThreadPoolExecutor {7 DelayedWorkQueue FIRTFHFIFHIES.,

ZEFIIRIAB N ZRENERITIEENITAIES, il worker RFMAEES, WRINETSZSHIFFENITH
[B3RKRE, worker thRiZHEEHEF,

DelayedWorkQueue @—"T5ATBATY, (EREETFE, EEERESMISIINTPATIRIIIEE.

PIDAREHR AR AN T ROERAR -

T e e

ERXMERTR, ATURIAN TR, Rig, RIMEM 0 TG, FRRERSMEN K, RTK/RRSEN p, W:

o —PMURNEFHRNERSIN: k=p*2+1;
o —MNRINAFHIRINESIN: k=(p+1)*2;
o —MHRIRTRINESIA: p=(k-1)/2,

A5k &%& DelayedWorkQueue FIFERBHI AT E:
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static class DelayedWorkQueue extends AbstractQueue<Runnable>
implements BlockingQueue<Runnable> {

// BAIIVIRE &

private static final int INITIAL CAPACITY = 16;

// BEBRRFMEERES, BIHASINHHF

private RunnableScheduledFuture[] queue = new
RunnableScheduledFuture[ INITIAL CAPACITY];

// HEIEEEFFNLIE

private Thread leader = null;

// BRI MEE, AT leadersi2

private final ReentrantLock lock = new ReentrantLock();

private final Condition available = lock.newCondition();

/7 EARARD, S

LH—NEIEA leader, BEREHFINEESH delay [EENA], EfMAESTEMEHES, leader BNENESIR[E
BIEBAEMETE, BEEIEAEZRAFN leader, SHINENENESHEMBEREEENITIES SR, leader
FIZE R null, EMESNETE (YT leader @H]) FIXHBIAY leader EFZE AN leader,

FiB &A= MEMHHP—: leader, follower, MR—PFEHRAPIAE: proccesser, ENERR
MZ, KitwxZRBE— leader, FiA follower FEFGFMA leader, ZFEMENN BN~ —T
Leader ATTHERFZMLE 10 B, BB —1TEHTHER], Leader ZRZBMEH— Follower LI EHERIRN
Y Leader, ABECMETET, ENEXTNEEMH, LETERIA Follower Zf2E AT, FHF
TOREEA Leader, XM AIARIAEE CPU SREFEMNE, KIEMREISAESIMEEBNBERE,

EfY, ®X T ReentrantLock % lock ] Condition available FAFiZ&IF@E F—MEFE =S /N leader,

H—NESHRANE, HEBEBMNLIERN leader BT, available 5183 ENEIRIERTEN, AEES
P9 leader 42, BLERMTETE HEERL,

DelayedWorkQueue B—"MASREAT, ERAMRIER/XLARIESEHZ SRIASIFHTREI&RSERN, BHTE
EETHEMAIAT, BEEMETITEAMBFRR RSN BIERER 0(logN) .

& T3RESE pelayedworkgueue AL PMEEREEN S TA.

take

public RunnableScheduledFuture take() throws InterruptedException {
final ReentrantLock lock = this.lock;
lock.lockInterruptibly();
try {
for (;;) {
// BUETNANES, HNMEHKEERTHNES
RunnableScheduledFuture first = queue[0];
// AT, EEEFRMHavailable FEF
if (first == null)
available.await();
else {
// HWIMESEEZKEE7 BERAT
long delay = first.getDelay(TimeUnit.NANOSECONDS) ;
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// ETESEZFILAITT, finishPolZEFMAREE, FHBEH/IERYE, ZHEREESHE
// ¥R index}-1HIRENZES
if (delay <= 0)

return finishPoll(first);
// WRleader AT, HIBEAEBEIEM N leader HFERHETNES
// BABATESE], RS, HthEEHTEEEavailablefRH EF
else if (leader != null)

available.await();
else {

// leader AT, HRI%LIEMNFHIleader

Thread thisThread = Thread.currentThread();

leader = thisThread;

try {

// HRIEEELEM Nleader T, REEEFGHIVESEARITHS BEIE]

available.awaitNanos (delay);

} finally {
// REMTNTTER ZBTEleaderiRBANT
if (leader == thisThread)
leader = null;
}
}
}
}
} finally {
// BHREfTavailableFZHEFNLRE, XELREAINERTEM N leader
if (leader == null && queue[0] != null)

available.signal();
lock.unlock();

take AR ARMRIEREIE?

ERBLIZAIIR, BAINMAT getrask 57k, TIFLIERTEIM workoueue REXESS, {BITHIESAIARE,
E7A—B getrask /AR TESMABRITY, MXEIAIEEEIZBEIMATIE, FIINTE take HIEHR, ERIER
BEPFEEANITRIE, (E557 BT IARENE.

BE—TiRE:

1. MRHETNTTEANZT, £ available LEHF,

2. IRETESHIMITIIEIEER, BEMTRERMENRE— T TRHAEEEERERIEEFY, BNEE
ESAEHPERS|IRN-1, RENZES.

3. 1R leader FARZE, HAERELIZMN leader 7, EHihLLFZHEE available Mi28 E515,

4. AR leader NZ, HEIELIZRAFA leader, HEFERIHIESHATREEIA,

5. take Fi%IREIZ A, 1§ leader IRBANZE, HBAEMLIE,

B¥iRE—T leader OEMA, XEBH leader ERATEILADENEREFTF, H—DEIERN leader i, BERERF
T—N 1AMt EEE, (EETARERMREBSES, leader IR take () 5 poll() IREZ AT signal HE %
2, BRIEEMZIZR T leader,
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23R, WRRE leader, FBATEMNIT take BY, ZFEIIT available.awaitNanos (delay) , {RIXRZHBIZEMR
1T 7R, XEIERA signal, B NAEHHRIT TIZERRE, WE_MEEtHEREE,

BRE—ERREAEES, HMALETE avaitNanos (delay) Zf5, 4REHIIT for 1BFF, EANEESBES
BORET, FRAXEHRE) for B ZRMARESEME, XBBEEMFIMITE, XEHREHE,

FrIA, AT RESPDEESRENMITBENER S, XBIEMT leader, R leader A AHZ, NIRBARATHEE—
THHEZKAESFLEIN, XNETHNERES—EEE, BV TTXHENEE (&, E finally FIEBET signal()
KMEE— 1 26FE, MAR signalall()) .

offer

ZIEEMNIIEA—TME, REZEAINEAN.

public boolean offer(Runnable x) {
if (x == null)
throw new NullPointerException();
RunnableScheduledFuture e = (RunnableScheduledFuture)x;
final ReentrantLock lock = this.lock;
lock.lock();
try {
int i = size;
// BAIITRELEATETHANKE, FEY S, MENSERRKESTENL. 5F
if (i >= queue.length)
grow();
// ERTERIEM
size = i + 1;
/7 R
if (1 == 0) {
queue[0] = e;
setIndex(e, 0);
} else {
// R, ERYRERIME, ERANWERME LXREINcompareTo/siA
siftUp(i, e);
}
if (queue[0] == e) {
leader = null;
// BHEMEavailablef M EEGNERE, XEEREANUREEHA AT leader
available.signal();
}
} finally {
lock.unlock();
}

return true;

offer 773A5LI T MAERAFTIHEN —TMESAURIE, HARIER TN B i/ R,

&/ (Min Heap) E— 122X M, EFE— 1K RKNEHNTHEFTEFTR/E, ROIER, &
/R, RTR (BEMAINER) 2ARE T RPNRIVE,
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RIERA R REIT &\, FARE— TR TERHEA siftUp &,

private void siftUp(int k, RunnableScheduledFuture<?> key) {
while (k > 0) {
// HEIRTRES]
int parent = (k - 1) >>> 1;
/] FRRRTR
RunnableScheduledFuture<?> e = queue[parent];
// WRkey T SEIHATETBIATRT RBOMATHIE, TREBHFT
if (key.compareTo(e) >= 0)
break;

// WRkey.compareTo(e) < 0, ItBRkey T mAIHTRIE/NFAR T SROHITHTE, EEIEXTARZEE

[
queue[k] = e;
// REBERS| Rk
setIndex(e, k);
k = parent;
}
// keylRBRHFBENUET
queue[k] = key;
setIndex(key, k);
}

NBRRIFERE, MEMABIRIEey T REENR T RHKFIE, WRkey T RPATHEVNTR TR, WERITTR
R, (ERATESEISERTRY T RHFFITERASURIRIE

RIZFTNBARY T RAVIERET (8] (BFEgetDelay() 553k 18) &5, HUTHIRANT:
1. SR RRINBIEENES, XEFHTRIRSIkA7:
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parent=3

2. ITEHRTEMNZES|: parent = (k - 1) >>> 1, parent =3, BBA queue[3] HIATEEIFRIENS, BEA 5
< 8, JBHIT queue[7] = queue[3]:
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parent=3

3. XAPEKIREN3, REEN, BXiITEparenth1, queuverl] MRTEEIRN3, EXN 5 > 3, XIHRHE
0, m&KH3:
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parent=1 \

AR, BXFMETER, REBIEXTAKAR, mMAsTlRED R,
+
ING

ScheduledThreadPoolExecutor e— TNEMESHNEIEN, THEEERRFRMNRITES ., EHNIHRE
)81Y DelayedwWorkQueue RIRFHFFHIES, DelayedworkQueue B—1MTLHRMATING, FHNAEM, KE
15 B HE 45 M SIESEINR S AT BOTHRE

i IMEZ, EXABERRTHRRNERXBFRNZNEE: RAXDG lava 2442, BT, Hit
SEWRIRNT:

e ideabuffer

o HE[F

WEEE: EE=RN 11 MIBRFRSMNSTIM A

GitHub E4R2 9300+ HFFRANIRE ( Z S8 Java HI 2 B8) "1 PDF (HAEZEE/MRY) LFRT! BIELRE
HEARZFMER . JavalI7EERL sychronized. volatile, CAS. AQS. ReentrantLock, ZFgith. H k&
B8, Threadlocal, AFFHHBEELEMANARDAZIENANS, Hit 15 ARF, 200+5kF&EE, NG
EBASE. XBWIK.... ¥E8: X2 T, — SHNHARIZHIN 2 B pdf

A S RIEENK, HEEKNBEZNEN MF1REE ) BRI ASREY PDF iRAR,
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B_TtT: FEFRIFER Atomic

HATRIEHIT CAS, HERREEAER, Java PHRFHEESE, W Atomicinteger ] AtomicLong, KEMER
FA CAS FRHIRZ S EFRIRFIERY,

BEBIZE count++ AR — TR FIRIF, ESLEMRETATEFEERNER, BN count++ RIFLPr LD
N=HE:

1. EEY count TEME;

2. %% count TEREM 1;

3. ¥ count TENESAIINEFT;
BRELTE A EEfEIX count BE, N TIRIELTE B £{EMA count HRHMEZLAE A BRI FRVIRT, BTUAA
synchronized X#FEP—F.

private long count = 0;
public synchronized void write() {
System.out.println("HI THENER, IR—RKEET. ");

count++;

B2NEEZEINLE write() HIARERN, %12 B IHRMNRMROTNESHAIE A BRIER, BIRBEFNNE
Mfe?

Atomicinteger ;2 |DK {2 — P RFHRIFRY Integer 28, ERBNIBIRIFZLEZTEN. TEBATAIXAE:
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private AtomicInteger count = new AtomicInteger(0);

public void write() {
System.out.println("HI THENER, IR—KEET. ");

count.incrementAndGet();

&, X TRAEMEFRST, THMY, MERIIELELZE. OK, BT, BIIKREERTFRELLAML?

R AR B EERE

EARRENRFHREFETERXLE:

1. AtomicBoolean: MARFEFHIA R EF boolean;
2. Atomiclnteger: AR FEFRIHGINEFT Integer;
3. Atomiclong: DARFEMAIHNEFR Long;

RV ENAEEAR—E, XE Atomicinteger 9,

1. addAndGet(int delta) :@ IEBIN4RERY delta, FHIRENFTE,

2. incrementAndGet () : IBH0 1, HIREGTE.

3. getAndSet(int newvalue) : JREXHBIE, HEFEIREN newValue,
4. getAndIncrement () : JREXHBME, FIi&i1,

EE—ESE, AINERES AP, #RIFIER.

NT BEBEFFIE Atomicinteger BISEIIRIE, LA getAndincrement ARG, KETIRER:
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public final int getAndIncrement() {
// {FHunsafez£PMgetAndaddInt 5 iER FitiEINAtomicInteger I HAIME
// B—1SHthisEAtomicIntegerfJ S ALl
/! BZP B valueoffsete— MRIZE, EiETfEAtomicInteger N RARIMIMIIE A AR L FAYint &
// BENSHIRTEMEHFELNE (BNEMNaE)
// WRHFRRENEIEINRINRIGE

return unsafe.getAndAddInt(this, valueOffset, 1);

AIEY, %AEXMRERIERT unsafe IIRAY getAndAddInt /57A, unsafe JWRZEITEIT UnSafe £KATEES
J5i% getUnsafe $KEYAY:

private static final Unsafe unsafe = Unsafe.getUnsafe();

Unsafe S£FA17E1#H CAS IR, B1E Atomicinteger 3£, HEAREBHR,

Unsafe 252 Java FII—MF5%E, ATFHRITHRR. ALERRIE. getAndincrement FiEMEFIB T Unsafe 3£
129 CAS (Compare-And-Swap) IR{ERETEFH increment #1E, CAS 2—MERNIHIEA, AFES
FREMBPIRFERE.

8F, TER—EEANF]FRIEE Atomicinteger BIFA:

public class AtomicDemo {

private static AtomicInteger atomicInteger = new AtomicInteger(1l);

public static void main(String[] args) {
System.out.println(atomicInteger.getAndIncrement());

System.out.println(atomicInteger.get());

}
}
HIHAER:
1
2

AtomicLong #1 Atomicinteger RYSEIIFIEEAR—EN, RAT—TEHHIZ long B, — 1M HIHIE int B,

AtomicBoolean £ 2 EMELIEFMIE? %0\ 752 compareAndset f5i%, ERIBUIT:

public final boolean compareAndSet(boolean expect, boolean update) {
// JZexpectTh/RIEEENNEEL, trueil, falseHO

int e = expect ? 1 : 0;

// YEupdatefh /RIBEEMNEL, trueN1, falseHNO
int u = update ? 1 : 0;

// {EFunsafezXcompareAndSwapInt /5=l R FithE FAtomicBooleanf HAI{E
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// B—1"S#thisEAtomicBooleanhy=H ALl

/] BN SHvalueoffsetB— RIS =, Bisn{EAtomicBooleandtHHFAIHI MU E A AL RAYint B
/! BT HeRRHENERIE (BN BINENE)

// BUTSHuE B VEEEHMNE (RN BHNENE)

// MREFMESHEEeEE, ESREFHIZENu, HiREtrue; BNiREfalse,

return unsafe.compareAndSwapInt(this, valueOffset, e, u);

ZHEE G HFI{EMMexpectizE Nupdate, BXMIZERRTEHRERSI NexpectBt I, FHiAREtrueRR
BN, SNhREfalse,

[RFIRIERVEN A R EY

URFBERFERHAEENE TR, atomic iR THENAISE:

1. AtomicintegerArray: X PR T —LRFEH int BEEANS A,
2. AtomicLongArray: XM T —LEFE FEH long BUEBERAN S E.
3. AtomicReferenceArray: X i T —LE[RFEfMS | ARBMANTIE.

XL PMERE—E, M AtomicintegerArray SREE T E BN AGAE:

1. addAndGet(int i, int delta) : MEFEFAIGHARRSIN i xRS BWAEEN;
2. getAndIncrement(int i) : MEFEFAVEHARRS|IN i WTRBIEM 1;
3. compareAndSet(int i, int expect, int update) : JBEAHRZES|N i WU ENTEHITERN

FIAFH, AtomicintegerArray 5 Atomicinteger B/ /AEA—, KRNI 7E AtomicintegerArray I EFRE %
— ARSI, TEZE—ERNEF:

public class AtomicDemo {
// private static AtomicInteger atomicInteger = new AtomicInteger(l);
private static int[] value = new int[]{1l, 2, 3};

private static AtomicIntegerArray integerArray = new AtomicIntegerArray(value);

public static void main(String[] args) {
//SERHR RS A ENTTE NS
int result = integerArray.getAndAdd(l, 5);
System.out.println(integerArray.get(1l));

System.out.println(result);

}
}
HIHAER:
7
2

B getAndAdd 7EBAIE N 1 TR S, MERFIMEBERZRSIN 1 NTRERT 7, &HEROAEZEN
Z B 2,
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[RFHR1ERYS| AR EY

MRFERFENSIAEERIE, atomic tBiRMHE THEXAIZE:

1. AtomicReference: [RFEF5|IFALER;
2. AtomicReferenceFieldUpdater: [RFE#5| R BHNFEL;
3. AtomicMarkableReference: RFEIFHBITCAIANS|FHZEE;

XN ENERSEE2EAR—#E, A AtomicReference A, SRR EALRZE, TEE—T demo:
public class AtomicDemo {

private static AtomicReference<User> reference = new AtomicReference<>();

public static void main(String[] args) {
User userl = new User("a", 1);
reference.set(userl);
User user2 = new User("b",2);
User user = reference.getAndSet (user2);
System.out.println(user);

System.out.println(reference.get());

static class User {
private String userName;

private int age;

public User(String userName, int age) {
this.userName = userName;

this.age = age;

@override
public String toString() {
return "User{" +

"userName= + userName + '\'' +

age=" + age +

378

AR

User{userName='a', age=l}

User{userName='b', age=2}

BRI R Userl A AtomicReference #1713, #AFTAM getAndSet AiE#HITIHE, MERTUEL, ZAH A
SEFEH user WK, TH User{userName='b', age=2},
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Y H n AN ¥
[RFEfhFERRE
NBEEEFHRIOENTE, atomic B IRM T IMIRTIRIFL:

1. AtomicintegeFieldUpdater: [R¥BEERIFERE;

2. AtomicLongFieldUpdater: [FFEMIKERIFELE;

3. AtomicStampedReference: [RFEMSIAEXE, XMEMARNSHFERES, B TR CAS A1 ABA (4]
2, ABA [BIRREATRIE BT,

FERRFEMFREEMD:

1. BEIE#SH A newupdater BIEE— 1 EMEE, HHEIREBEFHMNENTFE;
2. FERNTUER public volatile #1T1&1M;

A AtomicintegerFieldUpdater R IR EE B ARER:

public class AtomicDemo {

private static AtomicIntegerFieldUpdater updater =
AtomicIntegerFieldUpdater.newUpdater (User.class, "age");
public static void main(String[] args) {
User user = new User("a", 1);
int oldvValue = updater.getAndAdd(user, 5);
System.out.println(oldvalue);
System.out.println(updater.get(user));

static class User {
private String userName;

public volatile int age;

public User(String userName, int age) {
this.userName = userName;

this.age = age;

@Override
public String toString() {
return "User{" +

"userName= + userName + '\'' +

, age=" + age +

"}

HHER:
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MRBIFRIAE S, Bl aAtomicIntegerFieldUpdater 2B EIRIEMNERSHIEZHITEIER, getAndadd Hik
SRIEENFERM EMANE, FREEMZBINE, user WHRF age FERIREN 1, M5 ZFEMT 6,

ING

Java #fY java.util.concurrent.atomic BT — R, XLEXATEHREFRE BILRETEMEARREY) £ED
TE L, XKKBEDTHERBENSE M,

[RFiR{EE T E R/ IXLE:

1. RFRENEAREIERR: AtomicBoolean, Atomicinteger. AtomicLong;
2. RFIRIERERAAZERL: AtomicintegerArray, AtomicLongArray. AtomicReferenceArray;
3. [RFIRERSIAZEE: AtomicReference. AtomicReferenceFieldUpdater, AtomicMarkableReference;

g NMMEZ, REMNABEERBTFCLO6108I GitHub B FEhttps:/github.com/CL0610/Java-
concurrency, #EFEE: BRS FHUnsafeddi£47

GitHub E#R2 9300+ FIFFRAIIREE  ZEffY Java #H 2 #8) 521 PDF (FHAEEZ/Y RFRT! BIELRE
EARMZFMER . JavalIRIEEERL . sychronized, volatile, CAS. AQS. ReentrantLock, ZF2ith. Hk
A83. Threadlocal, AFFEHHASELEMAMALLNERNANE, Hit 15 ARF, 200+5KF&E, AT
ERMBHE. NBHER.... F1E8: K27, —SHERIEHN 2 B pdf

A SFEIZ 25K, EEKNBTETN TZHRELE ) ERATAIREX PDF iR,
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F_1/\T: EiA3L Unsafe

BIEIRMIEH CAS FEF12E atomic ZERIRHRE, #BiHEIT Unsafe,

Unsafe 2 Java R—TIEB4ARIZE, ER Java RIET—MEE. "TLE2"HNHSIREZILEMERERT. L2
W&, EMERFAMIERAN, Unsafe IRt TS AL EHRIE, ELLENERMZIEE/IVD, HRTILHLE
BERAXEREHRFNTR,

Unsafe Eff

BAHAIREIHNIREN— Unsafe SEf, S1R1ZE new WAXELE, THER, WFHSEFRE:

Unsafe() has private access in 'sun.misc.Unsafe'

EE Unsafe £A9RIE, TR EZH final 21689, FAMARRITFHME, FEMEREN private KB, BIA
ATFHATEE new LB, I, Unsafe 7£ static FESAIEERR, AEFIBAXAIAML T —1 Unsafe 335

public final class Unsafe {

private static final Unsafe theUnsafe;

private Unsafe() {

}
static {
theUnsafe = new Unsafe();
}
}
Unsafe iR T — 18855 getunsafe , B LESRMRIAAERIREX Unsafe Ll
@CallerSensitive

public static Unsafe getUnsafe() {
Class var0 = Reflection.getCallerClass();
if (!VM.isSystemDomainLoader (var0.getClassLoader())) {
throw new SecurityException("Unsafe");
} else {

return theUnsafe;

ERURBMNEZBRARXTESHE, LEBERE

Exception in thread "main" java.lang.SecurityException: Unsafe
at sun.misc.Unsafe.getUnsafe(Unsafe.java:90)

at com.cn.test.GetUnsafeTest.main(GetUnsafeTest.java:12)

No. 352 / 428


https://javabetter.cn/thread/cas.html
https://javabetter.cn/thread/atomic.html
https://javabetter.cn/oo/final.html
https://javabetter.cn/oo/static.html%23_02%E3%80%81%E9%9D%99%E6%80%81%E6%96%B9%E6%B3%95

FJava, BINEZEH Java HIM 2K

XEENTE getunsafe FiER, SXIEAAEMN classloader H1THE, FIETHFIZEEEH Bootstrap
classLoader NN, WRAEBHIEMEME — SecurityException ,-.-".%"o

iR, RBEBMEMFRMBAETEEBITR Unsafe ERFE, XER THHIEXLE S EERREHAEBH
WIEA,

BA, R LAEX Unsafe KHITIXAIZIEAIERBRFINE?

REE, ERENEZINIEITRE, AIMNERHITARRE. ST jvm NZE2RNELIRNRES, BE%
#t, Unsafe ZESCIAYINRER] DAR 530 T E 8 2%+

BIESCHI

B FEXLEINEE, MEREARELFLEEANRFRERN - T?

BLAMRENABEEEB SR IBHIER Unsafe £AE, RIZEARR—TENIFINRIE?
BREFAREIRE Unsafe XREL BT RGN R:

public static Unsafe getUnsafe() throws IllegalAccessException {
Field unsafeField = Unsafe.class.getDeclaredField("theUnsafe");
//Field unsafeField = Unsafe.class.getDeclaredFields()[0]; //WAILAX#, {EFEE
unsafeField.setAccessible(true);
Unsafe unsafe =(Unsafe) unsafeField.get(null);

return unsafe;

—\\
i
ﬁ

]

FEIRERE] Unsafe (LB RIGE, HOMAMERERIAMARAT, RN EBEN—TXNERNEMLH
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public void fieldTest(Unsafe unsafe) throws NoSuchFieldException ({
User user=new User();
long fieldOffset = unsafe.objectFieldOffset(User.class.getDeclaredField("age"));
System.out.println("offset:"+fieldOffset);
unsafe.putInt(user,fieldOffset,20);
System.out.println("age:"+unsafe.getInt(user,fieldOffset));

System.out.println("age:"+user.getAge());

-~

BITREmENT:

offset:12
age:20
age:20

FIMEEET Unsafe A9 objectFieldoffset FIAIRENE] T WRAFERAIRISHIL, X MBI AEAFH
LIS E — M EN M, 2 EBETX MRS int RRFENBEMHERTIZEIRNE, BEERBAMN
&2l Unsafe BY75TENIZE PR get 737 A3REREIMERERA,

T EFIFHIERET Unsafe 228 putint #l getInt 5%, B— NREHNGE:

public native int getInt(Object o, long offset);
public native void putInt(Object o, long offset, int x);

TR, getInt BTMNRAVIEE RISHDIULAMEER— int , putInt BTENRIEE RSMHILTN—
T int, FEEMEEFXTEMRE private FEP, HAIUNEHITIEE,

ERACIVIMRAERIREERIMNT, BRMTAEENTRNFESHNEERE, 27— Tnativex BB, FEHKRE
BRNRGERERE, BLAERBAZHNE?

native A%

native 737AHAAE, XERBR T,

native 737%, RIERIRHZH Java AMIF Java (KIBRYERO, HIBERNGERZRIE Java ESXMA, FIAERIU
B C 3y C++IESREM, HYmEM DLL, AEEEM Java #1TEA. native HAER®I NI (Java Native
Interface ) SEIIAARY, M Java 1.1 718 NI fRERZ Java FEEI—ERD, BRI Java KIBHIEMIES IS
HITRE,

______ |

| |
:l'> ‘»’ |  CIC++ Code
< .(1 &

NI

N~

Java Code

- |
e
- WLz T
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Unsafe XRRVRZEM T AE BT native 7335, IBANMTAEEM native HiENE? RERUBREAMNTILR:

o FEME Java PAASNRIMTRERZNY, Java TLMBTENENELINKENEE, FEMEE
HthiE= R 1E1ER

o WTHMES XTI —LEIMMINEE, FIUAER Java EiZEA

o BEFXI BN TRERIFESH, BLOEFEREMERNES, HlW C/CHEERLHR

juc BIRZFH R THEEXEIIMHALRNGIN, #IEMAT native 3%, BT native FIEPI AT Java BITHTAISH
PR, BEUSIZRARIIRIFRAIRBIFELINGEE.

FE—" native /7iE, FTRKRERFARZEIANENSIEEIN, BN T EAERRIERN, REH
ZFEIEENER.

Unsafe W
7554 Unsafe MERNE T —E TS, HIIRE— FEHEARA.

1. AR

WRIRET c HE c++, —EXNAFRESRIEE, T )ava EAAFERNAFHITIRIEN, SRAFHDEH
EIREZH jvm B2, 1BFTE Unsafe B, RN TIEOM AT UAEZHTRAFERE:

/1 D ECFRAY A HE =S 8]

public native long allocateMemory(long bytes);

/ / EFTERAEZERAN

public native long reallocateMemory(long address, long bytes);

/I BRFRENIEEE

public native void setMemory(Object o, long offset, long bytes, byte value);

//AFEN

public native void copyMemory(Object srcBase, long srcOffset,Object destBase, long des
tOffset,long bytes);

/1 BRRATE

public native void freeMemory(long address);
ERTEEFE TN

private void memoryTest() {
int size = 4;
long addr = unsafe.allocateMemory(size);
long addr3 = unsafe.reallocateMemory(addr, size * 2);
System.out.println("addr: "+addr);
System.out.println("addr3: "+addr3);
try {
unsafe.setMemory(null,addr ,size, (byte)l);
for (int i = 0; i < 2; i++) {
unsafe.copyMemory(null,addr,null,addr3+size*i, 4);
}
System.out.println(unsafe.getInt(addr));
System.out.println(unsafe.getLong(addr3));
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}finally {
unsafe.freeMemory(addr);

unsafe.freeMemory(addr3);

FELGREL:

addr: 2433733895744
addr3: 2433733894944
16843009
72340172838076673

ﬁ*ﬁ—_Fﬁﬁ'éﬁ%, B7ER allocateMemory FiLBRIE 4 ?%KEE"JV\Jﬁﬁl\Eﬂ, R PIAR setMemory Vaby=
A8 T FNEANSBN byte £ 1, H{FEMA Unsafe T getint FIER, AA—1 int BTEH 4 1PFN, &
—/RMIEE 4 NFT, AR int BE, SN HEIZERRN 16843009, vbUEEEREMFAXEFE:

ABHIEA reallocateMemory HIABHIDE 7 —IR 8 FPKEMAFZE, BEILER addr M addr3 FJIUEE!
M Z Bl R IBRAFHIIE R R EH,

FERBHEIEZ for fBIAE, A copyMemory FiE#IT T MRAFHIEIN, BRENAFHIU addr FFIAK 4
PET, DBHENEIN addr3 M addr3+4 FHANATESEL:
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NG, {8 getLong AE—/RI4ILE 8 1 F T, 155 long FKERIEN 72340172838076673,

FEIE, BIXMARNDENANERTHINANTE, B AH#HTHREIWEY, SERNEXENEFEISM—FERE
FohEH freeMemory FIEHITEN, BNES~EAEFERK,

BANRFATANZRE try FHATHRZAVEE, &G finally RPFITAFNREL.

2. AFEEE

AENABRNFRERER, FEMERFSN CPUIERIEEFAHER-—BOERT, SNABHITEHR, MEL
MCRERIERE,

MiELBEAIFARSHFR—TAFNER, SW CPUNSEEFNAFFHRENTS—N, MAEREE (Menory
Barrier ) MEBIALRFREMONIESEHF MME RIRIF[MEGRRERMAAIER.

ARG EEL, AFREER CPUNTRIEREBAITERFMRHENES, TNENEATFe LXIMAEFERENTE
AJREFAER].

fJavas i, BINT 3 MAERENSE, TRETRERAREEOER, AWERBREY. HE—H jvm RE
RNTFRIEES, RIMNFRIBINIIE, Unsafe M7 FESMAEREERES A

/1B IR E BRI
public native void loadFence();
/1R ERIESEHRF
public native void storeFence();
/1R BREEHF

public native void fullFence();

RNEFREER UEMYAZRNIG RPN —TRES R, ERILRZBNME RS RIEHRITEZ I UAFHEHRATILE
RZEHHERE,

M loadFence 77iEAf, ERFEILERFERF, RIEEXTFEREZBANMAIERFHRELTH, HERBEFN
RN, EMMEFRHITINE,

BFRXEITRZIMRHIZEE volatile XBF T, MRAEFERLERINT volatile KT, MBEBTIFRES
LA THIRI IIE,

ETERNERERE, F1eELIERNIIEE. TEHEX —1MEERE, BEEPEMEN flag i, FTEXEMN
flag =/% B volatile {E1MHHY:

@Getter
class ChangeThread implements Runnable({
/**volatile**/ boolean flag=false;
@Override
public void run() {
try {
Thread.sleep(3000);
} catch (InterruptedException e) {
e.printStackTrace();

}
System.out.println("subThread change flag to:" + flag);
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flag = true;

EELEN while BHH, MARFERE, MAEDEEHBRME f1ag BEEEML:

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

ChangeThread changeThread = new ChangeThread();

new Thread(changeThread).start();

while (true) {
boolean flag = changeThread.isFlag();
unsafe.loadFence(); //IMNEZAFEE
if (flag){

System.out.println("detected flag changed");

break;
}
}
System.out.println("main thread end");
}
BITHER:

subThread change flag to:false
detected flag changed

main thread end

manRME EECRBHE loadFence 57k, BRAELTERTIERAME flag REMNTN, F—HE while FE
W, AIDARERERR LEERE:
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TR Java AfFEE (gmm) BUMREENINIZERE, BITPNEAREAZEEREREANTFTREN, ReERFECST
ERFTNEE, RARRLSAEAEFH, ARLENTERFENELZFM.

FERRRMETAREHTENT, BENENERASATELR, ATIERESRPNTEEE, KLE
78

3. WRIRMF
01, HRMABMONGEHBERE, URFRBIENER, £ LEOATFAENEENET T

PR 7T BUEAY putInt . getInt F5iEFN, Unsafe 127 8 FEREUIEREIAN object B put F get /3%, FHEFA
B put AT AT IR, BEIFENAFETRREIE.

153E open)DK R HAGERAI AL, EMEUEEEA object MIESTHAARE, EMIERLEEHERENEY
{8 (value) , 1M Object BIIRENIRETFS|IAIE (reference value) ., FMHZE Object BIIEEFIA:

/1 TES RAVEE RIS HIREN— M R5| B
public native Object getObject(Object o, long offset);
/ 1TENRIEE RIS BN — T R5| A
public native void putObject(Object o, long offset, Object x);

BRTNREMNEBIEEI,, Unsafe TRt T volatile EEFBERFBEANGE. volatile EEHENEERTES
EBEEEE, 887 2EEMEUELEM object KEY, D int XEIFH:
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[/ FENRIVIEE R AMTEN—1int{H, XiFvolatile loadiBX

public native int getIntVolatile(Object o, long offset);
//ENRIEE RS E N—int, XiFvolatile storeidX

public native void putIntVolatile(Object o, long offset, int x);

BN TEBEEHRIT, volatile EERABESHNALR, HANEFERIEANLENEFME., EHIT get BIFHT, &
B MEFFIREVEME, EEA put HIARERMEN, SEHRBEERIEEF, MMHRIDXLEZEEISHlhz
2P LAY,

BEFBEANNGERUT=1:
public native void putOrderedObject(Object o, long offset, Object x);

public native void putOrderedInt(Object o, long offset, int x);
public native void putOrderedLong(Object o, long offset, long x);

BFBNRARESN volatile BIK, BAERRIEEANNERE, MAMRERLE, HE—TEREEANE
FEERIEE M A2TENPI L,
ANTBAZBENERY, FENANFRENRRBE-SHTIE, BATETEMMELNEE:

® Load @ FERFHNEEZNEILEENEFR
e store: JFAMEREFHRIERIFIEIEREFH

IFEEANS volatile EARNERET, EIMFESRINANMNAFREREREN storestore £B!, MTE volatile §
ANBRIIANBRFREIER storeLoad £E!, W TFEFRR:

ABFBEANGER, EABRE storestore IR, 1ZREREHR storel MZIRIFEUERIAF, X—HELT
store2 MR/EEEMFHEIEIRIE.
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M7t volatile EAR, {#AMRE storeLoad Ff&, ZFERHIR storel M ZIRIFEIEZIAEF, X—RIERT
Load2 REEEMREIES, HE, storeLcad REREZEREZANMARFLOIES, BIEEFMHIE<SMIA0E
LREMBRMLZE, THTZREEZENAFILEES.

ZFEFTR, EEEN=£BAFGEPR, EEARESHE, &Bput . putorder . putvolatile MIIIFEXNERZFH
P&,

02, {£H Unsafe By allocateInstance 7375, SUVFBAMERIFEMA L NEITHIRAILAIML, BFREX—TEMR
%X, ABEMERERNERRAZERTRERE:

@Dbata
public class A {
private int b;
public A(){
this.b =1;

DRABEFIERE. REUK Unsafe AR S N EIENRIAITLER:

public void objTest() throws Exception({
A al=new A();
System.out.println(al.getB());
A a2 = A.class.newlInstance();
System.out.println(a2.getB());
A a3= (A) unsafe.allocateInstance(A.class);

System.out.println(a3.getB());

ITENER2HIH 1. 1. 0, BT allocateInstance FiEBIENRIIEFR, FNS@HEMNMEESE,

EAXMANRIEXNRE, RAZET class WK, AAIRMNRBERI XS REVIA M EREE T 580 T 21
B, MAUERXMAIE,

ELERGIFT, WNRIG A EZRIES AN private B, BEBEIMES ENRETCUIENR,
{B allocateInstance FENAB N,

4. BURERE

£ Unsafe /1, PJLA{EFE arrayBaseoffset FiAIRENEAFE— 2N RS, {FF arrayIndexsScale 5
B DURE AP o R BRI HIIES . FR TEAACEE TN :
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private void arrayTest() {
String[] array=new String[]{"strlstrlstr","str2","str3"};
int baseOffset = unsafe.arrayBaseOffset(String[].class);
System.out.println(baseOffset);
int scale = unsafe.arrayIndexScale(String[].class);

System.out.println(scale);

for (int i = 0; i < array.length; i++) {
int offset=baseOffset+scale*i;

System.out.println(offset+" : "+unsafe.getObject(array,offset));

EEARBRREESRN:
16

16 : strlstrlstr
20 : str2
24 : str3

BERESEANARSEMIUNE TR ERSMUAIESE, TUAENEUZIHATNTRERAFTRNUE, #Hilm
Bwit getObject FiEERRRERUENRATR.

TEIRANRE, arrayIndexscale JRENHAZRHAF TR SANA]), MEHIAIEE, %R open)DK HHYF
B, IS EIhFEFANTTEIWMNIEIREF (scale factor for addressing elements) .

FLEENFFH, BE-TFRERERN 11 570, [EHMIBESAN 4 F75.
BA, EFXHMEZWALI T UANEATRAB)IE?
BANE LEHIF Y String HANRNAFHEELE, HEARIERE:
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£ String BAXNZRF, WRAEE 388, mark word fRCFAEMA 8 F 17, klass point XEUEH A 4F
T, HANRKENHRARER,ER 45T, SHEAT 16 ¥,

E— String US| AREEN TN RNEUNREEREM 16, ZEETTREXTEM LM 4, EFNNTH
MNEERBRNIUERE, ZEBEFERRIEIREMN getobject %, BITHBXN ARG RIEH RS
ik, BESNRPEENREE, MEEREGE—TTENSIA,

5. CAS 21E

£ juc BNFRTRERFASMER T CAS #RF, BREREMTEMN synchronized 1 AQS X ERHZIRIZET
CAS, HERRUBIEH R TRERI ZRETEA,

£ Unsafe 220, 12%7T compareAndSwapObject . compareAndSwapInt . compareAndSwapLong /7)53ESEI
#9%J object . int . long ZEEIAY CAS #RfE. A compareAndswapint /35 R%:

public final native boolean compareAndSwapInt(Object o, long offset,int expected,int x)

.
4

S o NREENINER, offset ENR o PEFFERNRIEE, WRZXNFERAVES expected HE, NIF
FERMNEIRD = XTME, FRLEREAAIEPEN, WM —NRERFERE, TEE—ME
F8 compareAndswapInt AYflF:

private volatile int a;
public static void main(String[] args){
CasTest casTest=new CasTest();
new Thread(()->{
for (int i = 1; i < 5; i++) {
casTest.increment(i);

System.out.print(casTest.at+" ");
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}).start();
new Thread(()->{
for (int i =5 ; i <10 ; i++) {
casTest.increment(i);
System.out.print(casTest.a+" ");

}
}).start();

private void increment(int x){
while (true){

try {
long fieldOffset = unsafe.objectFieldOffset(CasTest.class.getDeclaredField
("a"));
if (unsafe.compareAndSwapInt(this,fieldOffset,x-1,x))
break;
} catch (NoSuchFieldException e) {

e.printStackTrace();

BT R MOR L

1234567829

FELENEFH, EAMTEERES int R aiE, FEREE aNEFTEANNSH < BN, T5Fa
AEZR x, BIMESLIIN a FIN—AYRME, RIZW TR
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FETENZE, £ compareAndswapint 54, SHEIZIRE] true B false BIERER, ALBER(IENR
CIE SV AIIS)ind:ped:= N

£ AtomicInteger EIZITH, BEXATIE compareandswapInt WERENBEUEE, BEE2BHRMINZIEL
TEIEMA Y USRI AR F IR BB IR1E .,

6. ZIZAE

Unsafe £H12f T park . unpark . monitorEnter . monitorExit . tryMonitorEnter /3 517421
B, EAIENA AQS X ERI(TIREIL(ER LockSupport sl REEIETE 4fz . X TEEATRIEMHET, X
BEHMOm—T,

F— T Locksupport ARG, AJUEFIEHZBEAM Unsafe £HGE:
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public static void park(Object blocker) {
Thread t = Thread.currentThread();
setBlocker(t, blocker);
UNSAFE.park(false, OL);
setBlocker(t, null);

}
public static void unpark(Thread thread) {

if (thread != null)
UNSAFE.unpark(thread);

LockSupport B park 73ABA T Unsafe B park 5 AKBEESEIZE, WA EBEEEEEMASHETFN
17, BRIBEHEHMEIZERA unpark AR HBILTE. TEAIFIFIT Unsafe BN iA# T :

public static void main(String[] args) {

Thread mainThread = Thread.currentThread();
new Thread(()->{

try {
TimeUnit.SECONDS.sleep(5);
System.out.println("subThread try to unpark mainThread");

unsafe.unpark(mainThread);
} catch (InterruptedException e) {

e.printStackTrace();

}
}).start();

System.out.println("park main mainThread");

unsafe.park(false,OL);

System.out.println("unpark mainThread success");

ESE2 T epR

park main mainThread
subThread try to unpark mainThread

unpark mainThread success

BFETNRELLERESEE, FEETIRGITEAHTIER, WBARELZRSEA park HIEEEECS, 4%
FEfEIERR 5 /5, VA unpark IAMBEE AR, (EXLAEREME@ TNGT. BTRBEN TEMTR:
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tE4h, Unsafe JRF3H monitor XM= EBLEANICH deprecated , ANEINMIFER:

E S CPSE S
@Deprecated
public native void monitorEnter (Object varl);
/ I TR XS SRE
@Deprecated
public native void monitorExit(Object varl);
/I ERIRIG T SR
@Deprecated

public native boolean tryMonitorEnter (Object varl);

monitorEnter /5 TIRENERE!, monitorExit ATEBMXER, WMEREN—1SEH monitorEnter NIEIHY
FRHITEHAE, SHH 11legalMonitorStateException F& ., tryMonitorEnter /7 ASIHIREN &R,
RAINNRE] true, RZIR[E false
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7. Class {E

Unsafe 3 class REXRFE R BERMBNFSRENEREL A,

01 N ﬁ?lu\ ’“:'Eiiﬁﬂ’fﬁ?éﬂ’\]fiff :
/IR EHS BN RISE

public native long staticFieldOffset(Field f);
/I SRENEHS BRI RIEE

public native Object staticFieldBase(Field f);
//FIERERELOIMNY (AT IREERERSEMERDAITAN)

public native boolean shouldBeInitialized(Class<?> c);

BIZ—T ESRSEMNZE, #HTlh:

@Dbata

public class User {
public static String name="Hydra";
int age;

}

private void staticTest() throws Exception {
User user=new User();
System.out.println(unsafe.shouldBeInitialized(User.class));
Field sexField = User.class.getDeclaredField("name");
long fieldOffset
Object fieldBase

unsafe.staticFieldOffset (sexField);

unsafe.staticFieldBase(sexField);
Object object = unsafe.getObject(fieldBase, fieldOffset);
System.out.println(object);

BIT4

false

Hydra
£ Unsafe FIIRIRIER, FHA1FS) T8 objectFieldoffset IARMNRRMREZEHETENTENEH
7R, BEREAERTEFANESEM, XMMRMEZE(FR staticFieldoffset ik,
FELENES, KBl Field NREER class, MIRNFESTE=NEMERNABKE T class .

A LENREH, BELIE— user R, FZRENUNR—ITEKBHRELE, BBAENFSEEBASHIE
ft, RERRNFERELEERE null . FINEREGSEMR, FEIHA shouldBeInitialized 57k, FIBRTEIR
BRIZEFTEMRMXTE, WRMEREIEZE User WRMIED, BITERZER

true

null

02, {£H] defineClass FAAWRREFHEBITHSHAIE—E, BHEAEXANT:
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public native Class<?> defineClass(String name, byte[] b, int off, int len,
ClassLoader loader,ProtectionDomain protectionDomai

n);

AEXPMERERES, AIMREAFHHA, BEFTHTHRUREENFETRE, RAERT, £iniEs
(classLoader ) FfR#FHE (Protectionbomain) FETFEALLARIIE], TEAGFHIIM T REIFER
589 class X4ROTHEE:

private static void defineTest() {
String fileName="F:\\workspace\\unsafe-
test\\target\\classes\\com\\cn\\model\\User.class";
File file = new File(fileName);
try(FileInputStream fis = new FileInputStream(file)) {
byte[] content=new byte[ (int)file.length()];
fis.read(content);

Class clazz = unsafe.defineClass(null, content, 0, content.length, null, null)

Object o = clazz.newInstance();
Object age = clazz.getMethod('"getAge").invoke(o, null);
System.out.println(age);

} catch (Exception e) {

e.printStackTrace();

FELENRES, BRIERT 1 class XEHBIXHRIGERUNFHRA, Z/E{ERA defineClass 737AH
SHBIRT —1 %, HERSETM T ENFAIE, RENTEMR, FEBIXMANLIENE, ST VM
HNETERENE.

FR T defineclass /&%), Unsafe Ri2H T — defineAnonymousClass /3%

public native Class<?> defineAnonymousClass(Class<?

> hostClass, byte[] data, Object[] cpPatches);

BRI AR ARSHBIE—TERR, LambdaZiAXlFREER ASM SSERF TIBH, REMNMBZGIEE
MEEHBRN AR AIRONERE.

£ JDK 15 RIRUFTIER, R (Hidden classes) —5FH, IBHBAERMKRRAFFA Unsafe B9

defineAnonymousClass75%50
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8. RAER

Unsafe H1Z1#HY addresssize [ pagesize FIEBATIRENAREE, A addresssize AARIREIRFIEH
KA, NRTE 64 URR TRINEIRE 8, M 32 {URFKNEIRE 4, A pageSize FARIREIRNEFERNAN, &
N2HEHNE, FATENCEYTUEESITITE:

private void systemTest() {
System.out.println(unsafe.addressSize());

System.out.println(unsafe.pageSize());
PATER:

4096

XN AERNNAGSIERD, F java.nio.Bits EH, 7E{F pagecount ITEFIFHNNETINNER, AR
T pageSize AIAIRBNANEFETIAAR/N, B, E{ER copyswapMemory /7432 NNATERS, AT addresssize
&, 1 32 LRI

ING

FEAXR, BNEXNET Unsafe WERRZ. THERE, AELEMLE, YENAPI#HITTIRAS LK,

BEARBIX—IE, EBAI Unsafe ARLEIZFT, MHSLEEBHBARMBIZEN . BEERXLEERA,
MELFAEE LR LNRE, EBER, —ITRARETRERZANTTMNE, TJHNEEEERIEREIRA.

REZRIBES AT Javad Fi5kR Unsafe 22, THERZRRECZFIEET JDK 16, REBEFHEEISENZE,
REFERBY, EXERATHNTEFRADONTD, AUEEERRINAR, AER Unsafe (I3 HR—EEMEIE
FIZIE(ER. ERinM.

Wig: MEAEZ, RENNABZEERETHERBRS LNARENE, 5RIFEEY, #HEXE.

GitHub EARE 9300+ MIFFRANIRE ( ZSi8Y lava I 2 B8) 10 PDF (HaZmiz/\Vift) LFRT! BIELRE
EARMZFMER . JavalIRIFREERL . sychronized, volatile, CAS. AQS. ReentrantLock, ZF2ith. Hk
BE&. Threadlocal, AFFHEHFEUEMAMARMANZENAS, Hit 15 ARF, 200+5kFLE, IR
SBESE. XEBWE....  ¥E8: X827, —SiVHAREHN 2 B pdf

A S EIZEK, EEKNEZNEN MZ1REE ) BRI AIREY PDF iRAR,
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B_TNT: BELAR

IDK AR T —EH R RIETERNBE T RXUHENALREER, bk

CountDownLatch,Semaphore,Exchanger,CyclicBarrier,Phaser,

EM#HEJUCET., A MBE-—THAEMETRS, ENEHAER, AERBIAINRENINEZEERLENR
i,

= EF
Semaphore BREIZFZAEE
Exchanger IR IR ER
CountDownLatch SRFTEITHEEN 0 AR IE
CyclicBarrier YEFER CountDownlatch 2, BRAIINESFH
Phaser 183849 CyclicBarrier

Semaphore

Semaphore #IFIRZESNER. MBREX, XTILAEXRHENINEMES TEEREEES". MXTES"
22— int HEREIE, LAIUBERR—M B,

AIMEMEREREABRRSH, URESER"AF'NELE, BABRT, 2IFATFH.
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// BRINER MERIEATF
public Semaphore(int permits) {

sync = new NonfairSync(permits);

public Semaphore(int permits, boolean fair) ({

sync = fair ? new FairSync(permits) : new NonfairSync(permits);

BEERHER acquire 753EH] release 3%, acquire() HESHIFE— permit, T release JESBH—1
permit, LR, RBAIABRIESZ acquire(int permits) HEBRKZ T release(int permits) ,

8% acquire, permits B> —1THESZD., WRFADET 0, BEEMEIZENR acquire, FIMEBAEXNEE

BEIBEHEAIE release permit A1k,

Semaphore {ER R

£ 3 MR TE:

Semaphore AT HERARNIZRTP, ERFZENHE. 27007, &

public class SemaphoreDemo {

static class MyThread implements Runnable {

private int value;

private Semaphore semaphore;

public MyThread(int value, Semaphore semaphore)

this.value = value;

this.semaphore = semaphore;

@Ooverride
public void run() {

try {
semaphore.acquire(); // $KHBipermit

System.out.println(String.format (" Hal&iEEsd, EEIATHEIRE, BHEITEIEE

F5",

value, semaphore.availablePermits(),

semaphore.getQueuelLength()));
// EERRBENAS(E), FIELRERUR
Random random =new Random();

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

System.out.println(String.format ("&iEsdBN T HIR", value));

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

semaphore.release(); // Bpermit
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public static void main(String[] args) {
Semaphore semaphore = new Semaphore(3);
for (int i = 0; i < 10; i++) {

new Thread(new MyThread(i, semaphore)).start();

e

HAIEEE 1*ﬂ2|mh,ﬁﬁ0¢%ET%¢
HAILAERE 0, EF 1 TR ﬂﬁo THEESE
HAILAER 6$ﬂ0 "R, &8 0 M ERESES

2i2 6 BT RIR
HEIEIEE 2, BF 0 N&IR, &8 6 MEEEFT
LRE 2 BT RER
HAILAER 4, EF 0 TR, &R 5 MEREESE
SR2 0 BT RIR

HEIEIERE 7, B 0 N &R, &8 4 MEREEST
L2 BT RBR
HRILAER 8, iH 0 MERIF, TR 3 MEREEST

SRE 7 BT RR
HEIGFEE 5 EF 0 N&IR, &8 2 MEEESE
SAE A BT RR
HATAAZRE 3, EF 0 TEIR, BB 1 MEREESE
L2 8 BT RIR
HAILAER 9, BH 0 TR, &F 0 MEREESE
SR IR TRIR
4H2 5 BT HR
LREIBMTRR

FIMEER, ERREITH, RFBEZE 1,06 X=TERERETHRR, MECEHEHANTEFFINI, REIEINEE
REERE, MeBSEAIPRNERERERR.

=78, Semaphore FNIARY acquire TERZIULATRHAFEHING, BERLFE ST, BEEE—LHETNRE
FRETE A BB ZERAT Y -

/7 BEEHT
public void acquireUninterruptibly()

public void acquireUninterruptibly(int permits)

/1 NENERGBAS, KEERcAs

public boolean tryAcquire

public boolean tryAcquire(int permits)

public boolean tryAcquire(int permits, long timeout, TimeUnit unit)
throws InterruptedException

public boolean tryAcquire(long timeout, TimeUnit unit)
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Semaphore [RIE

Semaphore WERE— 1 47E T AQS MR 2R Sync, EE T tryAcquireshared ik, EXMAEER, 2E2iE

RN

MRAEKN (BRENZRHENTHRIEENZRYE) , MEBRE—1T08 (RREWARAIRRK) . RE

HATAREM S HAN AQS RIFHBAT,

Exchanger

Exchanger £ TR NERERBEIE, ©XIFZE, BMIERMAMERTERE 2 BEEEQTEE. TR—TFHF

BEWMQEER, LMLz BEEEEFNS:

public class ExchangerDemo {
public static void main(String[] args) throws InterruptedException {

Exchanger<String> exchanger = new Exchanger<>();

new Thread(() -> {
try {
System.out.println("X2%FzA, E?UT%—A%EE’]@?E' "
+ exchanger.exchange ("XEXB&ZANEIE"));
} catch (InterruptedException e) {
e.printStackTrace();

}
}).start();

System.out.println ("X MIMELZAZEEN, EFTEEBNIIE");
Thread.sleep(1000);

new Thread(() -> {
try {
System.out.println("X=2%FEB, %?UT%—A%EE’]@TE' "
+ exchanger.exchange (" XEXB&ZBIIEIE") ) ;
} catch (InterruptedException e) {
e.printStackTrace();

}
}).start();
}
}
Ll o
X EHERLTE A ZFEER, EHFFEE B AVUE
XEEIE B, BAITE—TEHENENE: XEXRBEEE AR

XRL&AE A, BET A —TEENEE: XERELIE B IBHE

FIMEER], H—1%2EA exchange AR, SATHERS, REIAS—TEREHIERT exchange 7%, E

A RYEIIT,
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EBRIEANEIER(ER park/unpark REIMEFFPRSTIRR, BREEERA park/unpark 3iE 28I, AT CAS
ME, GITERNTIREMEE.

&7 Exchanger Sx¥52 B, FRIASATAIAEHE@AEYE, bl 10 MsiE 10 &7, 1RYE DK BEEERMIREA,
FIABE R — T

o IERBEHIINVRIERRE DAY

o AT HIAVERRE 2 B IR E R

o AIAIER@AIEILZBAT;

o FINATEREE. MKLIRITEDR,

Exchanger XX E—1MHEEBNSHNAE, NRETEENBRRES—1%FEA exchange, #MaiH— @
5,

public V exchange(V x, long timeout, TimeUnit unit)
A4 BIEESK T, Exchanger REER M N AIZIREIRENIG? FB="MEARAR—1 LR exchange FiER K EMAIR?
BEREERAMMTEESREE, F="4ESFENEERT,

FEIRNE, exchange BAINEEFERAMN. BHiER. M TEERBMER Exchanger R AR IREL

o

]

CountDownlLatch

SERARIE—T CountDownlatch IXPNERZMENX ., CountDown KFITHEUER, Latch 2 )9"MEE. hE AR
EMAREE", M CountDownLatch XPMEMEABRMEEXMTBFENENX, RIEENMEEENTESZH, TE
EFEHELRRTHR—ERETES, WINSEFMENRIEESHTH, 7 EEFBRRITAREENES.

CountDownlLatch B9/t REE, T

/] WERE:

public CountDownLatch(int count)

s/t

public void await() // =17

/4

public boolean await(long timeout, TimeUnit unit) // BN
public void countDown() // count - 1
public long getCount() // JREXHBIIEE ZDcount

CountDownLatch Xl
HAVE5E, TORartE, ERREEFATE, —Rass— Sy BASEM, L mSERE, NEAY
BEY S EBEREE, AENRENARSNEERE, RRAEETHNGES. TERITMEE—TxX

™ demo,
public class CountDownLatchDemo {

/1 EXBIEESHAE

static class PreTaskThread implements Runnable {

private String task;
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private CountDownLatch countDownLatch;

public PreTaskThread(String task, CountDownLatch countDownLatch) {
this.task = task;

this.countDownLatch = countDownLatch;

@Ooverride
public void run() {
try {
Random random = new Random();
Thread.sleep(random.nextInt(1000));
System.out.println(task + " - ESZ=");
countDownLatch.countDown( ) ;
} catch (InterruptedException e) {

e.printStackTrace();

public static void main(String[] args) {
// RIRBE=TERREEME

CountDownLatch countDownLatch = new CountDownLatch(3);

/] EES
new Thread(() -> {
try {

System.out.println("HFHIBEME...");
System.out.println(String.format ("AHEADHIEES",
countDownLatch.getCount()));
countDownLatch.await();
System.out.println( "HUEMEAMA, EXFFHEFEXR! ") ;
} catch (InterruptedException e) {

e.printStackTrace();

}
}).start();
// BIEES

new Thread(new PreTaskThread("/NEMEEIE", countDownLatch)).start();
new Thread(new PreTaskThread("/MEAYJMERL", countDownLatch)).start();

new Thread(new PreTaskThread("JI&EESE/HR", countDownLatch)).start();

M
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FITEUEME...

EF 3 TRIEES
MEANRE - (£55¢
MBERER - (55T
INEEIEE - (E55 78
HEINETTR, EXNFFIRH!

CountDownlLatch [RI

HSL CountDownlatch KRYRBREBBRY, ABEHE— AT AQS BISLHL. Sync, BXXIERTRE S,
AJEERE JDK 2E AQS M FEFRBE BRI T, BAXBIVIMAFHAIMEEEXTAELAIRTE,

FETENEWERTITEE (count) TR EMEFANBSEESFNEZERE. XIMERERKRE—R, mMA
CountDownLatch;&H RN FIEEFHIZE X NTEE.

CyclicBarrier

CyclicBarrirer N\& 7 LRIBBZBEAREHRE. BIERE T CountDownlatch —BITH{E count #fEA 0
&, MABEEBEMRET, ERERIX'REREEER. M CyclicBarrier #iF CountDownlatch BIFRBINEE, &
B LAME reset () HIEEERERE,

MRZS5F (4&F2) EFFNIREF, Barrier KR, ML BrokenBarrierException, BJUAF isBroken()
F3ERN Barrier 25 IR,

1. IRBLREEZLTHFRRS, A reset HIERSHNELEFHHILZ LI BrokenBarrierException &
. FEBTFTHIT BrokenBarrierException, FRSHIARTIEER.

2. MBEHFOIRD, LRREHUT, SHHE InterruptedException &, FEXMNEREAEEIIEMAEN
%ig,

3. MREHITREREIRTILRERE, WizEEBEBIHaLETR, HthEiEamn
BrokenBarrierException, FEFRE#IRIE,

4. NRBLIEENSEHITE, HAIEESME TimeoutException BE, Htt&REahH
BrokenBarrierException &,

CyclicBarrier {5l

BAREEREENEF. MRE—THEXEZ1XFK", BMER CountDownlatch EATRKEE, BANRTENE
DNEREHONE— LA, BREATRTLMER CyclicBarrier SEELIEN X FRUSUBINEZSTIHAE,

public class CyclicBarrierDemo {

static class PreTaskThread implements Runnable {

private String task;

private CyclicBarrier cyclicBarrier;
public PreTaskThread(String task, CyclicBarrier cyclicBarrier) {

this.task = task;

this.cyclicBarrier = cyclicBarrier;
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@override
public void run() {
// BRIREH=TXRF
for (int i = 1; i < 4; i++) {
try {
Random random = new Random();
Thread.sleep(random.nextInt(1000));

System.out.println(String.format ("X FKesdiESesTM", i, task));

cyclicBarrier.await();
} catch (InterruptedException | BrokenBarrierException e) {

e.printStackTrace();

public static void main(String[] args) {
CyclicBarrier cyclicBarrier = new CyclicBarrier(3, () -> {
System.out.println("AXKFIERIEESTM, FEHFHEX...");
)i

new Thread(new PreTaskThread ("/MNZEthEEIE", cyclicBarrier)).start();
new Thread(new PreTaskThread("MEAYEEL", cyclicBarrier)).start();

new Thread(new PreTaskThread("MEESE/R", cyclicBarrier)).start();

B

XF 1 ES I E LIRS
XF1THNESNEETRE RTH
FF 1 NESMEAYRE TS
RREMBRIEES T, FHIATEK...
XF 2 ES I E RS
XF2HESMBEERE RN
xF 2 NESIMEBAYRELTTA
RXFPTBERIEES T, FHIATEK...
XF 3 HESIMEBAMERE TN
XF 3 WES I E LIRS
XEINESMEERZT KT
AR FEIEREES TN, FFIRiEk..

FERXERR CountDownlatch BB E—LEA[E, CyclicBarrier ;88 9H await () F countDown() , M=

B — await () A%,

—EBiAMA await HIENARHEF TSR EREANNESSE (RER 3) , MAKRKRIRERET . CyclicBarrier

AWFHANEAZFRENIRATAFAT—MESS, AJUAEMESEEA—T Runnable KBTI,
AR BEAZFREN, WML ANXFABIEESTM, TRk
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/] MERE
public CyclicBarrier(int parties) {
this(parties, null);

}

public CyclicBarrier(int parties, Runnable barrierAction) {
// BRI

CyclicBarrier [RIE

CyclicBarrier &i%INEES CountDownLatch 1, {ERTIFEEHNTEAE, CyclicBarrier AEBERAIZE Lock +
Condition SERFF/BAR . FBERAIUNERXN L ENIRG:

private int dowait(boolean timed, long nanos)

Phaser

Phaser 2 Java 7 #5| \N— 1 HEBS TE, ERMHETHNNSHENEZNRELTEES, X5 CyclicBarrier #l
CountDownlLatch G, EAENIMEEFNLIESZFNEIZINE, Phaser EZMEMN, EREETUBLSAE
MEZAIZ TIRE.
BIEEAINE T CyclicBarrier, AR EEMER ERENT EBEE" parties ZfE, MABEBSXMET,
HEEXIER await () AEMREEHEFE— parties iT#{, 1B Phaser AIAGISHIARES RE!
Phaser M EXIERY, FAILNEB—1THWEBIMEITEZ . SHBNZEA—TMERNSER, Phaser K E&IAT#HEIT
— 1 ER,
BB
e Party: Phaser LT, — party AIMZ—"1%F2, WAIMR—MMES. HEANIE Phaser LiFM—1
party Bf, Phaser RIBIEENSE5ENZ.
e arrive: XN — party BPRZS, #IGKY=2 unarrived, A arriveAndAwaitAdvance() &
arriveAndDeregister () # N arrive llk,:ﬁ, GG getUnarrivedParties() FRENHBIARZIANEZ.,
e register: JEM—TAY party %l Phaser,
e deRegister: JE/>— party.
e phase: MEY, HAEAEEMA party &8 arrive Z/5, JE=1AA Phaser B onadvance () FiERFIME S B
ANTF—KER.

Phaser F922 |EEFfN&ETR, Phaser 4iFHIEFEMITREESE onAdvance () IR[E] true ,

Phaser

ERWRAOES. BERIERE= %E, EREE—XFEFFAR, BENSFFREL. BEENE
“ARFREEADEEDREE., BATTLUA Phaser REXMER.

R3:

public class PhaserDemo ({

static class PreTaskThread implements Runnable {
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private String task;

private Phaser phaser;

public PreTaskThread(String task, Phaser phaser) {
this.task = task;

this.phaser = phaser;

@override
public void run() {
for (int i = 1; i < 4; i++) {
try {
/] BIRKREAMENPC, BT
if (i >= 2 && "MNEFIFHIR" .equals(task)) {
continue;
}
Random random = new Random();
Thread.sleep(random.nextInt(1000));
System.out.println(String.format("XxFed, BEMEH A MER, HEIER
s] ",

i, phaser.getRegisteredParties(), task));

/1 MEBZANRRRR, AINFENPC

if (1 == 1 && "MNEFHFHIE" .equals(task)) {
System.out.println(" NRXKERME [(FiFHE] ER");
phaser.arriveAndDeregister(); // BFE—IER

} else {
phaser.arriveAndAwaitAdvance();

}

} catch (InterruptedException e) {

e.printStackTrace();

public static void main(String[] args) {
Phaser phaser = new Phaser(4) {
@Override
protected boolean onAdvance(int phase, int registeredParties) {
System.out.println(String.format ("EsdX K K/HERFTHK", phase + 1));

return phase == | | registeredparties == 0;

new Thread(new PreTaskThread ("JNEEZUE", phaser)).start();
new Thread(new PreTaskThread("MZEHAYIEEL", phaser)).start();

new Thread(new PreTaskThread("/EHESESR", phaser)).start();
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new Thread(new PreTaskThread("/INEHFTFZFZ", phaser)).start();

R

XK1, BEME 4 MR, HEIER [NEERER]
XF1, BTEME 4 TRR, HEiiRR [0 FHAE]
TRRFERBERINE [FFHE] KR

XF1, TEME 3 TRIR, HEIRR [0t EEUE]
XK1, BEME 3 MR, HAIER [INEAMER]
1 IRRFERTH

XF2, FEME 3 TEIR, HEiRR [0kt ELUE]
*F2, BEME 3 TR, HEIRR [MHEFRER]
*F2, BEME 3 TEIR, HEIRR [N AMEE]
B2 RRFERTH

XK 3, BEME 3 MR, HAIER [NEmAMEL]
XF 3, BEMHE 3 TRIR, HEiRR [0kt ELUE]
*F 3, BEME 3 TR, HEIRR [MHERER]
% 3RKFESETM

XEEFTEXFR1HEE, ENRHFRRELEPERT arriveandberegister () B —"1 party Zf5, FE
R F2{F A getRegisteredparties () BEINREZWEREN parties T, B HAIX T E(phase), AR
HE 41 parties # arrive ZFRURFFIEHY, MT—TIMERFFIA, 7HE 31 parties # arrive HALRFIE.

Phaser Z2ARIZFHIETMENEZREREERERH, BEEHATEEXTMEREGBIMLLETE arrive, REIAZIE HA
MEZHY parties {8, FALERERE, FIARXENRGZATE TISENEZRE (NBHFHIE) KEEMBRR
Phaser f9IhEE, 1BESL Phaser B8 B 0HEMREM N AENINGEN, THEENRENZE, XI—mEEAFEE.

Phaser [FIH

Phaser RR/RIBAELLEEREERSZ . EAEMER TR TET Fork-join fEZSRIR FLHE) -

private final AtomicReference<QNode> evenQ;

private final AtomicReference<QNode> oddQ;
static final class QONode implements ForkJoinPool.ManagedBlocker {

// ETARE
}

BMBRYNMIEFRIIAEEE IDKRERRE, XEARMEI SRR,
ING

BRIk, CountDownlLatch, CyclicBarrier, Phaser @ —"tb—1@K, Bth—tb—1ME%R, FERIEBCS
Al S FHREERIXTE,

wig: MAEZ, MOATHKRTHARNEEXBFROXTEE: RAXH Java 2442
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GitHub E#R& 9300+ RIFFRANIREE ( —Ef6Y Java #H 2 B8) £ "1 PDF (FHAZEZ/M) BTFXT! BIEERE
HERZFER A, JavalRATEER | sychronized. volatile, CAS. AQS. ReentrantLock, £fEith. H &
&5, Threadlocal, AFFHBRFRVUEMAMNARMDINZENAS, Hit 15 ARF, 200+5kF&E, IR
EREHIE. NBEE.... ¥158: K87, —SH R RN~ 1. pdf

A SFEIZERK, EEKRNBEZNETN ZHRELE ) ERUATAIREY PDF iR,

$E=17: Fork/Join

HRBEGHAES IO A= BRI TES. REESNMEHTES, R TE,
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RERR 75, TR -MMESKRERIRN DR, Do —TRREREBNBLELENEN; BEmMS, BF—
PTERNOEDBAZTEMNNFEE, REBRXEFRBA—TIBEAENNFEE, BRESNFORERRE
G378) B8 M AT AB 55K R

MBS B, STERENNE—MES, BLDEER EMEMESNIDMAR, 2iaBBErSEHa
BN, flan, EEEGE, RNLEEADREERBREE (WAAHFNRERFRET2EEE =2
ERE—MDBER) . ERMEEGE, MapReduce ITEERERNEEHEET DA,

AT aXMESKRENE RS, Java FH&RBIRM T —M=2A Fork/oin MHTIHEIER, BIIRATHDARES
REPIN A,

TaRDaESERE
DAESERASHHE NG —THERE E598, MBERILBESIBNTES, ENFESTUESENE
LT

HER Z—THERE GREH, MREREHFESHRTER, BEIREGRAER. TAR—TEAMNDRES
REVE, RAILATSEREIRAR,
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AXTORESEEE, ESNOBRENFESERRME, SMENEEERENEESHFESNEEZER
By, ERITENHEAREAERN. BEXMACIEREE, H(VEEHRBETEE.

Fork/Join B9{£EF

Fork/Join @ — P HTIHTEIER, EERTGDRMESKRE, X MTEERF, Fork KXRESIDHE, M Join
RRERNEH,

Fork/join iTEEZR T EHMERDAER: 2IaESHIZTEN ForkjoinPool #14381ESS ForkjoinTask,

XD EIE R TF ThreadPoolExecutor #l Runnable ZEIMX 2, HEATFIREIEZINERE M, RIS
AT A B 2 IHEFRIZEEY Fork]JoinTask,

ForkjoinTask @—TRE, HPRBEIFZHE, EFRRZOE fork() AIEM join() AiE. fork AIEBRTFH
EHIT—DFES, M join FiEBIEELSEERSFTFISHIITER.

ForkJoinTask B 1NFE: RecursiveAction # RecursiveTask,
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Serializable

ForkJoinTask
A A

RecursiveAction RecursiveTask

MNENMNBFMANEL, #HEBTRFNANRLEDRESH., XM PNFRELEX T —TMHRAE
compute () , AEZLFETF RecursiveAction B compute 53E5%HFIREE, T RecursiveTask B9 compute 753%
BREME, AT FEBBEMRE, EEANTECEBEEXNFERYT RINEE,

B, AEIAMER Fork/Join ATITEAEZSRITEERBRLT (TENRERENRE Java EATHA)

B, BIEZELIE— ForkloinPool &gt Ak — AT E3EKBRE2ENFIR Fibonacci 72781ES . ARG, BiI
T8 ForkjoinPool 12t invoke () FERBEINDAES.

BTt EE BT EEIREIER, FTLAFAIA Fibonacci Z4ki&H RecursiveTask, Fibonacci D8 FSEE
S compute BiE, EXTAER, BESEBITELERBZHINNAGEIFERML, REEITE Fibonacci(n
- 1) MERT RIS FES, X2ET f1.fork() iIBTREXH,

@S1f4j
public class ForkJoinDemo {
// 1. BTAO
public static void main(String[] args) {
int n = 20;

// RTIBIRFEREZERIR, FEEE ForkJoinWorkerThreadFactory HIAJE
final ForkJoinPool.ForkJoinWorkerThreadFactory factory = pool -> {
final ForkJoinWorkerThread worker = ForkJoinPool.defaultForkJoinWorkerThre
adFactory.newThread(pool) ;
worker.setName ("my-thread" + worker.getPoolIndex());

return worker;

}i

/1R IRIES LI, FIBIREI AR

ForkJoinPool forkJoinPool = new ForkJoinPool (4, factory, null, false);
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// RiEBIE ForkJoinPool Fik

// ForkJoinPool forkJoinPool = new ForkJoinPool(4);

/ 1 BIRDIAIESS

Fibonacci fibonacci = new Fibonacci(n);

//V8F invoke AIEBEIDIAIES
Integer result = forkJoinPool.invoke(fibonacci);

log.info("Fibonacci {} WIZERZE {}", n, result);

/1 2. EXF/DES, BFFDEE

@slf4j

class Fibonacci extends RecursiveTask<Integer> {
final int n;
Fibonacci(int n) {

this.n = n;

@override
public Integer compute() {
//RBVAEM, EXFITENR/NETT
if (n <= 1) {
return n;

}
/1 RBEEFLRERME LA T FEER

//log.info(Thread.currentThread().getName());

Fibonacci f1 = new Fibonacci(n - 1);
/! WD FES

fl.fork();

Fibonacci f2 = new Fibonacci(n - 2);
// fl.join FHFFESWITER

return f2.compute() + fl.join();

-~

BITER, BIIRBEMTRER:

17:29:10.336 [main] INFO tech.shuyi.javacodechip.forkjoinpool.ForkJoinDemo - Fibonacci
20 HERE 6765

ForkjoinPool

Fork/Join HF1TiTERIZOAHRE ForkjoinPool, TEREENZE—T ForkjoinPool B TE/RIE,

HEA 1@ ForkJoinPool B invoke 3§ submit 75iAIRR(ESAY, ForkjoinPool £RIE—E I EFMNEES ol
B—MESBATIAR, MMRESHITEIRFCET FES, BLAFESSRIBRIIXN TELZNESATIE,
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ForkjoinPool I — MBI E workQueue| ],

H WM —BATIERA, S MBATINN—MHESTE.
ENGIRMAES, RIEFEMNHITEER.,

ForkJoinPool

Thread Pool

------ - oo
\

- anaa

------ r ooo- 82

15 5805 e

STRERRNESAIIAZN, ERETERMIE?

M, ForkloinPool 3INT —HHN"ESFRMINA. STIFLRZRG, SAMUMELTIFLTRIOESUII
A ES.

Push

pol(
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BN, TERLRE T2 WESIIIEENT, ERTUGIETRE T1 ESAIIFNES. X, FENIIELZIEER
FrITRRBVIRTS

ForkjoinPool FREYESSRATIRARIHATIEIFZE . TAELIEMES TN —NRIREESS, M'SBIES"MB—in
HITHR ., XMRITESEEITFSTOENEIERS.

5ThreadPoolExecutorfi L}

ForkjJoinPool 5 ThreadPoolExecutor BRZMEM 24k, FIMIRELIE, HMEATNTES. EZ, EINZE
hBERSAEZL.

B%%, ForkjoinPool REMIE" TYELEX"BIHEI, T ThreadPoolExecutor RAME"TEE A" "EINE, X,
HI&AEMS, ForkloinPool RUEERIETBENS 7T HFIFE CPU BIZ4#ZRES, T ThreadPoolExecutor R TE T BENS
WG LT2ER LT,

H)X, ForkjoinPool RFEHIZE 9 EESEEEY, T ThreadPoolExecutor RAMNEEBEHITESER, XMIMESE
RIEABMS, ForkjoinPool B BTETRERRL IR IAESS, 1 ThreadPoolExecutor B EBTE T REDS LM IR B BB H1T
1%,

&fa, ForkjoinPool EAIIZ LIFO BI{ESSEATI, T ThreadPoolExecutor RFHIE FIFO FO{ESEAGI, XFFH{E
SBAFIR B, ForkjoinPool FLEATETEEW B G EIER S, M ThreadPoolExecutor I EETE T BERRIRIEESS
A1

iz HNETE 121209, ATIRTERRE, HRMNEABIAEERNDERIE, K1 {2T8FomM 1
ATMES, 8TMESITE 1 BTRENSS, A CPUNFRITE LS EITERIE,

FF ThreadPoolExecutor RJLAEIT Future SREXZEIMITLESR, BELLFIA ThreadPoolExecutor B2 RJ1THY,
Z4A ForkjoinPool TIMtWZRIAEY, TEHIVE XM AN —T, BEEXIMMHIMARXNEMTLRE.,
TeHFsEI A, EARBRER:
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1. BREEOELETAN, 1218 N Fp, BEENEREDHITITE,
2. MITEESER Future IJORITEER, &ERMEIA.

#1{15c{EMA ThreadPoolExecutor ],

B, EX— Calculator #200, RFITEHFSMXTEE, WTFAR.

public interface Calculator {
[ *%
* EEHRAFEnumbers HUEKFILME
* @param numbers
* @return S2F
2/

long sumUp(long[] numbers);

BE, BIIEX—"MEM ThreadPoolExecutor &iZWTINAYZE, WMTAIR.

public class ExecutorServiceCalculator implements Calculator {

private int parallism;

private ExecutorService pool;

public ExecutorServiceCalculator() {
// cPURIRZIOER ERIAF A cputk VLT
parallism = Runtime.getRuntime().availableProcessors();

pool = Executors.newFixedThreadPool (parallism);

/7 1. SEBTTEESNERE

private static class SumTask implements Callable<Long> {
private long[] numbers;
private int from;

private int to;

public SumTask(long[] numbers, int from, int to) {
this.numbers = numbers;
this.from = from;

this.to = to;

@override
public Long call() {
0;

from; i <= to; i++) {

long total

for (int i

total += numbers[i];

}

return total;
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// 2. #OWSSEESCI
@override
public long sumUp(long[] numbers) {

List<Future<Long>> results = new ArrayList<>();

// 2.1 BFEHRD
/1 BESDER n 7, RE n MEEME 4l MESH4HM
/] REIES—HEIHT— 1 sunTaskiz HITLIE
int part = numbers.length / parallism;
for (int i = 0; i < parallism; i++) {
int from = i * part; //FAMNE

int to = (i == parallism - 1) ? numbers.length - 1 : (i + 1) * part - 1; /
/ERUE
/1 PRSI E
results.add(pool.submit(new SumTask(numbers, from, to)));
}
// 2.2 BHESFER
/1 EBBTEENGERENM, BIHRRER get()hiE EHEEN
// AR AT KR EcompletableFuturesfffift, JDK1.8RIFTIFME:
long total = 0L;
for (Future<Long> f : results) {
try {
total += f.get();
} catch (Exception ignore) {
}
}
return total;
}
}

o EERBAR, BAIZE T —MTE2MESHE SumTask, FEIZEFIIEEH#RITRM. ER, HIE sumup
() FER, X1 ZNEFHITIRD, BEDRLEOHE, REEESFHITEER, REBEMEXR.

B a7 LERRS, AIURRIRFSEIRELER, WTAR,

FAF: 10ms
Z5859: 50000005000000

#EEH(ER ForkJoinPool 3L,

HATE XU SumTask 4% RecursiveTask #i52E, H7E compute FIEFRE XKD EERITE., RETE sumUp
FiEFIER pool HiE#HITITE, KB TAR.
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public class ForkJoinCalculator implements Calculator {

private ForkJoinPool pool;

/1 1. EXITRZE

private static class SumTask extends RecursiveTask<Long> {
private long[] numbers;
private int from;

private int to;

public SumTask(long[] numbers, int from, int to) {
this.numbers = numbers;
this.from = from;
this.to = to;

/ /W HEERAForkJoinfIZINAE: MESHEHITIRD HOWNFHRATE T RENSHE
@override

protected Long compute() {

// BBRBEWENHFITHNT 6, HiRRAfor loop AXITEER
if (to - from < 6) {
0;

for (int i = from; i <= to; i++) {

long total

total += numbers([i];
}
return total;
} else {
/1 BN, BES—2RZ, B3FD CEREMLEET) BIRFI RS DD FERERRE

int middle = (from + to) / 2;

SumTask taskLeft = new SumTask(numbers, from, middle);
SumTask taskRight = new SumTask(numbers, middle + 1, to);
taskLeft.fork();

taskRight.fork();

return taskLeft.join() + taskRight.join();

public ForkJoinCalculator() {
// HATAERARINZTZEE ForkJoinPool.commonPool ():
// pool = ForkJoinPool.commonPool ()

pool = new ForkJoinPool();

@Override
public long sumUp(long[] numbers) {

Long result = pool.invoke(new SumTask(numbers, 0, numbers.length - 1));
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pool.shutdown();

return result;

BT EERIRES, SRA:

#07: 860ms
£5859: 50000005000000

Xt ThreadPoolExecutor 1 ForkjoinPool IXFERISEH, ATNERMEMNMEESHEOEE, URREEHEK
BERYIB4E, 1B ForkJoinPool #8LE ThreadPoolExecutor &5, 7 —LEsSCI] FAISISE, Bian:

o THEFMERBFEBNER, MIEA join AIAERIRING
o JZ{FHEI/RHANIBEE, FHEZ RecursiveTask LKA, MAZREEES.

FEUEIFFIRBE R FESKE, (ER%HLERMEIFESHTERNHTITEMES, FAIUER ForkjoinPool 3L
0, EXMFRT, (€A ForkjoinPool SLMEZEZIITHAGE, HRMSEMIT,

&l MapReduce ZitHigEE

MapReduce 2—TRIZEE, RIINthE—TAEMERALIESNLEEZR, EFRT Google, BTFXFEAE
FEE LN HNTE, XTEREZHMMSERAM: Map FEH Reduce HE, ZthEERFRIERK.

Fork/Join F4Tit BEZEE W AREIF > MapReduce BIAIRER, ZEFRATHRITXGHRETRENNE.

B, BAAINER ARSI HHFO NENNR D, BRSO RE—T8E. AR, &858 29R
ITRENHE, AZRPLEER. (RAINUSE ZRIRIANE RO AESREERERZIRE,

WMTE, LRI, TENRBER T FRERA string[] fc RKEMUXHAD, HEFSTTRESUGFH
TTEIE——XN, KBAIBAIT compute () BiER, RE—TRBIFHE. ERRIFEDEIE fork —MB)IESSMH
T2 (R|AE: mrl.fork()) , MEFHDBEESIESPE)ILE (nr2.compute() ) &

import java.util.concurrent.RecursiveTask;

public class WordCountTask extends RecursiveTask<Integer> {
private final String[] fc;

private final int start, end;

public WordCountTask(String[] fc, int start, int end) {
this.fc = fc;
this.start = start;

this.end = end;

@override
protected Integer compute() {
if (end - start <= 1) {
/1 SBRATEIEHITET

return countWords(fc[start]);
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} else {
int mid = (start + end) / 2;
WordCountTask mrl = new WordCountTask(fc, start, mid);
mrl.fork();
WordCountTask mr2 = new WordCountTask(fc, mid, end);
int result2 = mr2.compute();
int resultl = mrl.join();
/] LERER

return resultl + result2;

private int countWords(String line) {
String[] words = line.split(" ");

return words.length;

XM RBIFEFZEXS Fork/join RELAYE L, PR EEEIER MapReduce HEZ29, 5 REIEIREL D . BREIHIER.
UM ERFESHP R, ERBETURE, RKRAAID T BAEER Fork/join ATiTBAEZRRAIEEMIAIIE

e

INGE

Fork/Join H#1Tit BIERETERANEDIBES. DIENROBRBE DMAZ": B—TANESKFD B/ NFES
ERRR, AEBIEFESHNERRASERMMEIRARER., XTIRIEERMTREIELIERR MapReduce,
BT AR BT LAIE Fork/Join BYEEALARAY MapReduce,

Fork/Join H1Tit BHELRHI% AR ForkjoinPool, ForkjoinPool XIHMFEHEWEI, RE02itATBLIENTES
EXRYE, T2HMENERERIT, MENEERRIIKNRL, FRLAMEERL.
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PAES HPAER
fork
MEF MEF MEF MEF
R R S
MEFER IMEFE R IMEFE R MEFEE R
join ! !
PR AR PAERL R

I

|

(Kt )

Java 1.8 121##9 Stream APl BEEHTMBZLL ForkjoinPool AERK, FEIBETEMNE, BIAER FRENH
TRITE#H#HEZ— ForkJoinPool, XMHZH ForkJoinPool BHARLTZEE CPU MIRZEL WMRAEMNHTRIT
BHZ CPUBKRITENE, T2RAOE, BRUNREFE /0 BEENHTRITE, BARTEZEI—TR
1889 1/0 ITEMIEERE T RFRVIEEE.

FRLA #BIXFAAFIR ForkjoinPool T ARIZEEAITEIES.

Wig: MAMEZ, MOABTKRTXEXE: 2MEaLZBM8Forkjoin, TF—&#85 AE IR T AR BRI AY
XEXE, AERN, BAHE. TE—S2BREETHER TE#t—K) NIXE,

GitHub E#r2 9300+ BFFRAIRE ( ZSifY Java I 2 #8) 10 PDF (HAEZEiZ/) LFRT! BIELRE
EARMZFMERSE. JavalIRIFREERL . sychronized. volatile, CAS. AQS. ReentrantLock, ZFEith. H k&
A28, Threadlocal, £FEFHEHBEHERBEMANA LML NZRENAS, Hit 15 FRF, 200+KF&E, TR
SREHIE. XNBWMER.... 158 K27, —SHERIEHN 2 . pdf

A S EIZEK, EEKNEZNEN MF1RELE ) BRI AIRE PDF iRAR,
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B=T—T: EFE-HAEERN

EEEERERAR— T T RHNZEREH RIMEEN, FEETE-EREREEBILENNH R FERNIER
R,

FHBRAEE-HRE, LMRELESTRELRE, MBREFELERTLETRE, 5 —MEHRELERTER
B, ATRBETFENHRENXR, BESRAAZNIERE, MERE—TCFE, EFa8Er-fEcEER
MEAHRZHEXS, ATFEXOHEEENTN; MERBRFEMNAZHIEXFREEE, FREXROVETE
89T,
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st unjt

Fixned capaci tj

put toke

Prpd'“cef Con 50§mg@lymgcr

RN HEREX PR IZE & X NLRREH R INMEINEE:

1. MRHAZHIEXEHE, HEEFEREETHE;
2. MRHAZHIRX AZINE, FAEHBFEREHTRHIE

S FE S RENEN, TMRASMSR:

1. {EF Object B wait/notify A9 @A ;
2. {#£M Lock Condition B await/signal ;8 E2@Z0HH 5
3. {#HA BlockingQueue 3L,

wait/notify 95E 2@l

AILAEIT Object 3F5AY wait 753EH] notify 75358L notifyAll 75 3E5 R SEI A AR 8] H0@E(S
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2] 5 FA ]

wo{‘[fy()/
noti£yAll()

wait()
HAT ¥ Z13RA5 |

T wait ESEE L RIL%TRE, BEIEMEIZREA T notify 757A8L notifyAll 75iE#HTIEA], HRILEZEEM wait
FESbRE], HEEHRAT T ERVIRIE.

RERIRBeA17EW Condition FIRMEESIHZIE, BEARBEREIR.

01. wait
ZHERRESAGREENNBIRS, BIIERBASw P,

A wait 28T, SRNITERFZNERNEMNED, BIREERSHERESRPIER wait 575, B wait 73
EZE, SR%RESENSL. WREA wait HEN, SREFHARKREIBHIE, st
lllegalMonitorStateException®% . WMRB/XIRENZIDHANE, HRIZFETBEM wait F5iALERINRE,

02. notify

ZHEEREERS HERESRFIEA, BIERERR, SRUATERFZIRONREHIB, WREA notify BF
REFEELENS, thaiH lllegalMonitorStateException,

ZIEEM WAITTING RSP IE— D TIEBRN, (E5ERA wait 5IENERRMNEFFINTIBAZIE AT
B, FENSBRREEI, MMESER wait 757ERZIZEE05 M wait 77ELERE.

A notify /5, HAISEASDERBIZNSRE, EFIEFRERSIRE, HRSET SR

03. notifyAll
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ZHES notify HIEMNTEANER, EEN—R[RERE: notifyAll REMBRKEZNR L wait LIZHLIR L
WAITTING R, (ERMMNEMMFENIIFRBAZIELAIIGE, F5 T RRBEIN R MRS,

i, wait/notify J8 EBANTFAEIXFE—LEa)RT,

1.notify RHIEAN

notify BANRGENE, BN threadA ZFFIE wait, threadB B4 notify 7, iX#¥, threadB @HZ &G EAINNA
9, 3 threadB BH synchronized A3k fE, threadA BFFIA wait, Bo—HEESR, HIEBINSEIZITET,

THEORGCBMAENLE T notify RER@ANFAYCI:
public class EarlyNotify {
private static String lockObject = "";

public static void main(String[] args) {
WaitThread waitThread = new WaitThread(lockObject);
NotifyThread notifyThread = new NotifyThread(lockObject);
notifyThread.start();
try {
Thread.sleep(3000);
} catch (InterruptedException e) {
e.printStackTrace();
}

waitThread.start();

static class WaitThread extends Thread {

private String lock;

public WaitThread(String lock) {
this.lock = lock;

@Override
public void run() {

synchronized (lock) {

try {
System.out.println(Thread.currentThread().getName() + " HELHS
B®r"y;
System.out.println(Thread.currentThread().getName() + " FlAwait");
lock.wait();
System.out.println(Thread.currentThread().getName() + " 255K
wait");

} catch (InterruptedException e) {

e.printStackTrace();
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static class NotifyThread extends Thread {

private String lock;

public NotifyThread(String lock) {
this.lock = lock;

}
@override
public void run() {
synchronized (lock) {
System.out.println(Thread.currentThread().getName() + " #HELIEBR");
System.out.println(Thread.currentThread().getName() + " FFifnotify");
lock.notify();
System.out.println(Thread.currentThread().getName() + " SR A
notify");
}
}
}
}

TR FARETAT%TE, — 12 WaitThread, 5—1"=Z NotifyThread, NotifyThread &5tE&hERA notify
FiE. Ak WaitThread 127 /550, M wait 75i%, ERTEMNI T, wait HiEMIEBIREZEIENAE
N, FELk WaitThread £—E7E wait FiELGHEE, XM SHMBBANT RIS,

XM RRARR S AR, RI—RSHFE, 1k waitThread B wait FIEBISHIBUASEESELRET, W
RBANBZ K, WaitThread fIABE wait, X EERRBATHALT:

public class EarlyNotify {
private static String lockObject = "";

private static boolean isWait = true;

public static void main(String[] args) {
WaitThread waitThread = new WaitThread(lockObject);
NotifyThread notifyThread = new NotifyThread(lockObject);
notifyThread.start();
try {
Thread.sleep(3000);
} catch (InterruptedException e) {
e.printStackTrace();

}

waitThread.start();

static class WaitThread extends Thread {

private String lock;
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public WaitThread(String lock) {
this.lock = lock;

@Ooverride
public void run() {
synchronized (lock) {

try {
while (isWait) {

System.out.println(Thread.currentThread().getName() + " #HENIE
B®r"y;
System.out.println(Thread.currentThread().getName() + " FHA
wait");
lock.wait();
System.out.println(Thread.currentThread().getName() + " 45K
wait");
}
} catch (InterruptedException e) {
e.printStackTrace();
}
}
}
}
static class NotifyThread extends Thread {
private String lock;
public NotifyThread(String lock) {
this.lock = lock;
}
@Override
public void run() {
synchronized (lock) {
System.out.println(Thread.currentThread().getName() + " #HE{IBE");
System.out.println(Thread.currentThread().getName() + " FFifnotify");
lock.notifyAll();
isWait = false;
System.out.println(Thread.currentThread().getName() + " 4R
notify");
}
}
}
}

XERIB RN T — iswait JRZ, NotifyThread #@H notify FiEESIIRSHITERH, WaitThread EH wait
FEZ BIR IR SHATHINT .
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ZonBls, A notify BIBIRS iswait BN A false, FAtE, £ WaitThread A while 33 isWait #IBiE#MASH
17 wait 757, MMEER T Notify i RBMIEMKERIIIER.

B4 TERLRENSESBEANGN, —RMERS—1 boolean TE{H, £ notify ZHIXE % boolean T
AIME, it wait REIFEEIZIRE while 1B F, SITERAMIERETSWEAELE wait HiEL.

2.51F wait IRERETL

MREEAESEERKE TEMN, ERZEFFNRMGRETEN, FEBRNFEFREHTHIE, BaSHE
R IERIR.

TEA—MIFHRIRRZMIER .

public class ConditionChange {

private static List<String> lockObject = new ArrayList();

public static void main(String[] args) {
Consumer consumerl = new Consumer (lockObject);
Consumer consumer2 = new Consumer (lockObject);
Productor productor = new Productor (lockObject);
consumerl.start();
consumer2.start();

productor.start();

static class Consumer extends Thread {

private List<String> lock;

public Consumer (List lock) {
this.lock = lock;

@Ooverride
public void run() {

synchronized (lock) {

try {
[/ XBERLfINE, MEFEvwaitFETHIEMER IR0
if (lock.isEmpty()) {
System.out.println(Thread.currentThread().getName() + " listhy
=");
System.out.println(Thread.currentThread().getName() + " Hwaith
")
lock.wait();
System.out.println(Thread.currentThread().getName() + " wait/iA
HR");
}

String element = lock.remove(0);
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System.out.println(Thread.currentThread().getName() + " ENHE—1T=H
F: " + element);
} catch (InterruptedException e) {

e.printStackTrace();

static class Productor extends Thread {

private List<String> lock;

public Productor(List lock) {
this.lock = lock;

@Override
public void run() {
synchronized (lock) {
System.out.println(Thread.currentThread().getName() + " FHARIMITE");
lock.add(Thread.currentThread().getName());
lock.notifyAll();

Exception in thread "Thread-1" Thread-0 listHZ
Thread-0 Bwait/iA

Thread-1 listHZTE

Thread-1 AAwait/FiE

Thread-2 FFARIIITR

Thread-1 waitHEER

java.lang.IndexOutOfBoundsException: Index: 0, Size: 0
EXMIFR, —HFET 3 M %7FE, Consumerl,Consumer2 A Productor,
Consumer1 AT wait FiERE, &RELT T WAITTING RRE, FEBERBIFEN.

LERS, Consumer2 SREREIN KRB, HAZIRLSARA, HHITE wait AR, EFAESRENT R

#RfE productor SREXBI S, HABIELSRIBERA, [© list FIBAEIE, @I notifyAll FiEBEILTF WAITING
JRZSHY Consumer1 1 Consumer2 472,
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consumer! FRIXNRHIF, M wait FELEL, BIFE—TTRIL List AT, AERITER, BERTHR, BIIE
ELIR

X EHE Consumer2 SREXEINN RBIE, M wait FiARE, SEF THIT, XPEMR Consumer2 Bl
1T lock.remove (0); MiatitE, BN List ERAET

fBRAR: BILENDH, ATLAEH Consumer2 fRiEZENLIEMN wait 77ERHE 2 /FRBXT wait FH#HTH
i, {BLLETHY wait REFELRETEMN., BRINEMEE wait B ZEBN FEHITHER.

public class ConditionChange {

private static List<String> lockObject = new ArrayList();

public static void main(String[] args) {
Consumer consumerl = new Consumer (lockObject);
Consumer consumer2 = new Consumer (lockObject);
Productor productor = new Productor (lockObject);
consumerl.start();
consumer2.start();

productor.start();

static class Consumer extends Thread {

private List<String> lock;

public Consumer(List lock) {
this.lock = lock;

@Ooverride
public void run() {

synchronized (lock) {

try {
[/ XBERLIEE, MEEEwaitRHTHIEREF BRI 0
while (lock.isEmpty()) {
System.out.println(Thread.currentThread().getName() + " listhy
=");
System.out.println(Thread.currentThread().getName() + " WBwaith
")
lock.wait();
System.out.println(Thread.currentThread().getName() + " wait/iA
HR");
}
String element = lock.remove(0);
System.out.println(Thread.currentThread().getName() + " ENHE—1T=H
F: " + element);

} catch (InterruptedException e) {

e.printStackTrace();
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static class Productor extends Thread {

private List<String> lock;

public Productor(List lock) {
this.lock = lock;
}

@override
public void run() {
synchronized (lock) {
System.out.println(Thread.currentThread().getName() + " FHBHRIMITE");
lock.add(Thread.currentThread().getName());
lock.notifyAll();

FENAES ZRINRBAELE, (MXRZR wait FMERY if BRI T while fBEF, XY list AT, &EER
WEFRF, MAZREENITHER list PTEFONRDE.

B EERSRENES/BMNGIE, —AREERE while BHHIER wait 575, EHFEERS— boolean &
£, J#E while fERRISZMARFEN while 83, HAT wait 737E, NHE while fEIRFMART, BREER, HITEE
AR,

3. "RIE"IRE
N%: NRESHBENSEFEER, £ notify HETESLN MBI OER, DIENSRELTSER
w5, TR,

FRADH: RRHNBSTEFBLERAT wait ABEST, EPF—TEFELERBENRIUZEER
notify JEAIZT WAITTING JRTSHIZAE, MRREERDARETELIE, MSEMMAENETELERLTHFTNR

==

100N o

fERINE: 4 notify 73R HRA notifyAll 737, IR(ERMAIZE lock BIE, #4F signal 75 HRM signalAll 73
7

BE5: Object RIHAYE R BANFIN ZIE MBI T IXLESFK M

1. KIZFE while BRI F A FTHIBITI AR E if 1BE) 1T wait SZAERIFIER;
2. £ NotifyAll TiA~ZEMA notify,

ERNERERUT:
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// The standard idiom for calling the wait method in Java
synchronized (sharedObject) {

while (condition) {

sharedObject.wait();

// (Releases lock, and reacquires on wakeup)
}

// do action based upon condition e.g. take or put into queue

wait/notifyAll SLIME=FH-HEE

FIA wait/notifyAll SEIPAEFZEFHEZ BN T:

public class ProductorConsumer {

public static void main(String[] args) {

LinkedList linkedList = new LinkedList();
ExecutorService service = Executors.newFixedThreadPool(15);
for (int i = 0; i < 5; i++) {

service.submit (new Productor(linkedList, 8));

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

service.submit (new Consumer (linkedList));

static class Productor implements Runnable {

private List<Integer> list;

private int maxLength;

public Productor(List list, int maxLength) {
this.list = list;

this.maxLength = maxLength;

@Override
public void run() {
while (true) {

synchronized (list) {

try {
while (list.size() == maxLength) {
System.out.println("4£~=&" +
Thread.currentThread().getName() + " listBAAZEIZAB=, #HiTwait");
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list.wait();
System.out.println("4£7F&" +
Thread.currentThread().getName() + " iBHwait");
}
Random random = new Random();
int i = random.nextInt();

System.out.println("4/&" + Thread.currentThread().getName() +

COAEFEEEE + i)

list.add(i);
list.notifyAll();

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

}

}
}
}
}

static class Consumer implements Runnable {

private List<Integer> list;

public Consumer (List list) {
this.list = list;

@Ooverride
public void run() {
while (true) {

synchronized (list) {

try {
while (list.isEmpty()) {
System.out.println("JHZEE" +
Thread.currentThread().getName() + " listAT, #H{Twait");
list.wait();
System.out.println("JHZEE" +
Thread.currentThread().getName() + " iRHiwait");
}

Integer element = list.remove(0);
System.out.println(";HZ&E" + Thread.currentThread().getName() +
" O GHBEEUE: " + element);
list.notifyAll();
} catch (InterruptedException e) {

e.printStackTrace();
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HIHAER

HF=FEpool-1-thread-1 4= #{#E-232820990

A= &Epool-1-thread-1 4 =#{#F1432164130

A= FEpool-1-thread-1 &=#{#E1057090222

A =&Epool-1-thread-1 4 =#{#F1201395916

A= Fpool-1-thread-1 4741482766516

4= Fpool-1-thread-1 1listBUAZIRARE, #HiTwait
HBEFpool-1-thread-15 JBHwait
JEB&Epool-1-thread-15 SHEREUE: 1237535349
JHEEEpool-1-thread-15 JHEREIE: -1617438932
HEEpool-1-thread-15 HEIIE: -535396055
HEEpool-1-thread-15 JHEEIIE: -232820990
HEEEpool-1-thread-15 JHEREIE: 1432164130
HEEEHpool-1-thread-15 JHEEEIE: 1057090222
HEEEpool-1-thread-15 JHEEEIE: 1201395916
JH#F&Epool-1-thread-15 HEREE: 482766516
JHEEHEpool-1-thread-15 1list AT, #HfTwait
4=Hpool-1-thread-5 IRHiwait

4 =&Epool-1-thread-5 4 =#(#F1442969724
HFmFpool-1-thread-5 4F=#iiE1177554422

4 FmFpool-1l-thread-5 AF=#iE-133137235
HF=Fpool-1-thread-5 AF=#1E324882560
HFmFpool-1-thread-5 AF=#1E2065211573
H=Fpool-1-thread-5 AF=#3#E253569900

A= #FEpool-1-thread-5 £ #{iE571277922
HFmFpool-1-thread-5 AF=#1E1622323863

4 r=#Fpool-1-thread-5 LlistMABIRFABE, #HiTwait
JHEEEpool-1-thread-10 EBiwait

await/signalAll L& =FH-HHEE

288 Object A9 wait 1 notify/notifyAll 753%, Condition tHi2{# T BE#AI755E, BN await 7535F] signal/signalAll
Hik. RXEPDFIRFEATRIEAEH Condition MEIHMERHIAZIT, HEARTEBER,

ABUNR KA Conditon AYH RBAIRIERIMAEFE-HRERE, [RIEREER wait/notifyAll —t¥, BiZ ERE:
public class ProductorConsumer {
private static ReentrantLock lock = new ReentrantLock();

private static Condition full = lock.newCondition();

private static Condition empty = lock.newCondition();
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public static void main(String[] args) {
LinkedList linkedList = new LinkedList();
ExecutorService service = Executors.newFixedThreadPool(15);
for (int i = 0; i < 5; i++) {
service.submit (new Productor(linkedList, 8, lock));
}
for (int i = 0; i < 10; i++) {

service.submit(new Consumer(linkedList, lock));

static class Productor implements Runnable {

private List<Integer> list;
private int maxLength;

private Lock lock;

public Productor(List list, int maxLength, Lock lock) {
this.list = list;
this.maxLength = maxLength;
this.lock = lock;

@override
public void run() {
while (true) {
lock.lock();
try {
while (list.size() == maxLength) {
System.out.println("4™&" + Thread.currentThread().getName() +
" listBUARIRE RS =, #HfTwait");
full.await();
System.out.println("4/&" + Thread.currentThread().getName() +

" RBiEwait");
}
Random random = new Random();
int i = random.nextInt();
System.out.println("4&" + Thread.currentThread().getName() + " 4
FEUE" + i);
list.add(i);
empty.signalAll();
} catch (InterruptedException e) {
e.printStackTrace();
} finally {
lock.unlock();
}
}
}
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static class Consumer implements Runnable {

private List<Integer> list;

private Lock lock;

public Consumer(List list, Lock lock) {
this.list = list;
this.lock = lock;

@Override
public void run() {
while (true) {
lock.lock();
try {
while (list.isEmpty()) {
System.out.println("JHZ8&E" + Thread.currentThread().getName() +
" list A=, #HiTwait");
empty.await();
System.out.println("JHZEE" + Thread.currentThread().getName() +
" BHwait");
}
Integer element = list.remove(0);
System.out.println("JHZ&&E" + Thread.currentThread().getName() + "
HEREIE: " + element);
full.signaladll();
} catch (InterruptedException e) {
e.printStackTrace();
} finally {

lock.unlock();

AR

JHEEEpool-1-thread-9 JHEEEUWE: 1146627506
JHEEpool-1-thread-9 JHZEEEUWE: 1508001019
JHBE&Epool-1-thread-9 JHEBEUE: -600080565
JHEEpool-1-thread-9 JHEEEUWE: -1000305429
JH#EEpool-1-thread-9 JHEREUE: -1270658620
JHEEEpool-1-thread-9 JHZEEIE: 1961046169
S &Epool-1-thread-9 SHEEHUE: -307680655
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HEEEHpool-1-thread-9 1listANFE, H{Twait
H#EFpool-1-thread-13 JEijalt
JHEEEpool-1-thread-13 1listHNZFE, H{Twait

JH&EEpool-1-thread-10 :u.':h'walt

4 =&pool-1-thread-5 JBtiwait
HF=Fpool-1-thread-5 AF=#1E-892558288

A& pool-1-thread-5 4= #{#E-1917220008

A =& pool-1-thread-5 4/ ##E2146351766
HF=Fpool-1-thread-5 4f=#{#E452445380

4 &pool-1-thread-5 A ##E1695168334

4 &pool-1-thread-5 A= ##E1979746693

4= Fpool-1-thread-5 HF=#E-1905436249

4 r=Fpool-1-thread-5 4 =#E-101410137

4= #Fpool-1-thread-5 listMUARIRARE, #H{Twait
Hr=&Fpool-1-thread-1 JEBiiwait

4= Fpool-1-thread-1 listBUAZIGEARE, #H{Twait
Hr=&Fpool-1-thread-4 JBitiwait
47=H&pool-1-thread-4 listUAFIHZFKE
4 =&pool-1-thread-2 JBiiwait
47=Hpool-1-thread-2 listMARIZABE, #HiTwait
A& pool-1-thread-3 JBHwait

A& pool-1-thread-3 listAREIHFARTE, HfTwait
HEE&Hpool-1-thread-9 JEHwait
JH#FEEpool-1-thread-9 JHEREUE: -892558288

HiTwait

i

BlockingQueue XA =&-HEE
7E3# BlockingQueue FIRHME, FHAI#MFHII, BlockingQueue IFEEERARIMAETE-HEEIRE,

H[RERZ BlockingQueue 12t T AIFHEMBANBIRN A, SFIBREH, EFELESHMEE, EFIT
ﬂilﬁ, HANIBRAER, HEREBLRESREE, EENIIEF=RALE,

EN e ks FAZ'|

BTETIN, £EFEMRATEXTET, MABEERENERTH, ELASFGHABLENITT: HEED
REHERE, TRELETERELALTN, BEXRFELETEE.

THEEEZEAR:

R A 5tz

\\/
/

public class ProductorConsumer {

private static LinkedBlockingQueue<Integer> queue = new LinkedBlockingQueue<>();
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public static void main(String[] args) {
ExecutorService service = Executors.newFixedThreadPool(15);
for (int i = 0; i < 5; i++) {
service.submit (new Productor (queue));

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

service.submit (new Consumer (queue));

static class Productor implements Runnable {
private BlockingQueue queue;

public Productor (BlockingQueue queue) {

this.queue = queue;

@Ooverride
public void run() {
try {
while (true) {
Random random = new Random();
int i = random.nextInt();

System.out.println("4&" + Thread.currentThread().getName() + "4

FEUE" + i);
queue.put(i);

}

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

}

}
}

static class Consumer implements Runnable {

private BlockingQueue queue;

public Consumer (BlockingQueue queue) {

this.queue = queue;

@override
public void run() {

try {
while (true) {

Integer element = (Integer) queue.take();
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System.out.println("JHZ&E" + Thread.currentThread().getName() + "IE
TEHBEFIE" + element);
}
} catch (InterruptedException e) {

e.printStackTrace();

HHAER

SHEEEpool-1-thread-71ETEHEEEIE 1520577501
A Fpool-1-thread-44 7 #{#E-127809610
JHEEEpool-1-thread-81ETEHEEENIE504316513
4= Fpool-1-thread-247##E1994678907
HEEEpool-1-thread-111FfEEEEIE1967302829
4 =Fpool-1-thread-14E7##E369331507
JHBEEpool-1-thread-9IFfESH R EIE1994678907
=& pool-1-thread- 24 = #E-919544017
SHEEEpool-1-thread-121FfEE B EIE-127809610
A& pool-l-thread-44 81475197572
JH#FEEpool-1-thread-14IFTEH R EIE-893487914
4= #Epool-1-thread-34 = 41#E906921688
JHFRHEpool-1-thread-61EfEHBREIE-1292015016
4= Fpool-1-thread-54% 7 #{#E-652105379
A& pool-1-thread-54% 7 #{#E-1622505717

A Fpool-1-thread-34 7 ##E-1350268764
JH#EEpool-1-thread-71E7E;HEEENIE906921688
H=Fpool-1-thread-447#{#E2091628867
HEEEpool-1-thread-131EfEEEEIE1475197572
SHEEEpool-1-thread-151F B EIE-919544017
A =& pool-1-thread- 24 = ##E564860122

4 &pool-1-thread-24 7411822954707
JE#E&Epool-1-thread-141F7E B EIE564860122
JE#EEpool-1-thread-101ETEH & EIE369331507
A F=&Epool-1-thread-14 = ##E-245820912
SHEREpool-1-thread-61FE 1 H & ENIE822954707
A Fpool-1l-thread-24 7 #{#E1724595968
A& pool-1-thread-24 7 #{#E-1151855115
SEBE&Epool-1-thread-121FEHE#HE2091628867
4= Fpool-1-thread-44E = ##E-1774364499
H=Fpool-1-thread-447=##E2006106757
SE#EEpool-1-thread-14F{EEBHIE-1774364499
4 F=Fpool-1-thread-34 = ##E-1070853639
JHEEEpool-1-thread-9IFfEH R EIE-1350268764
JH#E#Epool-1-thread-111F{EHEHIE-1622505717
A= Epool-1-thread-54 = ##E355412953
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BIAEH, {£M BlockingQueue RELIMAE-HFEEREE, XIER BlockingQueue MLEMRTE.
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YREE: STBAEZ, HHMNBFRETCLO610/ GitHub B FEhttps:/github.com/CLO610/Java-concurrency,
o ERMABTRKZRAFXEIEF .
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