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MHOronotTo4yHocCTb B 2023 roay, cepbe3Ho?

BeOb CTO/NIbKO y)Ke pacCcKa3aHo:

BRIAN GOETZ
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Kpusmnc Bepbl #1

Java 8: B AtomicLong ecTb MeToabl, KOTOpble He onucbiBatoTca B JIMM

// Eventually sets to the given value

public final void lazySet(long newValue) {

)
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Kpunusnc sepbl #2

MHOIroMoTOYHbIX 6UBNNOTEKU: MHOrOa pPaboTaloT HE B TEPMUHaX JMM
Disruptor: github.com/LMAX-Exchange/disruptor

public boolean isAvailable(final long sequence) {
int index = calculateIndex(sequence);
int flag = calculateAvailabilityFlag(sequence);
return (int) AVAILABLE_ARRAY.getAcquire(availableBuffer, index) == flag;

}

'g;ﬂjoquQ/Henb3qrﬁmwmcaTbrmxxno:availableBuffer[index] == flag?
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https://github.com/LMAX-Exchange/disruptor

Kpusmnc Bepbl #3

Java 9+: pobuBaowmm yaap ot AtomicLong

AtomicLong value = new AtomiclLong();

value.set
W set (Llong newValue) Vo1ld
W setRelease (long newValue) void |
W setOpaque (long newValue) void
® setPlain(long newValue) VO10

Ecnun 370 “cekpeTHoEe” API - noyeMy OHO OOCTYMNHO AaXKe Ha 6a30BbIX KNaccax? 3
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Kpusmnc Bepbl #3

Java 9+: pobuBaowmm yaap ot AtomicLong

AtomicLong value = new AtomiclLong();

value.get
mget () long
m getAcquire () long
m getOpaque () long
W getPlain () long

Ecnu o710 “cekpeTHoe” API - moyeMy OHO OOCTYMHO AaXke Ha 6a30BbIX KJlaccax? xf)
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JEP 193: Variable Handles

[JocTtyneH ¢ Java 9; ocHOBHaga MOoTMBaLMa - MUrpauma c Unsafe
OnwucaHue ot Doug Lea: Using JIDK 9 Memory Order Modes
https://gee.cs.oswego.edu/dl/html/[9mm.htm/

“rToMnMoO ABYyX CyLLECTBYIOLUNX PEIXMMOB YriopsaoYnBaHUS
AOCTynoB K namaTtu (aka ceMAaHTUK), Ternepb AOCTYMHbI eLUé
ABe NMpoMe)XyTo4YHble CeMAHTUKU - opaque m acquire/release”

MU= Plat.Form 10


https://gee.cs.oswego.edu/dl/html/j9mm.html

Using JDK 9 Memory Order Modes

“I'N"oMMMoO ABYyX CyLLECTBYIOLUNX PEIXUMOB Yyriopsigo4YnBaHUs
AOCTynoB K namaTtu (aka ceMAaHTUK), Ternnepb AOCTYMHbI eLUé
ABe NMpoMe)XyTo4YHble CeMAHTUKU - opaque m acquire/release”

MUE Plat.Form
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Using JDK 9 Memory Order Modes

“NMomMumMo AByX CyLLECTBYIOLNX PEXXUMOB YNopsigoYnNBAHUS
AOCTyrnoB K namMaTu (aka ceMaHTUK), Ternnepb AOCTYMNHbI eLyé
ABe NMpoMe)XyTo4YHble CeMAHTUKU - opaque m acquire/release”

1. YTo Takoe «ceMaHTUKmu»?

MUE Plat.Form
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Using JDK 9 Memory Order Modes

“I'N"oMMMoO ABYyX CyLLECTBYIOLUNX PEIXUMOB Yyriopsigo4YnBaHUs
AOCTyrnoB K namMaTu (aka ceMAHTUK), Teriepb AOCTYMHbI eLyé
ABe NMpoMe)XyTo4YHble CeMAHTUKU - opaque m acquire/release”

1. YTo Takoe «ceMaHTUKmu»?
2. MOYXHO N oboUnUTUCHb 6e3 ceMaHTUK?

MUE Plat.Form
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Using JDK 9 Memory Order Modes

“NMomMumMo AByX CYLLLECTBYIOLNX PEXXUMOB yrnopsgoYnBaHUS
AOCTynoB K namaTtu (aka ceMAaHTUK), Ternnepb AOCTYMHbI eLUé
ABe NMpoMe)XyTo4YHble CeMAHTUKU - opaque m acquire/release”

1. YTo Takoe «ceMaHTUKmu»?
2. MOXXHO N 06ONTUCDL Be3 ceMaHTUK?
3. CyuwecTtByroLline cEMaHTUKU

MUE Plat.Form
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Using JDK 9 Memory Order Modes

“I'N"oMMMoO ABYyX CyLLECTBYIOLUNX PEIXUMOB Yyriopsigo4YnBaHUs
AOCTynoB K namMaTu (aka ceMAHTUK), Teriepb AOCTYMHbI €LLE
ABe rnpoMe)XyToyHble ceMAHTUKU - opaque mn acquire/release”

YTo Takoe «CeMaHTUKU»?

MOYKHO N1 060ONTUCL 6€3 ceEMAHTUK?
CyLlecTBylolMe cCeEMaHTUKU

Kak 3a4aBaTb CEMAaHTUKU B CBOEM Kofae

B WON =

MUE Plat.Form
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Using JDK 9 Memory Order Modes

“I'N"oMMMoO ABYyX CyLLECTBYIOLUNX PEIXUMOB Yyriopsigo4YnBaHUs
AOCTynoB K namaTtu (aka ceMAaHTUK), Ternnepb AOCTYMHbI eLUé
ABe NMpoMe)XXyToYHble CeMAHTUKM - opaque n acquire/release”

YTo Takoe «CeMaHTUKU»?

MOYKHO N1 060ONTUCL 6€3 ceEMAHTUK?
CyLlecTBylolMe cCeEMaHTUKU

Kak 3a4aBaTb CEMAaHTUKU B CBOEM Kofae
Opaque

Acquire/Release

Dok~ WON =

MUE Plat.Form
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BBepeHue

UTO Takoe «CeMaHTUuKun»?

MOXXHO N o60UTUCDL 6e3 ceMaHTUK?
CyLlecTBYyOLLMNE CEMAHTUKM

KaK 3apaBaTb CEMaAaHTUKU B CBOEM Koae

Opague-ceMaHTUKaA

D. - - _.L ___.D_.._.._.L ___.D___.L ___.D

Acquire/Release-ceMaHTUKa

MUE Plat.Form -




UTO Takoe «CeMaHTUuKun»?

MOXXHO N o60UTUCDL 6e3 ceMaHTUK?

CyLLuecTByOLME CEMAaHTUKM
Kak 3apaBaTb ceMaHTUKU B CBOEeM Kofae

Opague-ceMaHTUKaA

D. - - _.L ___.D_.._.._.L ___.D___.L ___.D

Acquire/Release-ceMaHTUKa
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CeMaHTUKWN: CMbICH TepMNHaAa

MUE Plat.Form
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CeMaHTUKWN: CMbICH TePMWMHAa

int x, vy, z;
volatile boolean ready = false;

MUE Plat.Form
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CeMaHTUKWN: CMbICH TePMWMHAa

int x, vy, z;
volatile boolean ready = false;

Thread 1
X = 20;
y = 13;
Z = 42;
ready = true,
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CeMaHTUKWN: CMbICH TePMWMHAa

int x, vy, z;

volatile boolean ready = false;

Thread 1
X = 20;
y = 13;
Z = 42;

ready = true;

MUE Plat.Form

Thread 2

while(!'ready) {
Thread.onSpinWait();

}

assert x == 20;
assert y == 13;
assert z == 42;
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CeMaHTUKWN: CMbICH TePMWMHAa

int x, vy, z;

volatile boolean ready = false;

MUE Plat.Form

Thread 1 Thread 2
X = 205 while(!ready) {
y = 13; Thread.onSpinWait();
Z = 42; }
. hb
ready = true;
assert x == 20;
assert y == 13;
assert z == 42;
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CeMaHTUKWN: CMbICH TePMWMHAa

int x, vy, z;

volatile boolean ready = false;

Thread 2

Thread 1
X = 20;
y = 13\ hb
Z = 42;

ready = tr

while(!'ready) {
Thread.onSpinWait();
. hb ’

)

MUE Plat.Form

assert x == 20;
assert y == 13;
assert z == 42;
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CeMaHTUKWN: CMbICH TePMWMHAa

int x, vy, z;
volatile boolean ready = false;

Thread 1 Thread 2

X = 20; ' .

y = 13} pp Thread.onSpiNWait();

Z = 42; hb }

ready = traes o
assert x == 20;
assert y == 13;
assert z == 42;
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CeMaHTUKWN: CMbICH TePMWMHAa

Thread 1

ready = true;

Thread 2

MUE Plat.Form

while(!ready)
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CeMaHTUKWN: CMbICH TePMWMHAa

Onepau,vwl UTeHUA N 3alnmCcum MOT'yT OlaBaTb AOMNMOJTIHUNTEJIbHbIE MAPaHTUN

ready = true; » Write (ready) — true

volatile

while(!ready) {}; »  Read

(ready) - true

volatile

MUE Plat.Form



CeMaHTUKWN: CMbICH TePMWMHAa

Onepau,vwl UTeHUA N 3alnmCcum MOT'yT OlaBaTb AOMNMOJTIHUNTEJIbHbIE MAPaHTUN

ready = true; » Write (ready) — true

volatile

while(!'ready) {}; »  Read (ready) - true

volatile

B MHOronoTo4yHOCTU L—ITeHl/ISII/3aFIl/ICl/I BCelra MMeroT KaKyto-TO CEMaHTUKY

-

-
o9

Write(ready) — true =

A\
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CeMaHTUKWN: CMbICH TePMWMHAa

Onepau,vwl UTeHUA N 3alnmCcum MOT'yT OlaBaTb AOMNMOJTIHUNTEJIbHbIE MAPaHTUN

ready = true; » Write (ready) — true

volatile

while(!'ready) {}; »  Read (ready) - true

volatile

B MHOronoTo4yHOCTU L—ITeHl/ISII/BaFIl/ICl/I BCelra MMeroT KaKyto-TO CEMaHTUKY

®)

-
o

Write(ready) — true = Write volatile(readY) — trueg
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CeMaHTUKWN: CMbICH TePMWMHAa

Onepau,vwl UTeHUA N 3alnmCcum MOT'yT OlaBaTb AOMNMOJTIHUNTEJIbHbIE MAPaHTUN

ready = true; » Write (ready) — true

volatile

while(!'ready) {}; »  Read (ready) - true

volatile

B MHOronoTo4yHOCTU L—ITeHl/ISII/3aFIl/ICl/I BCelra MMeroT KaKyto-TO CEMaHTUKY

>
E volatile

A

CeMaHTUKa

MUE Plat.Form



CeMaHTUKWN: CMbICH TepMNHaAa

CeMaHTUKa - crneumdbmKaTop onepaumm YTeHUa/3anmMcum, KOTopbit OaeT
OOMONTHUTENbHbIE FAPAHTUN (KaKME NMMEHHO - 3aBUCUT OT BblIOpaHHOM
CEMAHTUKMN)

Onunpadacb Ha 3T OOoNOJTHUTENTbHbIE rApPaHTUU, CTAHOBUTCHA BO3MOXXHbIM
MNCaTb KOppeKTHbIIZ MHOIMOMOTOYHbIN KOL,

MUE Plat.Form



UTO Takoe «CeMaHTUuKun»?

MOXXHO N o60UTUCDL 6e3 ceMaHTUK?

CyLLuecTByOLME CEMAaHTUKM
Kak 3apaBaTb ceMaHTUKU B CBOEeM Kofae

Opague-ceMaHTUKaA

D. - - _.L ___.D_.._.._.L ___.D___.L ___.D

Acquire/Release-ceMaHTUKa

MUE Plat.Form -




MOXXHO N o60UTUCDL 6e3 ceMaHTUK?

CyLLuecTByOLME CEMAaHTUKM
Kak 3apaBaTb ceMaHTUKU B CBOEeM Kofae

Opague-ceMaHTUKaA

D. - — _.L ___.0_.._.._.L ___.D.__.L -__.D

Acquire/Release-ceMaHTUKa
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chmu,maanaq AOOKYMEeHTaUWUN4, NaBa rnpo Moagesjib naMdaTm

If you must read the rest of this document to understand the
behavior of your program, you are being too clever.

Don't be clever.

MUE Plat.Form
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Golang

Od)Mumaanaq AOOKYMEeHTaUWNnN4d, NaBa npo Moaesib rnaMdTm

If you must read the rest of this document to understand the
behavior of your program, you are being too clever.

Don't be clever.

Y HAC TAKYO TeMY
He YyBA)KAtoT
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A volatile-by-default JVM for server applications

by Lun Liu, Todd Millstein, Madanlal Musuvathi: https:/dl.acm.org/doi/10.1145/3133873

A Volatile-by-Default JVM for Server Applications

LUN LIU, University of California, Los Angeles, USA
TODD MILLSTEIN, University of California, Los Angeles, USA
MADANLAL MUSUVATHI, Microsoft Research, Redmond, USA

A memory consistency model (or simply memory model) defines the possible values that a shared-memory
read may return in a multithreaded programming language. Choosing a memory model involves an inherent
performance-programmability tradeoff. The Java language has adopted a relaxed (or weak) memory model
that is designed to admit most traditional compiler optimizations and obviate the need for hardware fences on
most shared-memory accesses. The downside, however, is that programmers are exposed to a complex and
unintuitive semantics and must carefully declare certain variables as volatile in order to enforce program
orderings that are necessary for proper behavior.

This paper proposes a simpler and stronger memory model for Java through a conceptually small change:
every variable has volatile semantics by default, but the language allows a programmer to tag certain
variables, methods, or classes as relaxed and provides the current Java semantics for these portions of code.
This volatile-by-default semantics provides sequential consistency (SC) for all programs by default. At the
same time, expert programmers retain the freedom to build performance-critical libraries that violate the SC
semantics.
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A volatile-by-default JVM for server applications

by Lun Liu, Todd Millstein, Madanlal Musuvathi: https:/dl.acm.org/doi/10.1145/3133873

Iio6as nepemeHHan paboTaeT oo 0 o]

TaK, KakK 6yaTo 6bl 06baBfIeHa C
cneundukatopomM volatile

A Volatile-by-Default JVM for Server Applications

LUN LIU, University of California, Los Angeles, USA

TODD MILLSTEIN, University of California, Los Angeles, USA
Ton b Ko on H a ? Ca M a q C Mn b H a q MADANLAL MUSUVATHI, Microsoft Research, Redmond, USA

A memory consistency model (or simply memory model) defines the possible values that a shared-memory
Ce M a H T M Ka 9 M a KC M M a n b H oe read may return in a multithreaded programming language. Choosing a memory model involves an inherent

o performance-programmability tradeoff. The Java language has adopted a relaxed (or weak) memory model
Ko n M LI e CT B o ra pa H T M M that is designed to admit most traditional compiler optimizations and obviate the need for hardware fences on
most shared-memory accesses. The downside, however, is that programmers are exposed to a complex and
unintuitive semantics and must carefully declare certain variables as volatile in order to enforce program
orderings that are necessary for proper behavior.

This paper proposes a simpler and stronger memory model for Java through a conceptually small change:
every variable has volatile semantics by default, but the language allows a programmer to tag certain
variables, methods, or classes as relaxed and provides the current Java semantics for these portions of code.
This volatile-by-default semantics provides sequential consistency (SC) for all programs by default. At the

H o LI To C n po M 3 B on M Ten b H OCT b I'O? same time, expert programmers retain the freedom to build performance-critical libraries that violate the SC

semantics.
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A volatile-by-default JVM for server applications

nBa 6eHuYMapka: DaCapo u spark-perf, uamMepsaeM HacKo/bKO 3aMea/IINCh
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A volatile-by-default JVM for server applications

nBa 6eHuYMapka: DaCapo u spark-perf, uamMepsaeM HacKo/bKO 3aMea/IINCh

x86: B cpeoHeM B 1,5-2 pa3za; B xygwem B 2-3 pasa
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A volatile-by-default JVM for server applications

nBa 6eHuYMapka: DaCapo u spark-perf, uamMepsaeM HacKo/bKO 3aMea/IINCh

x86: B cpeoHeM B 1,5-2 pa3a; B xyowem B 2-3 pasa

ARM: B cpenoHeM B 1,5-2 paza; B xygwem B 3-5+ pas3
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A volatile-by-default JVM for server applications

nBa 6eHuYMapka: DaCapo u spark-perf, uamMepsaeM HacKo/bKO 3aMea/IINCh

x86: B cpeoHeM B 1,5-2 pa3a; B xyowem B 2-3 pasa

ARM: B cpenoHeM B 1,5-2 paza; B xygwem B 3-5+ pas3

ECcnv NnpousBoaAUTENIbHOCTb HE KPUTUYHA, TO LLeApas 06CbinkKa
COMHUTENbHOro Kopa volatile - BnonHe HOpManbHOE pelleHue

MUE Plat.Form



MOXXHO N o60UTUCDL 6e3 ceMaHTUK?

CyLLuecTByOLME CEMAaHTUKM
Kak 3apaBaTb ceMaHTUKU B CBOEeM Kofae

Opague-ceMaHTUKaA

D. - — _.L ___.0_.._.._.L ___.D.__.L -__.D

Acquire/Release-ceMaHTUKa
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CyLLuecTByOLME CEMAaHTUKM
Kak 3apaBaTb ceMaHTUKU B CBOEeM Kofae

Opague-ceMaHTUKaA

D. - — _.D ___.D..._.._.D ___.D.__.D -__.D

Acquire/Release-ceMaHTUKa
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CyuwlecTBylowme ceMaHTUKH

Bbinn goctynHbl oo JEP 193
plain‘ volatile
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CyuwlecTBylowme ceMaHTUKH

Bbinn goctynHbl oo JEP 193
plain‘ volatile

[Mocne JEP 193:
plain‘ volatile

p
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CyuwlecTBylowme ceMaHTUKH

Bbinn goctynHbl oo JEP 193
plain‘ volatile

[Mocne JEP 193:
plain ‘opaque acquire-release | volatile
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CyuwlecTBylowme ceMaHTUKH

Bbinn goctynHbl oo JEP 193
plain‘ volatile

[Mocne JEP 193:
plain ‘opaque acquire-release | volatile

HeT HOBbIX ceMaHTUK (opaque, acquire-release) - noBeaeHue
nporpamMmMmbl NOJSIHOCTbIO ONUCbIBaeTca TeKyweun JMM
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KapTa ceMaHTUK

plain opaque

MUE Plat.Form

acquire-release

volatile
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KapTa ceMaHTUK

plain < opaque < acquire-release < volatile
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KapTa ceMaHTUK

plain < opaque < acquire-release < volatile

CeMaHTMKa - creundukaTop onepaumm YtTeHus/3anmncu, KoTopbin gaeT
O0OMNOJIHUTEsbHbIE rapaHTUM (Kakne MMEHHO - 3aBUCUT OT BbI6paHHOM CEMaHTUKWN)

MU= Plat . Form 50



KapTa ceMaHTUK

plain < opaque < acquire-release < volatile

CeMaHTMKa - creundukaTop onepaumm YtTeHus/3anmncu, KoTopbin gaeT
O0OMNOJIHUTEsbHbIE rapaHTUM (Kakne MMEHHO - 3aBUCUT OT BbI6paHHOM CEMaHTUKWN)

JTrto6aa ceMaHTUKa BK/IKOYAET B cebs BCce rapaHTMm 6onee cnabbiXx cEMaHTUK
plain - caMada cnabaga ceMaHTMKa (NOYTU HNMKAKUX OO0M. rapaHTUK, 3aTo geLueBaq)

volatile - camMaa cunbHag ceMaHTUKa (MaKCMMarbHble FApPaHTUN LEeHOM
yXyOLIeHUA NPoOnU3BOOUTENbHOCTH)

MU= Plat . Form o1



Plain — ceMaHTMKa No yMon4YaHUio

HeT MHOronoTo4HOCTU - BCe pa60TaeT KaK OXXNOaeTCH

boolean done = false;

MUE Plat.Form

Write , .. (done)-false
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Plain — ceMaHTMKa No yMon4YaHUio

ECcTb MHOMOMOTOYHOCTb - HYYXHO KOPPEKTHO CUHXPOHU3UNPOBAaTb

boolean done = false;

Thread 1 Thread 2

}

doSomeWork() ;

Thread.sleep(100);
while(!done) { done = true;

MUE Plat.Form
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Plain — ceMaHTMKa No yMon4YaHUio

ECcTb MHOMOMOTOYHOCTb - HYYXHO KOPPEKTHO CUHXPOHU3UNPOBAaTb

Thread 2

done = true;

Writeplain(done)&t rue

MUE Plat.Form
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Plain — ceMaHTMKa No yMon4YaHUio

ECcTb MHOMOMOTOYHOCTb - HYYXHO KOPPEKTHO CUHXPOHU3UNPOBAaTb

boolean done = false;

Thread 1 Thread 2

}

doSomeWork() ;

Thread.sleep(100);
while(!done) { done = true;

MUE Plat.Form

95



Plain — ceMaHTMKa No yMon4YaHUio

ECcTb MHOMOMOTOYHOCTb - HYYXHO KOPPEKTHO CUHXPOHU3UNPOBAaTb

Thread 1

while(!done)

/

Read (done)-false

plain

MUE Plat.Form




Plain — ceMaHTMKa No yMon4YaHUio

ECcTb MHOMOMOTOYHOCTb - HYYXHO KOPPEKTHO CUHXPOHU3UNPOBAaTb

Thread 1

while(!done)

/

Read (done)-false ; Read (done)-false

plain plain

MUE Plat.Form




Plain — ceMaHTMKa No yMon4YaHUio

ECcTb MHOMOMOTOYHOCTb - HYYXHO KOPPEKTHO CUHXPOHU3UNPOBAaTb

Thread 1

while(!done)

/

Readplain(done)Hfalse : Readplain(done)efalse Y )

MUE Plat.Form




Plain — ceMaHTMKa No yMon4YaHUio

ECcTb MHOMOMOTOYHOCTb - HYYXHO KOPPEKTHO CUHXPOHU3UNPOBAaTb

Thread 1

while(!done)

/

Read

(done)-false ; Read

plain

plain

(done)-false

°
’

°
’

Read

plain

(done)-—true

MUE Plat.Form
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Plain — ceMaHTMKa No yMon4YaHUio

ECcTb MHOMOMOTOYHOCTb - HYYXHO KOPPEKTHO CUHXPOHU3UNPOBAaTb

boolean done = false;

Thread 1 Thread 2

}

doSomeWork() ;

Thread.sleep(100);
while(!done) { done = true;

MUE Plat.Form
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Plain — ceMaHTMKa No yMon4YaHUio

ECcTb MHOMOMOTOYHOCTb - HYYXHO KOPPEKTHO CUHXPOHU3UNPOBAaTb

boolean done = false;

Thread 1 Thread 2
Thread.sleep(100);
while(!done) { done = true;

doSomeWork() ;
}

=

(I
o [a noyeMy 3aBucaet T10?!
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Plain — ceMaHTMKa No yMon4YaHUio

ECcTb MHOMOMOTOYHOCTb - HYYXHO KOPPEKTHO CUHXPOHU3UNPOBAaTb

Thread 1

while(!done) {
doSomeWork( ) ;
}

MUE Plat.Form
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Plain — ceMaHTMKa No yMon4YaHUio

ECcTb MHOMOMOTOYHOCTb - HYYXHO KOPPEKTHO CUHXPOHU3UNPOBAaTb

Thread 1

boolean localDone = done;
while(!localDone)

MUE Plat.Form



Plain — ceMaHTMKa No yMon4YaHUio

ECcTb MHOMOMOTOYHOCTb - HYYXHO KOPPEKTHO CUHXPOHU3UNPOBAaTb

boolean done = false;

Thread 1 Thread 2
boolean localDone = done; Thread.sleep(100);
while(!localDone) { done = true;

doSomeWork() ;
}

OueHb TPYAHO COMOCTaBUTb UCXOOHbIV KOO, U pe3ynbTaT nocsie ontuMmnsaummn!
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Plain — ceMaHTMKa No yMon4YaHUio

Be3 nononHUTENMbHbIX CUHXPOHU3ALUN B Cllydae KOHKYPEHTHbIX
3anmceun - data race

TONbKO OBe rapaHTuu:

e type safety: data-race He npueBoaunt kK Undefined Behavior

e out-of-thin-air safety® He Mo)XeT 6bITb CO30aHO HOBbIX
3Ha4YEeHUNM 6e3 KaKNX-NM60 onepaunim 3arnnUcm UM YTeEHUA aarke
npwv data-race (cM. youtu.be/C6b_dFtujKo)

MU= Plat.Form 65


https://www.youtube.com/watch?v=C6b_dFtujKo
http://www.cs.umd.edu/~pugh/java/memoryModel/unifiedProposal/testcases.html

KapTa ceMaHTUK

plain C opaque C acq-rel c volatile

CeMaHTUKa - crneumdbmKaTop onepaumm YTeHUa/3anmcum, KOTopbit gaeT
OOMONTHUTENbHbIE NAPAHTUN (KaKME MMEHHO - 3aBUCUT OT BblO6paHHOM
CEMaHTUKWN)

MUE Plat.Form
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KapTa ceMaHTUK

plain C opaque C acq-rel c volatile

m type-safety

m OoTA-safety*

CeMaHTUKa - crneumdbmKaTop onepaumm YTeHUa/3anmcum, KOTopbit gaeT
OOMONTHUTENbHbIE NAPAHTUN (KaKME MMEHHO - 3aBUCUT OT BblO6paHHOM
CEMaHTUKWN)

MUE Plat.Form
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CyLLuecTByOLME CEMAaHTUKM
Kak 3apaBaTb ceMaHTUKU B CBOEeM Kofae

Opague-ceMaHTUKaA

D. - — _.D ___.D..._.._.D ___.D.__.D -__.D

Acquire/Release-ceMaHTUKa

MUE Plat.Form -




—.«—..O..—..—..0..—..—..0..—..—..0

00 Kak 3apaBaTb ceMaHTUKMU B CBOEM Kofe
[

|

[J Opaque-ceMaHTuKa

i

|
O Acquire/Release-ceMaHTUKa

MUE Plat.Form -




HeckonbKo coB 06 API

int Xx;
X = 42;
int copyX = Xx;

MUE Plat.Form
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Heckonbko cnoB 06 API

int x;
X = 42;

-
-
-
-
_——— -
-——

int copyX = x; -1-==C

— - = -
-
-
-

—
—
—
—
~~~
_——
— o —

MUE Plat.Form

plain-ceMaHTUKA

Writeplain(x) — 42

Read

plain

(x) - 42

Write . .
plain

(copyX) — 42

71



HeckonbKo coB 06 API

volatile int x;
X = 42;
int copyX = Xx;

MUE Plat.Form
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Heckonbko cnoB 06 API

volatile-cemaHTUKA

-  Write (x) — 42

volatile int x; Le=mT T volatile

X =42; ---—-—-—"" | - > Read

.- volatile

(x) - 42

int copyX = Xx; -1=:°

plain-ceMaHTUKA

-> Write (copyX) — 42

plain

MUE Plat.Form



VarHandle API

AN
5’(‘8 ‘ MyClass.java

int x;

public static final VarHandle X_HANDLE;

MUE Plat.Form

74



VarHandle API

N

MyClass. java

=
)

int x;
public static final VarHandle X_HANDLE;

static {
try {

} catch (ReflectiveOperationException e) {
throw new Error(e);

}
}

MUE Plat.Form
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VarHandle API

AN
5’(‘8 ‘ MyClass.java

int x;

public static final VarHandle X_HANDLE;

X_HANDLE =

MUE Plat.Form
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VarHandle API

[N

MyClass. java

=
%//

int x;

public static final VarHandle X_HANDLE;

X_HANDLE = MethodHandles.lookup().findVarHandle(

MUE Plat.Form
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VarHandle API

N

MyClass.java <

=
%//

\

int x;

public static final VarHandle X_HANDLE;

X_HANDLE = MethodHandles.lookup().findVarHandle(MyClass.class

MUE Plat.Form

/8



VarHandle API

N

MyClass. java

=
%//

int X; =

public static final VarHandle X_HANDLE;

X_HANDLE = MethodHandles.lookup().findVarHandle(MyClass.class, "x", int.class);

MU= Dot Form 9



VarHandle API

=
—

MyClass. java

int x;
public static final VarHandle X_HANDLE;

static {

try {
X_HANDLE = MethodHandles.lookup().findVarHandle(MyClass.class,

} catch (ReflectiveOperationException e) {
throw new Error(e);

}
}

X

, int.class);

MUE Plat.Form
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VarHandle API

AN
5’(‘8 ‘ MyClass.java

int x;
public static final VarHandle X_HANDLE;

static {...}

MUE Plat.Form
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VarHandle API

AN
5’(‘8 ‘ MyClass.java

int x;
public static final VarHandle X_HANDLE;

static {...}

MUE Plat.Form
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VarHandle API: ncnonbsoBaHue

MUE Plat.Form

g? MyClass. java

—

int x;
public static final VarHandle X_HANDLE;

static {...}
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VarHandle API: ncnonbsoBaHue

MyClass m = new MyClass(...);

X_HANDLE . setOpaque(m, 42):

g MyClass. java

MUE Plat.Form

int x;
public static final VarHandle X_HANDLE;

static {...}
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VarHandle API: ncnonbsoBaHue

MyClass m = new MyClass(...);

X_HANDLE .setOpaque(m, 42);

|
I
I

Tg; MyClass. java

Write (m.x) — 42
opaque-ceMaHmuKa

MUE Plat.Form

int x;
public static final VarHandle X_HANDLE;

static {...}
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VarHandle API: ncnonbsoBaHue

MyClass m = new MyClass(...);
X_HANDLE .setOpaque(m, 42);

int copyX = (int) X_HANDLE.getOpaque(m);

ﬁg; MyClass. java

MUE Plat.Form

int x;
public static final VarHandle X_HANDLE;

static {...}
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VarHandle API: ncnonbsoBaHue

MyClass m = new MyClass(...);

X_HANDLE .setOpaque(m, 42);

int copyX = (int) X_HANDLE.getOpaque(m);

. MyClass.java

L
—
—_—

int x;
public static final VarHandle X_HANDLE;

static {...}

MUE Plat.Form

opaque-ceMaHmuKa
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VarHandle API: ncnonbsoBaHue

MyClass m =

X_HANDLE .setOpaque(m, 42);

new MyClass(...);

. MyClass.java

L
—
—_—

int x;

public static final VarHandle X_HANDLE;

plain-cemaHmuka

MUE Plat.Form

int copyX = (int) X_HANDLE.getOpaque(m);
| s static {...}
Y \‘v
Wr1tep1ain(copyX) — 42 Readopaque(m X) - 42

opaque-ceMaHmuKa
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VarHandle API: ncnonbsoBaHue

X_HANDLE . setOpaque(m, 42):

X_HANDLE . getOpaque(m) ;

MUE Plat.Form



VarHandle API: ncnonbsoBaHue

X_HANDLE .setVolatile(m, 42);

X_HANDLE .getVolatile(m);

MUE Plat.Form



VarHandle API: ncnonbsoBaHue

i
S
—

X_HANDLE .set(m, 42);

X_HANDLE .get(m) ;

MUE Plat.Form



VarHandle API: ncnonbsoBaHue

X_HANDLE .setRelease(m, 42);

X_HANDLE .getAcquire(m) ;

MUE Plat.Form



VarHandle API: ncnonbsoBaHue

X_HANDLE . setOpaque(m, 42):

X_HANDLE . getOpaque(m) ;

MUE Plat.Form



VarHandle API: ncnonbsoBaHue

X_HANDLE . setOpaque(m, 42):

X_HANDLE . getOpaque(m) ;

VarHandle API - no3BonseT BbI6GupaTb CEMAaHTUKY
npu onepauusax 3anmcu/uTeHus

MUE Plat.Form

94




—.«—..O..—..—..0..—..—..0..—..—..0

00 Kak 3apaBaTb ceMaHTUKMU B CBOEM Kofe
[

|

[J Opaque-ceMaHTuKa

i

|
O Acquire/Release-ceMaHTUKa

MUE Plat.Form -




BBepeHue

YTO TaKoe «CEMaHTUKU»?

MOYXHO 1T 060UTUCDL 63 ceMaHTUK?
CyuwecTByrowime ceMaHTUKMU
Kak 3agaBaTb ceMaHTUKM B CBOEeM Koae

Opaque-ceMaHTUKa

D. a—- _...D_.._.._...U_,._,._...D_.._.._...D..._.._...D..._.._...D

Acquire/Release-ceMaHTUKa

MUE Plat.Form



Opague

}

doSomeWork() ;

MUE Plat.Form

boolean done = false;
Thread 1 Thread 2
Thread.sleep(100);
while(!done) { done = true;

97



Opague

while(!done) {
doSomeWork() ;
}

MUE Plat.Form

boolean localDone

while(!localDone) {
doSomeWork() ;

}

done;
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Opague

while(!done) {
doSomeWork() ;
}

MUE Plat.Form

boolean localDone

while(!localDone) {
doSomeWork() ;

}

done;
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Opague

3anpeLllaeT KOMMNUASTOPY HEKOTOPble ONTUMM3ALLMU YTeHUa/3anncum
nepeMeHHOU

Orlepau.vm €CTb B MICXOOHOM Koge = onepaunda ectb B oNTUMUINPOBAHHOM Kofge

boolean localDone done;
while(!localDone) {

doSomeWork() ;
}

while(!done) {
doSomeWork() ;
}

MU= Plat . Form 100



Opaque

boolean done false;
VarHandle DONE .

Thread 2

Thread.sleep(100);
done = true;

MUE Plat.Form 1



Opague

boolean done = false;
VarHandle DONE .

Thread 1 Thread 2
while( !'DONE.getOpaque()) { Thread.sleep(100);
doSomeWork () ; done = true;
}

MUE Plat.Form 102



O

paque

Thread 1

while( !'DONE.getOpaque()

2N

\

Read

. (done)-false
paque

MUE Plat.Form
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Opague

Thread 1

while( !'DONE.getOpaque()

2N

\

opaque

Read (done)-false ; Read

. (done)-false
paque

MuZ plat.Form 104



Opague

Thread 1

while( !'DONE.getOpaque()

2N

\

opaque

Read (done)-false ; Read

. (done)-false ; .. ; Read (done)-true
paque

opaque

MUE Plat.Form 105



Opague

boolean done = false;
VarHandle DONE .

Thread 1 Thread 2
while( !'DONE.getOpaque()) { Thread.sleep(100);
doSomeWork () ; done = true;
}

— ) Tenepb paboTaeT KaK HY)XKHO

MU= P|at.Form 106



Opague

boolean done = false;
VarHandle DONE .

Thread 1

}

while(!DONE.getOpaque()) {
doSomeWork() ; done =

Thread 2

Thread.sleep(100);

true;

I
— / Tenepb paboTaeT KaK HY>XHO

Progress: 3arnmMcv B KOHeYHOM UTore BUAHbDLI

rnocjsie4yrwlunMm Y“TeHUAM

MUE Plat.Form
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KapTa ceMaHTUK

plain C opaque C acq-rel c volatile

m type-safety

m OoTA-safety*

CeMaHTUKa - crneumdbmKaTop onepaumm YTeHUa/3anmcum, KOTopbit gaeT
OOMONTHUTENbHbIE NAPAHTUN (KaKME MMEHHO - 3aBUCUT OT BblO6paHHOM
CEMaHTUKWN)

MU= Plat . Form 108



KapTa ceMaHTUK

plain C opaque C acq-rel c volatile

m type-safety m progress

m OoTA-safety*

CeMaHTUKa - crneumobmnKaTop onepaumm YTeHma/3anmcu, KoTopbiv gaeT
OOMONTHUTENbHbIE NAPAHTUN (KaKME MMEHHO - 3aBUCUT OT BblO6paHHOM
CEMaHTUKWN)

MU= Plat . Form 109



Opague

He TonbKo KOMIMUITATOP MOXKeT rnepeynopagodmnTb onepaun t—ITeHl/IS:I/3aI'Il/ICl/I

int a = 0;
int b = 0;

Thread 1

a.setOpaque(1);

b.setOpaque(1);

MUE Plat.Form
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Opague

He TonbKo KOMIMUITATOP MOXKeT rnepeynopagodmnTb onepaun t—ITeHl/IS:I/3aI'Il/ICl/I

int a = 0;
int b = 0;

Thread 1 - - N

i
a.setOpaque(1); a = 1>|
i

b.setOpaque(1);

MUZ Plat.Form L



Opague

He TonbKo KOMIMUITATOP MOXKeT rnepeynopagodmnTb onepaun t—ITeHl/IS:I/3aI'Il/ICl/I

int a = 0;
int b = 0;

Thread 1 - - N

i
a.setOpaque(1); b = 1> a = 1>|
i

b.setOpaque(1);

MUZ Plat.Form 112



Opague

He ToNbKOo KOMMUMASITOP MOXKET MepeynopaaoYnTb onepaumm YTeHna/3anmcum

int a
int b

0,
0,

Thread 1

a.setOpaque(1);

b.setOpaque(1);

MUE Plat.Form

Thread 2
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Opague

He ToNbKOo KOMMUMASITOP MOXKET MepeynopaaoYnTb onepaumm YTeHna/3anmcum

int a
int b

0,
0,

Thread 1

a.setOpaque(1);

b.setOpaque(1);

MUE Plat.Form

Thread 2

if (b.getOpaque()
a.getOpaque()

1 &&

{
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Opague

He ToNbKOo KOMMUMASITOP MOXKET MepeynopaaoYnTb onepaumm YTeHna/3anmcum

int a
int b

0,
0,

Thread 1

a.setOpaque(1);

b.setOpaque(1);

MUE Plat.Form

Thread 2

if (b.getOpaque()
a.getOpaque()

Read

opaque

(b)-1 ; Read
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Opague

He TonbKo KOMIMUITATOP MOXKeT rnepeynopagodmnTb onepaun t-ITeHl/IS:I/3aI'Il/I(Zl/I

int a = 0;
int b = 0;
Thread 1 Thread 2
a.setOpaque(1); if (b.getOpaque() == 1 &&
a.getOpaque() == 0 {
b.setOpaque(1);

: = Read  .(b)-1 ; Read . . (a)-@
[

MU= Plat . Form 116



Opague

He ToNbKOo KOMMUMASITOP MOXKET MepeynopaaoYnTb onepaumm YTeHna/3anmcum

Thread 1

a.setOpaque(1);

b.setOpaque(1);

MUE Plat.Form

int a = 0;
int b = 0;
Thread 2
if (b.getOpaque() == 1 &&
a.getOpaque() == 0) {

throw new Error("Bad CPU")

117



Opague

MOo>KeT 11 MPOU3OUTU UCKSTIoYEeHMne?

MUE Plat.Form

a.setOpaque(1);
b.setOpaque(1);

if (b.getOpaque() ==
a.getOpaque() ==
throw new Error(

118




Opague

if (b.getOpaque() == 1 &&
u ~ | a.setOpaque(1); a.getOpaque() == 0) {
MoXkeT N NPOU3OUTU UCKITHOYEHNE™: b.setOpaque(1): throw new Error("Bad CPU")
}

X86: HeT, npoueccop He repeyriopagoydmpBacT oriepauln 3arimcCm

MU= Plat.Form 119



Opague

if (b.getOpaque() == 1 &&
o ~ | a.setOpaque(1); a.getOpaque() == 0) {
MOXeT /T NPON3OUTU UCKITIOUEHWNE? | " ionaque (1) ; throw new Error("Bad CPU")

X86: HeT, npoueccop He repeyriopagoydmpBacT oriepauln 3arimcCm

ARM: 03, npoueccop MOXXeT nepeynopanodmTb HE3ABMCKMMbIE OnepaLmm

MU= Plat.Form 120



Opague

He npunroaHa Aand ynopdagodymnBaHUAd JOCTYINOB K Ppa3HbIM NnepeMeHHbIM

MU= Plat . Form 121



Opague

He npunroaHa Aand ynopdagodymnBaHUAd JOCTYINOB K Ppa3HbIM NnepeMeHHbIM

Coherence: Bce onepauuu YteHus/3anucu rno oaHom
KOHKpPEeTHOM nepemMeHHOM BbIMOJIHAIOTCSH B nopsake,
KOHCUCTEHTHOM UCXOAHOMY Koay

[MpnMeHeHune opaque-ceMaHTUKMU:
dnarm coctoaHmm, METPUKU U3 OOHOM NEepeEMEHHON, MHOMKATOPbI Nporpecca

MU= Plat . Form 122



KapTa ceMaHTUK

plain C opaque C acq-rel c volatile

m type-safety m progress

m OoTA-safety*

CeMaHTUKa - crneumobmnKaTop onepaumm YTeHma/3anmcu, KoTopbiv gaeT
OOMONTHUTENbHbIE NAPAHTUN (KaKME MMEHHO - 3aBUCUT OT BblO6paHHOM
CEMaHTUKWN)

MU= Plat . Form 123



KapTa ceMaHTUK

plain C opaque C acq-rel c volatile
m type-safety m progress
m OoTA-safety* m coherence

CeMaHTUKa - crneumobmnKaTop onepaumm YTeHma/3anmcu, KoTopbiv gaeT
OOMONTHUTENbHbIE NAPAHTUN (KaKME MMEHHO - 3aBUCUT OT BblO6paHHOM
CEMaHTUKWN)

MU= Plat . Form 124



Opague

Bitwise Atomicity: Bce uTeHUs/3anncm aToMapHbl

long a = 0;

MU= Plat.Form 125




Opague

Bitwise Atomicity: Bce uTeHUs/3anncm aToMapHbl

long a

=0;

Thread 1

Thread 2

a.setOpaque(0x00000000ffffffff)

a.setOpaque(Oxffffffff00000000)

MUE Plat.Form
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Opague

Bitwise Atomicity: Bce uTeHUs/3anncm aToMapHbl

long a

=0;

Thread 1

Thread 2

a.setOpaque(0x00000000ffffffff)

a.setOpaque(Oxffffffff00000000)

Thread 3

long copyA = a.getOpaque();

MUE Plat.Form
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Opague

Bitwise Atomicity: Bce uTeHUs/3anncm aToMapHbl

long a = 0;

Thread 1 Thread 2

a.setOpaque(0x00000000ffffffff) a.setOpaque(Oxffffffff00000000)

Thread 3

long copyA = a.getOpaque();

assert

copyA == 0x0000000000000000 | |
copyA == 0x00000000Ffffffff ||
copyA == Oxffffffff00000000

MU= Plat.Form 128



Opague

Bitwise Atomicity: Bce uTeHUs/3anncm aToMapHbl

long a = 0;

Thread 1 Thread 2

a.setOpaque(0x00000000ffffffff) a.setOpaque(Oxffffffff00000000)

Thread 3

long copyA = a.getOpaque();

assert 3anpeLlleHHbIN BapUaHT:

copyA == 0x0000000000000000 | | copyA == Oxffffffffffffffff
copyA == 0x00000000ffffffff ||

copyA == Oxffffffff00000000

MU= Plat.Form 129



KapTa ceMaHTUK

plain C opaque C acq-rel c volatile
m type-safety m progress
m OoTA-safety* m coherence

CeMaHTUKa - crneumobmnkKaTop onepaumm YTeHma/3anmcu, KoTopbiv gaeT
OOMONTHUTENbHbIE NAPAHTUN (KaKME MMEHHO - 3aBUCUT OT BblO6paHHOM
CEMaHTUKWN)

MU= Plat . Form 130



KapTa ceMaHTUK

plain C opaque C acq-rel c volatile
m type-safety m progress
m OoTA-safety* m coherence

m bitwise
atomicity

CeMaHTUKa - crneumobmnkKaTop onepaumm YTeHma/3anmcu, KoTopbiv gaeT
OOMONTHUTENbHbIE NAPAHTUN (KaKME MMEHHO - 3aBUCUT OT BblO6paHHOM
CEMaHTUKWN)

MU= Plat . Form 131



BBepeHue

UTO TaKoe «CeMaHTUuKu»?

MOXHO N 060nNTUCDL 63 ceMaHTUK?

CyuwiecTByloLine CeMaHTUKU

KakK 3agaBaTb CeMaHTUKUM B CBOEM Kopae

Opaque

D. a—- _...D_.._.._...U_,._,._...D_.._.._...D..._.._...D..._.._...D

Acquire/Release

MUE Plat.Form




BBepeHue

UTO TaKoe «CeMaHTUuKu»?

MO)YXHO T 060UTUCL 63 CeEMaHTUK?

CyuwiecTByloLine CeMaHTUKU

KakK 3agaBaTb CeMaHTUKUM B CBOEM Kopae

Opaque

D. a—- _...D_.._.._...U_,._,._...D_.._.._...D..._.._...D..._.._...D

Acquire/Release

MUE Plat.Form




Acquire/Release

int x, vy, z;
volatile boolean ready = false;

MU Pat. Form 134



Acquire/Release

int x, vy, z;

volatile boolean ready = false;

Thread 1
X = 20;
y = 13;
Z = 42;

ready = true;

MUE Plat.Form

Thread 2
while(!ready) {
Thread.onSpinWait();
}
assert x == 20:
assert y == 13;
assert z == 42;
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Acquire/Release

int x, vy, z;

volatile boolean ready = false;

MUE Plat.Form

Thread 1 Thread 2

X = 20; : {

y = 13;1 pp Thread.onSpiRWait() ;

z = 42; }

ready = trée e hb
assert x == 20;
assert y == 13;
assert z == 42;
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Acquire/Release

int x, vy, z;

volatile boolean ready = false;

Thread 1
X = 20;
y = 13;
Z = 42;

ready = true;

MUE Plat.Form

Thread 2
while(!ready) {
Thread.onSpinWait();
}
assert x == 20:
assert y == 13;
assert z == 42;
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Acquire/Release

int x, vy, z;
boolean ready = false;

Thread 1 Thread 2
X = 20; while( ) {
y = 13; Thread.onSpinWait() ;
Z = 42; }
assert x == 20;
assert y == 13;
assert z == 42;

MU= Dlat.Form 138



Acquire/Release

int x, vy, z;
boolean ready = false;

Thread 1 Thread 2
X = 20; while(!ready.getAcquire()){
y = 13; Thread.onSpinWait();
z = 42; }
ready.setRelease(true)
assert x == 20;
assert y == 13;
assert z == 42;

MU= Plat.Form 139



Acquire/Release

int x, vy, z;
boolean ready = false;

Thread 1 Thread 2

X = 20; while(!ready.getAcquire()){
y = 13; Thread.onSpinWait();
z = 42; }
ready.setRelease(true)

assert x == 20;

_.»|assert y == 13;
assert z == 42;

YnagyT Ny npoBepkn? ---
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Acquire/Release

int x, vy, z;
boolean ready = false;

Thread 1
X = 20;
y = 13;
Z = 42;

ready.setRelease(true)

MUE Plat.Form
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Acquire/Release

int x, vy, z;
boolean ready = false;

Thread 1
X = 20;
y = 13; <
Z = 42;
ready.setRelease(true)

MUE Plat.Form
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Acquire/Release

int x, vy, z;
boolean ready = false;

Thread 1

ready.setRelease(true)

MUE Plat.Form
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Acquire/Release

int x, vy, z;
boolean ready = false;

Thread 2
while(!ready.getAcquire()){
Thread.onSpinWait();
}
assert x == 20;
assert y == 13;
assert z == 42;

MUE Plat.Form 144



Acquire/Release

int x, vy, z;
boolean ready = false;

Thread 2
while(!ready.getAcquire()){
Thread.onSpinWait();
}
assert x == 20;
assert y == 13;
assert z == 42;

MUE Plat.Form 145



Acquire/Release

int x, vy, z;
boolean ready = false;

MUE Plat.Form

Thread 2

}

while(!ready.getAcquire()){
Thread.onSpinWait();
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Acquire/Release

Thread 1

ready.setRelease(true)

Thread 2

MUE Plat.Form

while(!ready.getAcquire()){
Thread.onSpinWait();
}
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Acquire/Release

Thread 1 Thread 2

while(!ready.getAcquire()){
Thread.onSpinWait();
}

Writemmhwl(ready)Htrue

MUE Plat.Form 148



Acquire/Release

Thread 1 Thread 2

Readacq/rel( ready)-true

Writeacq/rel( ready)-true

MU= Plat.Form 149



Acquire/Release

Thread 1 Thread 2

/V Readacq/rel( ready)-true

acq-rel

Writeacq/rel( ready)-true —

MU= Plat.Form 150



Acquire/Release

Causality: Bce onepauum, npealwecTeyoLwime release-zanmucu, BUAHbDbI
OJ1s1 Bcex onepauuvmn, uayLumx nocrne rnapHoro acquire-yteHus

Thread 1 Thread 2

/V Readacq/rel( ready)true

acq-rel

Write (ready)-true -—/

acq/rel
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Acquire/Release

Causality: Bce onepauum, npealwecTeyoLwime release-zanmucu, BUAHbDbI
OJ1s1 Bcex onepauuvmn, uayLumx nocrne rnapHoro acquire-yteHus

Thread 1

Wr1teacq/re

,(ready)-true -—/

YnaayTt v NpoBepPKnN?
HeT

-
-——-—

MUE Plat.Form

Thread 2

/V Readacq/rel( ready)true
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KapTa ceMaHTUK

plain C opaque C acq-rel c volatile
m type-safety m progress
m OoTA-safety* m coherence

m bitwise
atomicity

CeMaHTUKa - crneumobmnkKaTop onepaumm YTeHma/3anmcu, KoTopbiv gaeT
OOMONTHUTENbHbIE NAPAHTUN (KaKME MMEHHO - 3aBUCUT OT BblO6paHHOM
CEMaHTUKWN)
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KapTa ceMaHTUK

plain C opaque C acq-rel c volatile
m type-safety m progress m causality
m OoTA-safety* m coherence

m bitwise
atomicity

CeMaHTUKa - crneumobmnkKaTop onepaumm YTeHma/3anmcu, KoTopbiv gaeT
OOMONTHUTENbHbIE NAPAHTUN (KaKME MMEHHO - 3aBUCUT OT BblO6paHHOM
CEMaHTUKWN)
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Acquire/Release: npMeHeHUe

Single Producer/Single Consumer Bounded Queue

MUE Plat.Form

( @
\_ J
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Acquire/Release: npMeHeHUe

Single Producer/Single Consumer Bounded Queue

4 A
tryProduce _ _, @
g \_ J

/
/

©
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Acquire/Release: npMeHeHUe

Single Producer/Single Consumer Bounded Queue

MUE Plat.Form

r

O

\

®)

J
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Acquire/Release: npMeHeHUe

Single Producer/Single Consumer Bounded Queue

MUE Plat.Form

r

O

\

- - _ _tryConsume

N
N

\

\
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Acquire/Release: npMeHeHUe

Single Producer/Single Consumer Bounded Queue

MUE Plat.Form

( @
\_ J
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Acquire/Release: npMeHeHUe

Single Producer/Single Consumer Bounded Queue

tryProduce _ _,

r

\

- - _ _tryConsume

N
N

\
\

CTporo oguH NoToK-NMpomnsBoauTeNb, CTPOIro oguH NOTOK-MoTpebuTennb!

MUE Plat.Form

160



Acquire/Release: npMeHeHUe

Single Producer/Single Consumer Bounded Queue

g SPSC_BoundedQueue. java

//meTon Ansa npoussBognTesnis
boolean tryProduce(E value);

//mMeTon AnAa notpeéburtens
boolean tryConsume(Consumer<Et> consumer);
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Acquire/Release: npMeHeHUe

Single Producer/Single Consumer Bounded Queue

SPSC_BoundedQueue<E> queue

new SPSC_BoundedQueue<>(...)

MUE Plat.Form
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Acquire/Release: npMeHeHUe

Single Producer/Single Consumer Bounded Queue

SPSC_BoundedQueue<E> queue = new SPSC_BoundedQueue<>(...)

Consuming thread

queue.tryConsume(element ->
print(element)
);
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Acquire/Release: npMeHeHUe

Single Producer/Single Consumer Bounded Queue

SPSC_BoundedQueue<E> queue = new SPSC_BoundedQueue<>(...)

Producing thread Consuming thread

queue.tryConsume(element ->
print(element)
);
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Acquire/Release: npMeHeHUe

Single Producer/Single Consumer Bounded Queue

SPSC_BoundedQueue<t> queue

= new SPSC_BoundedQueue<>(...)

Producing thread

element = new E(..

init(element);

)

MUE Plat.Form

Consuming thread

queue.tryConsume(element ->
print(element)
);
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Acquire/Release: npMeHeHUe

Single Producer/Single Consumer Bounded Queue

SPSC_BoundedQueue<E> queue = new SPSC_BoundedQueue<>(...)

Producing thread Consuming thread
element = new E(...); queue.tryConsume(element ->
print(element)
init(element) ; ) ;
queue. tryProduce(element) ;
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Acquire/Release: npMeHeHUe

Single Producer/Single Consumer Bounded Queue

init(element);

print(element)

MUE Plat.Form
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Acquire/Release: npMeHeHUe

Single Producer/Single Consumer Bounded Queue

init(element);

print(element)

N

eratvage) |

I'IOTpe6MTeJ'Ib O0O/IHKEH BUOETb O6beKT B
MOJIHOCTbIO TOTOBOM BULOE...

MUE Plat.Form

reads
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Acquire/Release: npMeHeHUe

Single Producer/Single Consumer Bounded Queue

SPSC_BoundedQueue<E> queue = new SPSC_BoundedQueue<>(...)

Producing thread Consuming thread
element = new E(...); queue.tryConsume(element ->
print(element)
init(element) ; ) ;
queue. tryProduce(element) ;
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Acquire/Release: npMeHeHUe

Single Producer/Single Consumer Bounded Queue

tryProduce

tryConsume

MUE Plat.Form
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Acquire/Release: npMeHeHUe

Single Producer/Single Consumer Bounded Queue

tryConsume

V4

tryProduc?\\\§§§§§—__’///////
SN

happens-before (ncnonb3ys volatile-cemaHTHky)
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Acquire/Release: npMeHeHUe

Single Producer/Single Consumer Bounded Queue

causality (mcnonb3ysa acq-rel-ceMaHTUKy)

il N

tryConsume

tryProduce
SN

V4

happens-before (ncnonb3ys volatile-cemaHTHky)
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Acquire/Release: npMeHeHUe

BeHuMapku U NnpuMepsbl TYT: github.com/lantalex/jpoint-2023-semantics

T )
e R
F e %.,,. : %‘m??

MU Pat. Form 173


https://github.com/lantalex/jpoint-2023-semantics

Acquire/Release: npMeHeHUe

[1Be BO3MOXXHble peanmn3auunm SPSC Bounded Queue
ncrnonb3ysa volatile-cemaHTuKy: SPSC_VolatileQueue
mcnonb3sysa acqfrel-cemMaHTUKY: SPSC_AcgRelQueue
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Acquire/Release: npMeHeHUe

[1Be BO3MOXXHble peanmn3auunm SPSC Bounded Queue
ncrnonb3ysa volatile-cemaHTuKy: SPSC_VolatileQueue
ncrionbsya acqfrel-cemaHTUKy: SPSC_AcqRelQueue

ARMv8: SPSC_AcqRelQueue npomnsBoguTenbHee
SPSC_VolatileQueue Ha ~30-40%
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Acquire/Release: npMeHeHUe

[1Be BO3MOXXHble peanmn3auunm SPSC Bounded Queue
ncrnonb3ysa volatile-cemaHTuKy: SPSC_VolatileQueue
mcnonb3sysa acqfrel-ceMaHTUKy: SPSC_AcgRelQueue

ARMv8: SPSC_AcqRelQueue npomnsBoguTenbHee
SPSC_VolatileQueue Ha ~30-40%

x86: SPSC_AcgRelQueue npomsBogunTenbHee
SPSC_VolatileQueue B 2-3 pa3a
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Acquire/Release: 6UGIMNOTEKMU

JCTools: github.com/JCTools/JCTools
SpscAtomicArrayQueue. java
MpmcAtomicArrayQueue. java

Disruptor: github.com/LMAX-Exchange/disruptor
SingleProducerSequencer. java
MultiProducerSequencer. java

Agrona: github.com/real-logic/agrona
OneToOneRingBuffer. java
ManyToOneRingBuffer. java

MU= Plat.Form 17


https://github.com/JCTools/JCTools

Acquire/Release: 6UGIMNOTEKMU

Mcnonb3ynTte cneunanmsmpoBaHHble BEPCUUN MHOIMOMOTOUYHbIX CTPYKTYP AAaHHbIX,
eCcJZin eCcTb AJ1I9 3TOro BO3MOXXHOCTb (0AuH npoussoauTesrib /Unu oamH rnotpebuTenb)

JCTools: github.com/JCTools/JCTools
SpscAtomicArrayQueue. java
MpmcAtomicArrayQueue. java

Disruptor: github.com/LMAX-Exchange/disruptor
SingleProducerSequencer. java
MultiProducerSequencer. java

Agrona: github.com/real-logic/agrona
OneToOneRingBuffer. java
ManyToOneRingBuffer. java
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https://github.com/JCTools/JCTools

Acquire/Release vs Volatile

KoTt, cnopum, cerogHs s1
6bIicTpee Tebs rnipoéery
CTOMETPOBKY?

9TO MbI eLye NocMoTpum!
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Acquire/Release vs Volatile

0,
0,

int red
int blue
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Acquire/Release vs Volatile

int red
int blue

Thread ‘Red Panda’

0,
0,

/ //naHga pgo6bexana Ao ¢uHuwa
red.setVolatile(1);
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Acquire/Release vs Volatile

int red = 0;
int blue = 0;
Thread ‘Red Panda’ Thread ‘Blue Cat’
/ //naHpa pgob6exana go ¢uHMwa //KOTUK pobexan pfo ¢uHuMwa
red.setVolatile(1); blue.setVolatile(1);
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Acquire/Release vs Volatile

int red = 0;
int blue = 0;
Thread ‘Red Panda’ Thread ‘Blue Cat’
/ //naHpa pgob6exana go ¢uHMwa //KOTUK pobexan pfo ¢uHuMwa
red.setVolatile(1); blue.setVolatile(1);
Thread ‘Referee #1' Thread ‘Referee #2'
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Acquire/Release vs Volatile

int red = 0;
int blue = 0;

Thread ‘Red Panda’ Thread ‘Blue Cat’
/ //naHpa pgob6exana go ¢uHMwa //KOTUK pobexan pfo ¢uHuMwa
red.setVolatile(1); blue.setVolatile(1);
Thread ‘Referee #1' Thread ‘Referee #2'
if ( red.getVolatile() == 1 &&
blue.getVolatile() == 0 ) {

print(“lMaxHpa nobepguna,
oTpaem npus en’)
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Acquire/Release vs Volatile

int red = 0;
int blue = 0;

Thread ‘Red Panda’ Thread ‘Blue Cat’
/ //naHpa pgob6exana go ¢uHMwa //KOTUK pobexan pfo ¢uHuMwa
red.setVolatile(1); blue.setVolatile(1);
Thread ‘Referee #1°' Thread ‘Referee #2'
if ( red.getVolatile() == 1 && if (blue.getVolatile() == 1 &&
blue.getVolatile() == 0 ) { red.getVolatile() == 0 ) {
print(“lMaxHpa nobepguna, print( “Kotnk nob6egun,
oTpaem npus en’) oTpaem npus emy”)
} }
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Acquire/Release vs Volatile

int red = 0;
int blue = 0;

Thread 'Red Panda’ Thread ‘Blue Cat’
/ //naHpa pgob6exana go ¢uHMwa //KOTUK pobexan pfo ¢uHuMwa
red.setVolatile(1); blue.setVolatile(1);
Thread ‘Referee #1' Thread ‘Referee #2'
if ( red.getVolatile() == 1 && if (blue.getVolatile() == 1 &&
blue.getVolatile() == 0 ) { red.getVolatile() == 0 ) {
print(“lMaxHpa nobepguna, print( “Kotnk nob6egun,
oTpaem npus en’) oTpaem npus emy”)
} else { } else {
print(“fAl He 3Haw, KTO nNobegun”) print(“fl He 3Haw, KTO nNobegun”)
} }
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Acquire/Release vs Volatile

Referee #1: “llaHpa nobepuna, otpaem npus en”
/ Referee #2: “A He 3Haw, KTO nobepgun”

Referee #1: “fl He 3Haw, KTOo nobegun”

Referee #2: "KoTuk nobegun, ortpaem npus emy’

Referee #1: “fl He 3Haw, KTOo nobegun”

Referee #2: “fl He 3Haw, KTO nobepgun”

MUE Plat.Form
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Acquire/Release vs Volatile

red.setVolatile(1) blue.setVolatile(1)
red.getVolatile() blue.getVolatile()
blue.getVolatile() red.getVolatile()
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Acquire/Release vs Volatile

red.setRelease(1) blue.setRelease(1)
red.getAcquire() blue.getAcquire()
blue.getAcquire() red.getAcquire()

MUE Plat.Form 189



Acquire/Release vs Volatile

Referee #1: “llaHpa nobepuna, otpaem npus en”
Referee #2: “fl He 3Haw, KTO nobegun”
Referee #1: “fl He 3Haw, KTOo nobegun”
Referee #2: "“"KoTuk nobegun, ortpaem npus emy’
Referee #1: “fl He 3Haw, KTOo nobegun”
Referee #2: “fl He 3Haw, KTO nobepgun”

MUE Plat.Form
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Acquire/Release vs Volatile

Referee #1: “llaHpa nob6epuna, otpaem npus en”
Referee #2: “KoTuk nobepun, otpaem npus emy’
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Acquire/Release vs Volatile

Referee #1: “llaHpa no6eguna, otpaem npus en”
Referee #2: “KoTuk nobepun, otpaem npus emy’

i B

MUE Plat.Form 192

Referee #1:




Acquire/Release vs Volatile

int

red = 0;
int blue = 0;

Thread ‘Red Panda’

Thread ‘Blue Cat’

/ //naHga pgo6bexana Ao ¢uHuwa
red.setRelease(1);

//KOTUK pobexan pfo ¢uHuMwa
blue.setRelease(1);

Thread ‘Referee #1'

Thread ‘Referee #2'

if ( red.getAcquire()
blue.getAcquire()

o

no
—
Qo
Qo

0 ) {

print(“lMaxHpa nobepguna,
oTpaem npus en’)
} else {

print(“f He 3Haw, KTO nobepgun”)
}

if (blue.getAcquire()
red.getAcquire()

&&
) {

print( “Kotnk nob6egun,

oTpaem npus emy”)
} else {

print(“f He 3Haw, KTO nobepgun”)
}

MUE Plat.Form
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Acquire/Release vs Volatile

MUE Plat.Form 194



Acquire/Release vs Volatile

int

int blue = 0;

red = 0;

niia

Thread ‘Referee #1'

if ( red.getAcquire()
blue.getAcquire()

—

print(“Manpga no6bepguna,
oTpaeMm npus en’)
} else {

print(“f He 3Haw, KTO nobegun”)
}

Thread ‘Referee #2'
if (blue.getAcquire() == 1 &&
red.getAcquire() == ) {

print(“KoTtuk no6egun,

oTpaeMm npus emy”)
} else {

print(“A He 3Hamw,
}

KTO nobegun”)

MUE Plat.Form
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Acquire/Release vs Volatile

int red = 0;
int blue = 0;
/3 nwa //KOT wa
blue.

Thread ‘Referee #1'

‘Referee #2'

if (

}
}

pri

MUE Plat.Form

egun”)
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Acquire/Release vs Volatile

int red
int blue

| .
(e

uwa //KOT

blue.

Thread OTHOCUTENIbHOCTb - UCTOPUSA
CO6bITUMN He abCOoNIOTHA, 2 3aBUCUT
OT KOHKpeTHOoro Yymtartens!

if (

) epmn”)
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Volatile: rapaHTna KoHceHcyca

int red = 0;
int blue = 0;
Thread ‘Red Panda’ Thread ‘Blue Cat’
/ //naHpa pgob6exana go ¢uHMwa //KOTUK pobexan pfo ¢uHuMwa
red.setVolatile(1); blue.setVolatile(1);
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Volatile: rapaHTna KoHceHcyca

int red = 0;
int blue = 0;
Thread ‘Red Panda’ Thread ‘Blue Cat’
/ //naHpa pgob6exana go ¢uHMwa //KOTUK pobexan pfo ¢uHuMwa
red.setVolatile(1); blue.setVolatile(1);

Consensus: Bce onepauuu utTeHus/3anucm c
volatile-ceMaHTUKOM rno6asibHO ynopaao4veHbl
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MHOIronoToUYHble BNONMNOTEKU

Mcnonb3ynTte cneunanmsmpoBaHHble BEPCUUN MHOIMOMOTOUYHbIX CTPYKTYP AAaHHbIX,
eCcJZin eCcTb AJ1I9 3TOro BO3MOXXHOCTb (0AuH npoussoauTesrib /Unu oamH rnotpebuTenb)

JCTools: github.com/JCTools/JCTools
SpscAtomicArrayQueue. java
MpmcAtomicArrayQueue. java

Disruptor: github.com/LMAX-Exchange/disruptor
SingleProducerSequencer. java
MultiProducerSequencer. java

Agrona: github.com/real-logic/agrona
OneToOneRingBuffer. java
ManyToOneRingBuffer. java
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KapTa ceMaHTUK

plain C opaque C acq-rel c volatile
m type-safety m progress m causality
m OoTA-safety* m coherence

m bitwise
atomicity

CeMaHTUKa - crneumobmnkKaTop onepaumm YTeHma/3anmcu, KoTopbiv gaeT
OOMONTHUTENbHbIE NAPAHTUN (KaKME MMEHHO - 3aBUCUT OT BblO6paHHOM
CEMaHTUKWN)
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KapTa ceMaHTUK

plain

m type-safety

m OoTA-safety*

opaque

progress
coherence

bitwise
atomicity

C acqg-rel

m causality

c volatile

m consensus

CeMaHTMKa - cneumdbmnKaTop onepaumm YTeHus/3anmncu, KoTopbin gaeT
O0OMONTHUTENbHbIE FapaHTUM (KaKMe MMEHHO - 3aBUCUT OT BbI6paHHOM

CEMaHTUKWN)

MUE Plat.Form
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KapTa ceMaHTUK

plain

m type-safety

m OoTA-safety*

opaque

progress
coherence

bitwise
atomicity

_— O . S S S S O e e .y,

happens-before

CeMaHTMKa - cneumdbmnKaTop onepaumm YTeHus/3anmncu, KoTopbin gaeT
O0OMONTHUTENbHbIE FapaHTUM (KaKMe MMEHHO - 3aBUCUT OT BbI6paHHOM

CEMaHTUKWN)

MUE Plat.Form
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BBegoeHue

UTO TaKoe «CeMaHTUuKu»?

MOYXHO 11 O60UTUCDL 6e3 ceMaHTUuK?

CyLuecTBYylOLLIME CEMaHTUKM

Kak 3agaBaTb CeMaHTUKUM B CBOEM Kofae

Opaque

G o oo —..0..—..—..0.«—.«—..0..—..—..0..—..—..0..—..—..0

Acquire/Release

MUE Plat.Form




NTorrun

m Ecnu npomsBoamnTenbHOCTb HE KPUTUYHA, TO Weapas 06CbiNKa COMHUTESTbHOIO Koga
volatile - BNonHe HoOpManbHoOEe pelleHmne

m  CeMaHTUKa - cneumdmKaTop onepaLmnm yteHmMsa/3anmncuK, KoTopbi gaeT
OOMOSTHUTENbHbIE rapaHTUM (KAKMEe MMEHHO - 3aBUCUT OT BbiIBpaHHOM CEMaHTUKM)

m ECnu HeT HOBbIX CEMAHTUK - MoBeAeHUe NporpaMMbl MOTHOCTbIO onmcbiBaeTca JMM

m VarHandle - mo3BongaeT BbiGUpaTb cEMaHTUKY NPU onepaLmnsax 3anmcu/MTeHus

m Opaque-ceMaHTUMKa orpaHMymBaeT oNTUMU3aLMM KOMNUNaTopa, Ho He CPU

m Acquire/Release - “noutn” happens-before, nogxoounT ona cnyyaeB ogHoOro nucartens

m Vcrnonb3ymTe cneumanm3npoBaHHble BEPCUM MHOTOMOTOYHbIX CTRYKTYP AaHHbIX, eC/nu
eCTb O/151 3TOro BO3MOXHOCTb (0OMH npounssoaunTenb U/vnv oguH rnotpebuTtens)
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Cnacmb6o 3a BHMMaHume!

Bce npumMepbl U 6eHYMapPKU
github.com/lantalex/jpoint-2023-semantics

@

MU= Dlat.Form paboTaeT Ha poccnmckom nnatpopme AXIOM JDK
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