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E3R web 3l mi LS HIRAE SR AG R S B 4E S, ARFRHEIC N, A BT AR AR
JSR-133 BYE, AAKAAHLHAY &, Rl LAz 5 B33

FEXT ILS JFa RE ek, A P AL AT REESR IVM SEBL IR HH AR . 1 2323 -

o JN5E T volatile A= AIE X, 7FFEA acquire A release & X . 7E 4G

H, volatile 225 117 17 FTEE volatile A2 5 (15 18] 2 ] P LA 5 e b L HE .

o I5E 1 final FEHIE X, T RAHFEL, AnTAER R R LR 722K,

X AT R AR 4 final 7 BURE (18 L4418 28 I 22 0 I store-store B fi .
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Java™ [BINL L R 2 TR HAT . ZeFE 2 H Thread F5RE AT P A — N
HIME— 7 A2 BN —MZRIIT F . BN LRFEA S X — DX AR . LEXS N
Thread XT % i start() 728 )8 s 26 72 .

LAEMAT N, CHERESFED N TN, WRESIEANNEANET B, AN
AT Java™iE F 95 I 2 AR T HE X B S RREEHILENAAR, g
TEREFE B 2 (E RN o PRONASEENE 5 AN R A BEPF SR () N AR R ARAEL, PP lL, X
B SRR B2 Java™ A AERE T

XEETE A B R 2 SRR Z AT o T2 918 2 ZRRERE 7 Fe VAR I HH /94T
No ARHATHNS, REFENR RVFRIAT Y, AE R — Al 32 AT SRS .

1.1 8%

A ZFHLEI AT DL TR REE . IR 2 /A28, R 2 SRR .
A GHRIE —NMERE, BT DLd I B RAT 87 (lock) BYAF#
(unlock) #AE. BIRAAE — NN UIRFA B Lial. He il Ee e S
g —HHZE, HARMZERE LSS NE.

Rt I DABUE —NEREZ IR, B unlock #RAEAT 2% — IR lock HEVEHRIUE -
synchronized i& 5] T E— ARG A G 226752 R EFE _EAT lock 3

8, R lock SRR BERINTEM, K —HFERF. 2 lock SMERAT N, WlaisfT
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synchronized & HtH FS ., — HAERJL RIS HATE R, AE2IEFIEER
W, HWSAEZ AT lock shERITBANETE B B 3347 —4> unlock 3h1E .

synchronized J7VATE I I 2 B 24T — A lock 201 . 7E lock I{E R 5 AT
WASPAT I . IR, SRR 2O RSy (R, TRk diir
JATE] Y this) AHSRERHIERE . WIERZFSTIE, B E 2R RIS B
Class X R —HINEAMPITE R, NERIEFIEZFFHEN, A SEZ T

lock Z1E RIS EFE L H 3347 — > unlock 31F .

B SCREABLIE AN ESRIFE LA BEATRN . Ry har it (E R Ek I fE3h)
BUEZMXTR, BERE S FBORBERIEH A ALE, QI LSO A
SRR TE o

HEW WS volatile 28 &, PLA java.util.concurrent B H12E, AP HEAL T AT

HERIHLAE] o

1.2 7B KRR

Java WARRL I 58 4t Ak T Java 18 5 AT RO RAFE. O 1 ORI B fil vk
1 BN KRR e e 2 5 RS A B KA 91 R
BEWEZ NIRRT R R. HEERAREIT RIS 7B EHE AR
Al B r2 SREFR TR AL N R AR R, XA B AP CLRIET 1.
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2 RIEFRAZHEFSRIL HARBRATA

Java [ SCIRVFG 19 s AL B aS 34T AL, X 2 R0 BIR I w[RD AR, T fg
SAEEATAT NE R BTG .

Original code Valid compiler transformation
Initially, A == B == 10 Initially, A == B == 0
Thread 1 ‘ Thread 2 Thread 1 ‘ Thread 2
1: r2=A; |3: rl1 =2B B=1; rl =B
2: B =1; 4: A =2 r2 = A; A =2
May observe r2 == 2, rl1 == 1 May observe r2 == 2, rl == 1

B 1. FHREAF B H AR

FEE LR . BRFTHE T REACE M2, PDURILEATE A B, AlfE
S r2==2. r1==1XHNER. B L, MNHELHES LAPITELIES 3
FeAT . WRIES 13T, EARNIZAEE B2 4 P EARME. WRIES 3 il

17, EANIZEEE BITES 2 5H1E.

INRFERPAT RIS T ZFERAT N, B ATRATATRERS AR 458, 154 4 BAEdS
L L ZHIPAT, 184 1 EAEIRL 2 2T, 184 2 BAETES 3 ZHi#hT, 1543

TAEFR S 4 AT . Wk, MSRIEER, HIFH .

SRIM, MBALREMAEE, REHEHFASHMINZEREAPITER, RmiEssm
A DAXHZE R e S T EH Y . RS 1 54 2 5y, IR EZE T
a2 ==2 Fflrl == 1 IXFFIERT .

—EEGEFEN BT REVONRE R I X MAT R AN, B, HEERNE, Z&

RSB BT [R5
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o ARG IR,

o HNERREE XN E AN RE,

o« HESHRAERAWRDH .

Y EIRTE R AR, BRNFE 279/ (datarace) o A AA7E s 5 H
i, WA AR I B 45 R .

A JUFHLHIE T LA = A 1 B E R o IT 4 B AR ER 38 nT DU RS 54T 3 5
B ML, 1817 IVM IPLER B 0 A7 2R G R AR B R B R

NI, AEFTREVE XA REAT ELHE P 2R 0, RATIRR 2 i ¥ a8 . AN 27
TR ) e e R R DL AR, (HAA AR AT SV IR 5 3

2525 AN NERIE RG] T XA EWED: © Rt

p U

T NAF VT 1) 3R 2 TR 30 s AR AT AP o

Original code Valid compiler transformation
Initially: p == q, p.x == 0 Initially: p == q, p.x == 0
Thread 1 Thread 2 Thread 1 Thread 2
rl = pj r6 = p; rl = p; r6 = p;
¥2 =l | ¥6.x =3 r2 =r1.x; [ r6.x = 3
r3 = q; r3 = q;
r4d = r3.x; r4d = r3.x;
r5 = rl.x; rb = 12;
May observe r2 == r5 == 0, r4 == 37 May observe r2 == r5 == 0, r4d == 3

B 2: AIABEIFBHIEARBKER

— AR G AU S AERE ] o5 OISR E A r2: EATEHR AR rlx HEfTZ
A S rlx FERLE,
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BUE & IXFE— PP oL, ELFE 15— UUEH rlx SEEHL r3.x 2], £GFE 2 X ré.x
BEAT T IRAE . WORER RS REAE o5 ALE T r2 BOMEL, B4 r2 A0 rS BEHAGE 0, r4 H
ER2 3N GFHIAREKE, px BMEM 04 3 5 AR T 0.

FUEIRPERAT AR AU AN, (HZ2 50 IVM SZELER R VFIRFPAT M. SR1M, JLS AN
IVMS F A Java WAFIE BN RVFIX 48 Xt iR B &R IMM 75 22

HPBTRILERZ .

3 FEIERIE X

FEFP L UERRIF G, LABE AR i B HE P Jm e BIIRSE A  E v 4T 8. (8 1 IR
IR 28 FEAS e DR PP I BTG AT N8R 2 IE B . (B2,  IERAA IR 20 B S mT DAL S
fE N 5% P il B g SCHE TR PP T BERIAT Jvs  LEB [R) 20 O ARR PP AT D9 ml e B HE A
RHIE AR SRZIERAED, il e Bl I NSRS B AT 8.

B MEFRGPERNFED 7, AP RS

MRV (Conflicting Accesses) X [d] — ML Z - BEEE A ST KA NI (35

85 , HELSHE-AUIRZEERE, SIRIEAHR.

Happens-Before ¢ & W3 (action) 7] LA#E happens-before X &7 . Wik —
AE1F happens-before 73 —AaifE, WS — x5 AL, B —DMHES =4
ZHT. DAREE AR, WASEIEZ [AI471E happens-before 5¢ R I AN 5 IX Lo B
7 Java T AR LLIX R & A= . happens-before 55 % 38 T3 18 5 AN 2 ) 3



VEZ BRI, LA RE SCEE G F B R AR AL, mT RLd s 2 007 08 & — A
happens-before JIfi/ 7, 13-

o AL RIS BEER happens-before 1% 26 F8 FiZshVE 5 1 HIBHE

o FEAETE R unlock 3h1E happens-before [7]—M& 2 b 5 4210 lock BhAE

o XA volatile B 'S #:4F happens-before &4 J5 4:%1 1% volatile 7 B )i

P (B

o TERALFEXS G I start() /772 happens-before 1% )5 3l T I FE A FIMT =
FE.

o FANRFE A AT E S1E happens-before T H B 2R R Ih MAZ 2R FE X 52 I
join)H R[]

o« TRIEABE a happens-before zh1E b, H. b happens-before h1E ¢, N4 a
happens-before c.

%5 5 1 H H 41 i happens-before 5 Y.

AR LS I ANACH 1 happens-before Sk R HEF IR T FII ,  BUARAFAE 20455+
e IEWRIED R R B Bl R (3.1 1R A A E B E AU .

R I D AR I — AN S b i+ L 3, [ — MR IRAS R AT, X3k
R XA Y U5 A R . FRTF R IAERREETE ML _EHAT lock AT unlock
e, e 3a WPHATH, Bl B M 9815 0] 18] #5E happens-before ¢ &, H



&, EE 3b AT, X X B R V5 iR Z 18]35 happens-before Y . I BN

b, XA R AR IER R 1

Thread 1
¥ Thread 2
W= Thread 2 Theead 1
e ' '
Lock M1

X=1

Lock M1 Lock M1 T
Lock M1 =Y

Unlock M1

_{
1
-
=
—h
Il
-

_|
_|

Unlock M1 Unilock M1

[H

Unlock M1

]
Ii
4

T
R

_|
_|

(a) Thread 1 acquires lock first; (b) Thread 2 acquires lock first;
Accesses to X are ordered by happens-before  Accesses to X not ordered by happens-before

& 3: happens-before JfifF

A MEFR IR 7, 2R T AT SR AR T B . I g
FEN GUR R — Rl T RIE. JfE N e i e s 2 S U S 8dES M,
P/ RNV E TR e A R

3.1 F—3#E (Sequential Consistency)

MWif7 —Z PR R P AT R R rp a] WL ARIFE ) 5547 0 PRAIE . FENRFP — S0 AT I 2
L BT EIE (EME) RAFE—NERFRR, SEFIIF 2
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BEANSIEERE IR A HAL RIS P ZeRe vl W inR— MR EA RS, Baz
FEFP BT B RS R > — 20 - it PR 2010, 72— 3R 2O IR 7P
ARAFEIRAUERS, RO FF — 2 FI/El RIEEBIESF ), VR RE < BlAE

o

ARy — BRI AT, 22 BB B — 254 1 as AL B SR LA AN B

o Blin, R 2d, REN 3MEST px, JaHGZA Bl EE 2 3.

R SENr— ek, w DU e O S AR IR 8 (R 2D O RE PP 3R i — A B 24 ]
REFFP B AT AR R R EN R, B APy, e kESESH. —4
P 1A A 20 1 24 HACS P Iy — B AT A TR # AR 4 . PRI,
G A N 53 R T HEWT I — ST SRR E R 5 IR ED 1

4-6 T EEINVEAT 2 1 HE final B A AR )

3.2 final B

PN final 7 Boyinte — k5, EIEEEL FERNEASHSRZ. final 7B
VPEAHTE XS EIE T B A AE . TR, HiFSARAKE R, R final 7B
HIBHRAE R B FD B Ah, R HAME R BORM B, FIRE, MR Vrd a4
final ‘B HMERAT Bl ap 4728, 7E3F final " BCGHR ZE H T MAA B Leh Ty, final 7B
Tt BTN .

final 7B SCVFMAE N RAEA T ZE AP TG00 T LR L AN TR R . — A
LERE 2 A AN ] B BT LAR AR N AN il A2, RIVEEAN R AR XS R 1K) 51 P AE 2R RE
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I A (R . SCHRE T % 4 RAE, T LA LR TE L B R 7 R
LESS

final ‘7 BO UE A A BEORIEAN AT AR o 2% REMIE S8 PAT S A, Iz R
KB T e — NERRERAFER RN RGI AT, 26 Rt L4 5 2]
gate 7, AR IRIERXAN AR REE Bz RAEFAAIIRIEHY final 7 BH .

final 5 BAIAE 7 AR 8o AEXT R INIHIE 45 BN Z R I final 7 BUR(E. A%
R EAE QIS R R R G S 2D E LT LU 2R, Kb Edss
FERIE 28 R PAT S5 RN BUAE VT R 1200 R W ARG, 2120 R E 4
FEE BN, XULLFE LR REE B2 R final FEIIERE. HiX final BT
AR RO REREA I R N 2, 202 M final B HERIHT (&2 final 7
BT 91 JTHIXT 5 19 7B B 70 35 F) FEAE S BE 51, B R IE A, R
ZEFE NP FEE ZIRFT NI, 1H—3E 7] LU 258 2 B R0 R EZGECZ # final
FEG RIS ZIHINT R FEAT A T ) o

B 4 BT R T final 5 BOMEIE 7B %A FinalFieldExample 2845 — final
int B x A1—AE final int Bt y. — MR AT RESTAT writer0 777k, 55— 4iE
FBE AT reader() ik AN writer() T iEAER RAIE AT G5 R .2 54 45 £ I
{8, FrLARTLARAIE reader() /792 REE 2 fx IEFIWILAILIOE: RIS 28] 38810, fy A
72 final B K HEANBELRIE reader() /7R 2 4.
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class FinalFieldExample {
final int x;:
int vy;
static FinalFieldExample f;
public FinalFieldExample() {
X = 3;
y = 4
}
static void writer() {
f = new FinalFieldExample();
}

static void reader() {

if (f != null) {
int i = f.x; // guaranteed to see 3
int j = f.y:; // could see 0

B 4. final FBE Xl

Thread 1 Thread 2
Global.s = "/tmp/usr".substring(4); String myS = Global.s;
if (myS.equals("/tmp"))
System.out.println(myS);

Bl 5. &H final FBEUFD, XBAVRETT BESAT Bl /usr

final FBUXTH 1 R HIRIR L i 2 A RAE M . B REE 5 RIS, String X 52
AR H R R i EA TR EAE A R . BAR String FISEIL A HdE S H, H
re, HEISAERH Striing (IR e 51 R BEES M, B TS Bk 4 H ke
Feo AR BRI ARSI PRI . JeHGE, WIR String S8 BUANN final, £6FE
2 i )FE 1% String X4 offset 7 BUNME P BEJVERIAN 0, Jf H ACVFiZ% String X 45
"tmp" I LLEE M SE . #E1% String X R LIRS 5 SR E BT RS 2 IEH
offset {4, HrLAE 2| 1 i% String X RIMEAZ"/usr™ . Java [ — 282 KRR T
String X R EIEAYARAR,  BIME B ACRS R 1 Bl 4 FIE LR RE (% 3 String 1Y
51
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X BAGEX final “FBOE SO — MR . EEVEAHA IS, B LAX BLRCE S22

oL, ZH5H 9.

4 HarNAFRE

20— MREFANZRE T 0 — B PATPULE, AR 12T LR 5 2 %R 7
I —IREVEHAT . X T Java, PAARE RS & PAT UL I ERRBLERAT, SRR MREES

SEFN], R Z IR E R E &S Ak,

WA ARLRER 13RI T REAT . VM SEBLRT DA B AR AR AR,
TR A AT P AR AR el WA RS AT TN . X O KR A R
AT RS AW, BREIME (action) FIEHET LLRARLERFEDERR.

WAL — A m g ARIER AR SR H2 — 4N, BUE 17— DMERRE S 5
T 2% o — ANERRE R W AL, SERAF B GRS S B w 5N
5, BWE wARE r ZJaRE, HwEREREAHEA N SEHREwEmE (r
RIFEE) -

FEAR WNAFRRL G s <32 EL Cread) "IXAMAIN,  DORIR I B TR 1)
ZhiE (action) o FE#RIEMIE S, WEBEA MK, PAT AR LK R 51
WH, #ASPEESH M E. VM SEIUE SHE R SR 4 A2 S 80
3R (BT R P RS2 K R B P R 5 9 3 BB IR IX AN IERA AT N -
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WAFE e R PP NI ZIBE e B AOME . BN RFEBIE (action)
DR PNBAZ LR AE X TEH], NMuH i e 2 B AR e e iR
HFR R IX PG T, AT SR P85 Z6 72/ (intra-thread ) 77 X

5 X

AR YT T SRR ) — Le TR IR MR 25 Y BE VRN 10 32 3o

FZARMENTE (Shared variables/Heap memory)  AEM 78 2k P2 1) 3 22 1) N 72K
VEHEZNAFEIENAF . FTE 7B, FA7 B UL RS o R BB A HE P AF
W BRAMEH ZEIXMNARE R T BB TR . ik B R SR AR ST AN 215 2%

FEMEIL R HA 2 AR RS

LREMEPIBIE (Inter-thread Actions) ZFRRIKIENEZ R — 2R PAT, BERL S —
LEFRPRIN B B B ) B (action) o ZRFR IR Sh AL FE H AR BN 55 DL K IR
SHfE (synchronization action) , %l lock B¢ unlock JEANEFE, 525 HA volatile 42
BEURE . BERE SN AL T RIEE (HfaEEh1E, external action)
DL SR ECREA SFEE N TG IRIEH BB (627 #E01E, thread

divergence action) . HRXLEMENTELZFELR, S 7.1,

BAVLEFROLRENT (intra-thread) Z1E (U1, PR AR A N6 25 A7
BB = REARET) o BSOS, B RALRE T EE T IR AR N T

Lo



TN LR SRR S S E R PATE B R IrA Ksi{E S &t K A TR
ke, PLRAEIZERE T E B R AE MR P I ARG 5 — e em L EF R e
1

write BEERARE D E T E
read ER AR e LA W B NE Ceak, FRATTAT LA E AT WLEED .
lock BRI ETE,

unlock  EfFEHIHETE.

TG I, 8 R LR (B (BRI FR N 547 (action)

B (Program Order) £ RS t AT HIRVRRE R BIPE A, t BURE I
Frie — A aFr, OB RS t FIZFENTE X, X ERIPAT I .

LRENIE XL (Intra-thread semantics) Z072/4 147 K& AR IR IETE XL, F& T
HEANBRENLSEREE BINE, 7 DLE BTN AN AR AT A 9 TR 4R t
FHIZEER AT R B Eik, AR R AIE LR t KSR SRS e L
NOCHR AT, WlE LS FHee s e SURARRE.

FEREAE t AT E AL K — DR IENE, RS t PEREFP I E R
EZANELIERIZIE a AHBC. WA a & imiglE, MMALRE t /REia i 2
a BEIE, M8 N AR AL

W52, WG SR ER NI PAT R B HE P BUER, (2
HI AR R e 1
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FB3hE (Synchronization Actions) [FI2PaifEEHESL. 8. 5 volatile 4%
&, HTENERENSIE L TRNERE R B RNISME. T3E, HER
synchronizes-with i1 (edge) FECIGENE W S, ARG EE. XEHESTEG

[ 21 happens-before 121 2 )3 7 Vil

[FA2)RF (Synchronization Order) &N HATEREEA — A AL NT7. RPN

Fe IR PATERE T AP FP S E B2y ok AR .

Happens-Before 5 Synchronizes-With i1% (Happens-Before and Synchronizes-
With Edges) WA MABIE x fly, x™y FIR x happens-before y. 415 x fily &

Al —AN R EE, HAERFNY b x £y ZH1, BAH x2y.

5] 25 S48 55 happens-before i1%% . FATRRSE B S M I4L%% (resulting directed

edges) 4 synchronized-with 1% . ‘B4 1HIE X1 R

o EAETE m _ERIAESIEN1E synchronizes-with BT J5 2E7E m L8 e 2h1E
X BLW 7 ZERART [ 20 0 5 SLRD

« % volatile Z5 & v [ 5 #:4F synchronizes-with Il J& ST B 2 R85 v B

1B X B 7 L8R M4 [F2R 0T e LD
o AT EE—ANEFERIENE synchronizes-with %51 5 8h £ T 55— AN Bh .

o ZRFE T1 WG — N3h1E synchronizes-with Z8F2 T2 WP A& — TR T1 & &
ZAERIFIE. T2 ATREIE U TLisAliveQELE 7E T1 _EHAT—A join Fh1E
KIEBIXAH .



o WIREZEFE T1 I 742 72, T1 W WiAE synchronizes-with 1T & B %1 E
B ZRE CHFE T2) HT0E T2 &2 58 rh i, XaT LUsE
—™ InterruptedException B i Thread.interrupted 5 Thread.isInterrupted

R

o NENEETIINME (0, false B¢ null) K1 synchronizes-with &N FE

) — A

BIRAEXS RO FL Z B 9120 R B AZ B 5 NBRIMEAG B RAT L83 B8, A
Bt BE, BRI R #a A BN I E. Ik, AR S
ERIAIZE L ERAT happens-before £ H FMER L E2E (B 7S ERMER

BB

o WX RILEETTER, 2EAEEPEZ R GI H . AR RIS
PR BB 5| F BB A AEE—> happens-before 1%, 717, %4 %
KT8 (W, 9.2 %) happen-before R T A8 happens-before i12%

IR SR A

WIS FHE x synchronizes-with JE T HIENE y, A THAES S x 2y, AL, happens-
before ;ef&id L. BT <, WH x2y, Hy™z, A0 LIER] xz,

PR, WAEIEZIFIAFAE happens-before 5¢ &R It A — & B RS E
AT RN AP A . R B A S R 5 ST Es R —8, B4, &
A RAREAN . B0, RALRETHEMES IR TEB, ATRER
BRI IR R, R EERCA PERE g BRI



B EAARH L, PN EIR A happens-before ¢ &, FEAELE happens-before 5%
AR, XA SR R AR R R XA R . 0, — R R
5, A5 5 ANEET RS A AESE SN, DR SRR I 1
i T E A B L A

Object 2511 wait J77ECHL T BIAIRBIEN1E; "©411/Y happens-before ¢ £ /& HIX EE K

HRAIEIAE R E Lo IR EETHVELESE 14 T H 3 PRI

6 Java N FAIEEZY H U RS

3175, FATHA VI B, e T, A A Java AERREL, BINE
SR AL T ARAE R G B AR AL BRS04 o X — TR BN Y — Bk, ARERR S A
R, FrAE happens-before IWAFARAY . XA L JEH B2 Java WAFAE A 75

K, fHAZ, BRI HAWERERXERZMATEZNFERE. 6.3 Tk
TR R RAH S ] L

7R EART Java WA, gt — AN IEZUARERY, 4T happens-before P A7 AR 7R

fE 7 mss, PASRAU AR R & 78 70 RAIE .

6.1 MR —ZH N AL

1, R —SER, prashfEber AT BIERA, SRR
—% mH, SRR v EERAE r #E RIS R w B A v IE, R

o PATINF EwAEr ZHT, H

o PATIRT EALEEIXFE—D W, W TE W2 BT H WTE r 2§l



6.2 Happens-Before Py 715 %Y

FEJER e Java WAFRR AL Z /T, Jeok g — MR A AR, FRAE

happens-before /777,

RS LA R PR/ R

o EIAEZEE EEAG NP RAR, RIFEDIY. 207555 I
PASB A L e — 2

o A EhE S A EC X B Bh1E 1A] i) synchronizes-with i0%%, W% 5 FRTHiA

« synchronizes-with i % )% 1% A S5F2 70+ 72 4 T happens-before JIii/7,

UWnZE 5 itk
« HANE volatile SERERER 2 I{E B happens-before — PRI H € .
o AN volatile E2ERAE REE B AUME H R 20 T — S50 U e e

Happens-before — M2, £ happens-before fiFHATHILH, 535 2 T 5145
5, oA E v B EAE r BRISEAEw B v IN1E:

o rEEHAE wRTT (JRED, A2 rfw X FpfEal) , H

o WAHMNAANKD v EEAE W CGRRI, AEEIXFE—0 v ) 530E

w': wiEw ) .

[E5 W — B 5, AT volatile 28 & v (L HEAE r #OR FIHIE, BB
IR AT R E B v FIME.



Blhn, B 1SR T NTE happens-before P AT & VR . ZRAETR) RS
synchronizes-with 5% happens-before 1%, oV NMLERIER 2 H ELES AR

fE.

6.3 FRKR

happens-before WAFRE AL 2: | — MBI AE AR/ I HREE . P Java WAFELAL o
YFHI4T N, happens-before I/ 014, {HJE, happens-before WAFART R 7~
A HEZHATN X AT i 1 IRATESL AT K. AT LUK e A T#E 1E 2 A — A
AFHRZ AT RER TR KR A H, KIRF]J LA happens-before BRI AKF &

BRI, AL AT B AT A L AR it a0 E A fRALE

6.3.1 Happens-Before X557

Happens-before & 7 i B0 An K55 52 H AV E“E S H I Cout of thin air) 7. VE4HN

ALK 6 TER.

[nitially, x == y == 0

Thread 1 | Thread 2

rl = x; r2 =y,

if (r1 '=0) | if (r2 '= 0)
y = 1; x = 1;

EwRE M, Bl rl ==r2 == 0 2ME—&EMIT N

& 6: happens-before fLEFHKIEMITH

Initially, x ==y == 0
Thread 1 | Thread 2
rl = x: r2 = y;
y =11; X = r2;

RIEFFEZ M, (HRAVF rl==r2==142

B 7. AATERZKERERKRANTHN

20/ 66



K 6 RIS IERREID A XFERA mArEe, ROy R B AT AT R 2530

o (HA2Z, 0, WA U — S8 AT, s, fErsie it
BRI o an RS LU — 2 05 2(d T, B EEOR 1% A 7 e & A
RN GEAEEAKE T BURBA S#ME, i s . ZfErHie
IR FZE

RN ZAE 2 IR F 1R, it DAME— SR VAT NS IR — 8047 (B Iy
—HMAT R, B, ERATA, MINBER, W5 —RIRF — St AT g R
FHIFD o #AT, 7E happens-before WAFIRAY N, FAAEHATE RE rl==r2 == 1L 1J1F
M, RENE BLHEA synchronizes-with % happens-before i1%%, RN ELERIER

P LS HE.

A ANFERAERAEAE T D HA R R AT, BATREXFE I AR 9 R Rk
#, PONeEW K ERERGMAE S RAENRE. K6 H, BHFRMESHREK
&, R SR AR ERAEREE BIEA G BINE. X B ERa <58 — R
(first cause) "o [RlIME, FRATA AR R 55 B — STl 3252 DL b — B 7 2R 5 R
SE B 8 PR DR SRR A S SR VF

RIAEAE e R IER A 2, oA el S RLR G R AN AT HEZ 04T 9. B 7 g A ix ke
(1457 happens-before WAFRERI FUVF rl == 12 == 42 XFERIAT N, (R, BA A

g
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6.3.2 MERENHER KRR

RIRK A MBS IFAR R, FOVAES B EMAafEsE 7 HeshfEf kL. Java
WAFIRL Fevr I 8 RIAT N, BIAE BT & ABAF IR A I SRR 2R o 2 ST VFIX AT
RIAT N, DR 1 A HEWS -

o HERZ AWIEEE a KIHEEE, Brr2=aBiNr2=r1, )5,
o W THRIEN 1l == r2 BN true, WHRFEMD L3, Rk
o ¥ 4:b =2 BB FIHIH

Before compiler transformation After compiler transformation

Initially, a = 0, b = 1 Initially, a = 0, b = 1

Tiead: 1 | Thread 2 Thread 1 | Thread 2

Lo rl.omias 5: r3 = b; 4: b = 2; 5: r3 = b;

2: 12 =a; 6: a=r3; 1: rl = a; 6: a = r3;

3: if (r1 == r2) 2: r2 = ri;

4: b=2 3: if (true) ;

[srl == r2 == r3 == 2 possible? rl == r2 == r3 == 2 is sequentially
consistent

B 8: HERZ RIERIEHISER

Initially, x = y = 0

Thread 1 |Thread 2

1: rl1 = x; 4: r3 =1y;
2: r2=1r1| 1;|5: x = r3;
3 y = r2;

Is r1 == r2 == r3 == 1 possible?

& 9: AR (Global Analysis)

I A TH IR 2 RIEAREE, 4 b = 2 PHIRER e kA B IRER a B2
AR B ERERE — IR — PRI ZE R IXFE,  fal LA S RS DALl AE T B0V I DR A . A
B, B a 5EAN b Z A AR BIR KR, B HIAR B 124 WY vl e Won A e —
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MRARK R, FE, LRENIE R Z2REE (out-of-thin-air safety) < {RiE4n

Rl =2, LR LA b PATHEE, RIEHA 3 == 1.

K9 @R T H—M+, XENIZFmIESRPAT 2R 28T (global analysis) , ¥H
BEEZ FTHIMANHEERR, Bffirl==r2==r3==1, & 1 H5LFEAELI X
2 L BNy, 2RI, duias vl LA ESZ6FE 704 Cinterthread analysis) K i
x Ay RIEAL AT RE R 0 Al LANE 13X, Jmiedsiiaerfie r2 ki 2 LiXFE, # 15
ANy A ZE L x (ggm,  H SR AT AR ATIAT -

6.3.3 SR RRRZKERE

Java WAFRATRDR — MR g AT SRR — MR, AR a e i dT i 2
BRI IR EVAAT . Bl D g 3 — AR ARSI, X
SEZhAE SR i 1 3RATIR0IE AR L SR RS R 7 AT AN T DR EA . E
H N RS B ER S W R RESUIUT — B PAT I AEPAT R N S
SRINT, O T RWIBERAEREE BRI B T e AR S i0E, JATTfevr— i
ARy da RSN Ee (ot

AR, ALEFERT LIRSS, AR, B0, QiR 6 HRERIEL —fEIL
W GRS, ERIERE RIS ARIE, Raa IR AdR. @
it WERIAVREERA SR R AR ARG F N, e vz IR AT 2

2o B 6, PINSEIEARA AT LUGERTSAT, DN, BRARE IR ERAEE 2AE 5 1
Mgk, SN SEEMAGE L. H—J7iH, K8, NELEHLIESH
K&, X b S HIEH S KA.
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7 Java WAL B IEHLTE

R HE 1 Java WAFR Y IE S (AEHE final B, final FBUSAES 9 9

#h .

7.1 MEEBATIEFE (Actions and Executions)

AME a &ilid ud<t, k, v, u>SkHiR Y, Hrr

t- PATIZEERI LR

k- BIfERIZEAL: volatile read, volatile write, (E volatile) read, (JE volatile)
5, lock, unlock, ¥FEkEIFEENE, AMEREN1ELL R L8208 (thread divergence)
Z{E. volatile read, volatile write, lock Fil unlock #B& [FI2BaI1E, HFEENFE 01
AIEWEE— R, LR B A B S — A ER G — 1 anfE,  PASIRIIE
ML AL IERBIE, Ws 5 R AR

v - SR KBRS B R A

u- MR A FRIRTT

PATIERE B T oA tig

po 80 sw  hb
<P,A, =, 2 WV, =, B>

¥

P- —/ P



A- —HEHE

=- RPN, REEAEEE R RFIYE A Tl t AT T E E B ey
Ko

L FBI. R ARTERSEIE AR,

W- — A5 (write-seen) eR3, X T A RN ELERIE r, W(r)Z&RoRs E X r
A LA S A

V- —/MEB N (value-written) pREL X A RN SEE W, VWERE R w

EPNiuLI-
* - synchronizes-with, [FI2EaI1E L HIF5< R
" - happens-before, ZN{E L HImIT R AR

TER, synchronizes-with £ happens-before & H AT I FE A 9 e e 3 40 BA B2 B A4 FE)
PHAT T P00 D) P — T o 1T

AR TR A U, B 240 0L 7.5 4. SI NI BIMER A T EREA
HAEXME— NS BT A B LR T IEANHT .

ARERBHAE - AN ENE & — DN REEPAT IS RSN M Z A5 BB, Hrl e — A2
FHAT LRSS 5 R AN EE T H B & — NN 7, BE, PdTi%
SIERFERENS B I AMNBAIERI S5 R . X ] Re e R T iZahfE R h e R Ib s 2,

DYSazzil (Bed GREEREEIER
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SMEREIEIZE Cn, WSS BN BT AR SN EIE T AL &R o)
SRz A R e s, & PhEd e SR B SORTIEN . AFAR
IR AR EN AT IR e

AL IERPATIERESF, FHAZIAE RINENEE eSS N AEELIbPITIE
FELL A AT W B ESAE 7.5 TR

£FEHL (thread divergence) ZhfE - LD HEhE R SBOXHELREHAT, 1%L
FEACAE— D TERRIEA T, 30 BEAH WA R BSMREERIAT . R AR
PAT AR N E, FEFP Y b, RS R e AR i E o R
Feo.

72 X

1.synchronizes-with B X . 5 5 355 X 1 synchronizes-with i1 %%,

synchronizes-with i1 2% F#2 S ARAE release, & 55 FR N acquire.

2.happens-before fJ5E X . happens-before i 28T synchronizes-with F1FE
JF P 3K P N I P A% 326 P25 R . AR 26 5 1 oA TGRS

3. A MIEEIAS (suffcient synchronization edges) IR X o 53— 40 [H
B INGIEIENE— e NE, R s N R IR R 7 I 3 4 L 1) A
12 A B, 50 P AR E AT R A2 I BT happens-before 1%k, X —41[7])
WG E 77 1T IXFE R G 2 R ME— ) .



AR ERBRIBRE] ( Restrictions of partial orders and functions) . A1
H I R fBE SCERIREIN d s HmE: SrEm xed, A f(x)
= IO B FTA R xed, f|x)=2ARE X R, FAVEH S| ZR
d T ERMRIT SR SRS XA x,yEd, M HAY x|y A
xX5yo W xed 8 yed, WAIEE x| Yo

7.3 BHIE C Well-Formed) #ATIE

AR FE BARPITERE . P8I0 true I, SATEREE=<P, A, =, =, W,
V, =, E>hiie R

1A ER x FIEEREER—IN x 5. FrE Xt volatile TR K5 H# £
volatile BfE. XI T i HIiLEElE re A, 5 Wr)e A H Wr)v=r.v.
2 HAY Y v 2 volatile B2, 28 & vov 4 4E volatile (9, H{HAN Y w &

volatile 548 & w.v 4 & volatile 17,

2. FB M SEFIRF AR ERFRE—BUN . RIS 18 T & — 20 =
k% happens-before JIfifF GEid synchronizes-with i1 5 1% 5 5 (4% i3
AR &M akmmTy SR BRI AR LU SO FRE . [F
G 5 H e — BRI B AN ETE L, lock A1 unlock B2 IEM H &
iR

3.LEBEIBITHTLEN (intra-thread) —BiE. X THALREL £ Ah
PATIBIAE 5 i R 5 DURE PP P A2 e B R e —FE i, TR B A
B VW S8IE w, FMEERIE v si2FRIREIRE VW) F4



LEREPTE BIRIE AR R R E o RE P A 0 20 S I Y ARl P Ze A 1
S B ER 2 PAT RE 7 I .

4. LREKZB T EBIRFE—8:. T a8 volatile i2#:4F re A. A
ETYEW(T)e 1A, DHAEERL wy =rv H Wr)2wir s

BAE w,

5. 2R FEHIIZ 1T ST happens-before —BU#. *F T FTA MiLEAE re A. A
E Y2 Wi(r). A, DARGETE woy = vy H Wr)2Swihr 15

BE wo

7.4 $ATEFEME R (Causality) ER

ENERIER . WA A P rE RIZIEARRESR S, M azPaTdiemti e 1 Java W
AR R ESR . N2 RS C TR, JATIT— RIINPE, N AhE
HENE, RE e —4 CRAZNEMEE CRI[—IHHCRZIEE G o N
TIEIXREEN, TN G, FNFEEY—ME G RPITIER £, feH

RS

G, 2 HACS B2 AR, SATERE At 1 Java PAFARE T DA SR 2
K

« —HaE C,C,.. [117

_CO:®



- Ci c Ci+1
- A= U(C,GC,G,..)
% EHM(C,,C,C.,..) 0 2 FALIR

ol G, C,,.. . FIRERA FTH, LL C,= A4EH. 2R, WR A 2T,
WK, A C,C,.. TR AT IR, HizTE55 P oI 7o B4
WAEET A

o RAMIPATIERE Er,... 8 Ei= <Pi, Ay, 22, 2% W, V;, 2, M,

Y EIRESEIELE C,,. A RBATIEFE E,,..., C HHEBANIMELTZ E FRIEEZ
—. C,HHIFTE IELIIL= E F E A A B A< happens-before i LA K [F] 25
. 1ExH,

1.C.c A,
2."C= "|C,
3.2C= #|C,

G SHIES NIELE E A Erh b AURAMFER . Co, PSR E TR 2 E
2 EAE MRS ERESARE (EAZ G- CPmEEgie) , ks,

4.Vic,= "V,

SW| Ci-z = Wci-z
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£ E FEAE G, F A B R R BIEIZ SR BTN S . G- Gy )
TN ELERAE v BAEE R EM T C, BHE, EESIN E RS
5 EHARE. £,

65@?@5—13@%7%1/!5 re A -C., ﬁ‘ Wi(r) My
TXTHE—ERIEre G-C,, H W) € C, HWr) € C,

o E, —#H 787 synchronizes-with 1125, 41RFA release-acquire X happens-
before C,- C., HII—A3NE, A4, 1% release-acquire X LA AUHILERTA 1 E, H,

XH j > 1. 1Rz,

8.4 2w AL T M AE ™ AL FNZ) (transitive reduction) F i %k, IRATER
R E, 784 synchronizes-with 1%k, W x™% y™z H z € C- C.
» B2 TAR > 18 x™ Yy,

WREE y BERSS, BT v TR A RSMBENE AL T .
9.mMR y € C, x R—AMHNEE, H x™y, W4 xe€ Co
7.5 AIMEKATAEALLIERPITIER

X FAER A BRI 18] 9SS RESAT 45 R INARE 7, ARGV S VR siT il A, AT
G X T AREEA RIS RN & LR, AR 2 H I .



R AT R AT I I AL PR ] RESAT AN BNV E ROAT IR B G oKk e XL, B
an, AR M — BT EI“Hello”, W BLHI—ZHAT Juskiiiid, XAATAHRT
AR , BE T ATHI“Hello” i IRAIAT .

geab, HARRMEB N —FT RN, HE—MEF A UIRE 2P LLAE B — A0
A EI AN B E “executionTermination”, X ANBIVETE AT A LeFE 26 1E [P B R A

FATEE LT — ARk hang Z01E . AnRFEAMT Nl —H S T —A4> hang Zh17ER]
SMERIVEREIR, XKW, #£ (3E hang) SMERENTEZ G EEMT RBONEER] T, X
AR FEBA PAT RN IMR A ERRZ L, T DLgAT TR E . T 55 %
2= FEREFHEEE (hang) -

o WERFTA RZ LRI LA HR R PH 2, H B2 DRI PHZER LA, 8L

o WRAZRE AL A AT AR SN ER SR IR R BLAAT TEBR KB o

—AMNERAR AT AR 215 00 N kB 2E, Wil RI AN, BT — MR T S
PERISNER BN (e dE) o WRFEDNLRRLL T XFEHPIRA, Thread.getState H4i%
5] BLOCKED B WAITING. — AT Al e o SR — HIHZE, A5 Zdirid iz
/BN, XFMEILT, BB IELRFE A BN L2 R AR Y, 35k
SRR HIHIEMZNE CRFESEEERSIE) AIERFaEEH R, EAEEZ
LR AE XA B 2 BB

ONHERT RTI4TN, BATHRES W DR s ESE. R O =2 Erh—nlil
KMEfEsE, M4, BIME AGE 7 EREENEE, O BmediE AR—1N15%,
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He A E A REERME. mH, Rkt ye 0, BA xBy s x= vy,

2o x € O,

TR, —AAWERSEEARR T REEIMEEE. 2, UEET RS
PRSI SMB B E A A v e n R SR AR o

4 AL AAT Y B SMEME A IR A EL R FAIRIEZ 1, Bt
P sl ST

o PHRAE-NPUTER T, Bk EHRAADITRERSIES O,
H B2 O FTHISMNTIEE (WR T it — LR B ZRE T 4,
HOWE T ERifashtE, Ba BralgetBt s 7 —4 hang ZhfE) , 5L
&

o FFIE—NHNERE O, 115

- B 1 hang Zh{EIN O H T BN ENEAL AL, H.

- MTHAAR K0, PAAE—MPITER EM —HIE O, i1
O O #2 AWTE, Hilen WaRshlEE M
Oc0cA
O - O WA & MR EN

ERE, T8 BIFAMIE B ANEEER R BN, B2, ShERahfE R L
FAAATIERE B AR CBRaEUR B R AT BE 2 I IR 2T



8 LMARHHI 51T H

AN, BTV, ABATRAT N EGE Java AAFRR AL SRVRI, B AE IR,
KO TEARER T RRMEPEEE, BARGEKREH FRRME, HE2HT
FFE bR e 0 9 P AR D0ALIE Y, T SEBR_E S SRV

& 10 B s 7 AR R AR e TER, PRI x Ay BN T BGA
. FAIHERIIREE R rl == 2 == 1, WRFMIFESEHTF 7 LIE 1 PRiEs),
2 HEAS 2 RIS R

Initially, x = y = 0
Thread 1 | Thread 2
rl = x; r2 = y;
y = 1; X = 12;
rl==r2==1241%N

B 10: FFEERNEHF

Final | First First Sees
Action | Value | Committed In | Final Value In
x=0 |0 Cy E,
y=0 |0 & E
y =1 1 &) F
r2 = Y 1 (_'2 F_;
X =x2 1 (,';; E.‘,;
ri=x|1 Cy E

B 11. 10 MIRRRER
e C, AT E, EAFAERITER £,.

R, BRI 6, PUTIERE E T e E#EEE 2 happens-before 1X 4

B SHEIE. X TUedl, £ E F A S R JUE 248 0. FATTE L
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e x My $252 TEHN O HiRfE , DLRAELARE 1 than y 58 T BN 1 HJ#RAE, XLk

SEAREAE C s

AR IIM 2 =y, CAWREEXNNE, AEEREITATHRE: WA
Xty BISHRAEAGEBIRAS . C TR & sl B, BN 6, £ E,

XFy BEEERIELAUR A 0.5, $ATEARE E, & AT £

7E E, ', happens-before —FMEAHS r2 = y BEWE R C, FAE—WR'S  CEit AL
7, UL} happens-before —EPHERIND) o« EAMEEAERRERINERLRE 1PK 1T
ANy WSEE, ZE5EAERAE C BT, BRAVE C, BT —DHSNIshE: @

T x=r2XE% 15N x

C,BE T l=x, B E, d, EOYMM 6, EFDIMIIRE 0581, 7E&)a B
TR Edr, U7 0 rl =x BRI L 5N x WS H8RIE, ZEHIERE C B

AZH o
B 11 RIS R 1 4 B E I SE A A
8.1 NFEREIARFHIERITHN

K 12 R T — AN BT BBl ==2 H r2 == 125017 h, RER
KEGEHXREAREN . EARBERTRASN ENEREP B EST: %
I DLIRALHAS 1l == 180 r2 == 20810, r1==2 H r2 ==1 RACHEFZEM TF

(), ALFRESSERTHAT B1RE, HERIENIERFIRT b5 T35 B E A 5



BRI L. ATy, BT, HANRE Java WAFRE BT SRVFH. N T AE NAFAS

RN R IXFE SR, Wi Ze i I SR IEIRAS, RIS #RAT

Initiallv, x = 0
Thread 1 |Thread 2
rl = x; r2 = x;
x =1; x = 2;

rl==2HMr2==1E4%1

& 12: BARIEHF

Initially, a = 0, b = 1
Thread 1 | Thread 2
1: rl = a; 5: 3 ='b;
2: 12 = a; 6: a = 1r3;
3: if (r1 == r2)
4: b= 2;

%Eﬁil’l ==r2==r3==214

B 13: HERIURIEILER

41 6.3.2 HHTRHERY, B 13 R B g R AR LA IR BLAT 2 e VPR N T AEN
AR N IS IXFERIAE R, RSB E T

G, BOANELLL b ==2 5

C, H, r3 ==b [FiEE

G, a==r3M5#HE, SEATHE?2

C, ™, PAEE a MHRAE
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Initially, a = b = 0

Thread 1 Thread 2
rl = a; r2 = b;
if (r1 == 1) [ if (2 == 1)
b=1; a=1;
else
a=1,;

rl==r2==128%M

B 14: FHRAETRATHAT

B 14 2 AR5 IXFATNEERAKATRE, ROVERE 2 FESE b Z |l
TR E ERPATIR R E R B, 2 FEN 1 XADGIROCRII S #AF a = 1 21E

BARMF 11 = a Z BT Y.

RXFPAT S g B A A I B R NPT R AT B a = 1 S EHY. Wik, X
AENVER AT LR ATIAT,  RIAESR A F AN RE XSS 0 % A A2 RS 70 SR A) 5
). XHERLE LT 1 EFR T L, b AT T HEE, RELRE2ES b ==
1, EREX a MERIECENZRAEEFORIMTT 1. WAARERIEE 5B a i)
FEAERAT 7 AT IEETHERRX SR .

B 15 W fF 6.3.2 iRt N THUAS rl ==r2 == 3 == 1L XFEMLER, HowmirEds
B LA HT, BE 1 x My FE R ATHE R 0 8 LAR S Bt IR AT HAT XS y 5 #
T AR SIE Z AT AR A5 NS AR 10 AT E RS 2. BOAAE
SRR AT x fER 0382 1, y MEi RAZ—FE, Frll, SRVFAES x ZAT#EL

XA EAR.
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Initially, x == y == 0

Thread 1 | Thread 2

1: r1l ='x; 4: r3 =y;
2¢ r2=12r1| 1;|15: x=7r3;
3: y=1r2;

rl==r2==r3==1R&Z%EN

B 15: ey il MFA i TN SifE & — e R A&

A 16 RIS, A s o] LE IS x I{E A A2 0 B 42. 12, iz iF
e LAEWT, AT rl = x R b, BEANISATER 42 5N x HIEAE, ZAWE
W1 x HESMEDY 42 AR —FPiEoL, SRR x B 2IME 42 A2 SR M. BEJE R0 rl =
x BN 1 = 42; XK RVFy = L oy y = 42, PR RATHAT, BT S0 JA11E
FEVTRHIIXMAT N XMIEIL T, Xy B SRS

Initially, x == y == z == 0
Thread 1 Thread 2
r3 = x; r2 =y,
if (xr3 == 0) | x = r2;

x = 42;
rl = x;
y = rl;

rl==r2==r3==42 2&%M

& 16: —EIRHIHERT

8.2 WA IERAT A

K 17 F 18 ) R E 7 R, RAE—ANEEXG . K7, AR
2T SRS, 42 AGE A S E B x B 17 f1 18 MK, 42 HEFR
o B3] x, BMEFLIE ABEEN 42, &8 1 2 BRME 42 247E1nE?
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ERL XA EEDCIET, R 17, 208 18 2 TP S BT 1L
BAPREAER, K18, SRS T IR AR DV, Java WAFRRE AR
AT E R AN W R IR BALX 7

X MBI A, aniR 42 AR AR 4 BHIEAN T R 5I H, BEAEL
FREAIKEED z WEN LE, DHELRE 1M 253 42, Ba, LFE 1AL 2
Al DL R iE Y T 1% 5

Initially, x == y == z == 0
Thread 1 | Thread 2 | Thread 3 | Thread 4
rl = x; r2 =y; z = 42; r0 = z;
y=rl; |x=r12; x = r0;

r0==0, rl ==1r2 == 42 2&EHNG?

B 17: MRKFEABEBAN 42, LR 1 M2 eFER 42 157

Initially, x == y == z == 0
Thread 1 | Thread 2 | Thread 3 | Thread 4
rl = x; r2 = y; z=1; r0 = z;
if (r1 !'= 0) | if (x2 '= 0) if (xr0 == 1)
y =ri; X = 12; x = 42;

rM0==0, rl==r2==42 %%&E’Jl@?

B 18: WREEABAEEANx, &L 2REFEF 42157

BEIRFCVFIX AT A P S B 2 R A B, (H LS AF R ATfe w4, fal 5 LA
FAFFRERE G, Java AP IR 1L 17 A1 18 HH AT N
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9 final FBHIIE X

3.2 AT XY final BN ZE N . EFENTERAAIGH IR EAH . XA
SCEE FCVFgn 128 A A2 B UK S8 7 B EAT Bt oAk, 3 m] DLRORORAEAEAN 75 22 [F) 20 1)
AN A R SRR 2 4

9.1 final 7~ BtiE XK Hin 5 &K

final 7 BOE SGRET LA AT JE K H AR

o final FEIMEA SN . FiEds AROZENIRTG T 481, S —4
volatile ZZE I 7 — AN REITTE, TEBINE A final 7B, %L
F, gmEESS T LUBZRFE t okt R Xfinal =B f e EEE Al 218 ERAE 2N
MR XIS HZ G ZERE KT A T3 ZE R N #OB AN B

o G, AXEE final T B H AR @R A X A LRE w] W, = AR
ANEAR(, RIS SON G 51 A R 18] A% 3 I A7 AE K 5 H

- FERJEEISR X PRSI -IAE A R EIFANE TR A EOR. filln, [R5 T
AR DR FA LR RERENS A8 X F IRl N3 X 5 1. B0, £ X
WA, X B G PTRESAFRE S — X8R Y s WERAE X M8 58 T,
Y HI5I FIAR AR mT 0L, B4, final "B I ERUETS R BRAL o

o B f BN final, FESZHL f IR 258 F e/ B Gt 1 R MG AR

o ZAESCRAEFFEWMR IS, FEXMEIL T, —XTRE final 7
B Rz A e a2
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final 7 B8 SN € WELE 5 #:4F happens-before — M ERA/EHRAL T #b 78 A1 &5 1 50
Mo XFF— final 2B 7B, W EEEGZ FB L2 AR 1 Z 7 B e, 1Y

HH X LRI U 5 B IE A o T3 final 2B, X SERMIAN 78 1 H AR .

AR — X RN, RIS 5 HABZREILE T, ALK R final
T B RHER I ORI AR 2 R0 IX G Fe B AR o 73 AR 2 2% 7 B i R AR (E K 3
o

9.1.1 final B2 J5 B kZR

FEAT LRI (A PAIE) , RGURE BN RANE 58 2 S B o G final 5B
fH. final 7 BRI DO S ATHAR R T S B 7 JORB B XA G DUME— A E &
HAE s, AR, A5 H final FEAE TR . EZ R final B
FITA RSB, 20 RANLZA AR ZFE R ML, H. final 7 BLth AN Bz 415
. EBLE final G ARETRIN, LALGE B sl AL — B 258 final 7B

final 7 BUSL R4S 1 .

B tntl, 2o — S IF R . AR final 7 BOE 5 BOS IR AT LR — A
G I I &R, W% final BB ECRE AT I, PUOER % final B3t 7 4L S

PRI B T g N

s final 7 BUXBEAERAIAG I IR EL, A BEIE BHME

SR, % SUR BB A final FEESOEALE . FE— RN,
SOV final B A A 2t i B 08 final SR 17 v VA PR
R
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Bltn, #ER 19 FEAARR B 5 dO, gmiFdsal Pl B B x i S
g0 BT EHE Y . IXKE, AQfORTRESIR[A]-1,0 BY 1.

class A {
final int x;
AQ
x = 1;
}
int £O {
return d(this, this);

J
int d(A al, A a2) {

int 1 = al.x;
g(al);

int j = a2.x;
return j -— 1i;

}
static void g(A a) |

// uses reflection to change a.x to 2

}

& 19: B final FBREERF S5 RIBHK final FBHIHT

AT BEGIX R, AL R R RO, AE final FR 2R LT

(final field safe context) AT —HAD . WIRIT G RLE final 7B %4 B R CH A
FMY, final FBUEHCK A2 5 % A1 final FBE 4 BRI final 3 Befs il
ITEAT . B, cone 7728 ObjectinputStream.readObject J5 15 Tl A4 A B/
final Bt 224 BT SCHRPAT. XERE, X Tl X f o7 G g 58 B R
final 7By, W SO RABE, ARIRA EHIILRIIE

final ‘7Bz 4 B SGEA HARRIVE R . WER—ANEAEE 2 1 5 AR I A A X
R (RVFZZAEE 2 final FBIMEGMED » A, ££ final FBrg 4 R



B, ERPUZS R ARSI G, ABEEEERE G E: EARIERR
AT R 5 SRR s R E 2 final 7 BUERHIE.

@E i final B4 BF SCH)— M5 2 AE executor BRI, 8IS 7E B
[ final 7Bt e 4 1R SCE AT HAS Runnable, executor 7] PARIE 434 Runnable
RIERVT M FEAXT SR o B, A4 3 E0% executor A3 H At Runnable 22 final &~
BARIE

SEHLF, —MCRUE, gRPEER A ROZERT final BV I NEURE Y final B4
BN AHAT AR R B ST R A B B, HESS R TEZ B R SCR A1
i

9.2 final B IERIE X

final S B IEFGE X TF . X R o KIMiE A 5 final B f HIHRAE, 78
WG S, AMERAFIERIEFIRE, YR ol f LES ARG INE,

SR A ARFRRALS] (A RFFID AT LATEXS S 8 254047 56 UG B EX final
B . javalang.reflect 1 Field 25 HL i) setX(.)J7E AT LLSEHLIX PSR . SRR 2 EL
A2 final 19, BRIEMEZFEB LRINIAT T setAccessible(true) H.i% 7B JEFH A1,
75 M4 TlegalAccessException. 1S3 X AU ML B 1S 2 T H:4 final B,

TEABBUE 12 BMAZAL I R AR S5 A



9.2.1 final ZB&E& LT

FA S AT BE e PR it —Fh 7 FORAE final - BUe 4 b SCRPAT —HRS . filtn,
fR3E —ANIHALE final FBUE A BN SCREAAT . final 7Bl 42 B SCRIME A ]
T AT IR R, AR N TR S H0R 2 final 7B 4 B XS4

final 7B %24 bR SCRPAT RIIRLL SR J5 T & 1482 P I KR — AN i 45
it final FE 24 B R 8 R shiE.

9.2.2 5 PRI A 51 BEAT PN A B0 250 2 L T BLAIR AR, 1 ANVE final ¥
Bz f B SCRPATRISIE R B R A MO ZRE T . 2T AW E ) happens-
before it /772 75 A M T PR EE LR final 7B GEE 2B H3R4E, 140 9.2.2 i

W), final B2 4 bR U RAAE — DML ZAE  (As far as determining

whether normal happens-before orderings are used in determining which writes can be
seen by a read of a final field, as described in Section 9.2.2, a final field safe context is

always considered to be a separate thread) -

A MBS, final FBUZ 4 BN AR 1 9.2.1 - 9.2.2 1 R KR TE
o B, final ‘7 Bezc 4 BN SCREIENES final 7 Brac 4 B SCOMI S E 4%
REFF I R Ao ISR BN R S S A — DALY final 7 BU#c 4 ERSCHE K
G

0.2.2 B# M/ *FEIRFLIE (Replacement and/or Supplemental Ordering Constraints)

YT RANPATISRE, GWNADEMAIR T R R 22 2SR E AT A, Mol Bk
(%) FINAEEE (™), MBS ERAT IS RE R — 305 X B P o8 R L2 2 R
FIZR AR EME—fR) -



- ##5 H% (Dereference Chain) RN FNE a LA t (AFQIEXT S o
HFe) DT EREGR o HRITCRIEES #E, H o Kbl aEN
SHALHRA B a i final TEZE BT A, DAL t FHIR
ANEARAIE r, BEFE R o MMkl (E1F ra.

« WS (Memory Chain) WEEEIRE BB JLNZIH

b) WIS ¢ A a SR ra MOLIOENIE, B4, WA r™a.

VU w AR t (AREIERN R o IWEZRE) BXTR o W#R{E, H o Ayl
BAENSHLERAEE a i) final 7B & BRI A, DAL
FE AR v, BEE R o RUMBAE, 1S r™w.

d) AR BEHRAE r SR AE final 7 Br 4 B 3C (BUERINZE a 452,

A final “FBAMINAIE SC, FATEH — A F I 2R SR e A~ S 2 8 A4
FEVRZ T, F A S RS R R R 3

AT 1 happens-before 7146, B 2= B AF & 5L final S26 FB UL XS R A
TEAN R ) 2R A B 5 B 4 8 ok — i an S 5t AR R AL R A B3 55

BeAt, FATFIHK A final L85 BUH BRI . 4% —DNEREw, — D RE#E
fEf, —AahfEa (XS final FEBEERAE) , — Xl £ ERE5H final 5B

BAE 1L DAL — AR r2, 75 wiifa™ r1®%r2, A, 96 E WANME T LA r2



BRI, AT whr2 (BRI p A S AL 2P E AR AR R) « R
CT B, Hrl Rjes 2 —k. 1ER, A r2 3r02 final 23E final 7

B, XEEZRHAA R

FRATTRL S MR Ty s FH A L i R A o WS S RE S A B B an SR A r HEEE
¥/E w BT (aread r can see a write w if r is ordered before w and there is no

intervening write w' ordered after w but before r) , H A& HfiE—A> wHEE w 5
HEALE rBTHE, A4, rEtal LA B SH4E w.

9.2.3 &% final FB

FHIUEAFIN 21 RAT B 2R R AE R S B 2 5% RS S WA AT [F)20,
X ME——AbBENERAS final FEURAEAIH T . dntb—3k, #4 final FBE IMM

AN T R R

s final B R BeAE € LB R IVIG 2 B4, java.lang.System.in,
java.lang.System.out UL & java.lang.System.err &4, A T0] BL435)

{E java.lang.System.setln, java.lang.System.setOut LA/ java.lang.System.setErr 7772

9.3 T final B IVM

A IVM BTG T RAB L final = BURRINAME JLS € SCROABFETB I, A Le4%
PRI AL o VM RNE A ) 3252 AR S0 F A R v s M e USE 33230 ILS i

TP



putfield $5-1EHH—> final 7 Bt AU AE B final 7 B BIZR B <init>J572

o S, K llegalAccessError.

putstatic 1§ 7EEHT— A final BN 26 AU AE 75 BZF# A final =B I3

<clinit>777%H . EM, ¥PiH llegalAccessError.

10 BAIPRAAB S final FBREITH

N TSNS final 7B BLERAT 2 5 REVS RIEE 2% 7 BUIAIRTE, Wl Z0R
iy AR MO, BRI ™, M T BN AR 453 1 2
X% BUREARAE rl 218, 2™ rl FIK R

] 20 2o R T R G 0 ARAEZRRE 1 TR AN, A ZRE 2 F 3 K.
ZAE 2 TS raf BOEARAE RORR S A A BE BE S 2 202 2 AT — X o BYSI YL
BiF. Ay deRE p MEELE, RAMEHHERE SRR, WARM 17X
BE, XFrdf MEERAIERA 2 5A RN BRIF Bt . Kk, ABEORIE 5 B
& 2| final 5 BOEHH 2 HIMA

f &2 final #B, BRAE A0

Thread 1 Thread 2 Thread 3
rl.f = 42; r2 = p; ré = q;
p =rl; r3 =r2.1f; r7 = r6.1;
freeze ri.f; | r4 = q;
q = ri; if (r2 == r4)

r5 = r4.1f;

BAMEBE r2, 14, 16 BAF null 1. r3 Fr5 AT LN 0 B 42, 7 4K 42.

K 20: 5| FHSEBmRE final ZBonH
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Thread 1 Thread 2 Thread 3

r1 = new

ri.f=42

freeze r1.f

& 21: B 20 BASITIRER AT

15 IRIGA T IXFFE A ORUE SR M 1 G 19 2% (1) EriR e i o G192 ] DL MR BAAS, 28
Ja KRB r2.8 A rdf BRI A final B BN final BB, JniFkas il At

G2 2 TP S = rdf B r5 = 13,

TEH, X2 IR 5 IR (r2 = p)“(r5 = ra. Rk, HAZEE (14 = g)“(r5
=r4.f). — B, FAFTIRBET (4 = q) 05 = ra R EEMN. i, A
T ORIIE final 7 BCEe R ReWE B B EMIROE, AW IRITA AT BERIME S AT A 77 8%
F LR o
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AMELRE 2, LR 3 ™, A AT RERIRT r6.f FTELERIF A BERR & 2082 1 hXd g 1Y
FiE. B, R SRR ERRP R, BUREORIETS B IR A AOE .

— M s, WHRLFE t, Pt final B x FIERERAE R BT N A7 EE LA happens-
before 5275 ¢, T HIRGBRAE F IEWIHEFE 1, B4, B fRiE iz iEseE 278
REEHRAE F AT ER x KME. mH, RN RREETERE 2 WEN, X
HITRMERME, R x HmE—A 5 IR ST, wRe fREX LS 2 R A4
FEASEE w25, fifg wh

22 A1 23 iR T final FBARBEHALEVERIE. X TIXAET, ZefE 2 i
ol FHEE, UL VRERIEIE a i8R p M— DA IEF KA. | final 7

B a AUEREERG Frld, 2R AMUEERIEER 2 a IEFRIE, BEEIRIEE 214
HNEIEFRIE .

a is a final field of a class A
Thread 1 Thread 2
rl = new A; r3 = p;
r2 = new int([1]; | r4 = r3.a;
ri.a = r2; r5 = r4[0]
r2[0] = 42
freeze ril.a;
p=1ri;

st As 2 BEH p B E T LAE L SARIE, B4, 2% 2 $RH r3.a Ll rd[0]BLRE PRAIER BIZAE 1 P 05 #A4F

B 22: final FB AL RIE
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Thread 1 Thread 2

ri=newA 3=p
b
\ 4
r2 = new -
in1[1] r4d=r3.a
i b
Y
ra=r2 r5 = r4{0]
/'_
a
r2[0] = 42
a
freeze r1.f
p=ri

Bl 23: B 22 HEAMUTISER NS

& 24 A 25 J&os T — AT IANBIRRE. B, i A final FBIIRT R
SIRAEZ final FBORSE ZHHAFR] 1 GEIE r2x = r1) HE B BIDYBE r2 51 A9
BAE p = 2 ZHIANATIE, XRAEREREZ G, B, 206 R IR RAGT,

H final FZBURIEKIRE H
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f is a final field; x is non-final

Thread 1 Thread 2 Thread 3
rl = new ; r3 = p; r5 = q;

r2 = nev ; r4 = r3.x; | r6 = rb.1;
r2.x = ri; q = r4;

ri.f = 42;

freeze ri1.f;

p = r2;

R sets 2 BRIZAE L SARIME, H&R 3 B q BBE BIZRE 2 IS HAE, A4, ATCURIE r6 REF ) 42.

& 24: H—A final ZBRH

r1 =new rB=p 5=q
b
! b
a Y
re= 4 =r3.
new rd =r3.x 6 = 15.f
c
rex=rl q=r4
e —
r.f=42
a
freeze r1.f
p=r2

Bl 25: A 24 HEAMPITIS M N

R T IE o T NAFBERIU M . RAIEZARE 3 B 2 f IERAIIRE M N AF3E 5 T
TERE 2.k, XA BMRIE— DX RAGA T AN, AERIADLIEE H 1%t
15 H .
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11 F45%(Word Tearing)

SCHL Java RESNLTR 25 S8 M —F G 2, B8 AR B e Z (Rl AT,
BT BEOT R AR AT E FBEOT R IS . JUHE, R
FEAE 7T BT byte BAMBHITCRIN, ARELAEN S TP, HAFEF D KR
Ay — B

AEeAbHgs CUH 2R IR Alphas 4bPRES) WA LS A FATHIDIRE . 7EIXFE
HIAC PR ES L 50RT byte e, 7 R M s U, BFN R, R )54
BANFHERINAE, BRAGIER . XA U IR -7 % (word
tearing)”, EHIMEH A FATEHELRAL IS L, T EIRILETAT . K 26
JE7R 1 — A o0 R U 81

public class WordTearing extends Thread {

static final int LENGTH = 8;

static final int ITERS = 1000000;

static byte[] counts = new byte[LENGTH];

static Thread[] threads = new Thread[LENGTH];

final int id;

WordTearing(int i) {
id = 1i;

}

public void run() {
byte v = 0;
for (int i = 0; i < ITERS; i++) {

byte v2 = counts[id];

it (v 1= v2) |
System. err. println ("Word-Tearing found: ~ + “counts[” + id

+ 77 = 7 + v2 + 7, should be 7 + wv);

return;

1

v

counts[id] = v;
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public static void main(String[] args) {
for (int i = 0; i < LENGTH; ++i)

(threads[i] = new WordTearing(i)).start();

& 26: 5 HNEIEEEMAS ST

12 double f long KIFE R A3

L Java™ S A] BE & LK 5T 64 47 long BY double {8 )5 #AE 73 BGHE AH AR Y 32
MAESHERAEE T E . N TR, XMAT SR DLEATHRE R . Java™ JEHU
PURTBLE bk € A2 R 51 B long #1 double {8 S #AEIE J& — 73y — HI%)

/=
~Fo

YT ARNIERALR H K, F-ATEE volatile long B double 1 f) 84 0 & AR ARAE Y
R ITHIGEAE: BEIK 32 . RATRES FE MBI, EANLBESERHERE #
YEr 64 LA 32 A, LA 5S4 —IRE#AEN G 32 £, 525 volatile [#) long Al

double S5 T . 55 HEERIETH, AT H SRR Z 32 frik

& 64 fi7,

FA Tl VM R SEBE R ] Bt S ks 64 RLE I SR 00T . Sdibdm i A SR 3L
f¥) 64 {7 {E 75 B9 volaitle Y BICRE HAR > IE A [ 20 LAk G v] BE (Y I 4 1] L

13 AP

ILS MVEATRIESE H M 2 LR, MBI A TPERIE: BOA B fRIE DR ZRE
il CPU ftHAML AR ML . SR Z IXRE I DR UEHT 702 R 9 Ix ¥ £k A A e 4
SCIEefE (SEIT Java RESIALIETE) Ridid TR 2%. KERI)> Java BRI 2 D #8



PR A PYEORIIE, (HARTT AR S SKBUHRI, X R T ARSS i R T I i
AT, AR B SR

XA ] O FE P s ] LA W 27, BT B = AP, CPU —HIB 742 1 B
FKANIEH CPU 4B 2AE 2 itie — M & ik iIAT . Wtk —k, FEFpkimt Az,
RN R AT N A, daidkasHs synchronized Bef% 3] while F53F 1M & 512
17, RORERANEH CPU —#%.

Thread 1 Thread 2
while (true) synchronized (o) {
synchronized (o) { done = true;
if (done) break; | }
think
}

B 27: BZ A PHEFTLRE 1 KZAiEH CPU

G V- A PG e AR S VB AN AN R A TR ). — ik, 2 s m] LAEAT BI0M
(BRI, QR g s R LR — X R ERBESL AR AR, 575
RUAE L E R R o X ARSI R D, BT it i R 7 L Re e 11l
AR I 1 AT

ORI, 2 R as AR A AL — S R PR AP PE AR H . B, 18] 28, QR3RATE 2
TERE24TEIERE, HBR T4 1A 2 WA MM RBRAAERT, A% 1 LAE
BNV IME, ITENHEMREA L. KR 7 i as k2R 1 Pt v 3 fER
EHIE AT
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Initially, v is volatile and v = false
Thread 1 | Thread 2
while (!v); v = true;
System.out.println("Thread 1 done"); | System.out.println("Thread 2 done");

& 28: MRRMBIFTHHTREE, KRE 1 UHAEFIBA v KMEFHB LFEF

WRIE 7.5 AT R B RN, A SRE BILAE 2 ITEIRVE R, A2 1 st 2
ko LR 2 FIITEIRAPTIERZNESL O, A, Xt v ISR v
A2 0 RIFLAUIAE O o Ak, FEFARPUTEIREE AL O T EISIE)
. Uk, BUEIZRET hang i) (—EIBAT, WAPITHIMOSNBEI1E) ME— Al
KHATONE, BR T hang DLANACH HA RIS S ERan1E . BAEIT ENBhAT

14 wait Z£53@2%1 (Notification)

FARR, B T IAMHREBBL A RERE wait ££. wait 222 — 4. X
FE AR, o wait FEE K. £ wait 22 R INZEFE RN wait 25 B bR 262
(PSR VAR R R T 1. wait £E{X AEd I Object.wait, Object.notify DL A
Object.notifyAll SK#1F.  ZEREHI P IBCIRZS LA Thread 38 BLANEE iRl )5 ikt 2
S E] wait ££. HAh, Thread ZEEAKIR Csleep) HMAHARZRE (oin) FHIKHI T
AN U B X S A N B A e

14.1 &£ (Wait)

— I8 wait() 545 i BR 2 %11 wait(long millisecs) #1 wait(long millisecs, int nanosecs)
e RASESIE, DL 0 NS E0H A wait(long millisecs), ELLLFT 0 S0

wait(long millisecs, int nanosecs), #&EA 1 H wait() .
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Rt REXT R m AT wait JVERIZRFE, 13 n BZRFE t £ m A AT I AN
] unlock 1] lock #AEIIREL. THIEMEZ — B KAE

« MR N A0, K lllegalMonitorStateException(Bll, ZEFE t MARAE m L4k

1T lock #:1F).

o NARGEATA A IR B S H01 wait, HZRFPSECAE 0-999999 i H A 5z

S EONTEL K legal ArgumentException.

o TNTRLRFE t Wb, KiPH InterruptedException H. t iR DR A £ 4%

falses
o N, B RAETHHEMT:

1. R t g BT 2 m ) wait £, JFZE m _E3AT n X unlock 31
k.

2. ELRFE t ) m ) wait SRR MERZ AT, ZFE t ARPATEZ IR
NIME—BEA AT RE S AR LA wait B2 REFR, JFAE 5 B A

i) Ak £EIE 1T

— fEm EHAT TSN (notify) BhME, t kM wait £

— fE m _E3AT T notifyAll ZI1E.

— fEt EPAT 7 W Cinterrupt) 301E.



— W HR R TR S E01 wait, M wait SI/ETTIEE T 220 millisecs
ZFP N nanosecs ZMFP 2 J5, WIBEIMER S t A m BT wait £+

— VM SEPUAH SR 1 A BRI 22 2 30t A m i) wait 2P ASER
IVM SEBLRTEL, AR ANSi, SAT e R e e HIEEESTEIN
wait S£HFEER, IRJREARE A IR AT, 150A MR 2k
IVM X2 Mo JERIX A LU AEAEA AT wait,  HAXAEIZZAE
SEAT IR L A A IR A

BRI E — = FEOZEAE I wait 52 R B F A4 I

Feo RANBUY JC 7 5 AR — 20, B 2R AR I 4 8
SRt DORRE R R AR a0, 52085 t 45 m Y wait 28
Hr, ARJE t BRI Ginterrupt) A m ERGEFISHVERCA A T, AE
KB BRI AR o

ISR AN — N RAER A, A tBa 2 wait 1
il 1 InterruptedException IR [F], m ) wait 52 H [ 3t — o Ath 28 2
CHRAE SR — %) wait SE i A AR HITE ) Wi A% 32 il A 4
o WAGE AR R S — DR AERFEE, A ) wait
R IR ], T T A A AL P

3. ZRFE t £ m AT n K lock BI1E .
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4. NRLAE LS 2 D AR T2 Bt 1 m 1 wait £2, B4t
[ IR A K B 1A false H. wait 775290 H

InterruptedException.

14.2 &40 (Notification)

— i F notify Al notifyAll gt = & ZETEMBNE. B4R t X R m EHATIE— B
JHERIERE, n o8 tE m EPATHIESEA $HATIEAHRL unlock sh1FE [T lock Z01FRIIKX
W 2RAETHREEZ —.

o 1 n N0, W llegalMonitorStateException. XAEZEFE t HAAE m

17 lock BHEHITEDL o

o« IR n KT 0 HiXiE 4 notify shfE, A2, & m i) wait 354, FFAH
il m [ wait e NERE u FFRSER Y wait £ CRUA RE T i3
wait IR — AN EAE) o X B wait SEF R R u 245 u A wait 1
FREIAT . HRFEER, u M wait TIKE G, lock #AEFFARESL B L

I, HFt EFENEZIST m K EFEAT 7 unlock #R1E .

o W n KT 0 HiX 22— notifyAll Z1{E, B4, B LLFE#2 M m i wait
R, SRIEMERIT. ERFEEE, M wait RE IR — KN ESE—

N ERREREDUE T Z I E L o

14.3 # W CInterruptions)



— i Thread.interrupt 7775 UL S =i A 5 i e 5 vk
ThreadGroup.interrupt, Ftos KA WraE. & t VI U.interrupt BIZEHE, XT3
—Z&FE u, t A uATRER R RE . XA IMES FE u R BRIRESHEN trues

BEAk, WRAFAER X R m, Howait EHEE T u, u Ko m i wait £
fRo XS u M wait Zi{EFFIKE, EEFBUE m MERE)E, il

InterruptedException.

Thread.isInterrupted 1 FH BE W% 1 iE LA IR BDIRAS . 5457772 Thread.interrupted 7]

DL LR R R SRIBOTE FR AL B 5 1 WIS

14.4 &fF (Waits) , A ( Notification) PAKH W CInterruption) [8]FIAHER
i

FIREITE FR G IRATHA B A 24 (Waits) , %1 ( Notification) VL& FWiAH BAE
FABHR LA B T o 0 S — > 2R R AE &5 457 (1 I i BG4 G 20 S g rp Iy, AT Rk A4 TR 41
PRSI 2 —:

o M owait FIEF R[], BB (05 2, Thread.interrupted 23R

7] true)

o T HIH InterruptedException M wait iR []

LREEVF A EEHPWOIRE, )5 M wait fIEH IR [E]o

FAlsth, WENFELA R W E S ARWH —HEAE s X R m 1) wait £E
B, RJE T AR m BT IR, ATRE S A T ARSI L —



o s AR AT wait TE BRI TE A [ 2 AR B R

i InterruptedException.

o s FHTH LLFEAR L AU H InterruptedException SKiE H wait.

EE, MR A W S8 notify SRMLEE, F i FEiEd i H
InterruptedException KM\ wait HiR [Al, FB-4 wait 52 H 15— oAt Ze B2 00 2 e )37 388

A,

15 Sleep 5 Yield

Thread.sleep 2 T S = Al IEFEIZAT RIZRAEIRHR CEHSIAT) FRERIISTA], % F] 52
BT R Guh BRI B2 25 RS B S e o IR R AT E R FTA AL, HAk
HPATER L LA B2 B 25 o

PRI 0 ZFP LI yield AR #ASZERAT n AR B HROR -

B LRI, Thread.sleep 1 Thread.yield #3% AATLAT [F20 15 o REAlE, %
PR AN TR ELALE sleep BY yield A 2 i & A2 T A M B EAERI 5 232 147,
AT EAE sleep B yield i H 2 J5 BRI AT Ao LAME. a1, T (FAE

AR RSB, (R this.done 72 —MJE volatile boolean =FE%:

while (!this. done)
Thread. sleep (1000) ;

45 % 91T AU this.done 1k, SR TERE VIR HR v I FR B R R AN 3
R A AT S T this.done [O(, FEFF AT REACGE RS 245 11



16 & Z544E (Finalization)

A TG VEA UL Java™ iE ST 12.6 T ARk, 25 A SEEREALTRAE S
FHIRIER o B B B T

7% Object 5 —> protected J7% finalize; X MI7VAT LA HABCRE S . X MReR]E
SR — X SR A T finalize B A7 IZ0T R 444548 (finalizer) o 7EXTH
(A7 2 T A 2 e RIS 2 T, Java REFUNLKS 2 8 FH 2 S 44 a8

LG T A RCTEIEP B s A7 i B B BRI & o FERSMTS L T
] Bt (BT AT SR BT A Y 8 AL AEAS BE DRAIE T G5 AT 11 B IR A [m AL

LS B ME AL IR AL AN, RRUAEE X R A <M. 1
H, BEAMEST MR ERNNR, RN &L 8. (HZ, "L
DRAIE, 1 FH 28 45 28 RO AR AE 28 45 3 ORI A R AR D R v WSR2 8. 40
RAEREBRARIRE DI T RTIRE A, FH BB, AR5 P Iz RIASS
#AE,

v

SNAZERR R, — I RIIE SRS happens-beofre finalize 77 7ARI#AT (IEZ

i

= X_E¥) happens-before)

R IR A, 2 AA SRR RE AN ISR (FE R SMP HLas A IR

B, WER—ARARERZRAA SRS AR K 1 B, SRR BT E
XFRPIAT [ finalize T3k Al RESTE R — I 2R H], BEAA L5 a7 FE A F A& RE

Hr.
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Object 25 B B finalize AMEAT A 15 .

SZPr b, Object 57 B —A finalize 7712 B fEAT S 28 S e TR FH FOEE 2RI finalize. BR
eI N A BIR F R AL AR HETE, B, SR SO T I AR SR &
i, (MEMidds, ALS[/AANPAHBRILLES, P H %08 g
Mgk e R, D

N T HEERER, VM SEILAT LB ERAREERCH B finalize J7 kB 2B 4 F X b fi
RES T HINR,

protected void finalize() throws Throwable {

super. finalize () ;

}

FATE i IVM SZEL R IXFE T G AG E S A 4525 FIHKE, SR G m s 445 4t
7, 10 16.1 A .

AL de ] MR AR 5 A e s R A

java.lang.ref SR 75551 H, Al15 B 5% WO A S8 E AR A Bsgm . T 5
Java BHRFIAAZ HIWAEE APl JVM SEELE AN 1R 2 java.lang.ref AP A 1] 5 il £

Ko ARNEAZUAEMEAT RSG5 H . A1 AKEE TS AP U

16.1 A L5EAERISLER

50 AT DI PR SR MR TR, AL BT BUR ATk, SR L
RUCLER), TTLLE SR T ).
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AR R IEFiE WA — TSI A ZRE AR AR R A A RF TSR AR BE U7 ) 21 A X
Go ARTHEEAN 7 BB T 2 5 IR RE R WA R . e, InRFEAXT R 5 H
WALN T INVTTVE, B AR RAE INI T35 56 BURT 26 AR A2 ATk Y

PB4, BRI I N U A R AOEH o B, s
oA AL Bl i) ARt — AN AR s S H0A null,  DUEEIXHFE XS B n]
HE 1 B8 L Hh [ W

AT, WERX R T BMEA R A A, W] LT IO e, Rey nl g
Ui A AR R, HRWASTHIZNR T ZEREIZNREERN 1 3
o

HE, CHTIHRAER b, BAAZIHE BB EA RvFEA . B, 2&45885F

T# (Finalizer Guardian) #i=t;

class Foo {
private final Object finalizerGuardian = new Object() {
protected void finalize() throws Throwable {

/% finalize outer Foo object */

}

}

WRFEANFREE T finalize (HE A B superfinalize, & 452557 L& 2o

] super finalize.

WR XL SRVF RS B HE ERISIH, B4, 2w T LUK 2]
finalizerGuardian BN HEEE, AR HHEER, LS RUXAR R, $E5- 1

M4 . REEARNSEEEM®: 45N AR EAE Foo SLp3 13 A r] A
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VA H] Foo & &58%. DI, IXRPFIuR A GIAR: RBSMEI R AL, AR
IV NI

PP n] e 22 3L finalize Tk AR EE UM AR AR, Oy 1Ak T ARHIETX
PO, FATHR R v LR KR RAFTE RIS . WX B & 4 2 g 20
MR EWFEL, WA, SN GLARAAEN, HREFHIZS R ERSHEA
CIRZib P

ErE, EARMIERIZBER: (CHASRAENR RPN, R4 SRE DR
G . BITRESSEN—NEET M, ER2ZIEW T FD 2P,

ARLEIRATIE NS RAE NI L n] 22 45 et ol — A gl kR, (HAZ MERAAE
HILRFE AT Tk . ASAlaaxs RIE T PL_E PRl 7 SARAS AT Ik

RALE N RILA LTI AR BB, AR RILAL S C 2 B s
1o TALINRA LS WA B SRR, {E Java RESUHL 42 B 3R A
ARG A RITARIRIGEAR ST, AREN AR ATAL ). — P RERN
RJZRLE(R), 3K Object MG F 245 A ELIE & 5E il 17, Hot Mg &5 vl DL HE
WL, BENEALRAT AT R 7 B S AR L AU R A L5 B AT W
17 H., A E5HRAE Z BTN R 7 B B AR AAS AT LA B2 28 S5 A F C 20146
W R A
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16.2 5SNAEEKARE

NS R A ZRE 5 1 58 (T IN W] DUSR SR AAE R L8 P BN E . AalIR 1 A 4514
AR

ARG LRk 5 30 final 5 BOE U BAR M . BRSSO EAL A final
TR BRI (W 9.2.1 W) B mH, WSS, BNAEREE
DARZ AR B U 2 S50 R — A5 Ok 1% final #EINAA8E (WL 9.2 1) ZFid
ZILERAT, NIZAREEERHE T AT A ORI

RENPAT IS FEER A — Lk /A M+ (reachability decision points) , it N d;, —
NEE, Bo R d 2 H (comes-before &) , FA R d.2 5 (comes-

after d) . FRAEMIBIULHT, A5 comes-before 5 A< Py 7RI e ) AT AT L8 I #6
Tk

WR r RAEERME, BB EWSEIEW, H riE 4287 (rcomes-before &) , HS
4, wHLFHE d; 2 i (w comes-before ) o 15 x Fy FEAE [F]— N8 B Bl
EEPERIMABSIE, A x>y H y1E d, 257 (ycomes-before &) , A4, x b2

JELE d, 2 B (x comes-before &)

ERANTIAME IS S B, A — D REPFRIL AT, XL R — AR
PRICA T EE R . X IA M 3R B /2 Reference R4 java.lang.ref A2 {L A4

JBEATRE A . AN BN PR 5

1 9.2.1 ik, RNALEIRA KL final FBZ 4 FFCH,



AlE

£ d; U] IR0 GURAE R IR R AT R R -

o WRGE—ADXTFEANHR CHEFE Vv INEHIEwL, #wl 5AHEZNS
B 51 H, ik C2mnliErngEasmEk, BAFEX v 5 EE
w2 ffi—~(w2 " wi), [FIF, wil Al w2 #8274 d; 2| (comes-before d))

W, 15 diri, WHR B MNEESTEHF L.

o MRAE D AKIICER v RIS EAEwl, 1wl SANELXR B K5I H
HAFEEEX v B HRE w2 75 —(w2 2 wl), [N, wl flw2 #2E 42
B (comes-before &) , 4, 76 d; S, X% B M A AL,

o RN C MXTS B IH#ARIIA, XHR B MXT R A BHER[IA, A4, CHA
W ]

ZE a Xt X ESNMEM, HHAMNS:

o« XX HITERAT B E R,

o X X A lock 8% unlock #:4E, HE X FRE—NERAERE X AEB/HAZ G
i) lock zh1E. (it locks or unlocks X and there is a lock action on X that

happens-after the invocation of the finalizer for X.)

o AN X G S $ERAE

o RIS R Y MEZEM, H XY BTk,



IR R X AE d; AR L NATTIE, A

o X 1E d; FAAT ANEF S FBOTIA

e FTHLFEt T d 52 )5 (come-after &) %t X HIESh R, #LFik
AR X A8, SiEZRETERECE & A2 GHIT T — 0 X
5| F BB

o FRENT d 5250 (come-after &) FBHF| T X B9 HEFEE, WIiE
ERRNNE d SATIERT RITR A S8AE, ®EED d.2 50585
k.

IR —DXR XAE d; BARIC N AT A 251, R4

o XTE d; SLAREhRE AT I,

o d UL X BEhRic A AT A gt 1 — A

o RAETEA LA Z S MENELAUERTE d; J5TH (actions that happen-after the

finalizer invocation must come-after d;) -
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