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PRHETER, EEMNHEREZEIHNIT.
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FTESLERREFPEFE, MAKTLUERLERNSMERRRPEETE, FREEBER
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HAEEENTHEEEN[E, BEfEEERERTIENRE. Java ATFRELEEEETE
EREEHERSRERNE, EEEENEINERNERFEEEXMKIERFEHEBREN
B935S AT IR,
AfERIERT BT
volatile REFRIERT M,
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Lock{FIERT LM,
I final XEEFRIERT M
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MERIERFIE

e IBiJ volatile SEE{FUERT M4,

o BE REFEERIET M.

e iBiZ synchronized XEHFIEEFE.

o BT Lock{REBFIE.
[FFiE

—NEREZMRIE, BEASTHTEENTERPABHIEZITE, EASEBAHIT. &

Java 1, NWEALUEXRENTERNSRFIRERERIRFIEHRE (6400 HE) . AKEUTE
AR F I RIEE TR B IR EHARRE Y,



ARE T

e 1B synchronized XEFRIERFH.

e BT Lock{RIEFEFI4.

o B CASIRIEREFMH.
BE: £ 32 (ZRIWES XY long Bl ERTINRIR ER B FEHARE?
https://docs.oracle.com/javase/specs/jls/se8/html/jls-17.html#jls-17.7
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A REREGRA B
A B M EAY ava/MERRR ST avaly S e ) INERYEIRR
1 / Xk
2 * @author Fox
3 W
4 * -XX:+UnlockDiagnosticVMOptions -XX:+PrintAssembly -Xcomp
5w
6 public class VisibilityTest {

8 private boolean flag = true;

10 public void refresh() {

Il flag = false;

12 System.out.println(Thread.currentThread().getName() + "fEiflag");
13 }

15 public void load() {

16 System.out.println(Thread.currentThread().getName() + "JF4A4AT..... O
17 int i = @;

18  while (flag) {

19 i++;

20 //TODO I %% %

22 }
23 System.out.println(Thread.currentThread().getName() + "BEHIEIA: i=" + i);

24}

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

27  VisibilityTest test = new VisibilityTest();

29 /) ZFEthreadABLEIE N5
30 Thread threadA = new Thread(() -> test.load(), "threadA");
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31 threadA.start();

33 // ikthreadAfifr—2x)L

34 Thread.sleep(1000);

35 // ZFEthreadBiliidflagfZiilthreadA AT IR [A]

36 Thread threadB = new Thread(() -> test.refresh(), "threadB");
37  threadB.start();

42 public static void shortWait(long interval) {
43 long start = System.nanoTime();
44 long end;
45 do {
46 end = System.nanoTime();
47} while (start + interval >= end);
48 '}
49 }
BE . _FEAFHATASEENHEE T EREFER IR ?
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R, IMMAEE T Java@EZii SitENMREENENRTEN: #lE 7 — 2 Ef e =T
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AR —FMSAOEES, —ANN, EEXERNEHEFP SN TEEHZEEXIGFIFA
BHIEXEOATAN, IMMEESRETE. EFE. T IEEF.



local varl (kA2 8) local varl (kA2 8)
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CcPU CcPU
Thread Thread _____________,._../.-’{ CPU :ieglsters | | CPU :ieglsters |
Stack stack N T 1 1
»  CPU Cache CPU Cache
¥ Memory Memory
e é\ ) i

"4

RAM - Main Memory
JVM

Computer

RERERE
XTEAFSITFEREZENEARRZENMY, BI— P EEININERFENE TIERE.
IMITNTHEREFEELEERFZERISTIMTS, JavalFREE N 7 LA \FHEFR5Thk:
o lock (ME) : FATERENRE, B EEFRRA—FEIDIRSIRE.
e unlock (f#) : ERTERERE, L—METUHESNSHZERML®R, B
[ERIZET AT LR EMMEAERE.
o read (ZHY) : ERTERGFRZE, B REENERFERRILENTIERNE
&, LAEREERYIoadz{FEER
o load (&) : FRTIFAFRIERE, BifreadBENEREFHERRIZEEN
ATERFRIZERITS,



e use (fff) : EFRFTILERNENERZ, BILEREHN— N EEEEBREHNITSI
Z, BAENUNBE— N EEFERTENENFHBIESIIESIITIXMEE.

e assign (MEE) : EETILERENTE, BIE— AT IZRKRINERES
THEREFNTE, SSEMTBEI— METERENFTHBESIHHITIXMELE,

o store (FFfE) : MEBTFTILIERNENZE, BIEREFHN—EENEEXEIE
WEH, LUEREERIwriteRUIR(E.

o write (BN) : fEBTEAGFNTE, BibstoreliMEMNTIEREF—ZTENE
BERIERFNEZEF,

‘ FRAE B save/load

JavalNTRIRELAHE T EHT Lk ) \FhEARIERT, 2UHEN TR
o WMREBHENTENTHAFHTEFRTERNE, MEEZINS i {Treadflload®
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{BlavalyfFEEI REK FIMBEAIURINFHRIT, MSBRIERREIESHIT,
o AAtiFreadfllload. storeflwriteff{Fz—ERIRHIN
o AT NMEREERTHRTassignfUiRE, ITEETIFREIRE T ZEMMR
B EIFEREFF,
o FRITF—NMEREXLRERM (RBEREIEHassigniE) IBEIEMNTIERFRLE]
FREF.
o NN ZERETAETRE, FRTFELEREFREREER—RIEBRL
(loada}assign) IR, BIFEXN—EELfEuseflstorelREZ A, WRTHITIH
Tassignfloadig{E,
o ANLERER—MARTF—FLEENERTIockRE, BlockRERTLAER—%
LRREESHITZIR, LXMW Tlockfs, REHITIERIRERIUnlockiEE, TEA R
B, lockFNunlock@AsmpgxTHIL
o  WMRXN—PZEWHITIockiEE, BBFTLIERNEFHHTENE, EHIT5I26R
XML ERIEREFHITIoadskassigni2EVIAL EEEAIE
o MR LEEFFLIBEWockiBEYME, NARIFXIEHRITUNIOCkIRE, BARIT
Zunlock—MEELAEBIERIEE,
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2) Mafr—EHEE R B A2 RRE R —BRIBRETINE, T MMAMRIETELIE

REE R ERYERFRITI.

3) IF—EHER RSB AF S/ SR ESRERRTE, TMMARIE 64/

longZlfldoubleTEMNEIREEBIRFM (3240 TERS) .
JVMIE32\[4b B8R BinfTRY, AJRESiBE—164{iIlong/doubleB T EHNSIR{ERD AT 32N EE
ERIIT. XFN 32U EIRErBe i D BRI AR AESHHIT, XX N64UZENSHEE
EBAREBRTFE. MISR-133RFEEIFFEE (RIMIDKSFER) | {UNRAIFHE—1N6441
long/doubleBTEMNEIRIEIRD AR 32UNERIERNT, EEANER/EEISR-133E A
BREFHE
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volatilefy45 14
o Tl X—volatileZTTERYE, REBEER ((FRLFE) WX volatileTEE
FEREAN.
o RFM: XHMEEEAvolatileZLE2ANT/EEBIRTFM, BR{UFvolatile++XME
SEEFAEEETFE (BEFXA, Eil@E&IAAvolatile RFEFRFH) . volatile(¥

(RERIERIEE M volatile BN/ EEBREFIE, MBIERFITRFIETLABRIIED

IEFRXBHITERR 4.
64 MlongBfNdoublefiTTE, REEEvolatileTE, MWMZTENE/EHEERTFL,



o Bt XvolatilelZitlREAESERFRIEIN ELSFMFENREFRERE LS
SEAIFRREEFMT.

FEJSR-1332ZRIHIIB)avaNTFERIth, B RiFvolatileTEZ [AEHE, BIARY)avaRTFEEIRIF
volatileZEESEETEEHF. AT IRH—F L ERERNAFE BEEANEH, JSR-133E554A
RiEERvolatileflIRFEN . M HEIRFIRIFESFILIERE I volatile T ESZ BT ENEHIF, iR
volatilef95 - BIHIERL - SAENE B HBIRFENX.

volatileS-iZRIAFENX
o  HE—volatileZTERS, IMMSIBIZEIEI NI AR FFHHHZ T EERFE
FH=E.
o LFE—volatileZTERS, IMMSIBIZEIENI NI AAZEE AT, SFeE ML
BNEREHERNEZTE.

volatileRJ i {E3EM FIE
JIMMAERZEEHEER

volatilef&tryZsEfread, load, usei@{Eflassign. store. writeAEELLN), BME
Ba A ZBIEERIENTE, FERIUINERERIFT, B RIEvolatileTEIREXIZL4IE
NI
{4 = E s

BidlockBiSES, SUETEEFTXEHERERNEF, XMRERA "EFE" |
EEF—EUEN ISR LEERME MR NA_ LA RS B FRI A EX R, — MBI EFE
BN FSEEMANRESRIEF TR

volatilefEhotspothI=CI

FOMEERSEM

VMR Rf#RE RS (bytecodelnterpreter), FAC++SLMTIVMIES, HURESLHAERXS
BRESZER, RRENTE,
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// Now store the resulﬂ

!/
int field offset = cache->f2 as index();
if (cache-Pis wvolatile()) |{

if (tos type == itos) {
obj->release int field put(field offset,
} else if (tos type == atos) {

VERIFY OOP (STACK OBJECT(-1)) ;
obj->release obj field put(field offset,
OrderAccess: :release store (&BYTE MAP BAS]
} else if (tos fype == btos) {
obj->release Ppyte field put(field offset
} else if (tos fype == ltos) {
obj->release Jlong field put(field offset
} else if (tos Jtype == ctos) {
obj->release jchar field put(field offset
} else if (tos)type == stos) {
obj->releasef short field put(field offses
} else if (tog type == ftos) {
obj->releasq float field put(field offses
} else {
obj->releas
}
OrderAccess: :storeload() ;

1 P . [

double field put(field offs:

1RIR AR SEIN
RiRfFERERR (templatelnterpreter), EXIENMESHEE T —BRNANCHRAE, SaREEN
ESEMMCRABALSE, ATLUREXEEE TR
templateTable x86 64.cpp
1 void TemplateTable::volatile_barrier(Assembler::Membar_mask_bits
2 order_constraint) {
3 // Helper function to insert a is-volatile test and memory barrier
4 if (os::is MP()) { // Not needed on single CPU

5 __ membar(order_constraint);

7}
8
9 // AFtATputfieldsiputstaticigsd

10 void TemplateTable::putfield or static(int byte no, bool is static, Rewrite
Control rc) {

1 // ...
12 // Check for volatile store
13 testl(rdx, rdx);

14 jcc(Assembler::zero, notVolatile);



15
16 putfield or_static_helper(byte no, is static, rc, obj, off, flags);
17  volatile barrier(Assembler::Membar mask bits(Assembler::StorelLoad |

18 Assembler::StoreStore));

19 __ jmp(Done);
20 __ bind(notVolatile);
21

22 putfield or static_helper(byte no, is static, rc, obj, off, flags);
23
24 __ bind(Done);
25}
assembler x86.hpp
1 // Serializes memory and blows flags
2 void membar(Membar_mask_bits order_ constraint) {
3 // We only have to handle StorelLoad
1 // x86F & R E L StoreLoad

5 if (order_constraint & StorelLoad) {

7 int offset = -VM Version::L1 line size();

8 if (offset < -128) {

9 offset = -128;

0 3

11

12 // FHXMAHAN T —%1lockii %154 : lock addl $0, $0(%rsp)
13 lock(); // lockHI%{IR4<

14 addl(Address(rsp, offset), ©); // addl $0, $0(%rsp)
15}

6 }

{ElinuxZE 5 x86FRAYSCIN
orderAccess_linux x86.inline.hpp
1 inline void OrderAccess::storeload() { fence(); }
2 inline void OrderAccess::fence() {
3 if (os::is MP()) {
4 // always use locked addl since mfence is sometimes expensive

5 #ifdef AMD64

6 __asm__ volatile ("lock; addl $0,0(%%rsp)" : : : "cc", "memory");
7 #else

8 __asm__ volatile ("lock; addl $@,0(%%esp)" : : : "cc", "memory");
9 #endif

10}
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lockBIZHESRIER
1. BREEIESHITRIR . EPentiumRZBIRIANIERSF, HBlockBISRAUESTER
THIESB IR, FEHCAIESENLABEEERENE, BEA, XMFHER
K. EHHNEIEREH, IntelFREFIERFIHESHIITHRE L, EFIUEBEAKIEHE
lockBISRESHIRITIF S,
2. LOCKRIZHESEBRUTAREFRENIIEE, ZIhzigs<S5rEfIEEINEEESEHE
FF.
3. LOCKRISHESSREFEZRIMBIES M. FHEMEETHNEEEEENFHEME
f&store bufferflINBENRF) 2524 Fan T, FERBEEF MmN, RIE
store bufferfyi{F=SEHE tbcacheRIEIARLRL,

iC4Emvolatilef9sCIp
AINTEjVMmSHEE 28R WiEDemoliCiRIES

1 -XX:+UnlockDiagnosticVMOptions -XX:+PrintAssembly -Xcomp

0X00000000e03341ebe: mov $ox0,%esi

Ox0000000003341ec3: mov %sil,exc(%rdx)

©x0000060003341ec: [lock addl $0x8, (%rsp) | ;*putfield flag

; - com.tuling.jucdemo.volatiledemo.visibilityTest::controllLoad@2 (line 13)

©x00000BRPR3341ecc: movabs $0x76b780c78,%rdx {oop(a 'java/lang/Class’' = 'java/lang/System')}
0X0000000003341ed6: MOV ox6¢(%rdx) ,%rod

KUE T O MEEER T lockBISHE S

MG Em S trLockBiSEg S
{64-ia-32-architectures-software-developer-vol-3a-part-1-manual.pdf) SFEIITHHE

[T

R

The 32-bit IA-32 processors support locked atomic operations on locations in system
memory. These operations are typically used to manage shared data structures (such as
semaphores, segment descriptors, system segments, or page tables) in which two or more
processors may try simultaneously to modify the same field or flag. The processor uses three
interdependent mechanisms for carrying out locked atomic operations:

 Guaranteed atomic operations

* Bus locking, using the LOCK# signal and the LOCK instruction prefix

« Cache coherency protocols that ensure that atomic operations can be carried out on
cached data structures (cache lock); this mechanism is present in the Pentium 4, Intel Xeon,
and P6 family processors

32(IAYIA- 320 B ST R A F PRI EH TIERR FE(F. XLREEERTE
,\;EI’J%SHE SHUESE. REAFT. REREERE), mXEEES, B sS MRS
RERIFNREIE SRR FRERE. AR ER=MEE AR ASISR TEERNRFRE:



o BRIERETEE

o REHIE, (FALOCK#HSSHILOCKIESHIS

o  FEHMIMNY, WRERFRETUERFRISIREE EHRIT(EETE), XS
IMEPentium 4, Intel XeonFIP6 &4 888

CPUETFERIGEIR
£io

BEFEEERN DR
8% THEAYavalZFPxMyRREZERZTA?

1 public class ReOrderTest

2

3 private static int x =90, y = @
4
5 private static int a =90, b =0

7  public static void main(String[] args) throws InterruptedException
8 int i=0
9 while (true

10 i++

c o0 <
I
®© © © o

16 /**

17 * x,y:

18 Y

19 Thread threadl = new Thread(new Runnable
20  @Override

21 public void run

22  shortWait (20000

23 a=1
24 x =Db
29
26
27

28  Thread thread2 = new Thread(new Runnable


http://note.youdao.com/noteshare?id=fbe82b30b77ce9180b48c7440781bb08&sub=BAF658EE1CE84267BDA2E6896C7C0695

29  @Override

30 public void run() {

31 b =1;
32y = a;
33}

34 1)

35

36  threadl.start();

37 thread2.start();

38  threadl.join();

39  thread2.join();

40

41  System.out.println("Z#" + i + "W (" + x + "," +y + ")");
42

43 if (x==088&y==0){

44 break;
45}

46

47}

48

49 }

50

51  public static void shortWait(long interval){
52 long start = System.nanoTime();

53 long end;

54 do{

55 end = System.nanoTime();

56  Jwhile(start + interval >= end);

57}

58 }
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volatileEEHEFFHIN

EARACEHRF EERME

B—MEE HEE/5 volatile 3£ volatile §
EEER/5 NO
volatile iz NO NO NO
volatile § NO NO

volatileZZ IFEHIFIZS

1. BMBEIERvolatileS, FAEE—MRIERHAEBISEHF

2. F—NRIERvolatilelE, FEE-NMRMERHATAFSEHF

3. B EERvolatileT, ENMEERvolatileiE, BASRETHIF

JIMMAFRISEN RS

1. = volatile B12/ERBIEEN—" StoreStore Ff&E
2. E8 Mvolatile S{FRVEEIEN— StoreLoad FEf&E
3. B volatileiTHR{ERIFFEBEAN —LoadLoad Ff&

4. FEB M volatileiHRFRIFEAA —LoadStore &

B 1k F i AT
i i EE e
;’i {’; f;uai f; ‘_}[% g& volatile if: # ff
By ik _EHi ‘ ifl ?EFEEE&
/AT —

JSR133#158

The JSR-133 Cook.. k.html
49.69KB

X8O EEIASITIE-1E, 1E-BNE-B1R(EHEHF, SatiaiX 3t/ ESSEININAIAF
BiE, (N&W5-s8EMEREE, Filivolatile G-/ EREEFvolatileBFiEN
StoreLoadEfE



P Atomic Other ol
Processor |LoadStore |Loadload |StoreStore|StoreLoad |dependency o . provide
Conditional Atomics .
orders loads? barrier?
membar CAS: swap,
sparc-TSO |no-op no-op no-op (StoreLoad) yes E_— ldstub full
mfence or ,
%86 no-op no-op no-op cpuid or yes 2 xchg, ) full
. cmpxchg  |locked insn
locked insn
combine
g with CAS: xchg, target +
s strel or ] ) 11 yes cmpxchg  (fetchadd  |acq/rel
Id.acq
dmb dmb ) indirection LL/SC: target
UL (see below)|(see below) dmb-st dmb only Idrex/strex only
. Iwsync hwsync N hwsvne indirection LL/SC: target
PP (see below)|(see below) y y only ldarx/stwex only
LL/SC: target
alpha mb mb wmb mb no ldx_I/stx_c only
build
pa-risc no-op no-op no-op no-op yes from ldew {NA)
ldew
IVMEENHTERRE
FEISRABHREN T A NTZRRE:
LoadLoadlE: ($§<Load1; LoadlLoad; Load2) , #E£lLoad2}[a4eiEB{FEEEENAYEY

ERIGIERET, FRIELoad 1 EsEENAYEEMISERN

LoadStorefRiE:
{RIELoad 1 ZEZENHIEUEMRIEE TS,
StoreStorefRfE:
{RIEStore TIIE NIREXH B IRES A I,
StoreLoad &

(}8<Store1; StoreStore; Store2) , 1EStore2 REEEE NBIEHITE,

(384 Store1; StoreLoad; Load2) , 7Eload2k: fSLeFiaiLBUREHIT
B, {RiEStore IS ANXIFTELMEESEIIL. SR EHEIIMFERESERARN. TASEEEEN

—
TUI—:}EO

(}8<Load1; LoadStore; Store2) , fEStore2 & [E4EE NIEIEHRI LB,

S, XTMFEERNGEFRE, REHC=MREFFERIINE

HFx86HFstore loadrJgE

PAX
pAy

lockRiZiE<, EfttFfExIn ==

EHERERE

B ERME T —RIBNAZFERE memory barrier / memory fence(Intelg92i%) iz (i
EX86FEXR, B/IMEENAEHE:

E—#hLoad Barrier jE£5E

—EUMERIRESD.

1. Ifence,

2. sfence, E—##hStore Barrier 5FE
3. mfence, B2—fhEEeBRIFERE, EflfencefllsfencefIse

FHER, FRLAREISREYStoreLoad FFEd M EMImfencest;




4. Lockais®, Lock A 2—FFRERE, (BEREaesmERFFENINEE. Locksxdt
CPURLAISRERMS, TLARBEACPUIESHRIN—FEl. BREALAERADD, ADC,
AND, BTC, BTR, BTS, CMPXCHG, CMPXCHS8B, DEC, INC, NEG, NOT, OR, SBB, SUB,
XOR, XADD, and XCHGZ#E%,

NEEEEMNEES:

1. FELEFREMIORIE S EHER

2. MIFMGIRESEZ/ PRI IREE BT

XfLoad Barrierskifi, EEHESRIENIEFRE, ATLULEREFFIEIERN, EHNE
WEINEEHE; XIStore Barrierkin, AEESZERABRERE, BILEANEFHIRNEIES
EZERZF.

LockBUSRSEIN 7 2URTBEN], BRMREFEFMSl, ARMITEENIES, REREE]
[ESIEEREFPRISERIFEIENTE. ELockEiTREaIn iz, EtiCPURNESIERESH
P, EZIBRER.

AEREGMNEFEENA AR, JavalFERRER 7 XM EERGFEFENER, H
WVMERARERIFE 4 RAENAIEEES.



