REFE

EEHTHR CPU Cache £t o

MESI

MESI B9IFSREXE : MES| protocol - Wikipedia, BR—MEF LAY, MESI XX

Cache Line FJPUFUIRZS » modified, exclusive, shared, invalid °

modified : CPU #%H1% Cache Line BXFEM T 122X - CPU BELRIEEEA1Z Cache Line 17
HERIER » HMENNEIEBAZEF » 5E N Cache Line BRLHTE CPU FiF ;

exclusive : IR modified ZEfl » &R /R CPU HBE Cache Line BERREF R EMLE
N - CPU AIMERRERBEERFNERRLHE CPU

shared : Cache Line IR &MY » AIMEFERLHE CPU, {BHF] CPU AEENHE
HATIEEN - BAEINAVIEREFEN exclusive IREFHBHAIT 5

invalid : Cache Line ARIEIE AT B S TFiRFEUE - CPU 7E3XZE Cache Line £17E
ERIRHMERLZF invalid JAZSEY Cache Line;

BTBRENTAIMELIR » 8587 Cache B2 BAFEXIU MRS ZBIREER : VivioS MES
animation help ° Address Bus 1 Data Bus #2FiA CRU #BAEMIFRIZE(L - LEAI CPUO &
ERIERIEIEK T AL Address Bus, Memory f1HE CPY FRUFENXRIEK © Memory i@
i Data Bus AR ET A CPU HRUREIEIE - FIERRX T ERESSM LK Bus
snooping RERA - BIMXP TR ERIMERBRMAR L TE \NEF8 T TRIERELIRE -



MESI ProTOCOL (_reset ] [ (bugfree! |

MEMORY [ help | [VivioJS help)
Like real hardware, the CPUs can operate in |_|
parallel. Try pressing a button on different . .
CPUs "simultaneously". Alternatively select [ address: ai data: 0
buttons on different CPUs with the CTRL key and | address: a2 data: 0
click on the last button without CTRL to start ("address: a3 data: 0
simultaneous transactions.

DATA BUS

f §  f f- i

read a0 || write a0 read a0 || write a0 read a0 || write a0
read a1 || write a1 read a1 || write al read a1 || write a1
read a2 || write a2 read a2 || write a2 read a2 || write a2
read a3 | write a3 read a3 | write a3 read a3 | write a3

EERBUREIRAKZ¥E |s Parallel Programming Hard, And, If So, What Can You Do
About [t? XAFBHIMIE C - EX MESI tMXAKRGIEEER, SMIRERERMG, FILIXZA
PEXIMIE T —LE4FE, BLEREMMNARNMBINMNIN, FUARIIERESS. IRE
MEMNNELHEREFESE LEREAYWIKI

7130

Read: IZEY—& B AFHLUE_FAOEEE |

Read Response: €& Read @ RIERKMNEUELER - AINEERRFKL > thAIMEHE CPU
SR - EEANIEAIRURTERIN CPU #9 Cache Line AT moflified SR » XA CPU FR&
Mg Read Ap<

Invalidate: B1E—TIERFHL, ATFEMEEMSE CPU T B 2/ Cache FAFX ST
[Zf9 Cache Line 512 ;

Invalidate Acknowledge: IKZl Invalidate, 7E;BFIESTHCHI Cache [ > CPU FE[EIN
Invalidate Acknowledge ;

Read Invalidate: 1HHF 4% Read Fl Invalidate BEEFRAZE » —HEUENEKRE CPU EZE
#J1&E Read Response HREFIEHE M Cache, TR/FEIE Invalidate Acknowledge , BIZE[g]
EMX;

Writeback: B12ES5MNEUEMLE, MESEE, ATFILNNEESEEFHEEE TN
7,

EHE Writeback —fREEFNE CPU B Cache R%7T » LEINEEH Load $3E#H¥ - EE
Cache EZ#H T > MMBEE— Cache Line EF¥2 » NRXTEEFM Cache Line F



modified YAZS > M EAA—R WriteBack, FIEEEIEHIEEERER, tLrIgEEANRE—
CPUMESRETR » AENEEIES AR CPU » EEE1 Z A CPU IR X MUE » ATREXS
XTMBIREAXE » A TRIEBIEEATEEET » PJEERMALA —R writeback EEIELEIET X
IERY CPU L -

241 :

L

CPU Cache Memory

Sequence# CPU# Operation 0 1 2 3

0
0 Initial State -1 -1 -1 -1 V 'V
1 0 Load os -1 - -1 VvV V
2 3 Load os -n -n 0SS V V
3 0 Invalidation 8/S —/I -1 0S V 'V
4 2 RMW s N1 OE -1 V 'V
5 2 Store s N oM -1 1 \%
6 1 AtomicInc 8/S OM -1 -1 1 A%
7 1 Writéback 8s &S -N -1 V 'V

EOZRENATIIE - CPU BHATIRIER CPU %% © Operation @HATHIIRME - RMW &R
B B~ B > Memory BE V RMAFEIERZ Valid®

—FHaRBEFER=Z Invalid;

CPU 0 #3532 Read JHEIE O iR » 0 #thibFT7E Cache Line T Shared MRE;

CPU 3 BT Read IE 0 Hthiit » EAY 0 tthtitFR7E Cache Line 1ZEAY Shared ;

CPU 0 X M\ Memory EEY 8 fthlit » BT ZRi1fF 0 ihilk#) Cache Line © 8 thiitAT7E Cache

Line tH#RICH Shared °

CPU 2 BERNEZERHE IR 0 i EE > FiA&ZE Read Invalidate 1B3K » B4t Load O HlibEY

$#EZ| Cache Line, BEilF%a] Cache T 0 tthit#3EAY CPU 3 B Cache TRY Invalidate;

CPU 2 €27 0 b4 » O Mt EIEFE Cache Line LA Modified MRZ » # B Memory

LEUE AL Invalid B9 ;

CPU 1 &%% Read Invalidate iF3K > M CPU 2 3REX O il AR FEER » HigE CPU2 L

Cache Line  Invalidate » CPU 1 7£1EERZ O it S 8RS X E#HITIEER - Cache Line
B Modified JAZS o FBXE CPU 2 %% writeback 0 HiitE3ERI Memory

CPU 1 1%£HY 8 it #4E » AN B S8 Cache Line i 7 » FTLA Writeback fEE/EHY O HhibEY

1EE] Memory, 1% 8 ittt ##EZ| Cache Line IR EX Shared AR o LEE Memory £ 0 1t %X

A Valid JRZ



H389 MESI THNFEE &2, MESI BAREF ZBAEFEIE—ERIEMNMIX - FRAEMAIEK
#D R - EKEE CPU ZE¥RE Bus < IBKREKBFEAREARABIRES THLEABDER - TH
B /R 3¥&BE wiki MES| protocol - Wikipedia, REME—TKEIMER LT,

Prwr/ Prwr/ \
BusRdx|] BusRdX N L \

MOESI 1 MESIF

MOESI protocol - Wikipedia



MESIF protocol - Wikipedia

multithreading - What is the benefit of the MOESI cache coherency protocol over MESI? -

Stack Overflow

Memory Barrier

Store Buffer
% CPU 0 EELUERIE Nt - AFWMIER :

CPU 0 EZZEY T BArEIEETTE Cache Line, &bF Shared YR S
CPU 0 BJ Cache #iFi% B BHnEIEFfE Cache Line;

FE—MIERT » CPUO RELRIX Invalidate 2 H'E CPU BIFA] - IRZEIFFA CPU K9
Invalidate Ack f§ » X Cache Line RILARR#RA Exclusive JAS o E-FER T » CPUO
FE L Read Invalidate ZFfA CPU, HBEHMBEREIUEN CPU SEHMEIE LKL CPU
0, HESINMCHCSHIXIR Cache Line AT »

Fie2 Invalidate ¥Z Read Invalidate} €PU 0 #}5EFHAMPFRA CPU 3R[E] Invalidate
Ack EEELRZIREEUE - XTEFINEEERREK - AR CPU 0 XERZREHKIERIB T
AFEHLE » ERAARNKOBEBUEES CPU ESRIMEZ4 » FIARXNMEF 2 UMb

19 > IERER Store Buffer:



CPUO CPU 1

Store Store
Buffer Buffer
Cache Cache
Interconnect
Memory

BREBEHIEN—FELZE Invalidate‘lﬁﬁ'&“ CPU, BS—FHHEEEMENEIBASIIN Store
Buffer - ZZIFFA CPU £EIE InvalidateAck 5 @ BEIFX R Cache Line £3EM Store
Buffer #[% » B A CPU 3EfR Cache Line °

[T B % 1T Invalidate Ack 9b » Store Buffer Eﬁ%ﬁﬁft\\r\lrite Miss RYIES o EEANENMER
FA— CPU, MR B#RMEFERNFEARE Cache, IFEFIREEESIFHIEM Memory INEZ!
Cache f§ CPU ZFREFFIAE » BRE T Store Buffer BITZEE » WIS ERNFMERTE Cache B
MAREFLEIEM Memory INE - TIRBIEFMSEIERA Store Buffer, 125EMITHIRVRIE,
LHIEMHF Cache [FHIE Store Buffer NIIFTIEEIES A Cache °

BIIIFTF Invalidate BIE » BIRBABEMT CPU HEKIZE Invalidate EPEREIRY Cache

Line?

XFhIRFESE Bus 2R > AIAMABIE MESI WAI{E TEER > FrARELRE kA
Address Bus, At & Address Bus, FRLA—EZATEIARB—1 CPU R12{E Bus, Ri%
EEA Cache Line ° B2 CPU A AARBEE(EAXE— 1T HNELIRE - S E—1 Cache
Line £ CPU L3kET]#% -

Store Forwarding

AIEIE_EER) Store Buffer M A B - EEZIREBIRRIIEEFTEE Store Buffer BRI



1B » MARS5E Store Buffer &R T -

EEINIMER X MU » a —FIBRE CPUO RN » ZECPU TR > BN 0 b7ZE CPUO A :

a=1;
b=a+1;
assert(b == 2);

CPUO AN&EF a, 5 a1 BHRIEERA Store Buffer, Z/FFEE KX Read Invalidate
7 CPU 1« % CPU 1 &K a (OBUESS a BIEN 0, IR CPU O 7EHAT a + 1 BURMERZEIZER
Store Buffer, NI b WESE 1, MAE 2, S assert B °

PAINEIEENERZ TE :

CPUO CPU 1
A ¢ A ¢
~®— Store ~%— Store
| Buffer | Buffer
Cache Cache
Interconnect
Memory

BI—Fa CPU O EAMERE a BUE N 1, BEALXOEUEERT4A, BHAEREER
1% Invalidate ZRH'E CPU & a Fi7E Cache Line LRIEEARR a 1£ » RIREXR A FIBVENIE
£ MREEAZE Invalidate 253 Cache Line EARETF a BIEUEES ° FilA Invalidate
RABTE Cache Line 8AF Shared JAZ » HEFM@ Exclusive FHLENA RERA °

Write Barrier



void foo(void)

{

void bar(void)
{
while (b == 0) continue;

assert(a == 1);

3F CPU 0 3&i5 » —FFiR Cache K3 E a, F&&1%X Read Invalidate EIREX a FifE Cache
Line BYEAAN - a B ARIET{ETREIE StoreBuffer - ZJf5 CPU 0 FBJLATIENE b = 1 EHR b B9
Cache Line FifE CPU 0 £ > #8AF Exclusive R -

X3 CPU 1 it » EIRA b B Cache Line FRILATRREJe/R X Read 1E b B{E > ZIRILES CPU O
MIFFESRT b =1, CPU1TIERIMN b EME 1, REEMEREIR, LRMRERKE CPUO
&M Read Invalidate, SEIRULEIT CPUO Y Redd Invalidate {BEE HAAIESE Read Ef
244 CPU 0 &[El%E a BI1EED Read Response TEﬁﬁ%IE%TInValidate , 1Bl CPU 1 FIHAE
a By Cache Line, CPU 0 X2FREESF a BIEAM Store Buﬁer_ﬁé‘_ﬂ CPU 0 B§ Cache Line t »
XFF CPU 1 £ o ZRIREMEZ 0, MMARA assert K -

Lt FRE R E Store Buffer B97FE » QIR IZHA Write Barrier, EANIREAGERELF, SN
E—1TEARBI#HETE CPU B -

XEAAEN— T EEOE - LiinREEE R IIEIRE CPU 1 TEUXE] Read Invalidate [ERRAAIE
SeRBE& Read 1E3KZ5 CPU 01E b &M Cache Line, B EUUFAESIE, ENMUTF Cache
ROZRUWE—TMIERRIE—MERA S - XEFBERERENERX » BBNEEN Read
Invalidate SEFRD NP IPIEIE » — Read — Invalidate, Read BJLARIRIR[D] > (BEE
Invalidate ¥R{ERJEELEIRE » LEAIFTESRIETF » A8 Cache AIBEATAMICBERITFESNIT
5% Invalidate #R[E] Invalidate Ack BIEFUXE] CPU ARINEERAT Read FRIEITBIAE
Read FcEHZE » BEE CPU IHEEXS Cache iR FER K » Invalidate NMEEMZE Cache
EREBCHIRE 2 » HNSBIEEZE -



LT ERIBERNETZ Write Barrier, EfEARIE Write Barrier ZBIFTEE{ER Cache Line
#FT_EARIC > Barrier ZBEHNBARERBEEIZIRIE Cache Line MWESTE Store Buffer & >
HRX#A Cache Line {BAN Barrier X & thE A Store Buffer B Cache Line RRFTHF%
¥R ° 2 Store Buffer AFEINCHBEARNUREI Invalidate Ack THEE Cache Line f§ »
XEGHITRCHNBARIEZTBEE A Cache Line ©

HERIBHE Write Barrier:

void foo(void)

{
a=1;
smp_wmb () ;
b =1;

b

void bar(void)
{
while (b == 0) continue;

assert(a == 1);

LERS ¥ CPU 0 3R > a B A Store Buffer EHERAITIC » b BIEAtZA Store Buffer ©
XHEFUER CPU 1 #BKRIR[E] Invalidate Ack, CPUO X b BIEATE CPU 1 EFLARII - CPU
1 &R Read EEY b ERI—EE 0> & CPU 1 [@E Invalidate Ack f5 > Ack U2 a Ffi7E
Cache Line, F& CPU 0 ¥ Store Buffer J a = 1 IEAEZIECSH Cache Line, M
Store Buffer AKX EIFF B BFE a BEATIIHRITICHEA » Bl b = 1 EAB 2K Cache

Line « X# CPU 1 BiZ b MEZEZIFME 1, MLLEt a £ CPU 1 EEAEIEF Invalidate
Ack,, A a &2 Invalidate A > EFfIE a FEEI a BN 1 ° assert BRIf ©

Invalidate Queue

/1 CPU L Store Buffer £82AFRAY » & Store Buffer BEHZ G » FEBAMATE Store
Buffer BUERZTREBE - BISE T 4EE[EA - 4532 Write Barrier 2% » —BH Write
Barrier, [G4EFTE S AHFIIN Store Buffer &1k Store Buffer BERAS AE AIBEIEHN - Fr
MEEHEITE ANIGKFE Store Buffer FIHEBART(E] o



ZBIRZ Store Buffer ZEEREREFMEZEE Invalidate Ack AJEERIK » BR4E4E Store Buffer HE
ARSI NEF 2 RIREIE Invalidate Ack ° Invalidate IE{ERTEHSREMAE :

R Cache FAIZIT » LEWN CPU B REMTE Cache LHNIZEY « EARME » AJRES N Cache

1T Invalidate JHR » § Invalidate IR (FRIANBWRANELE LESEUNRRARRIE

FAIMERE  EESREAFREN)

PIREEE T B)RISEREM Invalidate, §EX Cache EARKRAIAIBIXAZ Invalidate 1EK - 81
£ Invalidate Ack, tBEGHALE%ESHIE

FRBEINERZERNE CPU BIEIM— Invalidate Queue ° 8% Invalidate ERGEFE
SKEXABATY » HIIBNEIE Ack °

CPUO CPU 1
by by
~*— Store ~*— Store
| Buffer | Buffer

Cache Cache

| I
Invalidate Invalidate
Queue Queue

Interconnect
Memory

XAMSEEBmEEMS L o — 7 Invalidate B9 Cache Line ZARRRIZA T
Invalidate JAZS > CPU Ri%i% - EEEEWEMN > BEX Invalidate BERMWMABATY > CPU
FINHB 2 BUEE X Cache Line MTEREZEIBEUE - M EEBEFEI CPU # Invalidate
Queue £ Cache i » FTIAER Store Buffer R[E » CPU REEZE Invalidate Queue E&E—1
Cache Line @& Invalidate, Xt R4 CPU SIEEIFTEMEIBENER -

B—FMH ’ Invalidate Queue FIFESEURE Invalidate —> Cache Line, 185 CPU B



=/ Invalidate Queue BT % » EZE DB HAELL Cache HAIA— Cache Line EB S X
BIRESRETE Invalidate BY

Read Barrier

EA Invalidate Queue B97F7E » CPU mJAEIXEI|HE » 32=40F

void foo(void)

{
a=1;
smp_wmb () ;
b=1;
}

void bar(void)
{
while (b == 0) continue;

assert(a == 1);

CPUO R a = 1 B A Store Buffer, &1%X Invalidate (&, Kead Invalidate , AR aE
Shared A7) £4 CPU 1 ° CPU 1 4% Invalidate ERIRABIEIIENRET » Filk CPU 0 18
IREERF 1 BEA a ~ b FifE Cache Line « CPU 1 BEIE b FIRHMEZE! b A9F{E 0, 1E a AYRTE
AR a #ATF shared RESTREREL a, E5 a WIBELEW 0, SEN assert KW - &5 > BIE
FRFIZITERM T » CPU 1 FEEMKEAAE Invalidate Queue, 3B a BY Cache Line BRI
2 e

FRIA TN ERIN Read Barrier ° Read Barrier &EfEFAARZ 1t CPU &Zl Read Barrier [ ILENZER
LAIE Invalidate Queue, IBEAMER THIEZEEHITREI THRA, MEEIRIC Invalidate Queue
L#J Cache Line, ZBEHEMITHINNES, HEIBEI T Load EEZEM Cache Line BiZ
BIET » CPU A2 Invalidate Queue NFTBRIZ #EFRICHY Cache Line #RAARESE 7T 4REEH,
17— Load ° LEUIFRICSE Cache Line f§ » XBHHY Invalidate 1EKHR » ERXLIFK
SABIRNE » FIAT—R Load R ERAREFAMATN] -



void foo(void)

{
a=1
smp_wmb () ;
b =1;

b

void bar(void)

{
while (b == @) continue;
smp_rmb();
assert(a == 1);

b

BT Read Barrier fJ§ » CPU 1 1%l b 3 0fF » #7iCFTA Invalidate Queue L£#Y Cache Line 4%
51T - T—TRERE o SRlME - TERABEZEMABAMARICH Cache Line BRI Invalidate
2 IEREIE a & a 2 Invalidatell{ﬁ,’é% » FRK&% Read F| CPU 0, £%l a FfifE Cache
Line &¥fE > assert BIf °

%7 Read Barrier ] Write Barrier JNAB & A~ #9Barrier - fEARILEETIREREKE
Store Buffer HERA » 1EREITIREAB R Invalidate Qdeue SAIESE °

BIXBEZEEHNT—T » AT Memory Barrier B FIRVE-NVIES! AU E LA » #Z2
NESEHFE T —FEE X TBRE AR FERBRIINEENTAEER Memory
Barrier o MSEfR CPU Cache MIZRMRANE 2, BMARLZEMN CPU XBBECSEBENES »
thJLFEZABEZRA MESI Y » FEANEENZEM - FIMERESERIIEIX MR EREERY
Memory Barrier HIIREE 7 AR T RBERNBERLEXMER - HIFELNF Memory
Barrier Sfi— &0 - AMENAERERFZI CPU » EERZFRZEH—IRMIE » IhE
EOMAELEEBTE - LB Write Barrier 8 Xl B ENSIRERBEEHFE Write Barrier Z
Al » Read Barrier @5 IEEREEHEHER Read Barrier Z Al - IE S AN—HY Barrier &
A Barrier EEMEENESIREMEHEE Barrier ZR) - NP EHNBEFRIREIIHABREZE
Write Barrier @Rl T Store Buffer @&l 7 Invalidate Queue, REXEEENIZEORIALH
SRR XENE], BIMELEHIR T AFANRERE 2SS, mIFFUSHEFSHNIELER, Bl&EEF
HRIAEMEEHNTIN, CPU ENTIESHNIMENSBIFHITHER - IBIIXEREM
ZEFFREANARNTBARERE » TBEFENENX > MRNEFRESERSRiIESRN CPU H#
1TINEEBER o FRLAREEIEAE Barrier (it 5 #EE L ERI CPU 2B - RIAFE! Barrier BY
ERBESARZBREREFNMS - AN LERZAFRELEFRAN—TAE » B4 HAY CPU
BERIREE °



Java Memory Model (JMM)

Java T BEEAREZRMEY CPU LiB1T » RIFH—E B CHAFREER » EXHE Java BF1Z
BAFNXMHRNAFEERITRE » EXEREFNGITERE (T AFIESAIBAE
T ABNART » IFLZERRENESE - BETENCERT Java BFBITHEERNE < X
MEEEXSRAES > EBARBHEM » DIEN ST AREHLRN » THXEE AT

JVM FHMEEREER B ETTALE » EXERBM™IE » iILNAERNBREEERNREXENE > 21E
BFEASTREASMAS LBITHAZREEN > AeBH K-

FEEBN CRAERRE Java REWLY —PHHE 121 5EHETE IMM A » 452 ~ TR7EF ~ TEA
FHIKZ - Bl RKB1ZPBRI Kindle bk :

Java’h 12 LAEWN {7
Save
JavaZi 18 LAFHAS )ﬁl
wask 5 EN 1§ i
f4E
Java4g F§ CAEN 17 el

MRAFER—EMEER LR » XX ETHFRRIEN - BH Java LN NFZE CPU, T
AFXIR AT ZE CPU Cache, Java IRIGHISREI—E Save * Load 18X NI EEF—H4E
X > B MESI FiY > REEARAEFEX N E Memory - Xttt REHEERIEE S5
MEMXEREREE -

JMM 5E&F JSR-133, MAE—MRSITIFHIREAMTE Java Language B Spec £ » 54l Javall
HITRTE : Chapter 17. Threads and Locks o TEXLEIRAAZ 90 » BEDIFAIH AR
Cookbook, 0l The JSR-133 Cookbook for Compiler Writers o & EERIRE4A Java K
Compiler & ik Compiler ZNEAN{AIAEETE JSR-133 HGH IMM B3R - KA LE Java (F
& XA - X1 Cookbook MEKRRE JVM 5A7TF » Cache RERVIRE - XEEKEFR > NA
TRZERA » HIXERICEIRAXEXRNAR -

JVM LE#9 Memory Barrier

JVM ZRIED A AR « EMIMMRIEUZHFI AN —HIEM 7% Barrier, BMHMELAMIL



RIEMNBEBHE, bW Loadload Barrier M2 IEM X Load #{EHEIAY Barrier,
LoadStore Fi2HXFE Load # Store AA[E]AY Barrier ° Barrier BRI RES XU :

LoadLoad , ¥EfEF%! Load1, LoadlLoad, Load2, AF{RIESIE) Load2 FIIEEURIE—EARAE
EHFR Load1 ZAHT » EUTEIEIEHY Read Barrier, EEHAME Invalidate Queue FEIE
Load2;

StoreStore , ¥R{ERFI Storel, StoreStore, Store2, FATFIRIE Store1 REZFEHIEIE—
E ST Store2 B » Bl3IAY CPU —mf‘ﬁ% || Store1 FUENIE - BEE! Store2 HEE - AIRER
H—R Store Buffer WRlE > thRIBEBTIFRE SRIEERINA Store Buffer HFFRIRILE ;
LoadStore , ¥R{EFF! Loadl, LoadStore, Store2, FATFRIE Store2 REZEEHMEIEHE
E CPU BEIZA] » Load 1 EERMIEUE—E TIZALETF - EEOIAE Store2 BRIERIT
Load1 FIZRTME © X Barrier W{ERHR AT _ E— T30 Cache Z2MIEEIRIENIR » B2
ABE—TIREEN > FEHRE—MEMERRY Cache 2843 > T JVM B Barrier 22 BBMR AN AT
ZMARER Cache 224 - AR P E—THY Cache ZRH93E15% » FRIBEEFZIX Barrier 1915
S AEERIREM CPU £ E Store2 BT E » INNRIE Store2 EINTF » FFHE CPU L Store2
Fi7E Cache Line IR ENTMAVREERT MIFIZEY Load1, FRLAM T XFEHE,

StoreLoad , ¥EfE/F% Store1, StoreLoad, Load2, AATFIRIE Store1 BEHAIEIEHKETE CPU
BRE7T8E1EEY Load2 MEIRERIETF - MR Store1 Fl Load2 RIERIZ R —P il »
StoreLoad Barrier EE{RIE Load2 RREBE Store Buffer NHVEIE » BREMANEFELHEZINE
RIS CPU EBTRIME © StoreLoad —ASEINNEERER Barrier BRI EEMAB
Barrier LHAERY Barrier °

Xf_EEPUT Barrier BERRIFIIERBEXE © jdk/MemdiyBegriers java at
6bab0f539fba8fb441697846347597b4aladed28 - operygijelk,; GitHub, REHitt JSR-133

Cookbook BHHEEM—m - MEXBEHIP—TIE :

LoadlLoad

The sequence Load1; LoadlLoad; Load2 ensures that Load1's data are loaded before data
accessed by Load2 and all subsequent load instructions are loaded. In general, explicit
LoadLoad barriers are needed on processors that perform speculative loads and/or out-
of-order processing in which waiting load instructions can bypass waiting stores. On
processors that guarantee to always preserve load ordering, these barriers amount to no-

ops.

LoadStore

The sequence Load1; LoadStore; Store2 ensures that Load1's data are loaded before all

data associated with Store2 and subsequent store instructions are flushed. LoadStore



barriers are needed only on those out-of-order processors in which waiting store

instructions can bypass loads.

StorelLoad

The sequence Store1; StoreLoad; Load2 ensures that Store1's data are made visible to
other processors (i.e., flushed to main memory) before data accessed by Load2 and all
subsequent load instructions are loaded. StoreLoad barriers protect against a subsequent
load incorrectly using Store1's data value rather than that from a more recent store to the
same location performed by a different processor.

Because of this, on the processors discussed below, a StoreLoad is strictly necessary only
for separating stores from subsequent loads of the same location(s) as were stored before
the barrier. StoreLoad barriers are needed on nearly all recent multiprocessors, and are
usually the most expensive kind. Part of the reason they are expensive is that they must
disable mechanisms that ordinarily bypass cache to satisfy loads from write-buffers. This

might be implemented by letting the buffer fully flush, among other possible stalls.

StoreStore

The sequence Store1; StoreStore; Store2 énsures that Store1's data are visible to other
processors (i.e., flushed to memory) before the datasassociated with Store2 and all
subsequent store instructions. In general, StoreStere bérriers are needed on processors
that do not otherwise guarantee strict ordering of flushes from write buffers and/or caches

to other processors or main memory.

P43 X—1HE Barrier BB StorelLoad BRE ?

FIBMEXFMERAFTRERE » REMZILREA, hHEME, StoreStore,
LoadLoad FTEIAIRT » BN EMEBEARRHIE » EARREHE » BIRBA—RWNEFRE °
A LoadStore M StoreLoad H_EEARIBEIEEEAFRE o 1B LoadStore ESEFRFRHIAY
EZMEIE > B Load FE#HFE » EH AN &G Store FHEEIENAILUEEK » R2R
Store REEEHER! Load ZA] ° MM StoreLoad , EmIAEELL Load EHFE Store Z A7 »
RXA—FRIFEKTE Load 2ERIRIT Store Buffer EINTFE - RZERl Store Buffer BYIE » FATEE
ST TIEEURIE - ZFEEMI Store Buffer S B IRESEIMEEREI TIEZ 5 ° MEUE—
BRIEHE » 3189 CPU MLBEER R » BEIZ/GEAAE E'}i’a“ﬂgﬂﬁ—l:—*ﬁ Load #B{FMIAF S Load
REMIRTERRTE Cache Line It ° MR IF Load EBIEM—TEIBEM Invalidate Y Cache
Line BEIEEUE » MIFRT Load MEFE X ERIZMEHEEI T Store ZHI » RAXTMEUERIEER
Store BIFATE Cache R » B FEIREIRAI T - AT BEXMEBLL > Store TRE—EE
A8 Invalidate Queue, EHIFTEC Load 2EAIATFEFRTE Cache Line BEBHWIRE N T



W o XA—FNTHE StoreLoad KIEX » —HEZERI Store Buffer, —EEELE
Invalidate Queue, MFEER TSEFMRRNFRIE, EED5I—R, FAUE

StoreLoad Nt ARESLIMEE Barrier BYTHAE ?

XM EMBI— N SREREEE H K o StoreLoad AN IESIRMEHNBER » FRIAEAESSI
HE Barrier IHEE - HE Barrier @ RIEBE 2HN— 1A HEEBEEXK -

RIS Barrier RE Java BT BFAEMmMIRITHRA » LR ERIE CPU BIARE » XFh CPU
Fa ERY JVM BIEER] AL (B3 —LE Barrier  EERIR 2 CPU EIZEF— ML EMIMERERIE
EEEIEENIREM - ABHAFN Barrier 7 o LEUN Load x; Load x.field ¥ x BiEx TH
A field, WRBEE—1RWTFE CPU BEfRIEINF 14 » FZRIEEN 2 B/ Barrier LABEE
T RIEFTNBREEFSINLEEST - ARRNIZIEA Barrier it S SHWEERN nop, BIT
B’1E, £ x86 £ » SEPRR A StoreLoad X— Barrier 2 B » x86 Li%H Invalidate
Queue, &)X Store BIEXH2ZE Store Buffer HEBA » FRLA StoreStore, LoadLoad #3ARZE
E o x86 XAEIRIE Store REEF R iE Store Buffer R RIT » Store R EHER! Load Z

Al > LoadStore hERFEEM o RFIT— StoreLoad Barrier 7 x86 &AM JVM L4K1E
o

x86 LB Barrier BIEBARI BATE openfdk RUCIEHREER » K LE :

enum Membar_mask_bits {
StoreStore = 1 << 3,

LoadStore

1 << 2,
StoreLoad =1 << 1,

LoadLoad =1<<20

void membar(Membar_mask_bits order_constraint) {

if (order_constraint & StoreLoad) {



// somewhere else on the stack. Doing [esp+C] will collide with
// something on stack in current method, hence we go for [esp-C].
// It is convenient since it is almost always in data cache, for
// any small C. We need to step back from SP to avoid data

// dependencies with other things on below SP (callee-saves, for
// example). Without a clear way to figure out the minimal safe
// distance from SP, it makes sense to step back the complete

// cache line, as this will also avoid possible second-order effects
// with locked ops against the cache line. Our choice of offset
// 1is bounded by x86 operand encoding, which should stay within
// [-128; +127] to have the 8-byte displacement encoding.

//

// Any change to this code may need to revisit other places in

// the code where this idiom is used, in particular the

// orderAccess code.

int offset = -VM_Version::L1_line_size();
if (offset < -128) { (

offset = -128;
b

. Q”o,

addl(Address(rsp, offset), 0);// Assert t &k# signal here

} o

FKEXE : jdk/assembler_x86.hpp at 9a69bb807beb6693c68a7b11beed35c0bab7ceac -
openjdk/jdk - GitHub
B x86 MMERHIR lock LI StoreLoad, HERAIET StoreLoad °

volatile

JVM £33 Barrier I—PNFEENARTE volatile KBFHISLH L o JWIXPRBEFH
Oracle BiX 4 —Extgat

o

E)

Using volatile variables reduces the risk of memory consistency errors, because any write
to a volatile variable establishes a happens-before relationship with subsequent reads of

that same variable. This means that changes to a volatile variable are always visible to



other threads. What's more, it also means that when a thread reads a volatile variable, it
sees not just the latest change to the volatile, but also the side effects of the code that led

up the change.

3EH Oracle 3 Atomic Access BJIRAE : Atomic Access © K EFLZ21H# volatile FRicHY
LESEEHIFM MM -

Al > BE volatile BELBEEIIERMNE » BIRE—TNENEARE - FEXITE

AR B LRIEESTRRY

E\HE<SEHE - thEN4F happens-before X% » X volatile TEMBEARBEEHIZIEAZ

AIBVIRIE Z AT » MMRIERINERRBRSEANEEMEENES A ZRIMIEEHELER4T 5 &

volatile AUIEEURIF—EARREWEHEIREURFZ/G > LEAMNFHFEEIE volatile FIRIFIEEIRY

1E1E$Z—¢b$’|E X EEIBURERRTIE volatile ZFT > MAEHTKBHEIE volatile
EEIRMAENEX > BANEEXESBERRE—TIH volatile EMAT -

FEEFIWITES - —/l\%fmt}'é EHAREILFAANEHE » RZ volatile EAREEEA]
BE > EENVRREEEHE - FINERFERE AT - ZF— 1T REIIESEHS MMt ENTEHREIR
MMM =R ° FILA volatile Slj‘t TR MRV P RLBESE Barrier SRSEI] ©

RIZLIE Normal Load, Normal Store 3t EYR I E 85 | FIRIMELN  1FLER int a = 1; BB a
= 2; =& Normal Store, int b = a; FIB—RX,eHY Normal Load - IIRTLEFHE
volatile 1&1fi » FBISRLAIZENFIE ARIERZ Volatile foad 3 FE Volatile Store © volatile
SHRBEMNFETRAE BN » Bl Java Method BN FTIBLICEERENTER
& volatile FEARY » £ FTHEHE—1FT © volatil;f:l—::]f‘_'-"'l'?hﬁg)gﬁ%ﬂ[ﬁ]ﬁ’\lm Class A
Field By access_flags (B8& Java 11 The Java Virtual Machin&Specification B9 4.5 1), 7]
MIEBRAEHER—THRATEWERN volatile, Java WIFBRMEXTHRTE LFITHRIC
IEEER volatile By o VM TR F B4R IFNCHRAT - ANRAWILEELD getfield, putfield
L8 > HERIIRENETE volatile MICHRTE » MESELRIESHIRIE
JMM ERIFEAXS N A Barrier ©

IRIE volatile IBX » ?ﬂzﬂ]ﬁk RETHEHERERFIZAT4 Barrier, BERPNEXERIGEH
MEEBERFAENE

Normal Store, Volatile Store ° Bt BE— P ERLTE » BE—H volatile BIZTE - XFR
BA & 218 F3 StoreStore Barrier °

Volatile Store, Volatile Store » tBAE & StoreStore, ENFE Z/XERHEFIE CPU BRIINEE
RIEXREAZBINEA#EEHEEE -

Nolmal Load, Volatile Store ° §H LoadStore, ¥ Store R{EEHEZE Load Z A °

Volatile Load, Volatile Store » 8/ LoadStore, REAIE L.



L EPMIERER Barrier WRELST—KiZH ERE Oracle XJ Atomic Access AJIEER » B—
T volatile RIZEHHIR CPU BEIN - FRFESX T RERFZRIRVRFEEETE - A
BAI—MRERETRS > BFMNZE volatile TEXEARZ MR Store BIEM T EHE - HE
ATE—TMREZE > MRERZTAE © bk volatile TEIR{ERETE Store EIFRIENN
Barrier, T Store [RANRE Normal ZEFMAH Barrier T » EREHFIIAME

Volatile Store, Normal Load

Volatile Store, Normal Store

T volatile WERIEENF - N TIHERIERE volatile IR MFM » ATERE— TR
EEHIEIE volatile #EIEZAT > FAAXY volatile HOIEIR(EHETEIX/ZEN Barrier:

Volatile Load, Volatile Load ° 1§ LoadlLoad °
Volatile Load, Normal Load » 8 LoadlLoad °

Volatile Load, Normal Store ° 4§ LoadStore °

MARE—TRIEZ Load, NAFEEBMA Barrier, BEfEREHE:

Normal Store, Volatile Load °

Normal Load, Volatile Load °

REEAB TR > BI—TME(ER Volatile Store, [F— R{EZE Volatile Load:

Volatile Store, Volatile Load ° 18 StoreLoad ° ENAI— Stofe ZBIRIR{ERIBESRE—
Load ITZERAETE ) F— Load BFEEREBEIXTTIL -

AR Normal HIIR(E - ZEREEEHE - (%5200 ¢

Normal Store, Normal Load
Normal Load, Normal Load
Normal Store, Normal Store

Normal Load, Normal Store

XLEAFRA M Java TEABEENSNERIAT ¢



Required barriers

2nd operation

MonitorExit

) Volatile Load |Volatile Store
Ist operation Normal Load [Normal Store MonitorEnter MonitorExit
Normal Load LoadStore
Normal Store StoreStore
Volat.lle Load LoadLoad LoadStore LoadLoad LoadStore
MonitorEnter
N ST StoreLLoad StoreStore

EH Monitor Enter 1 Monitor Exit 233N E#HH synchronized R o Monitor Ender #ll
Volatile Load Xth » {3 Barrier B9/ VABE ° Monitor Exit [ Volatile Store 3t » {8

Barrier A VAENE °

BE—TX1TE > iLICfER Barrier UEIFERER - REZET volatile TE > HTRIE
XM TBENTIRIEWETE CPU BEIIYs XPMSREZAIKRENE R ELERR CPUE

B BMFERES volatile ZRBIMIABattier - BREIRFHAMRIEL S volatile TEE

ZKEANT#HFR CPU BRI T EERES A AZINTS AR A MAIRY CPU RUAIZ - BEAE
SR CPU RRAIEILF I - XBIXTEEAFBMANE CPU RAIZIE ? £EE

g - R

EERNRIEMIE TRNSE > FETEEEZEIN Barer

RBIET volatile EE » AT RILEEEFZRITEFEMAITRIRIEERNIR

FELEZ9MIn—"1N455RBY Volatile Store, Volatile Load, R T{RIEE—"TEEEEE RIE NBI—X
EANEENTM, FIAZEEMNAN StoreLoad Barrier ©

JMM RERHR » BRT EERFIHAY volatile IHEMEKAER Barrier #5250 » R THFFRI

Hth=AE Barrier, & final {EMRF - FEEIX final T=FENHIEY

H=

TEZE > BH

—“ StoreStore Barrier ° {5l x.finalField = v; StoreStore; sharedRef = x; NEHEZ—

HREED > BREMT 2FNESHIZE - SARRMEFEEER Barrier ©

ER/EPIIAE—TF JSR-133 Cookbook BLAMIAIF » ABIRZ — TERFSILE TSR

Barrier /540089 :




Java Instructions
class X {
int a, b;
volatile int v, u;
void f£() {
int i, 3J;
i= a; load a
j = b; load b
i = v; load v
LoadLoad
j = u; load u
LoadStore
a = 1i; store a
b= 7j; <%9 store b
Q’) StoreStore
v = 1; /)O store v
StoreStore
u = j; re u
toreload
1= u; load u
LoadLoad
LoadStore
j = b; load b
a = 1i; store a
}
}

volatile B A IR £ 4E4F




BEERIR - volatile AIILMEER N AH :

EAM volatile TEEFRZEREHEFIAY CPU £ F—RLEYFILEER ;
EA volatile T ZFIRRIEFERIR CPU BE volatile NEMHBE—ETEEREER ;

NFHE—THE > EEEY

EHY volatile BEAREFERFEFE » BRNEEIHEENEFE
ZEIEIE volatile TE/EGEURIEMEREENE volatile ZFl

WNFEZNFHHE > TEZBEEIE volatile TEMTHI Barrier (RIEE volatile ZEIRVERIESL
FE volatile TEZRIKRE -

BEER—MSHRR > WSRAEMAE] StoreLoad Barrier, 5 volatile J[F—R%=ff& Store Buffer
MRIE - FRIASIR/ESE TIIEN, #5189 CPU &E -

—H1RE volatile AIMMEASK » ZRENFINERE [EABEZEMN—TF Barrier &
RIZFEIET > EEIEZAINA Barriep BN EFIR) -

MBIEX JIMM BN REERER » Z2OM IMMBIAEE R » XMEES A ERN - —FHE
Barrier #2IZIN7ES volatile TEZ AT » NiZZFIIBarrier ° ML volatile REZIFAM
Barrier, MAEZR]l. Z—AHEXT RIEF ORI A9EEN - BlERE StorelLoad
Barrier flAYt 2 Store Buffer RIEEFE » MAREEFQEFER - MIREFEANBITHNEFE
LHI CPU Cache, BNMEfG% Store Buffer RIS th 2B EIERCache, H A& Cache Y
Writeback Bl EIZ SIS - BEEFHIZARXE AN CPU HFA—EXRDLXT

18 ; EE > BMEIE volatile TEFH Barrier 1F7E » MR BIRAFEEZHA] CPU Cache BAA
F Valid IRZ » FRZEURIEFLILEIM Cache 1% » HASEMBERNFA—ERIE -

FENRHRTILR volatile REREBTEMTIELSRERE T ERTEE N » ENESRE
#32245 Cache, Cache @i MES| REZMIMNEMEF—HEAEF - IHMHTEMXFIFR
7£F Barrier 9{EA L -

volatile iIZEURIER Free RIS

7£ x86 FTEABRT StoreLoad ZHMNEE Barrier #32ZF12E » BERIE volatile TEHFRER
2R > —HHE Java WRIFBRAERSIEBE IMM EREARIZINA Barrier B CRIESAEA
nop , X=PAEE Java fRiFERIV—LEMILIEN o EEAIAREEHITIE S EHIIABHITIE S ERF
% - BHNARNIFRINTZEFERR volatile, BIREIEH#SIMATE( Cache ) E » MABE
1B volatile TERAGTEFRREFEA - XUEETIHDLTENMEE - IUEEXE :



¢ Psychosomatic, Lobotomy, Saw: JMM Cookbook Footnote: NOOP Memory Barriers on x86
are NOT FREE
« Are volatile reads really free? - Marc's Blog

 java - Are volatile variable 'reads' as fast as normal reads? - Stack Overflow

HARIFR T volatile %ExE’Jﬁﬁﬁf'és; VB FAREREFE—ITEHEHITESERE - AL
JE volatile fHXIZE RGN BEHEEE > RR—RAZFIIE -

[E1[E False Sharing BBAY{5IF

CPU Cache &t XEXERNNE T False Sharing B2 A K A{aI M 222 False Sharing I
% - HRF PN KB REN TEEEIFIINERE False Sharing, SIS ERIRIFNZERARN
volatile, 1X#¥ False Sharing (HIIRSHBE T RERIEE S » BUIREIRE volatile MEETRELE
EMaBD > ZRNTANE ?

EEESRIBABIRE volatile FBR > thENBRTE Barrier 1 » SRWEEMTEBNR LA
EFEARTER Cache Line RIEZHAI CPY, FBRUHELLAVRIEITE Store Buffer AERFER
Cache Line INEEBEFRMITEARIE w8 5T 5 AIREE Store Buffer I TIRE » LEUl
a++ BIEAREEBIIMITH =@ Cache BHITII— - METE Cache IIFEEEMITLELND 10,
0 100, MIE—itin—IRESHB—X Cache lipesBEANIRIE - BT volatile EEH B
T Barrier, NTRIEENBIENIE] WM, M5 NEfFStore Buffer fi|E Cache Line BIFF

4 - H B4R Cache Line ®FRMFBAZHE] CPU B Cachel, BEUIEMRTE Store Buffer, {BEEZIH]
Ul StoreLoad Barrier GEEEF Store Buffer MRIE A BEUMER T T —RIES - B2E a++
Kt BRIN—IZEABEERER > MEUMNESE Cache Line 18 » #1758 Store Buffer RIE
BEABESET—PTEA » XRKT Cache Miss IR » FRLAHER False Sharing By
Cache Line TEZ> CPU Z[EREIBkE: » EHIERINZEAR T volatile FRHEEHITHNE

12

XE@

o

— & BWEERSVMNAN > FAHLEEE x86 Z2My - EHMINEE LERRA
StoreLoad Barrier ZERIEIER ° FA1ZE open jdk IIBEEE StoreLoad Barrier /B4
pi[1 el S

SBIXE » JSR-133 Cookbook BENX T —1# Barrier, 1B VM EIM EXGFAEREXEZ—
Lt Barrier #£ src/hotspot/share/runtime/orderAccess.hpp ©

BT ARENRSAD CPU ZBMES(ERAARREIA orderAccess BISEIR » EEAN linux x86 BYTE src/
hotspot/os_cpu/linux_x86/orderAccess_linux_x86.hpp, BSD x86 F Linux x86 FYZEUTE
src/hotspot/os_cpu/bsd_x86/orderAccess_bsd_x86.hpp, ERRIXIEEXH:



inline void OrderAccess::loadload() { compiler_barrier(); }
inline void OrderAccess::storestore() { compiler_barrier(); }
inline void OrderAccess::loadstore() { compiler_barrier(); }
inline void OrderAccess::storeload() { fence(); ¥
inline void OrderAccess::acquire() { compiler_barrier(); }
inline void OrderAccess::release() { compiler_barrier(); }

inline void OrderAccess::fence() {
// always use locked addl since mfence is sometimes expensive

#ifdef AMD64

_asm__ volatile ("lock; addl $0,0(%%rsp)" : : : '"cc", "memory");
#else

_asm__ volatile ("lock; addl $0,0(%%esp)" : : : "cc", "memory");
#endif

compiler_barrier();

compiler_barrier() R@ANTAMUELEN  BESWNAETRE - B LER
StoreLoad EXFREREY » WHNHIZE fence() , FE fénge () FISCELER lock ° AR
lock TERIMEINGHY assembler x86 BUTREAIRHA -

ZfE volatile TEEBRIEWNG » HAFE(FH StorelLoad Barrier, EEBEHITETBINK
BEREEE, src/hotspot/share/interpreter/bytecodelnterpreter.cpp, BEIEHIT
putfield BIURHMRERINRIZIERIZE volatile T=E » MEBTFTZHEIM— StoreLoad Barrier °
{11FEBEH R MonitorExit HHEFX volatile BB A » 7£ JSR-133 Cookbook BART » 7
openjdk BIRABEHAER FIEYETE src/hotspot/share/runtime/objectMonitor.cpp °

JSR-133 Cookbook #12%| final FERENIRIELIEEESR StoreStore Barrier, £ src/
hotspot/share/interpreter/bytecodelnterpreter.cop thaEEE -

XEBE@MNEKT » 2 JSR-133 Cookbook FLEHIE » ELEMR volatile TEFAFREIRNIZA
HIRZ StoreStore 5 > M\ EEXVIEERARIE AR StoreLoad ° M JSR-133 Cookbook E45H7

StoreLoad /21t Storel; StorelLoad; Load2 & N2 Barrier [GEIIFT A IEEUEREASRNREEHETE
Store1 BIHE > HARINIGERIRE Store! FHMNARIE » MEFERZEIEZRIZEEFEEM
EHf, FTATKIERZE volatile BMHNZEERIR » B volatile Zfg ' BEEAEMIER



FIEX volatile TE » FIIAES volatile TEF—ELXNNE StoreLoad Barrier, R
R EFELEUWRE volatile TEEMERNEE » XIHEA BIBEF4 StoreStore
Barrier ° HZAX T REHM JOK A3 _EFISEFRMNIE 1S EIBVEIL -

BANED LERHATERZENE ? HAIFRIC IDK RIBERITENLE - IS EXR
NE - BRKRAMTRER

Bnh Java BEREFEXLSE © -XX:+UnlockDiagnosticVMOptions —XX:+PrintAssembly
SERMETRIRIFLR hsdis, FAFE JAVA_HOME B9 jre/lib TH

GORERD hsdis MRERIEFIHEERE

Could not load hsdis—-amd64.dylib; library not loadable; PrintAssembly is

disabled

ZIEERMNEITENZBIMIR False Sharing il FHRABRIZFLRINER » siUEBECHIELF
BRHITRE volatile BY valueA EJZ%‘lvglgeB [EE#ERIEE lock 5% » BME JIT MAEMK
AL > SCRIES A LERMUTF -

0x000000011019b180: lock addl $0x@, (%rsp) ;kputfield valueA

.
’

cn. leancloud. filter.service.SomeClassBench::testA@2 (1ine 22)

NFREE JVM NHENA

Atomic B9 LazySet

IR Barrier B RVE—1TEERM » & Atomic TH LazySet #F - ERE LM
AtomicInteger A » BEEAPIRGS value 1 volatile B int, ZELEBEHI set FL2IFX IR
SEBNBINE - BUEENE Barrier WXASILEETE CPU AIIL © M lazySet 5 set Xtk
EXAE

public final void set(int newValue) {

value = newValue;



}
public final void lazySet(int newValue) {

unsafe.putOrderedInt(this, valueOffset, newValue);

3FF unsafe.putOrderedInt() KIANE Java TEIRMALEERE - (BARIN lazySet() XTINAEE
Bt 75 : Bug ID: JDK-6275329 Add lazySet methods to atomic classes, BEBHEEERE
EB A volatile JRSHIIENN StoreStore Barrier e ERRIEAREAASEHHEFESTALZ
Al > BRARBEATARMERERISEIRZEEAMIZEKRN > MIR—REERNEARE » &R E
th=eEn EERE -

ConcurrentLinkedQueue FHIEFIE

BERMEB—TX BRI o LEWIMER ab cd O volatile TE » MRFAHAT:

a =1;
b =2;
c = 3;
d = 4;

SEBMEGFREN L Barrier - B PR S AIAERSLF S #2 storestore f Barrier, {8
WMRE volatile ZIFEXB—LEIE volatile $E1E > FIBE Barrief iR A ZEREMN
StoreLoad Barrier, FFHHMEE KR, MURNHBEN abc EAHEAEEETENARE

A RNREN d A volatile AREHT > BIR7E d = 4 B L5 Barrier, {RIE d = 4 f#H
B CPUENRT > a~ b~ c IEAEIRBINI CPU BN ° IXA—KFAEER Barrier BIEIE - 12

= 1%EAE

JUM B E—TNEBH unsafe TEBTIY putobject BIATE » ARIF—1 volatile TEMU
EETEHNEH > BIREA Barrier ¢ FIX putoObject FhAEHZI_EEIRAIAMAE -

ConcurrentLinkedQueue & Java MrEFEIREAITTHING » EEEMAR 7TXTERE - BN

=R AEEA NI Node BIZEFIRFRENIE > Node EFEFRFMAIER © Node ABE
# volatile BBV =4EME Node TFRAVENIE o Node RUEZRDLAZLNT :

private static class Node<E> {



volatile E item;
volatile Node<E> next;
Node (E item) {
UNSAFE.putObject(this, itemOffset, item);

E X Node #EIELRFESET cas IRIEFAE Node BY next SIATBARR » BARINZ

BEAREREE CPUEE » £ Node RIMHIELRAVEIE > Node AIRY item SEFRARMEMS!
R F2T518) - FTIAEEI Node RUMERRENPTLAEEZA putobject BEHT item, FHFELE cas 1%

YEBAFUBAE Node B next BHEELA volatile ATNER next, MIiMH L Barrier, B
[ next BOEFTEIHE Node A item HOEFEAER#HBIAY CPU BEIT - MTRIZMEIE volatile
TEMHHE -

TR SN RREAE S » REIIATHRERI volatile RUIEME -

NERIEHE CAIZ Disruptor, False Sharing,

%T’E?\J%%EE °
Y

http://www.rd rop.com/users/pauImck/scalability/papeQ@ﬁ b.2010.07.23a.pdf

Intel® 64 and IA-32 Architectures Software Developer Manu ntel® Software

B&7T ConcurrentLinkedQueue B —
putOrderedXXX , putXXXVolatile PU4AR]

HESZE

Memory Barriers Are Like Source Control Operations

multithreading - Why is a store-load barrier considered expensive? - Stack Overflow
Memory Reordering Caught in the Act
https://stackoverflow.com/questions/15360598/what-does-a-loadload-barrier-really-do
https://www.infog.com/articles/memory_barriers_jvm_concurrency

Mechanical Sympathy: Memory Barriers/Fences





