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BeepeHne: KaptuHka-pgetektop

"§0 Aleksey Shipilév Cshipilev  Feb 3
4 Aleksey Shipilev has changed his relationship status to: "It's Complicated" with
~@m "Java Memory Model".
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BeeageHune: AGCTpakTHble MalLUNHbI

= Jtoboli S3bIK NPOrpaMMmMpoBaHUsS ONpPeaessieT CBOK CEMaHTUKY
yepes nosefeHne abCTPakTHON MaLUUHbI, BbIMNOJHAIOLLETN
MPOrpaMMy Ha 3TOM S3blKe.

» Cneundpmkaums s3bika = cneundpmkaums abcTpakTHOA
MaLLMHbI!

[Noka3aTeNbHbI NpruMep:
Brainfuck? = TUNUYHbIi accembnep Ans MawwunHbl TbropuHra

!Java # Java bytecode = cneundukaumus Java # cneundukaumns JVM
’http://en.wikipedia.org/wiki/Brainfuck
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Beepenune: Mopgenb namsatu

* YacTb cneundpmkaymmy abCTpakTHOM MallVHbI: MOZEb TOrO, Kak
paboTaeT XpaHWINLLE AAHHbIX = MOZEb MaMsTu

= OkasblBaeTcs, 4TO MOAENN NaMATU JOCTAaTOYHO OTBETUTHL Ha
OWH NPOCTOI BOMPOC...
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Beepenune: Mopgenb namsatu

* YacTb cneundpmkaymmy abCTpakTHOM MallVHbI: MOZEb TOrO, Kak
paboTaeT XpaHWINLLE AAHHbIX = MOZEb MaMsTu

= OkasblBaeTcs, 4TO MOAENN NaMATU JOCTAaTOYHO OTBETUTHL Ha
OWH NPOCTOI BOMPOC...

OcHogHoli Bonpoc eé cywecteosarus (OBEC):
Kakne 3HaYeHUss MOXET MpoYnTaTh
KOHKPETHbI read B nporpamme’?
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BBe,u,eHme: B nocisieoBaTeJibHbIX MNMporpamMmmMax...

= llcnonHsieM MHCTPYKLMU A3blka 0AHY 3a ogHoii? Torga mogens
namsaTy o4YeBUAHA:

<<l‘|T€HI/I$|, cneayrowne 3a 3anncaAmMm B nporpamMme,

AOJIXXHbl BUAETb PaHEE 3aMNNCAaHHbIE 3HE]‘-I€HVIFI>>3

= YacTo nog «Mogenbto NaMsATU» UMEKT B BUAY <MOAENb
NaMsATK, NOKPbLIBAKOLLAA CEMAHTUKY MHOTOMOTOYHbIX
nporpamm>»

3e.g. ans C99: ISO/IEC 9899:1999, «5.1.2.3 Program execution» =’Java ORACLE
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BBepneHune: ...Toxxe He Bceé NpocTo

= Xpectomatuiinelii npumep ans C 89/99:

int 1 = 5; (.)
i = (++1i + ++1i)
assert (13 i

;o (D)
); (.) // FAILS

= OTcyTcTBUe Sequence point'os* B BbIpaXKeHUN NPUBOAUT K
undefined behavior (mexay (.) (.) mMoxeT BbITb 4TO yrogHo)

= MO,D'eJ'IVI MaMATU HY>XHbl B TOM 4HKUC/E N4 TOrO, 4TObbI cyanThb O
nogeaeHnn OAHOMOTOHYHbIX NMPOrpamMmm

41ISO/IEC 9899:1999, «Annex C: Sequence Points»
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BeepneHue: Coming back to reality

Peannzauun All genatoT oaHy n3 AByx BelLeii:
1. HanpsMylo SMyAUPYIOT abCTPaKTHYIO MaLLWHY Ha BXO4HOVA
NporpamMmMe 1 CyLLecTBytoLell MawmHe (MHTepnpeTauus )
2. cneunanusnpytoT abCTpakTHYIO MaLLUHY BXOAHOU NPOrpaMMOoi,

N BbIMOJHSIIOT PE3y/NbTaT Ha CYLLECTBYHOLLEN MaLLMHE
(komnuasums)

Peannzaumsam HyXKHO BJAOXUTLCA B CneunduLpoBaHHOE NoBeAeHUE
abctpakTHoit mawwuHbl Al
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Beepaexune: Be careful what you wish for

Mogens namsatn = trade-off mexxay
A010aHYTOCTbIO MPOrPaMMIUPOBaHNS HA S3bIKE,
AO0NDAHYTOCTbIO BbICTPOI U KOPPEKTHOM peann3aymmy si3bika,
1 BoNbaHyTOCTbIO xapaBapa

* MeyTaTb He BpefHO: MOXXHO NOTpeboBaTb MHOMO YAODHbLIX WTYK

" _..BOMPOC B TOM, He YIAET NN HA CO3JaHUe noaxoasLueli
peannzauun Al n xenesa K HEMY CTOTBILIMUILOHOB JET?
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BBe,EI,eH me:. JIoOrlmMKka noBecCcresoBaHunA

Mebi nonpobyem:

1.

ARl

[lokasaTb, 4To JMM Ham Hy»KHa

Ob03HauYUTL HaLWW XKenaHus

[MocMOTpeTb, YTO HaM peanbHO AOCTYMHO

MonsTe, kak cneundukaums banancupyer mexay (2) n (3)
3arnsHyTb, kak paboTatoT (koHcepBaTuBHbIe) peannsayuu JMM

PopmanbHbie TpeboaHust JMM OyayT BOT B Takoli pamke
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Access atomicity
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Access atomicity: Cka3ka

XoueTcsa:
ATOMapHOCTb AocTyna K 6a30BbIM Tunam

T.e. pna noboro basosoro Tuna T:

Tt =V1;
t = V2; Trl=t;
assert (r1 € {V1,V2})

=’Java
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Access atomicity: PeanbHocCcTb

Hy>xHa nogaep)xka co CTOpPOHbI »XKenesa, 4Tobbl OHO
LefiCTBUTENLHO AENano aToMapHble YTeHus /3anucu

3acagpi:

= OTcyTCTBME XapABapHbIX onepauuii 4as KPYNHbIX YTEHWiA: Kak
npoynTaTe 8-6aiiTHeI long Ha 32-butHom x867 A Ha
32-6utHom ARM-e7

= TpeboBaHUsi MOACMCTEMbI MAMSTW: B MPUMEPY, NpW
nepecevyeHnn Kell-NaliHa Ha X806 aTOMapHOCTb TepsieTcst

=’Java ORACLE
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Access atomicity: PeweHune (vacTtb 1/2)

YTeHns /3anncn aTomapHbl 4ns Bcero, kpome long u double

volatile long n volatile double aTomapHsbl

* Bbonbuwas yactb xenesa B 2004 ymena yntath go 32 6wt 3a
pa3, C 64-OMTHBIMUN YTEHUSIMW MPULLIOCE MUPUTLCS

* CCbINKU UMET BUTHOCTb, COOTBETCTBYHOLLYO MaLUUHHON
= Moxem BepHyTb aTOMapHOCTb (MOAYEPKMNBASH BO3MOXKHbII
performance penalty)

=’Java ORACLE
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Access atomicity: PeweHune (vacTtb 2/2)

[MouTu Be3ae HEBLIPOBHEHHOE YTEHME TepseT aTOMapHOCTb
(n y>K TOUYHO TepsieT NPOU3BOANUTENBLHOCT)

= Peanm3au,|/|ﬂ BbIHY>KAE€HA BbIPpaBHUBATL TUMNbI MO X OJINHE!

0.0.j.samples.J0LSample_02_Alignment.A®
OFFSET SIZE TYPE DESCRIPTION

0 12 (object header)
12 4 (alignment/padding gap)
16 8 1long A.f

Shttp://openjdk.java.net/projects/code-tools/jol/ =’Java’  oracLe
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Access atomicity: Quiz

Y10 HaneyaTaeT?

AtomicLong al = new AtomicLong();
al.set(-1L); | println(al.get());

=’Java
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Access atomicity: Quiz

Y10 HaneyaTaeT?

AtomicLong al = new AtomicLong();
al.set(-1L); | println(al.get());

[Toyemy He OXFFFFFFFF000000007

=’Java

Slide 17/109. Copyright © 2013, Oracle and/or its affiliates. All rights reserved.

ORACLE



Access atomicity: Quiz

Y10 HaneyaTaeT?

AtomicLong al = new AtomicLong();
al.set(-1L); | println(al.get());

[Toyemy He OXFFFFFFFF000000007
Hukakoli marnn: «volatile longy» BHyTpW rapaHTupyert.
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Access atomicity: Value types

= MHorune xotsaT value types 8 Java. Kpome Bcsiknx OoHycoB, oHu
BHOCSIT IErknli apomaT HeaflekBaTa B MOAEb NaMsiTU.

= K npumepy, C/C++11 Tpebyet aTtomapHocTs gs ntoboro POD:

typedef struct TT {
int a, b, ¢, ..., z; // 104 bytes
T,
std::atomic<T> atomic();
atomic.set(new T()); | T t = atomic.get();

=’Java ORACLE
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Access atomicity: Value types

= MHorune xotsaT value types 8 Java. Kpome Bcsiknx OoHycoB, oHu
BHOCSIT IErknli apomaT HeaflekBaTa B MOAEb NaMsiTU.

= K npumepy, C/C++11 Tpebyet aTtomapHocTs gs ntoboro POD:

typedef struct TT {
int a, b, ¢, ..., z; // 104 bytes
T,
std::atomic<T> atomic();
atomic.set(new T()); | T t = atomic.get();

= Peanuszauns BbiHy>xaeHa genats lock n Ha set (), n Ha get ()
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Access atomicity: JMM 9

= Wckntouenns ans long/double Bbi3aHbl nparmatukoii 2004 .

— [NoBcemecTHo pacnpocTpaHeHbl 32-6uTHbie x86
— [peexne, gpemydne ARM b1 n PowerPC'ei

= B 2014 roay y»xe BCE ropa3go nyduel

B cepsepHoM mupe octanuck Boobuie 32-6uTHblEe MaLWHbI?

Naxke Ha 32-6UTHbIX faBHO eCTb 64-OuTHble (BEKTOPHBIE) MHCTPYKLMN
— Ha 6onbwmnctee nnatdopm long/double ae-hakTo aToMapHbi

— ...HO Mbl BCE paBHO 3acTaBasieM nucatb volatile, nbo WORA

= Bonpoc: MoxeT, nopa BbINUANTL 3TU UCKAIOYEHUSA U3
cneundpmkayun’?

=’Java ORACLE
Slide 19/109. Copyright © 2013, Oracle and/or its affiliates. All rights reserved. N



Access atomicity: JMM 9

| _double |

float |

(o))

&

SN v oS
Shans
volatilc‘_’

volatile _'

x860, Ivy Bridge, 64-bit:

Hukakoii pasHuubl:

= double yxe pgasHoO
aToOMapeH

= long pabotaeT Ha
HaTUBHOI BUTHOCTMN

= T =< 2 = TR 2
=} < > < I} >
access mode
alwaysAtomic B minus B plus
<«
Shttp://shipilev.net/blog/2014/access-atomic/ =’ Java
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Access atomicity: JMM 9

| double || float |  int long

. 22 x86, vy Bridge, 32-bit:

&30 [
= — M“f PasHuupbl 4yTb-4yThb:
?E’o
7 o ) = double yxe pgasHoO

R 2 aTOMapeH
0 L = long Ha XunBbIX
20 3
0 n i | H BEKTOPHbIX

BEg: Fig TEolgog NHCTPYKLMNAX

: - : acc;ssmoie - : -

alwaysAtomic B minus B plus

"http://shipilev.net/blog/2014/access-atomic/ =’Java  oracLe
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Access atomicity: JMM 9

ol [ [ T[] int i lglr!g I ‘|
o ﬂ: 2 ARMv7, Cortex-A9, 32-bit:
wz:)'i_ [ ]
;IS l [P
i €2 PasHuubl 4yTb-4dyTh:
2o
g | l = double yxe gasHo

2 il il Hd aTomapeH
» i * long Ha »KMBbIX
HE BEKTOPHbIX

MHCTPYKLMAX

: g : acc;ssmoie g : -

alwaysAtomic B minus B plus
/

8http://shipilev.net/blog/2014/access-atomic/ é]ava“ ORACLE
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Word tearing
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Word tearing: Cka3ka

Xouercs:
HesanexHocTb onepaunii Hag HE3aBUCUMbBIMU 31EMEHTAMU
(nonsimun, snemeHTamn mMaccueoB n T.n.). Hanpumep:

T[] as = new T[...]; as[1] = as[2] = VO;

as[1] = V1; | as[2] = V1;
<term> <term> <join both>
T rl = as[1];
T r2 = as[2];
assert (rl == r2)

=’Java ORACLE
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Word tearing: PeanbHoCTb

Hy>xHa mosaep»kka CO CTOpPOHbI »Xeje3a, 4Tobbl OHO
AEiCTBUTENLHO A€Nano He3aBUCMMbIE YTeHWs /3anncn

3acagpi:

= OTcyTCTBME XapABapHbIX onepauyuii s Menkux
4TeHUl /3anunceii: kak aToMapHo 3anucaTb 1-b6uTHbId boolean,
ecnn atomMapHo MoxkHo 3anucate N (N > 8) 6ut?

=’Java ORACLE
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Word tearing: Pewienne

Word tearing 3anpeLiéH

* Bosiblias 4acTb xxenesa ymeer agpecoBaTb oT 8 buT 3a pas

= Ecnu xeneso ymeet agpecoBaTe MuHumMym N OWT, 3Ha4uT,
MUHVMabHbLIT pa3mep 6a30BOro TuUNa B Peasnn3aumnm TOXe
pa3ymHo caenatb N but

= Ha GonblimHCcTBe NAaThopM BCE TUMbI HE TEPSIIOT NaMsTh
(kpome 8-6uTHOro boolean)

=’Java ORACLE
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Word tearing: Experimental Proof

ObbekTbl BbIPOBHEHLI Ha 8 DaiAT.
Bcé, kpome boolean, To4HOro pasmepa Noj AranasoH 3HAYEHWUIA:

$ java -jar jol-intermals. jar

Running 64-bit HotSpot VM.

Using compressed references with 3-bit shift.

Objects are 8 bytes aligned.

Field sizes by type: 4, 1, 1, 2, 2, 4, 4, 8, 8 [bytes]
Array element sizes: 4, 1, 1, 2, 2, 4, 4, 8, 8 [bytes]

=’Java’  oracLe
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Word tearing: Quiz

YT10 HaneyaTaeT?

BitSet bs = new BitSet();

bs.set(1); | bs.set(2);
<term> <term> <join both>
println(bs.get(1));
println(bs.get(2));

9EcTb N x0Tb oAHa peanusaums, kotopas Hanedataet (F, F)? =’Java
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Word tearing: Quiz

YT10 HaneyaTaeT?

BitSet bs = new BitSet();
bs.set(1); | bs.set(2);
<term> <term> <join both>
println(bs.get(1));
println(bs.get(2));

Haneuataet niobyto® us kombunauuii (T, T), (F, T), (T, F).

9EcTb N x0Tb oAHa peanusaums, kotopas Hanedataet (F, F)? =’Java’  oracLe
Slide 28/109. Copyright @ 2013, Oracle and/or its affiliates. All rights reserved -



Word tearing: Bit fields

* MHorune xotaT struct'sl B Java, nan soobue cnocob
KOHTpoNUpoBaTh layout obbekToB. Ara, ygaun, comyanpyii 37o:

typedef struct TT {
unsigned a:7;
unsigned b:3;
T,
T t;
t.a =42; |rl = t.b;

=’Java ORACLE
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Word tearing: Bit fields

* MHorune xotaT struct'sl B Java, nan soobue cnocob
KOHTpoNUpoBaTh layout obbekToB. Ara, ygaun, comyanpyii 37o:

typedef struct TT {
unsigned a:7;
unsigned b:3;
T,
T t;
t.a =42; |rl = t.b;

» Peannzauus BblHY>XAeHa genaTs lock u Ha 3anucu a, u Ha
4yTeHun b.
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Word tearing: Bit fields

* MHorune xotaT struct'sl B Java, nan soobue cnocob
KOHTpoNUpoBaTh layout obbekToB. Ara, ygaun, comyanpyii 37o:

typedef struct TT {
unsigned a:7;
unsigned b:3;
T,
T t;
t.a =42; |rl = t.b;

» Peannzauus BblHY>XAeHa genaTs lock u Ha 3anucu a, u Ha
yteHun b. (C++11 Ha 310 dpeepuyeckn 3abun)
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Word tearing: JMM 9
,J
MOVE
ALONG

NOTHING

TO SEE
HERE
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[TEPEPDBIB

Ha NOECTb, NOMNNTb, MOKYPUTb
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SC-DRF
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SC-DRF: Cka3ska

XoueTcs:
[MpocToii cnocob aHanM3npoBaTh NPUIOXKEHUS,
«Sequential Consistencyy». K npumepy:

<action(1l, 1)> | <action(2, 1)>
<action(1l, 2)> | <action(2, 2)>
<action(1l, 3)> | <action(2, 3)>

VoobHo fymaTh, 4TO onepauun NCNONHAIOTCS MO NMOPSAKY,
MHOrAa NEPEKIOYasiCb Ha ApYyroli NOTOK.

=’Java ORACLE
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SC-DRF: Ckaska (copmanbHee)

Sequential Consistency (SC):

(NTamnopr, 1979): «Pesynstat nt0boro ncnonHeHns He OTANHUM OT
CNly4as, Korja Bce onepaLuny Ha BCEX NPOLECCOpax UCMOAHSAIOTCA B
HEKOTOPOM MOoCAef0BaTeIbHOM MOPSiKe, U OMEPALINN Ha KOHKPETHOM
NPOLLeCCOpe NCMOHAIOTCS B Mopsifke, 0603HaYEHHOM MPOrpamMMmoii»

=’Java ORACLE
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SC-DRF: Ckaska (copmanbHee)

SC — unesyntckoe onpeneneHue:

= [IporpaMMy MOXXHO CUJIBHO MepPekoNbacuTb, AuLlb bbl HaLWENcs
HY>KHbIA NOPALOK B OPUTMHANBLHOW NPOrpaMMe, KOTOpPbINA
npusoanT K ToMy xe SC-pesynbtaTty

int a = 0, b =0;
a=1; b = 2;
print(b); | print(a);

— print(2); | print(1);

=’Java ORACLE
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SC-DRF: PeanbHocTb

= OTHoLleHNS OI'ITI/IMI/|3aLI|I/II7I n Mogennm NaMAaTn MOXHO BbIpPpa3uTb

Hepes MepecTaHOBKU YTeHWii/3annceil
= MOXXHO 1M OCYUIECTBUTL 3TO npeobpa3oBaHue’?

=’Java  oracLe
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SC-DRF: PeanbHocTb

int a =0, b =20; r2 = b;

rl =a;| b= 2; N b = 2;

r2 =b; | a=1; a =1,
rl = a;

= B ucxopHoii nporpamme npu SC obsizaTtensHo nbo «r2 = by,
nmbo «a = 1» A0JHKHO bbITb nocneaHnM, a 3HaquT, (rl, r2)

nmnbo (x, 2), nmbo (0, *).
= HoBas nporpamma npusogut k (r1, r2) = (1, 0)

=’Java  oracLe
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SC-DRF: PeanbHocTb

Sequential Consistency - o4eHb npuBnekaTenbHas MOLENb.
Naéwb eé B maccel B XVII natunetke!

* OyeHb CIIOXKHO OMPEAENNTb, KaKne ONTUMU3ALNN MOXHO
Aenatb, He Hapywas npu aToM SC

= [nobanbHbiii MeraOntumusatop (FTMO) B Teopun moxet
caenaTb Takol aHanu3

" Ha npakTuke n paHTallMbl, N »KEIe30 MOJyHatoTCs
nekntouunTensHo bes MO = bonblias 4acTb onTuMMU3aL i
3anpeLieHa

=’Java ORACLE
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SC-DRF: PeweHne

Ham HyxHa bosee cnabast mogens!
(Bcnomunaem npo trade-off-bi)

Ecnn nomoiitn K aeny ocHoBaTeNbHO, TO:
= Paspewunm onTumMunsauumn B paHTalimMax n xapasape
= Bce ewé coxpaHnm ocTaTky pasyma AeBeNONepoB

» Cneundpmkaums bygeT HeBMEHsSIEMa, HO YyTb MeHee Yem
HanoMOBUHY

=’Java
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SC-DRF: Jloruka nocTtpoeHusi mogenu

@Popmanuzm JMM nbitaetcs nonyyuuts oteet Ha OBEC
(n menaet 370 HekOHCTpYKTUBHO!)

= JMM cTponT BCe BO3MOXKHbIE UCMOJIHEHWSI MPOrPaMMbl
— [eiicTBus nporpammbl obpasytoT program/synchronization order
— W3 Hux poxgatotes synchronizes-with, happens-before order

= JMM otbpacbiBaeT 3anpeLleHHbIe UCMOJTHEHUS]
— [lna aToro nopsagkn UMeIOT CTPYKTYpHbIE OrpaHNYeHNs
— [loTom Ha ncnonHeHus Hanaraercs eu.l,e HEMHO>XKO OrpaHI/I‘-IeHI/II7I
— [MoToM MCNONHEHNS eWwé YyTb-4yTb BaNUANPYIOTCS

= OcTaBLWNECS UCMONHEHNS — pa3peLleHbl

=’Java ORACLE
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SC-DRF: Jloruka nocTtpoeHusi mogenu

@Popmanuzm JMM nbitaetcs nonyyuuts oteet Ha OBEC
(n menaet 370 HekOHCTpYKTUBHO!)

= JMM cTponT BCe BO3MOXKHbIE UCMOJIHEHWSI MPOrPaMMbl
— [eiictBus nporpammel obpasytot program/synchronization order
— W3 Hux poxpgatotca synchronizes-with, happens-before order

= JMM otbpacbiBaeT 3anpeLleHHbIe UCMOJTHEHUS]
— [ns 3TOro nopsiaKky UMEKT CTPYKTYPHbLIE OrpaHNYeHUs]
— [MoToM Ha NCMONHEHNSI HANAraeTCs elé HEMHOXKO OrpaHuMyeHul
— [NoTom ucnonHeHus eweé HyTb-4yTb BaSMAMPYIOTCS

= OcTaBLWNECS UCMONHEHNS — pa3peLleHbl

=’Java’  oracLe
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SC-DRF: Program Order

Program Order (PO)|:
NOpPALOK AeWCTBUIA BHYTPY OL4HOro NoToKa

( write(x, 42) ) ( read(x, ...) )
u PO CBA3bIBaAET rEI|eI7ICTBI/IFI TOJIbKO AN
(vwrite(vx, 1)) (vread(vx. 1)) KOHKPETHOIo NOTOKa

JMM paboTaeT ToNbKO C AeAcCTBUAMMN Haf,
(write(y, 42)) ( read(x, ...) )
NOAAMU 1 IEMEHTAMN MaCCUBOB

( read(x, ...) ) ( read(z, ...) )

PO He xBaTaeT, 4T0bbI CyANTbL O
MHOIOMOTOYHBIX MPOrpaMmMax: Hamo
ceszaTb PO co Bcell ocTanbHol
PEaIbHOCTBIO

=’Java ORACLE
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SC-DRF: Jlupuyeckoe otctynseHune

[Mopsiaok geiicTBuii # Nopsifok onepaTopos
(xoTst 3TM fBa nopsizka 0OMaHYNBO CXOXKM)

opA (); = OnepaTopbl NOJHbIV NOPSIAOK

if (predicate()) { MOryT He 0bpa30BbIBaTH, a

) :ige()j[ Program Order — nonHbiii nopsigok
opC () ; = [lporpamma rexnepupyer

} LEeNCTBNSA MO XO4Y

opD O ; NCMONHEHNS

=’Java ORACLE
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SC-DRF: Synchronization Actions

Onpeagenum cneuunanbHble onepauun!

Synchronization Actions (SA)|:

= volatile read, volatile write
= |lock monitor, unlock monitor
" MepBOe W NOCNeAHee AeNCTBUE B NMOTOKE

= onepauun, obHapy>K1BatOLLME 3aBEPLLEHNE NOTOKA
(Thread.join(), Thread.isInterrupted() u 7.n.)

=’Java
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SC-DRF: Synchronization Order

Synchronization Actions
(st 0} > reaaten. ) obpasytot Synchronization Order (SO):

(e 42))( ) ) = | SO — nonnbiii nopsigok (total order)
A
(vwrite(vx, 1)}....>(wead(vx, 1,) = BCe BUAST OfAMH Nopsigok SA

(Write(y, 42)) ( read(x, ...) )
= | SO cornacosat ¢ nopsiakom SA B PO

EER D = COXPaHAITCA, HanpuMep, CBONCTBA
napHoctu lock/unlock

=’Java ORACLE
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SC-DRF: Synchronizes-With Order (SW)

Synchronizes-With Order (SW):

CORCT noanopsaok SO, OFpaHI/I\‘-l{eHHbII/I ,El,j'lﬂ
KOHKPETHbIX Map YTeHnii/3anucel,
(vwrite(vx, 1)) (vread(vx, 1)) |0Ck/un|OCk n T.n

G ) (Lot ) = SO HeonpaBAaHHO orpaHM4MBaeT

(Creaox o ) readtz 0 ) oNTUMU3aLNN: 3a4eM TpeboBaTb
nopsigok volatile read’'oB B ABYx pa3HbIx
notokax”?

=’Java ORACLE
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SC-DRF: Happens-before (HB)

( wr!ite(x, 42) ) ( read(x, ...) )

(vw|rite(vx, 1)) (vread(vx, 1))
%

( write(y, 42) ) ( read(x, ...) )

( read(x, ...) ) ( rea|d(z, ) )
v

Slide 46/109. Copyright © 2013, Oracle and/or its affiliates.

Happens-Before Order (HB):

TPaH3NTUBHOE 3aMblKaHNE O6'be,£l|l/l HEHWUA

{SW U POY.

PO paért cemaHTUKy BHYTpU MOTOKA

SW faéT «MOCTUK» MexAy NoToKamMu
= Pesynbtat u3 oboux nopsiakos: HB!

=’Java ORACLE
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SC-DRF: Happens-before (HB)

HB paét noHumatue,
KaKyto 3aMncb MOXET YBUAETb

| ..
(write(x,42)) ( S ) koHkpeTHoe yTerne (OBEC!)

vwrite(vx, 1) vread(vx, 1)
C ) ) = Jlnbo nocnepHtoto 3annce 8 HB

(witety a2 ) (Creatte ) ) = Jlnbo ntobyto 3anuck sHe HB (rowka)

= KasyucTtuka: roHkos Ha3blBaeTCs
( read(x, ...) ) ( read(z, ...) ) o

7 KOH(IMKTYOLWNI JOCTYN K
NMEPEMEHHOI, HE CBA3AHHbIN
happens-before

=’Java ORACLE
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SC-DRF: Onpegenenne

SC-DRF: «Correctly synchronized programs have sequentially
consistent semantics»

= [lepeBoa: B nporpamme HeT roHok = pe3ynbTaT UCMOJHEHUS
NpPoOrpamMmmbl MOXHO 00BbACHUTL KakuM-HUbyabL SC-ncnonteHnem

= Nutyuyms Nel: Onepaunu Hag nokanbHbIMU AaHHbIMU (Kak
npasuso) He nomatot SC

= Nntynuus Ne2: Onepauuu Hag rnobanbHbIMU AaHHBIMY
cuHxpoHnzosanbl SC-npumnuTreamun (JOCTYMHLIMU NPSIMO B

xenese)
=’Java ORACLE
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SC-DRF: Publication

JTO NpUBOAMT K MexaHu3MaM be3onacHoii
nybankauuu:

= PabotaeT TonbKo Ha oAHON K TOl e
NEPEMEHHO, OfHOM 1 TOM XKe
“acquire’ MOHWTOpE

(vwrite(vx, 1)) (vread(vx, 1))

“release’ = PaboTaeT ToNbKO ecnn Mbl yBUAENN Ty
camyto release-3annce

source

destination

= Bcerpa napHbie gelicteus! Henb3ss
chenaTtb release B O4HOW CTOPOHE, 1
He AenaTb acquire B APYroi.

=’Java ORACLE
Slide 49/109. Copyright © 2013, Oracle and/or its affiliates. All rights reserved. -



SC-DRF: Quiz

Celivac conTMu3npyem. ..

class C<T> {

T box;

public synchronized void set(T v) {
if (box == null) { box = v; }

}

public synchronized T get() {
// TODO FIXME PLEASE PLEASE PLEASE:
// THIS ONE IS TOO HOT IN PROFILER!!!1110NEONEONE
return box;
}
}

=’Java’  oracLe
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SC-DRF: Quiz

Hy, kTo HegaBHO Tak ynapbiBancs?’

class C<T> {

T box;

public synchronized void set(T v) {
if (box == null) { box = v; }

}

public T get() {
// This one is safe without the synchronization.
/7 (Yours truly, CERTIFIED SENIOR JAVA DEVELOPER)
return box;
}
}

=’Java’  oracLe
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SC-DRF: Quiz
Tak yxe nyyuwe: sepHynn SW-pebpo, socctaHosunn HB.

class C<T> {

volatile T box;

public synchronized void set(T v) {
if (box == null) { box = v; }

}

public T get() {
// This one is safe without the synchronization.
// <Sigh>. Now it’s safe.

// ($PROJECT techlead, overseeing certified idiots)
return box;

}

=’Java ORACLE
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SC-DRF: Roach Motel

OpHa n3 uHTepnpeTaunii 3Toil Mogenn
pa3peLuaeT NpOCTOl KJIacC ONTUMU3ALNIA,
«Roach Motel»:

|
(l: write(x, 42)) (5: read(x, ))

| "release" "acquire"

(2: vwrite(vx, 1)) (6: vread(vx, 1))

G ) (Fireas ) (3) MoxHO nepectaeuTb nepeq release, no-
( w ) TOMY YTO OH HE MELIAET HUKAKIM 3aBUCHMO-
4: read(x, ...) 8: read(z, ...)

7 CTAM MO T, W YTEHWs CnpaBa MOryT BUAETbL

3Ty 3aNuUCb 4epe3 roHKy

=’Java ORACLE
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SC-DRF: Roach Motel

OpHa n3 uHTepnpeTaunii 3Toil Mogenn

|
(e 42))  (5ireaatn ) paspeLllaeT NPOCTON KJlacC ONTUMU3ALNIA,
(2: vwrite(\lf(l,ela)s)e a(c(‘:{:u\llr:;ad(vx, 1)) < RoaCh M Otel >
(3: write(y, 42)) (7: read(x, )) .
(5) MOXHO mepecTaBuTbL 3a acquire, noTo-
(arresa0)  (ireadta, . ) MY 4TO OH BCE PAaBHO YUTAET X YEPE3 FOHKY,
v

MOXeT yBUAeTb n 42

=’Java ORACLE
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SC-DRF: Roach Motel

OpHa n3 uHTepnpeTaunii 3Toil Mogenn

| ~ ~
(o) (oo pa3peLlaeT NPOCTO KaacC ONTUMU3aLNIA,

| "release" "acquire" << RoaCh M Otel >>
(2: vwrite(vx, 1)) (6: vread(vx, 1))

% .
Grwnen ) (Geresa ) TawemTa, «BHocubensHo nocne acquirey
( ) ( ) + «BHocnbenbHo nepes releasey = «BHo-
4: read(x, ...) 8: read(z, ...) .

7 cnbensHo B acquire+release bnokuy =

paboTaet lock coarsening, Hanpumep.

=’Java ORACLE
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SC-DRF: Roach Motel

KoHcepBaTMBHbLIM peann3aunsiM HEKOTOpbIe
NepecTaHOBKN 3anpeLLeHbl:

|
(l: write(x, 42)) (5: read(x, ))

(zzv'm;‘;j'f;jj" (:d( D (1) Henb3s npocTo nepectaBuThb 3a release,
 — NOTOMY Y4TO Mbl MOTEHLMANBHO BLIHOCUM €ro
(o) (2ot ) n3 HB. KoHcepBaTusHas peanusaums He 3Ha-
(rrena ) (o reaste, ) eT, ecTb 7n ganslue (7), KOTopas AOJHKHA ero
v yeugets. MO mor 6bl 3T0 y3HaTb 1 Takn ne-

pecTaBuUTb.

=’Java ORACLE
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SC-DRF: Roach Motel

|
(l: write(x, 42)) (5: read(x, ))

"release" "acquire"

(2: vwrite(vx, 1)) (6: vread(vx, 1))

(3: write(y, 42)) (7: read(x, ))
(4: read(x, )) (8: read(z, ))

KOHCGpBaTI/IBHbIM p€annsaunamMm HEKOTOPLIE
NEpPECTaHOBKN 3aNpeLleHbl:

(7) Henb3s npocTo nepecTaBuTb nepeg
acquire, NoToMy 4TO 3TO BbIHOCUT €ro u3
HB. KoHcepBaTuBHas peanusauusi He 3HaeT,
ecTb nm BBepx Mo Tedewmto (1), 3HaueHne
KOTOPOro Mbl AO/KHbI yBUAeTb. OnsaATb e,
MO mor bbl 3T0 NpoaHaNM3UpPoBaTb U Takm
nepecTaBuThb.

=’Java ORACLE
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SC-DRF: Roach Motel

| KoHcepBaTuBHbLIM peann3aunsiM HekoTopble
e G NepecTaHOBKW 3amnpeLleHbl:

"release" "acquire"
(2: vwrite(vx, 1)) (6: vread(vx, 1))

MO wmor 6bl nepetawuts n (8) Bnepés

Gowewa2) (7 relad<x, ) acquire, ecnn bbl fokasan, 4to B HB-nyTtn Hu-
(arresa0)  (ireadta, . ) KTO He leflaeT 3anuceii B z. KoHcepBaTUBHbIM
\

p€annzdaunsamMm Takoe CHaCTbe HEJOCTYMHO.

=’Java ORACLE
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SC-DRF: Quiz

Y7o HaneuaTaeT? Bapuanter: 0, 41, 42, 43, <Hnyero>

int a = 0;
volatile boolean ready = false;

a = 41; while(!ready);

a = 42; println(a);
ready = true;

a = 43;

=’Java
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SC-DRF: Quiz

Y7o HaneuaTaeT? Bapuanter: 0, 41, 42, 43, <Hnyero>

int a = 0;
volatile boolean ready = false;

a = 41; while(!ready);

a = 42; println(a);
ready = true;

a = 43;

Hanevataer wan 42, nnn 43.

=’Java
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SC-DRF: Quiz #2

Y70 HanevaTaer? Bapuanter: 0, 41, 42, 43, <Hu4yero>

int a = 0;
boolean ready = false;

a = 41; while(!ready);

a = 42; println(a);
ready = true;

a = 43;

=’Java
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SC-DRF: Quiz #2

Y70 HanevaTaer? Bapuanter: 0, 41, 42, 43, <Hu4yero>

int a = 0;
boolean ready = false;

a = 41; while(!ready);

a = 42; println(a);
ready = true;

a = 43;

Haneuataer wam 0, unn 41, vnn 42, nnn 43, nan <Hmnyero>.

=’Java ORACLE
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SC-DRF: HemHo)xxko beHumapkoB

https://github.com/shipilev/jmm-benchmarks/

= 2x12x2 Xeon E5-2697, 2.70GHz
= OEL 6, JDK 7u40, x86_ 64

= 13mepsieM He NpPON3BOANTENLHOCTb
CMneKu, a NPON3BOANTENBHOCTb
HEKOTOPOI €€ peanmsayum

=’Java ORACLE
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SC-DRF: HemHo)xxko beHumapkoB

https://github.com/shipilev/jmm-benchmarks/

= 2x12x2 Xeon E5-2697, 2.70GHz
= OEL 6, JDK 7u40, x86_ 64

= 13mepsieM He NpPON3BOANTENLHOCTb
CMneKu, a NPON3BOANTENBHOCTb
HEKOTOPOI €€ peanmsayum

BE3

MO

=’Java’  oracLe
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SC-DRF: Hoisting

@State(Scope.(Benchmark|Thread))
public static class Storage {

private (volatile) int v = 42;
}

@GenerateMicroBenchmark
public int test(Storage s) {
int sum = 0;
for (int ¢ = 0; ¢ < s.v; c++) {
sum += s.V;
}

return sum;

}

=’Java
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SC-DRF: Hoisting

He Tak cTpaweH volatile, CKONbKO NMOMOMaHHbIE ONTUMU3ALMN:

Summing up the field in for-loop

5000+ -
Q
Q
£
<3000+
o
o
©2000+
[0
o
o

1000+

0 L T T T
0 10 20 30 40 50
threads

== Plain (local) == Plain (shared) - Volatile (local) == Volatile (shared)

=’Java’  oracLe
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SC-DRF: Writes

@State (Scope.(Benchmark|Thread))
public static class Storage {
private (volatile) int v = 42;

3

@GenerateMicroBenchmark

public int test(Storage s) {
BlackHole.consumeCPU(8); // ~15ns
return s.v++;

=’Java’  oracLe
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SC-DRF: Writes

He tak ctpawen volatile, ckonbko data sharing:

Incrementing the field continuously (with a backoff)

2500+

2000+

operations/usec
o (4]
o o
o o
: :

500+

0 10 20 30 40 50
threads

== Baseline == Plain (local) == Plain (shared) - Volatile (local) == Volatile (shared)
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SC-DRF: Ping-pong

@State (Scope.(Group| Thread))

public static class Storage {
private (volatile) int v;

}

@State (Scope.Thread)

public static class Local {
private int nextV;

}

@GenerateMicroBenchmark

public int test(Storage a, Local 1) {
int nextV = 1.nextV;
while (a.v '= nextV);
1.nextV = nextV + 2;

return a.v++;
} =’Java’  oracLe
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SC-DRF: Ping-pong

He Tak cTtpaweH volatile, ckonbko memory latency:
Ping—pong on the field

300+ —

200+ 11Tl

—_

o

o
i

operations/usec

0+— : : : : :
0 10 20 30 40 50
threads

== Plain (shared) == Volatile (shared)
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SC-DRF: JMM 9

» SC-DRF HbiH4e npn3Haétcs Hambosiee yaaqHol Mogesbo

— ®opmanbHo ngesa cywectsyeT ewé ¢ 90-x rogos
— ApganTtupoBaHo B Java B 2004
— ..m tenepb ewé B C/C++ 8 2011

* B HekoTopbix MecTax 3a SC npuxoanTcst o4eHb BOABHO MAATUTH

— [Mpumep: PowerPC + IRIW = kpoBb, Kuwku, pacHneHéHka

— [Mpumep: Linux Kernel RCU = penakcaunn SC gns ARM/PowerPC
MeCTamMU JatOT KOHCKWUE MPUPOCThLI MPON3BOAUTENBLHOCTY ..U AaXKe
be3 KaxyLLerocsi B3pbiBa Mo3ra

= Bonpoc: MoXHO N Kak-HUbyab ocnabuteb 310 TpeboBaHue, He
Pa3pyLUNB BCO MOmEb?

=’Java ORACLE
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[TEPEPDBIB

Ha NOECTb, NOMNNTb, NMOKYPUTL, NOBECUTBLCA

=’Java’  oracLe
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SC-DRF: Jloruka nocTtpoeHusi mogenu

@Popmanuzm JMM nbitaetcs nonyyuuts oteet Ha OBEC
(n menaet 370 HekOHCTpYKTUBHO!)

= JMM cTponT BCe BO3MOXKHbIE UCMOJIHEHWSI MPOrPaMMbl
— [eiicTBus nporpammbl obpasytoT program/synchronization order
— W3 Hux poxgatotes synchronizes-with, happens-before order

= JMM otbpacbiBaeT 3anpeLleHHbIe UCMOJTHEHUS]
— [lna aToro nopsagkn UMeIOT CTPYKTYpHbIE OrpaHNYeHNs
— [loTom Ha ncnonHeHus Hanaraercs eu_l,e HEMHOX>XKO OrpaHI/IquI/IVI
— [MoToM MCNONHEHNS eWwé YyTb-4yTb BaNUANPYIOTCS

= OcTaBLWNECS UCMONHEHNS — pa3peLleHbl

=’Java ORACLE
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SC-DRF: Executions

. 0 hb
Execution: F =< P, A, %, 25 W, vV, 2% D>
= P — nporpamma; A — MHOXeCTBO AeACTBUIA nporpamMmbi
po S0 . .
= — — program order; — — synchronization order

= W(r) — «write seen function», Bo3BpaLLaeT 3anncb, KOTOPYHO
BUAUT AaHHOe uyTeHume; V(1) — 3HadeHne, KOTOPOE MPOHNTaNo

KOHKPETHOE 4YTEHNE

2 — synchronizes-with order

L. happens-before order

=’Java ORACLE
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SC-DRF: OrpaHuyerHunsa Ha PO

= PO 3HaeT CBOE MeCTO, 4Yepe3 Hero B MoAelb «MPOTEKAET »
nHdopmaums ob opuruHanbHON nNporpamMmme:

Vt € Threads, 2 |; — nonHbiii nopsigok

po o
— He CBsA3blBae€T AEUNCTBUA Pa3HbIX MOTOKOB

* |Inter-thread consistency gaét moctuk mexay noeegeHnem
nocCnefoBaTeNIbHOW NPOrpaMMbl U BCell OCTAJIbHOW MOAENbIO:

0 ~
Vt € Threads, 2 |; reHepupyeT geiicTBus, coBMeCTHble ¢ P

=’Java ORACLE
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SC-DRF: OrpaHunyeHunsa Ha HB

= B happens-before order otcyTcTBYyOT LUMKIbI:

hb o
— — YaCTU4HbIV NOPAJOK

= Happens-before consistency obsizbiBaeT BugeTs nocneatme

hb hb
3annucu B —», WK paspellaert atobble gpyrue BHe —»:

Vr € Reads(A) : —(r b, W(r))A
(=3w € Writes(A) : (W(r) LLN w) A (w LLN r))

=’Java ORACLE
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SC-DRF: OrpaHunyerHunsa Ha SO

= Qbpa3syeT oTge/bHbIi NOPSIAOK:

So o SO po
— — NOJIHbIU nopAaAnoK|, — COBMECTEH C —

= Synchronization-order consistency ob6s3biBaeT 4TeHus
BUAeTb nocnegHue 3anucy B SO:

Vr € Reads(Algyne) : (W(r) = r)A
(—3w € Writes(Algyne) : (W(r) 2> w) A (w = 7))

=’Java ORACLE
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SC-DRF: OrpaHuyerHunsa SO, npumep

Ectb knaccnyecknin tect, IRIVW:

volatile int x, y;
y =1;|int rl = y;
int r2 = x;

int r3 = x;
int r4 =

x =1;

|
<

= Pe3synbTaThl 3TOM NporpaMMbl MOryT ObiTh OMMCaHbI TOLKO
ncnonHeHusimu, B Kotopbix SO — nonHblii

= Bce ncnonHenuns, npusogsawwe k (rl,r2,r3,r4) = (1,0,1,0)
nmetoT nosaomManHblii SO — 3anpeuyeHsbi!

=’Java ORACLE
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OoTA
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OoTA: Ckaska

«SC-DRF. TNocTpoii ceoto ntobosb»

= JlokanbHble TpaHCcopMauny paspeLLeHbl, MOKa HE BCTPETUM
CUHXPOHMU3ALNIO

= OTHOLIEHUS NOKaJIbHbIX TPaHCOOPMaLMIA N CUHXPOHN3a LI
TOXe onpegeneHsl (B caMoM npocTom ciydae, «roach motely)
= Ecin nokanbHble Tpancdopmauny nepekosbawnsatoT

KOHMIMKTHbIE AOCTYMbI, 3HAYUT, TaM 1 Tak bbina roHka, u
nesenonep CC3b
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OoTA: PeanbHoCTb

Ho ectb cnyyau, koraa nokanbHble TpaHcdopmauuu nomatrot SC:

int a =0, b =0;

rl = a; r2 = b;

if (r1 '=0) | if (xr2 !'= 0)
b = 42; a = 42;

KoppeKkTHO CUHXPOHU30BaHaA:
Bce SC ncCnonHeHust He cofiep>xaT FOHOK.
BosmorxxHo Ttonbko (r1, r2) = (0, 0).

=’Java
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OoTA: OnTumnsauun

HeMHOXKO CNeKyAATUBHBIX ONTUMU3aLWIA:
nodyemy bbl He 3anucaTh B b, U OTKATUTL, KECAUN YTO» 7

(HOKa)KeM Ha KOMMNUSATOPax, XOTS MOXET U XapABap cneKynmpOBaTb)
int a = 0, b = 0;
int rl1 = a;

if (r1 != 0)
b = 42;

=’Java ORACLE
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OoTA: OnTumnsauun

HeMHOXKO CNeKyAATUBHBIX ONTUMU3aLWIA:
nodyemy bbl He 3anucaTh B b, U OTKATUTL, KECAUN YTO» 7

(Moka>keM Ha KOMMWASTOPAX, XOTsi MOXKET U XapABap CMeKyNMpoBaTh)

int a = 0, b = 0;

int r1l = a;
int rl = a; b = 42;
if (r1 1= 0) if (r1 == 0)
b = 42; b = 0;

=Java
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OoTA: OnTumnsauun

HeMHOXKO CNeKyAATUBHBIX ONTUMU3aLWIA:
nodyemy bbl He 3anucaTh B b, U OTKATUTL, KECAUN YTO» 7

(Moka>keM Ha KOMMWASTOPAX, XOTsi MOXKET U XapABap CMeKyNMpoBaTh)

int a = 0, b = 0;

int r1 = a; b = 42;
int r1 = a; b = 42; int r1 = a;
if (r1 1= 0) 7 if (r1 == 0) 7 if (r1 == 0)
b = 42; b = 0; b = 0;

=’Java ORACLE
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OoTA: Kak HblHe cOnpaeTcsa Bewnin daun...

int a =0, b =0;

b = 42;
r2 = b;
if (r2 '= 0)
a = 42;
rl = a;
if (r1 == 0)
b = 0;

= [lpuogut k (r1, r2) = (42, 42)
* B npucyTcTBUM FOHOK CNeKysauusi MpeBpaLLaeTcs B
CaMOMNOATBEPXKAAOLLEECS MPOPOHECTBO!

Slide 80/109. Copyright @© 2013, Oracle and/or its affiliates. All rights reserved.
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OoTA: Jloruka nocrpoeHusi moaenu

@Popmanuzm JMM nbitaetcs nonyyuuts oteet Ha OBEC
(n menaet 370 HekOHCTpYKTUBHO!)

= JMM cTponT BCe BO3MOXKHbIE UCMOJIHEHWSI MPOrPaMMbl
— [eiicTBus nporpammbl obpasytoT program/synchronization order
— W3 Hux poxgatotes synchronizes-with, happens-before order

= JMM otbpacbiBaeT 3anpeLleHHbIe UCMOJTHEHUS]
— [lna aToro nopsagkn UMeIOT CTPYKTYpHbIE OrpaHNYeHNs
— [loTom Ha ncnonHeHus Hanaraercs eu.l,e HEMHO>XKO OrpaHI/I‘-IeHI/IM
— [loTom ncnonHeHns ewé 4yTb-4yTb BaIUANPYOTCS

= OcTaBLWNECS UCMONHEHNS — pa3peLleHbl

=’Java ORACLE
Slide 81/109. Copyright © 2013, Oracle and/or its affiliates. All rights reserved. -



OoTA: Causality loops

JLS TL;DR: OoTA 3HaueHus 3anpeLleHbl.

= Ecnm mMbl npounTann 3HayeHune, TO 3TO 3HAYWT, HTO KTO-TO €ro
[0 Hac 3anucan

= CaMasi cioHas 4acTb cneundpmkaumm: Becb popmaansm B
JLS 17.4.8 noctpoeH ans Toro, 4Tobbl AaThb ONpeAeneHne 3Tomy
« [0 Hacy = «causality requirements»

= JMM onpenenset cneunanbHblii NpoLecc Baangaunm
NCNOJIHEHNIT Yepe3 «commit»-bl felicTBINI

=’Java ORACLE
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OoTA: Commit semantics

17.4.8 Executions and Causality Requirements

We use £, to denote the function given by restricting the domain of £ to d. Forall x in d,
£4x) = (), and for all x not in d, £1,(x) is undefined.

We use plto represent the restriction of the partial order p to the elements ind. For all x.y in
d, p(xy) if and only if pl(x.). If either.x or y are not in d, then it is not the case that ply(x.y).

A well-formed execution = = < P, A, po, so, W, V, sw, hb > is validated by
committing actions from a. If all of the actions in 4 can be committed, then the
execution satisfies the causality requirements of the Java programming language
memory model.

Starting with the empty set as Cp, we perform a sequence of steps where we take
actions from the set of actions a and add them to a set of committed actions c; to
get a new set of committed actions C, ;. To d that this is bl
for each ¢ we need to ate an execution £ ing c; that meets certain
conditions.

" Formally, an execution E satisfies the causality requirements of the Java
programming language memory model if and only if there exist:

* Sets of actions Cy, Cy, ... such that:
¢ Cpis the empty set
* ¢, is a proper subset of Cj;
* a=U(Cy, Cy, ...)
If  is finite, then the sequence Cp, Cy, ... will be finite, ending in a set C,, = a.

If  is infinite, then the sequence Cy, Cy, ... may be infinite, and it must be the
case that the union of all elements of this infinite sequence is equal to a.

* Well-formed executions z;, ..., where E; = < P, A; po;, so;, Wi, Vi, sw;, hb;>.

Given these sets of actions Cy, ... and executions £y, ... , every action in ¢; must
be one of the actions in E;. All actions in c¢; must share the same relative happens-
before order and synchronization order in both E; and =. Formally:

subset of A:

hble,

1. c

3. solc,=solc,

The values written by the writes in c; must be the same in both E; and £. Only the
reads in C;.; need to see the same writes in E; as in £. Formally:

4. Ve, =V,

5. Wic,, =W,

All reads in E; that are not in C;.; must see writes that happen-before them. Each

read rin ¢; - Cj.; must see writes in Cy.; in both E; and &, but may see a different
write in E; from the one it sees in . Formally:

6. Forany read rin a; - C;.;, we have hbi(Wi(r), r)
7. Forany read rin (c; - Ci.j), we have Wi(r) in C;,; and W(r)in C;.;
Given a set of sufficient synchronizes-with edges for E;, if there is a release-acquire

pair that happens-before (§17.4.5) an action you are committing, then that pair must

be present in all £, where j 2 i. Formally:

8. Let ssw; be the sw; edges that are also in the transitive reduction of 11b; but not
in po. We call ssw; the sufficient synchronizes-with edges for E;. If sswi(x, y)
and hbj(y, z) and z in c., then swj(x, y) for all j 2 i.

If an action y is committed, all external actions that happen-before y are also
committed.

9. Ifyisinc;,x is an external action and hb(x, y), then x in c;.



OoTA: Commit semantics

17.4.8 Executions and Causality Requirements

We use £, to denote the function given by restricting the domain of £ to d. Forall x in d,
£4x) = (), and for all x not in d, £1,(x) is undefined.

We use plto represent the restriction of the partial order p to the elements ind. For all x.y in
d, p(xy) if and only if pl(x.). If either.x or y are not in d, then it is not the case that ply(x.y).

A well-formed execution = = < P, A, po, so, W, V, sw, hb > is validated by
committing actions from a. If all of the actions in 4 can be committed, then the
execution satisfies the causality requi of the Java p: ing language
memory model.

Starting with the empty set as Cp, we perform a sequence of steps where we take
actions from the set of actions a and add them to a set of committed actions c; to
get a new set of committed actions Cj.;. To d S that this is bl

for each ¢ we need to ate an execution £ ining c; that meets certain
conditions.

" Formally, an execution E satisfies nts of the Java

programming language memory mod;
* Sets of actions Cp, Cy, ... such th:
¢ Cpis the empty set
* ¢, is a proper subset of Cj;
* a=U(Cy, Cy, ...)

If ais finite, then the se

Given these sets of actions Cy, ... and executions £y, ... , every action in ¢; must
be one of the actions in E;. All actions in c¢; must share the same relative happens-
before order and synchronization order in both E; and =. Formally:

1. c:isasubsetof a;

2. hbic, = hblc,

3. solc,=solc,

The values written by the writes in c; must be the same in both E; and £. Only the
reads in C;.; need to see the same writes in E; as in £. Formally:

4. Vie, = Vi,
5. Wie, =W,

All reads in E; that are not in C;.; must see writes that happen-before them. Each
read rin ¢; - Cj.; must see writes in Cy.; in both E; and &, but may see a different
write in E; from the one it sees in . Formally:

6. Forany read rin a; - C;.;, we have hb(Wi(r), r)
7. Forany read rin (c; - Ci.j), we have Wi(r) in C;,; and W(r)in C;.;
Given a set of sufficient synchronizes-with edges for E;, if there is a release-acquire

pair that happens-before (§17.4.5) an action you are committing, then that pair must
be presentin all &5, where j 2 i. Formally:

8. Let ssw; be the sw; edges that are also in the transitive reduction of 11b; but not
in po. We call ssw; the sufficient synchronizes-with edges for E;. If sswi(x, y)
and hbj(y, z) and zin c;, then swj(x, y) for all j 2 7.

If an action y is committed, all external actions that happen-before y are also
committed.

9. Ifyisinc;,x is an external action and hb;(x, v). then x in -
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OoTA: C/C++11

Cneuundukauns OoTA nactonbko cnoxta, 4to C/C4++11 cpancs:
C/C++11 He cneumndmumpoBana 3Ty 4acTb CBOEA Mogenn

= 136exana Bcero remopposi co cneuyundukaumeii (ara, MNupposa
nobeza)

= OcoberHo B npucyTcTBun relaxed atomics, koTopble HaM Hy>XHbI,
NOTOMY YTO Mbl Xe JIt0bM HU3KOYPOBHEBbLIE ONTUMU3ALUN, Aa7

= JkcnepTbl B C/CH++1x WG vewyT Temeyko, kak (B Teopun)
3aMpeTuTb KOMMUISTOPAM CMeKYNSTUBHO POXKAATL 3HAYEHUS]

=’Java ORACLE
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OoTA: JMM 9

[MyTu pewenns npobnembl OoTA:

1. MMpogomkaTb B TOM e fyXe: NMPeanpuHSaTL NOMbITKY
fo/nepennnutb opmanuam, 4Tobbl oH Hbin
noHnmabesnen/BeprduLpyem u NCNpaBuTs B HEM OLLINDKU

2. KoHcepBaTMBHO 3aMpeTuTh CMEeKYAATUBHbIE 3aNUCh: 3TO DyaeT
o3Ha4aTb LoadStore nepep KakAon 3anncblo

3. CpaTthCs, 1 HAfEATHCS Ha BMEHSIEMOCTb peanun3auunii

=’Java ORACLE
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Finals

¢
=’Java’  oracLe
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Finals: Quiz

Y10 HaneyaTaet?
class A {

int f;

AO { £ =42; )

A a;

a =mnew AQ); | if (a '= null)
println(a.f);

=’Java’  oracLe
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Finals: Quiz

Y10 HaneyaTaet?
class A {

int f;

AO { £ =42; )

A a;

a =mnew AQ); | if (a '= null)
println(a.f);
<Hwu4ero>, 0, 42, nnn bpocut NPE.

=’Java’  oracLe
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Finals: Quiz

«[paunbHoy He bpocut NPE:

class A {
int f;
AO { £ = 42; )

A a;

a =new AQ; | A ta = a;
if (ta !'= null)
println(ta.f);

=’Java’  oracLe
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Finals: Cka3ska

XoTenocb Obl NoayyYnThL TONBKO 42:
class A {

AQO { £ =42; }

A a;

a =new AQ); |A ta = a;
if (ta != null)
println(ta.f);

=’Java ORACLE
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Finals: Cka3ska

XoyeTcs nmeTb 0bbeKTHI,
KOTOpbIE MOXKHO De30nacHo nybinkoBaTb Yepes roHKK

" ...4TODbI HE MNaTWUTbL 3a «JsnwHuey synchronization actions

" ...4TODbI HE HapyLWWTb Security, ecin Kakoii-H1byab
(3noHamepeHHbI) Aypak Hall 3alMWEHHBIA ODBEKT
onybIMKOBa Yepes roHKy

=’Java ORACLE
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Finals: Bbinb

Cnekynsiunst npuBOANT K AeddoNTam 1 KprU3ncam.
Ho coBcem cakaTb 3a Cnekynsauuto Henb3s,
nbo OHa MPUHOCKT MPOUT.

* Cnocob To4eyHo ClioMaTb CMEeKYSLMIO: HUKOr4a He MoKasbiBaTb
HEMOJIHbIE ODBEKTLI: TOMAA HEOTKYAA HU PaHTAIMY, HI >Kenesy,
HU YEPTY B CTyMe B3ATb JIEBOE 3HAYEHUE

" ..eCTEeCTBEHHbI cnocob nogaepxaTb B A3bIKE — HOBbIE
00BbeKTbI, OO MPO HUX HUYErO He U3BECTHO

= BKJItOYATb Marmyeckum cnosom final: ecnm nonb3oBaTenu

XOTAT NHOTO, He cTaBAT final

=’Java ORACLE
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Finals: PeweHnune

B koHLe KoHCTpyKTOpa npouncxoanT freeze action

Freeze action «3amMopaknBaeTy noss

= Ecnn noTok mpoyuTan ccbiiiky Ha OOBEKT, TO OH YBUAMT
3aMOPOXKEHHbIE 3HAYEHUS

= Ecan notok npountan ns final-nons ccbinky Ha Apyroii
0DBEKT, TO COCTOSIHME TOrO Kak MUHUMYM HACTOJIbKO XKe
CBeXee, Kak U Ha Bpemsi freeze'a

=’Java
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Finals: ®opmanbHo

hb hb me
w— F —a—r|
roe: w — 3anuck nons, F — freeze action, a — pelicteue,

NPOYUTABLLEE CCbIIIKY HA ODBEKT, ' — YTEeHUe NoJs

= BBogsiTCA Ba HOBbIX HaCTMYHbLIX MOPSIAKA:
dereference order (dr)| v | memory order (mc)|. nTyutusHo:
LLenoYKN AOCTYNa K KOHKPETHBIM MOJISIM HEpE3 CCbIIKM

= Eciv eguHCTBeHHbIV NyTb Yepe3 dr u mc 4o 3anucy nonas
nexuT 4epes F, To MoxkeM yBUAETb TONIBKO 3aMOPOXKEHHOE
3HaueHue, ypal A ecnm ectb apyrve nyTu...

=’Java ORACLE
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Finals: 3acagbl

[apaHTVN Ha 3aMOPOXKEHHOCTb
nponagatoT Npu NpexxaeBpeMeHHol nybankaumm:

T p, q;

T tl = <new> |T t2 =p
tl.f = 42 r2 = t2.f
p =tl Tt3 =q
<freeze t1.f>|r3 = t3.f
q=t1

rd e {42}

Ttd=q
rd = t4.f

Ho r2, r3 € {0,42}, nbo p «yTék»

Slide 94/109. Copyright © 2013, Oracle and/or its affiliates. All rights reserved.

=’Java

ORACLE



Finals: lNMparmaTtunka

HaTb onTumusaumsam mera-csobogy no kewmposatnuto final-os

= «All references are created equal»: nokanbHbIli onTuMnsaTop He
Neperpy>KeH aHasn30M CChIIOK

= Kak To/IbkO ONTUMK3ATOP YBUAEN ONYyONKOBaHHYIO CCbIIKY, OH
MOXXET CK3LWmMpoBaTh Bce ero final nons, n bacral

= T.e. ecniv oNTUMU3ATOP YBUAEN HELOKOHCTPYMPOBAHHbINA
0bBbEKT, TO xaHa

=’Java ORACLE
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Finals: Peanunsauunsa

10BOIBHO NPOCTO peann3oBaTh Ha bonbWUHCTBE NAaTdOpPM

= JlocTaTo4HO 3anpeTuTb NepeynopsagodnBaHne NHULMaAN3auuy
final-nonei n nybavkaumm obbekTa Ha DONBLLIMHCTBE
apXMTEKTYP

= Bce nsBecTtHble MPOMbILLUNEHHDbIE apXI/ITeKTypr10 HE

nepeynopsiiounBatoT 3arpy3sky obbekTa, n 3arpysky noss us
Hero (dependent loads)

Opome Alpha, Ho oHa oTnmpaBunace K npaoTuaMm, Kyha eii u gopora =’Java’  oracLe
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Finals: Quiz

YT10 HaneyaTaeT?

class A {
final int f;
{£=42;)

}

A a;

a =new A(); |A ta = a;
if (ta != null)
println(ta.f);
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Finals: Quiz

YT10 HaneyaTaeT?

class A {
final int f;
{£=42;)

}

A a;

a =new A(); |A ta = a;
if (ta != null)
println(ta.f);

KoHeuHo, 42.

=’Java’  oracLe
Slide 97/109. Copyright © 2013, Oracle and/or its affiliates. All rights reserved. o



Finals: JMM 9

= Tekywas cneuuuKkaums naoxo oTHocuTcs K He-final-nonsam

* Ecnan none 3anncaHo B KOHCTPYKTOPE, U HUKOFAQ HE
mogudmumupyetcs? (e.g. to3ep npownsnun final Ha none)

= Ecnu none yxe volatile? (e.g. AtomicInteger)

= Ecnu obbekT cTpoutes bungepamu? (npumMepos He Hazo)

= Bonpoc: He cTonT nu AaTh rapaHTUy Ha UHULMANN3ALNIO )15
BCEX MoJIeil 1 BCEX KOHCTPYKTOPOB?

=’Java ORACLE
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Finals: JMM 9

https://github.com/shipilev/jmm-benchmarks/

= 2x12x2 Xeon E5-2697, 2.70GHz;
OEL 6, JDK 8b121, x86 64

= Ix4x1 Cortex-A9, 1.7 GHz:
Linaro 12.11, JDK 8b121, SE
Embedded

= [I3mepsieM He npousBoOANTENBHOCTb
CMeKu, a NPON3BOANTENBHOCTb
HEKOTOPOW e€é peann3ayunm

Slide 99/109. Copyright © 2013, Oracle and/or its affiliates. All rights reserved.
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https://github.com/shipilev/jmm-benchmarks/

Finals: JMM 9

https://github.com/shipilev/jmm-benchmarks/

= 2x12x2 Xeon E5-2697, 2.70GHz;
OEL 6, JDK 8b121, x86 64

= Ix4x1 Cortex-A9, 1.7 GHz:
Linaro 12.11, JDK 8b121, SE
Embedded

= [I3mepsieM He npousBoOANTENBHOCTb
CMeKu, a NPON3BOANTENBHOCTb
HEKOTOPOW e€é peann3ayunm
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https://github.com/shipilev/jmm-benchmarks/

Finals: JMM 9: Initialization (chained)

Q@GenerateMicroBenchmark
public Object test() {
return new Test_[N](v);

3

// chained case
class Test_[N] extends Test_[N-1] {
private [plain|finall] int i_[N];
public <init>(int v) {
super (v) ;
i_[N] = v;

3

=’Java’  oracLe
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Finals: JMM 9: Initialization (merged)

Q@QGenerateMicroBenchmark
public Object test() {
return new Test_[N](v);

}

// merged case
class Test_[N] {

private [plain|finall] int i_1, ..., i_[N];
public <init>(int v) {

i1l =4i_2 = ... = i_[N] = v;
+
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Finals: JMM 9: PesynbtaTbl (x86)

Ha Total Store Order 310 Boobuie becnnaTho: M

server

oo

(=}

(3]
'

execution time, ns per <init>
N

(=]
'

1

2 3 4 5 6 7
fields count

8

test B3 final/chained B3 final/merged B8 plain/chained B plain/merged

"http://shipilev.net/blog/2014/all-fields-are-final/ ‘é Javas  oracLe
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Finals: JMM 9: PesynbtaTtbel (ARMVT)

Ha weakly-ordered apxutekTypax Hy»HO knenTb bapbepbi:t?

server

o
(=}

execution time, ns per <init>
[ =N
S =}
1

(=}
!

1 2 3 4 5 6 7 8
fields count

test B3 final/chained B3 final/merged B plain/chained B3 plain/merged

12http://shipilev.net/blog/2014/all-fields-are-final/ }i—é Javas  oracLe
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3akydeHune
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3akntodeHune: Lingua Latina...

« The best way is to build up a small repertoire of constructions that
you know the answers for and then never think about the JMM rules
again unless you are forced to do so! Literally nobody likes figuring
things out from the JMM rules as stated, or can even routinely do so
correctly. This is one of the many reasons we need to overhaul JMM
someday.»

=’Java ORACLE
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3akntodeHune: Lingua Latina...

« The best way is to build up a small repertoire of constructions that
you know the answers for and then never think about the JMM rules
again unless you are forced to do so! Literally nobody likes figuring
things out from the JMM rules as stated, or can even routinely do so
correctly. This is one of the many reasons we need to overhaul JMM
someday.»

(Doug Lea, private communication, 2013)
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3aknto4veHune: VIzBecTHble npo6neM bl

= JSR 133 Cookbook He cogepxut HekoTopbIx
MaLLUHHO-CeundnyHbIX 0CODEHHOCTEN, OBHAPYXKEHHBIX MHOMO
nosgHee cosgaHus Tekyuein JMM

= HekoTopble HOBblE NPUMUTUBLI B bubnnoteke Booblue He
cneundunumpyembl B Tekylieli mogenu (e.g. lazySet,
weakCompareAndSet)

= JMM cneuudunuymposarHa gnsa Java, 4to genats ¢ JVM-based
A3blkamu?

= B dopmanbHoii cneyndprkaummn JMM ecTb popmanbHbie
HETOYHOCTU, KOTOpbIE CTAaBSAT PakoM aBTOMATWYeCKUe
BepunKaTopbl
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3aknrwyernne: JMM Overhaul

«Java Memory Model update»
http://openjdk. java.net/jeps/188

Improved formalization

JVM languages coverage

Extended scope for existing unspec-ed primitives
C11/C++11 compatibility
Testing support

Tool support
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http://openjdk.java.net/jeps/188

3aknudeHune: YreHune
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3aknto4deHune: Hrenune

Slide 109/109.

Goetz et al, «Java Concurrency in Practice»
Herilhy, Shavit, « The Art of Multiprocessor Programming»
Adve, «Shared Memory Models: A Tutorial»

McKenney, « Memory Barriers: a Hardware View for Software
Hackers»

Manson, «Java Memory Model» (Special PoPL issue)
Huisman, Petri, «k JMM: The Formal Explanation»

=’Java ORACLE
Copyright © 2013, Oracle and/or its affiliates. All rights reserved. B



	Введение
	Access atomicity
	Word tearing
	SC-DRF
	OoTA
	Finals
	Заключение

