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XN FRLASIREHIERIRS , 2E Java FHFREFXEFEHET volatile TE |, &
VM BIERAABSE £, EESMARRWSREY £ T RS HERE, B4 , EFAH
RIEFFRIRT IR | RZIIERR CRFREIFEE L ERY.

FizlE |, IIEEERIITREESE A TT 7 EBEM | SREAIFHILURAITISIX
MNER Y, HFEXNEREF , volatile BFHENEH Java REEEIENAY |, Bl IfhM
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Java IfFEE

ENREEARERZEE L, EF—S4RMEARRRT | 5120 x86 KA 7T TSO &HE , BRY
5R5 ( StoreStore ) fliEFiE ( LoadLoad ) T ~FHFEN M EFREALD , BE Arm
HUSSRTFRELEKFR( 1B SESIERIERIN StoreStore barrier #1 LoadLoad
barrier, FIETNEIXMIF

Sik=rillae
1 public class MemModel {
2 static int x = 0;
3 static int y = 0;
4 public static void main(String[] args) {
5 Thread t1 = new Thread(new Runnable() {
6 @Override
7 public void run() {
8 X = 1;
9 y = 1;
10 }
11 s
12 Thread t2 = new Thread(new Runnable() {
13 @Override
14 public void run() {
15 while (y == 0);
16 if (x 1= 1) {
17 System.out.println("Error!");
18 }
19 }
20 1
21 t2.start();
22 tl.start();
23 try {
24 tl.join();
25 t2.join();
26 } catch (InterruptedException e) {
27 e.printStackTrace();
28 }

https://time.geekbang.org/column/article/464954?utm_source=u_nav_web&utm_medium=u_nav_web&utm_term=u_nav_web

217



2021/12/10 18 | Javau 771 RL: Javarf [fivolatile s H4 i ?

29 }
30 1

FEIXAMFE x86 Hlaz LziTRIBIRERY , (B2 Arm HlassAM=RITEI Error,
RERHE—PEAZ t1 JEE x M y NG FRIRFEARERILEITFRY , Fi , B1E4E

t2 3EEY x A y BIRHERBARIEIRT. X—/~3()E il EE01
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AT ERXANER | Java IESEASEHRE T IREAINE  BHUEE JSR 133 UEFME
7 Java AFREL, AFIREIERARMAREEESEISSHEREDR  WHERFHEA
IR, FRLAEZ £ LEAIF+ , ZA2EREXZRIIER , ST LMELRAER.
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TSR , BAMHRS—T Happens-before BAIGSEAHSRIT AR , SEHTHAERZ)
AZE| volatile FERNENX T .

Happens-before {55!

Java WFAHEE! ( Java Memory Model , JMM ) BB FFEERENRY , BENTER
ESEE. DB , LURSGRENENFIEFRIE. IMM RREFRFRIEEEN 7 —F
FlaRFR , XEXRZREWARA Happens-Before KR, EABIRIERE B AILABEURE A BY
&2 Al B FiREE Happens-Before & , X185 A fll B EB1ER—%EF
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Hfi15ck%E Happens-Before RININ , AR BRASREITOMT. Tl JZERRHH
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Q tz=aial

Happens-Before {&ELGEFERIRELENERISLEXRR | NTFIERLENE , FUKBEITEAIRE
BT, XTRNBE—NMIF , cEEANESERIEEERIERLSINE | FRLASEARBIKRRSE
a7 , 2BEARNER. BXHANER IMM HIHE.

FEFC—RIVZE  JMM B—HIEiC LRAFRE , AARRLEFER. BRUREPR
CPU BIRTARBLIRETLRY. FIRERIX Al , (RAR TSRS |, IE , BefiIKE ISR
133 SOEFRIR NS ANEBRIGF | (RAREERE T,

F—MIFRESIRAE | flFPEE TN EAZEERE x My FWEER 0. F— 1%
FERIIERE

B S5
1 // Threadl
2 rl = x;
3 4f (r1 != 0)
4 y = 1;

FBANEAZACHER ¢
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& SHIE3
1 // Thread 2
2 r2 =vy;
3 9f (r2 1= 0)
4 X = 1;

T EEHRE , XWERAES |, 55 4 TEARERAIZISE 2 1TZRIHAIT. BEiAR
ZIERIALE , FrERIERRY CPU fh , EEMRABSSIZBABIFRIT, RLEE—
T RERNSTER—ER r1 7 r2 RIEER O,
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B SHIHE
1 rl =x
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12 2 pUCIERE
B SHIHE
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B . FrUATSISRLUE R SX AN EAZH TR |, #AAREHIN r1=r2=42 BB
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1TALE.
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H79 x86 KT TSO &8 , FRLIERAIREENX LoadLoad, LoadStore #[ StoreStore
X=Fh barrier , x86 _-RE StorelLoad barrier EENHJ.

mm Arm E , BFEEERB/ barrier , Bl LoadLoad #0 LoadStore barrier §a]LA{ER
acquire load {{#& , LoadStore #[ StoreStore barrier tBr]LA{# release store {& ,

M StorelLoad barrier FiREE([ER dmb (X& 7.

BATRTLEER) , FENE=TNIFHXTR T arm B9 acqure load barrier , FrLAFAI w0
B1E arm L, JVM 7£3L3 volatile IRRIBHER LA ER acquire load SkE, FRIEHY
FEIUFINNEFTR. arm B9 release store barrier , ERT , arm _EAY JVM 7E£5CI volatile
SRR , UATLAEA release store SkAUE,

EIZIXTIRFFIERRIGIF | oI, REBEE y Bk volatile , BB T1E5E 8 17F05E 9
1TZRIEINT StoreStore barrier , [EAYESE 15 178055 16 7REINT LoadLoad
barrier , BBAIXER Java fABTE Arm _ERSIERM S _ E— R TR EFERERYR GRS
BER—HT.

RE VM BFT IMM BHIE , BAREEMHAYE L | EEITERTE—F. X
TRNIFFaRIBR M7, REBEE vy E85 volatile {EIHHY , ASBHINAE x86 L
T<E&FTED Error , TI{E Arm BHIZRFTED Error 9BER Y. FMBE&IEITERN—HEEH
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ZXE , HAIFMELE T , Happens-before #EI2—FhIBISIERY | ©iRENERFIRAE
FEERmAEL. (BRELRE CPU & | XMV EREEEN | X2 JVM SCIAYERH,
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ETR , BTN RHE—Z IR Java REFRERIIERE | BF Java REFRETE

LRz S RATR R,

IJMM RFEEfI— : AQS

ESXTRE—MIFEIL , DK BSREBHHERESAER volatile ZERJEESFARIE THEH

17IERRYAIF , FfiJLA CountDownlatch k25 , EB—1AIERZEZ Sync,

TR~ -
1 private static final class Sync extends AbstractQueuedSynchronizer {
2 Sync(int count) {
3 setState(count);
4 +
5
6 int getCount() {
7 return getState();
8 +
9
10 protected 1int tryAcquireShared(int acquires) {
11 return (getState() == 0) 2 1 : -1;
12 }
13
14 protected boolean tryReleaseShared(int releases) {
15 // Decrement count; signal when transition to zero
16 for (;3) {
17 int ¢ = getState();
18 if (c == 0)
19 return false;
20 int nextc = c-1;
21 if (compareAndSetState(c, nextc))
22 return nextc == 0;
23 }
24 1
25 }

HANIBFEUCIBER tryAcquireShared KFTXNMNAIEEER acquire iIBX , M

ERENXI

SHHEE

tryReleaseShared TR 71X GFEEER release 1IEX., M tryAcquireShared YLD

B, FAITLUEN getState BEINIZEE acquire iIBX , IR EE
AbstractQueuedSynchronizer FIEE,

1 public abstract class AbstractQueuedSynchronizer
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extends AbstractOwnableSynchronizer
implements java.io.Serializable {

[ **
* The synchronization state.
*/

private volatile 1int state;

/**
* Returns the current value of synchronization state.
* This operation has memory semantics of a {@code volatile} read.
* @return current state value
*/
protected final 1int getState() {
return state;

[ **
* Sets the value of synchronization state.
* This operation has memory semantics of a {@code volatile} write.
* @param newState the new state value
*/
protected final void setState(int newState) {
state = newState;

* Atomically sets synchronization state to the given updated

* value if the current state value equals the expected value.

* This operation has memory semantics of a {@code volatile} read
* and write.

* @param expect the expected value
* @param update the new value
* @return {@code true} if successful. False return indicates that the act
* value was not equal to the expected value.
*/
protected final boolean compareAndSetState(int expect, int update) {
// See below for intrinsics setup to support this
return unsafe.compareAndSwapInt(this, stateOffset, expect, update);

M _EERIRRIREILAES |, state 2— volatile T8 |, 1RIE IMM #&E |, FRATTLRE
getState 75,52 —FHH acquire 15 MAYE,

£ state TEMHBEAIFHE , AbstractQueuedSynchronizer(AQS) B THEANGE , —
N2 setState , B— N2 compareAndSetState, Erb setState E2—\N+%H release i&
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YHE, BBAHAERERME comareAndSet FiEMR ?

X2RE A compareAndSetState , NMYZE5ENE release iIEX , BRBRFHEN. XME
EFREETHE , LEFRESNE | WRIVEBEARRDD , NIRERIEFAFSRE.

BEXAMIF , FAMALUSE—1EiE , AERESRFHERERIMTRNME. AF
RIESENETRYE  MEFHREVWS RSN TREANT , ZLEAM. BHMER
— MRS T REAREEFERYERRT , BLERSARAER.

BT, BIBE— 1 SRFEEREAXIARAF. XR—E T/ IFREANRIIEL
&, B2 Java HIAEREWERI., XERR : NTSRUESINEEL ERIRHIEL ?

IJMM RIFEEHIZ - LiERLrdmfiiEt

BATRERIERIRIHMER— | ENEREREERREEENE—RXIR. a7
AES HEAE L £ RYRHIRTURZIE ?

BATMNREAERERNRIRHIENFHEHIE , SR UBRXHER

ST
1 class Singleton {
2 private static Singleton instance;
3
4 public 1int a;
5
6 private Singleton() {
7 a = 1;
8 }
9
10 public static Singleton getInstance() {
11 if (instance == null)
12 instance = new Singleton();
13 return instance;
14 }
15 }
LSRR , MEBMEREN. XEWE , BT getinstance XAEATTEER

EJLAfEA “new Singleton” MIAREHTIRAEIRE | BN TR FNEMERIBEL 6
PRI A TR,
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FE4818% Singleton RYSLAIFE R B getinstance XM ERS iR, TXNGIEE—IRED
SIREIFE— MR, FILAXERIE ¥ 2B REer=4%— Singleton S,

XN RHRNE LXEERIER , ARENEPHNERERSHEERENRME. LH
NS EBAFRREEREN. AT ATIX AL ?

BRIZFE— I LIZVER getinstance Y, BE instance TEAYEA null , EMSBIE—NF
9 Singleton X5 , AEIEEMEEL instance TR, HENEIEFESEMA getinstance
B, e EeIeeES! instance WERYEA null , AFHEIE—FHRY Singleton XI5,
EEANEREFSERILIBECHTON , BAXEFAEFIEXANS | A2H11XTI
HER , FTLERHABIRT .,

RTRXANEE , FATRILAE getinstance I3ANRAREEE | XiEFEMAERBXNNGE
METH , NTTAHLURESERE

B SHIRTS
1 class Singleton {
2 private static Singleton instance;
3 public 1int a;
4 private Singleton() {
5 a =1;
6 }
7 public synchronized static Singleton getInstance() {
8 if (instance == null)
9 instance = new Singleton();
10 return instance;
11 }
12 1}

B, TERNRBREIERERT , BAIZAIDIMT | L4 1 BRI getinstance
LAZE 2 HIHRHITRIBR , EIMBILAEHMASBHI Y. BRXES TRV i
INERY75 iERBA ERRERY.

ATLA , XBEBIM—MPSLI AR ¢

SHIH
1 class Singleton {
2 private static Singleton instance = new Singleton();
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3

4 public 1int a;

5 private Singleton() {

6 a = 1;

7 }

8

9 public static Singleton getInstance() {
10 return instance;

11 }

12 1

FERBAE 1T 2ERNIEAIRHMRITAY , MENEEERXEZTEN , FlUAEES
DF2YER getinstance 75i% |, BAUREIEESZESE _1TATEIFEAIXTIS.

XA EIES BRI THE . B—HRFHRARILIREES—XEARA getinstance Y, ©
REASACBERIBNRZ MRS , FRLAZHA RN | BZHEHRUE
TERNMNERIFRISRIREUELF 1 |, FREAXFA AEFR /D BN .

RERABEERENH TR | NEEEFIERIVERYF |, FRLURE T ERE
(Double Check) , ERIEMRECII ST -

SHNE
class Singleton {
/] AR OACHDE

1

2

3

4 public static Singleton getInstance() {

5 if (instance == null) {

6 synchronized (Singleton.class) {

7 if (instance == null)

8 instance = new Singleton();
9

}
10 }
11 return instance;
12 1
13 }

RZEUERT |, instance TERYEERAR S null , FILUXNGIERZEAHREESA=ER 08
9328, IR instance TE(EA null , WiEIHTE Singleton.class XI5 _E#HTI08E , 3k
RIEXISEIZEAVIERMYE | B EEXNLIIEELT.
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BEREIRIIXTDFIHE |, (FREERRXNBEAESZAREN _ LRES BT,
[RIREAE 1 HUTEISE 8 17 , 7EBU Singleton ZEAIATR , EAFIRE Happens-Before
BIZ9ER , FrLA instance ZEE# instance.a ZTERIMEERITC/EINFHABERIE 7,

WERIXATERAE 2 AT getinstance , ERJEEEZ! instance BYEARZ null , EZ
instance.a BHENPRR— N FRVIBHANE |, thEEiRE&IE 2 HE7T instance 1 instance.a
XN EREILFRITT.

XEBARR—NERBEMELFNIT , FrUEKRINERER | REEIE instance TENMLE
volatile <= , BIANBXNEEATETZRE acquire i€ , 5IERL release 5, XiF , (]
ZEIEHIFHSCI 7 i3 N A N a0 B R,

B4

9Fif , SRXTRMEERM , XTRKAIFIT T Java BFREL, MWXTRF , H()7HER
JSR 133 HffiEiAR] Java RIFRELZ—FHRICIRE | BRIMNAFED | IETEESIRAK
BFIEIRIKERES REME | IXSE JSR133 TS TR ESEMLHRATRZENS
7.

mFEAETIE IMM BISCERRT , WA S ERRY CPU fHEXZR. Doug Lea £ IMM (7 &
BRUENE | ERRHEFRYLEERESEMERE 7 JSR 133 XiE,

EXE , XIRFRLFTIHAY volatile Y] , HEEBHART Y. BRERARAZEN
SN0 happens before X& , F5EARY CPU LI, HiiEST2/9Z2A0EEMN
acquire iIEX. , NZERISIENN release B,

ETK , FNABTBERRGIRERET WM. [RFE volatile BIRIE,

F—MIIFE Java FEREFIIZOEIREH AbstractQueuedSynchronizer(AQS) , Ei&
Zf#F volatile L EFNRFER/ERGEFIIRAVRE.

BNBIFRLNEAEL ERIROIRI, BAIFRIE T ROMRTRISMLIS T |, FHFENT
87 double check SCEIFSZVRYEIRR , LAKANAIERT volatile RIZEIXANAR.

BEE
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BIRBE—T , volatile BEEHL ( 2& CAS B(E ) BI8EMB ? than , FEXMIIFIS
%, sum BIRAZRER—ER 80000 I3 ? ANRAZANE | MK EAMABERIENE ? IR
EESXOZRAVREMBER , BREBSXER.

SHIRAT

1 class AddThread extends Thread {

2 public void run() {

3 for (int i = 0; i < 40000; 1i++)

4 Main.sum += 1;

5 +

6 }

-

8 class Main {

9 public static volatile 1int sum = 0;
10 public static void main(String[ ] args) throws Exception {
11 AddThread t1 = new AddThread();
12 AddThread t2 = new AddThread();
13 tl.start();

14 t2.start();

15 tl.join();

16 t2.join();

17

18 System.out.println(sum);
19 !

20 }
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fITEIE
X EE—"TF JavaRFR BN C++AFREL?

R HIRERHAE T JavalNFEDR, KATiRAHappens-BeforetZEHlvolatile B HYISE
BiE X 2JavalFEREMNZ 0. FIUEEIRRINRBEXNE, XTHIRNABHEE
ZEXANN)BBIEIHER

MmCHAFREPREENHBEIEMacquireiBX (memory_order_acquire)flreleaseid
X(memory_order_release)e XA MEXENEL—TIRNBarm LN ERRFRNES
FHANBL T,

CHAFREBETE—REXERZacq_relfllcsqiIX7l, acq_rel AIRIERNMELIZHH
TEFEINF. BREqEBRIESNMEAETNEERTINFEMEHEMLEEREE—
By, XANELRWO, WRBIREIERE, BSEC++INE (BBA THTHEEBRY)
PHRE—MIF, ELEREMMRETR T XHMHIEX X7, O 0

Q #E=atial
M, XREIXHERRL, M REX RS EEEZXNITENARFERSGEBIAR.

2EN , N THREWD !

sEmEEA , TaTEErRTE 20 T4 Emh

ERBRADE

D2  2iEEY

© R EFHRIZAE | RERVTFIMEEEEREL, NHSEILSER , GRS HBREEREFERIE.

t—% 17 | NUMA : RSYSGTFE R T IRLRTShk ?
=& 19| SiRkEML @ aifEEEse RTEtEE ?
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) S HIEHTER
2021-12-09
AR Z AIRORIRAIS KO EHRIRE—T. volatile XEFEIHHTEEEEhappe
n-boforet®BY, HIFcpuERFRIER , HIISHINEHEEIENER. BIEAIANR , cpuld
WEF—HMEMNY , WEERSHTERE , —BEN , SETR&RESAEMMZD. BE
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