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2 CeMaHTuKa

cneundmnkaTop onepaunmn YTeHus/3anncu,
KOTOPbIN AaeT AOMNOAHUTEAbHbIE rapaHTUn

2 ECAM HEeT HOBbIX CEMaHTUK

NoOBeAEHME MPOrpaMMbl MOAHOCTbLIO
onucbiBaeTca cyulecTyroLlen JMM

» VarHandle

MO3BOASAET BbiOpaTb CEMAaHTUKY
npwv onepaunsax 3anmcu/J4teHns

2 Opaque un Acquire/Release

ABE€ HOBbIX MPOMEeXYTOYHbIX CEMaHTUKN
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https://youtu.be/UZbPOtEgcoY

KapTa ceMaHTUK

plain - opaque <c acqg-rel c volatile

type-safety progress causality consensus
coherence

bitwise
atomicity

KakK 3T CEMaAaHTUKU UCMOAb3YIOTCH Ha NPaKTUkKe?
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CUHIATOH

NPaBUAbHbIA U HE OYEeHb

&
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CUHIATOH: NPaBUADbHbDbIN
class SingletonFactory {

}.
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CUHIATOH: NPaBUADbHbDbIN
class SingletonFactory {

private static volatile MyObject instance

}.
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CUHIATOH: NPaBUADbHbDbIN
class SingletonFactory A{

private static volatile MyObject instance

public static MyObject get() {

}.
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CUHIATOH: NPaBUADbHbDbIN
class SingletonFactory A{

private static volatile MyObject instance

public static MyObject get() A1
if (instance == null) {

}.

return 1nstance

}.
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CUHIATOH: NPaBUADbHbDbIN
class SingletonFactory A{

private static volatile MyObject instance

public static MyObject get() A1
if (instance == null) A
synchronized (SingletonFactory.class) {
if (instance == null)
instance = new MyObject(42)

}.

return 1nstance

}.
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CUHIATOH: NPaBUAbBHDbIXA U HE OYEHb
class SingletonFactory A{

private static volatile MyObject instance

public static MyObject get() A1
if (instance == null) {
synchronized (SingletonFactory.class) {
if (instance == null)
instance = new MyObject(42)

}.

return instance

}.
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CUHIATOH: NPaBUAbBHDbIXA U HE OYEHb
class SingletonFactory A{

private static MyObject instance

public static MyObject get() {
if (instance == null) {
synchronized (SingletonFactory.class) {
if (instance == null)
instance = new MyObject(42)

}.

return instance

}.
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CUHIATOH: NPaBUAbBHDbIXA U HE OYEHb
class SingletonFactory A{

private static MyObject instance

public static MyObject get() {
if (instance == null) {
synchronized (SingletonFactory.class) {1
if (instance == null)
instance = new MyObject(42)

}.

return instance

}.
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CUHIATOH: NPaBUAbHbIA U HE OYEeHb
class SingletonFactory {

if (instance == null) {

} Read,,,;,(instance) ‘

return instance

}.
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KorepeHTHOCTb L

null

MyObject instance

Thread 1 éé Thread 2

§ instance = new MyObject(42) yUbpect refl = instance

Lmwmmmwmmmwmmmwmmmwmmmwmmmwmmmjg MyObject ref2 = instance

MoXkeT /\u if (refl != null &
NPOU3ONTH | ref2 == null ) {

UCKAIOYEHME? |
Aa! throw new Error("WTF???")
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KapTa ceMaHTUK N\

plain - opaque <c acqg-rel c volatile

type-safety progress causality consensus
coherence

bitwise
atomicity
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KapTa CeMaHTUK

opaque

coherence
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KapTa ceMaHTUK N\

opaque

coherence

Coherence: Bce onepauum YtTeHusi/3anmcm no oAHom
KOHKPEeTHOMU NepeMeHHOM BbINOAHSAKTCA B FAO6aAABHOM Mnopsake,
KOHCUCTEHTHOM UCXOAHOMY KOAY
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KOrepeHTHOCTb \L

MyObject instance null
VarHandle INSTANCE = ...

R N N N A N R N N N R A A R N R R AN R R A A AR R R R R RN NN R A A A R R R R NN R R A A AR AR R R R NN R R A A AR R R AR AR N R AN AE, N R R A A AR R R A A NN R A A A AR R R A AR R R A A A AR R R A AR R R A A AR R R AN AN AN AN AN AR RN NANARENAREREAEARARAEAREEEEREEEEEEREREREEY

Thread 1 ﬁ Thread 2
INSTANCE setOpaque(new MyObject(42))..My0bject refl = INSTANCE.getUpaque()é
LmmmmmmwmmmmmmmmmmwmmmmmmmmmmwmmmmmggMyobject ref?2 = INSTANCE.getOpaque()g
MoxeT A | if (refl != null && :
npousontn - "
MCKII\DI-OHeHMe? | R
HeT! throw new Error("WTF?2?2")

MUE Plat.Form HecTaHAapTHbIE PACLLUMPEHNS MOAEAM MaMSATU Ha NpPaKTUKe | 19




CUHIATOH: UMHMM NpobAaemMy N° 1 \a

class SingletonFactory {

if (instance == null) {

) Read,,,;,(instance) ‘

return instance

MUE Plat.Form M HecTaHAapPTHbIE PacLLUMPEHUa MOAGAM NAaMATU Ha MPaKTUKe | 240




CUHIATOH: UMHMM NpobAaemMy N° 1 \d

class SingletonFactory {

if (INSTANCE.getOpaque() == null) {

Read (instance)‘

opaque

return INSTANCE.getOpaque()
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CUHIATOH: YUMHUM Npo6AeMy NO 1 E

class SingletonFactory {
private static MyObject instance
private static VarHandle INSTANCE = ...
public static MyObject get() {
if (INSTANCE.getOpaque() == null) A
synchronized (SingletonFactory.class) {
if (instance == null)
INSTANCE .setOpaque(new MyObject(42))

1
return INSTANCE.getOpaque()
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CUHIrATOH: Npo6AeMma N2 2
class SingletonFactory {

INSTANCE .setOpaque(new MyObject(42))

return INSTANCE.getOpaque()

s \\__________,——""'
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anqMHHOCTb

MyObject instance = null
VarHandle INSTANCE

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Thread 1 Thread 2

§ MyObject o = new MyObject(...) éé MyObject ref

g o.someField = 42 §§ do {

~ INSTANCE.setOpaque (o) ref = INSTANCE.getOpaque()

.......................................................................................................................................... ¥ while (ref == nulD)
Mo>XXeT AU ynacCTb |

npoBepka? assert ref.someField == 42
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KapTa ceMaHTUK 7

plain - opaque < acqg-rel c volatile

type-safety progress causality consensus
coherence

bitwise
atomicity
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KapTa CeMaHTUK

acq-rel

causality
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KapTa ceMaHTUK 7

acq-rel

causality

Causality: Bce onepauuu, npeAallecTByoLiue release-3anucum,
BUAHDbI AASl BCEX onepauvi, MAVLLUX NOCAe NAapHOro acquire-yTeHus
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anqMHHOCTb

MyObject instance = null
VarHandle INSTANCE

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

E Thread 1 Thread 2

§ MyObject o = new MyObject(...) ﬁ MyObject ref

g o.someField = 42 gg do { E

g INSTANCE .setRelease(o) gg ref = INSTANCE.getAchiPe()g

.......................................................................................................................................... § L while (ref == null) ;
Mo>XeT AM ynacTb |

npoBepka? assert ref.someField == 42
Hap! —————
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CUHIATOH: YMHUM NPO6AEeMY N2 2
class SingletonFactory {

(VA

private static MyObject instance
private static VarHandle INSTANCE = ...
public static MyObject get() {
if (INSTANCE.getOpaque() == null) A
synchronized (SingletonFactory.class) 1

if (instance == null)
INSTANCE .setOpaque(new MyObject(42))

1
return INSTANCE.getOpaque()

}
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CUHIATOH: YMHMUM Npo6AemMy N2 2 \a

class SingletonFactory {

INSTANCE .setOpaque(new MyObject(42))

return INSTANCE.getOpaque()

}.
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CUHIATOH: YMHMUM Npo6AemMy N2 2 \a

class SingletonFactory A1

INSTANCE .setRelease(new MyObject(42))

return INSTANCE.getAcquire()

}
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CUHIATOH: UMHUM NPO6AEeMYy N2 2
class SingletonFactory {

]

private static MyObject instance
private static VarHandle INSTANCE = ...
public static MyObject get() A1
if (INSTANCE.getOpaque() == null) {
synchronized (SingletonFactory.class) A{
if (instance == null)
INSTANCE .setRelease(new MyObject(42))

}
return INSTANCE.getAcquire()

}.
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CUHIATOH: PUHAADHDbIE LUTPUXMU
class SingletonFactory A1

]

private static MyObject instance
private static VarHandle INSTANCE = ...
public static MyObject get() {
if (INSTANCE.getOpaque() == null) A
synchronized (SingletonFactory.class) 1

if (instance == null)
INSTANCE .setRelease(new MyObject(42))

1
return INSTANCE.getAcquire()

}
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CUHIATOH: GMHAAbHbIE LUTPUXW \a

class SingletonFactory A1

if (INSTANCE.getOpaque() == null) A

return INSTANCE.getAcquire()

}

MUE Plat.Form HecTaHAapTHbIE pacLLUMPEHUS MOAEAM MaMATU Ha NpPaKTUKe | 34



CUHIATOH: ®dUHaAADbHbIE LUTPUXU
class SingletonFactory 1

]

public static MyObject get() {
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CUHIATOH: ®dUHaAADbHbIE LUTPUXU
class SingletonFactory {

]

public static MyObject get() {
INSTANCE .getAcquire()

MyObject p
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CUHIATOH: GMHAAbHbIE LUTPUXW \a

class SingletonFactory 1

public static MyObject get() {
MyObject p = INSTANCE.getAcquire()
if (p == null) {

}.

return p
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CUHIATOH: GMHAAbHbIE LUTPUXW \a

class SingletonFactory {

public static MyObject get() {
MyObject p = INSTANCE.getAcquire()
if (p == null) {
synchronized (SingletonFactory.class) {1
if (instance == null)
INSTANCE .setRelease(new MyObject(42))
p = instance

}.

return p
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CUHIATOH: dUMHAADbHbIE LUTPUXMU
class SingletonFactory {

]

private static MyObject instance
private static VarHandle INSTANCE = ...
public static MyObject get() {
MyObject p = INSTANCE.getAcquire()
if (p == null) {
synchronized (SingletonFactory.class) {1
if (instance == null)
INSTANCE .setRelease(new MyObject(42))
p = instance

}.

return p
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SPSC-ouyepeab

Ha NyTU K Disruptor



[lpocTaga ouepeAb

Single Producer/Single Consumer Bounded Queue
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[lpocTaga ouepeAb

Single Producer/Single Consumer Bounded Queue

tryProduce _ _»

-
-

”
7 \ y

/
4
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[lpocTaga ouepeAb

Single Producer/Single Consumer Bounded Queue
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[lpocTaga ouepeAb

Single Producer/Single Consumer Bounded Queue

tryConsume
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[lpocTaga ouepeAb

Single Producer/Single Consumer Bounded Queue
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[lpocTaga ouepeAb

Single Producer/Single Consumer Bounded Queue

tryProduce _ _» tryConsume

-
-

”

7 L )
/

/
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[lpocTasa oyepeAb

Single Producer/Single Consumer Bounded Queue

D

tryProduce _ _ _» ‘
-
>
”

7
/

/

CTporo oAMH NOTOK-NMPOU3IBOAUTEAD,

tryConsume

CTPOro OAMUH NMNOTOK-NOTPEe6UTEAD!
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Ba3oBbin UHTepdeunuc

interface SPSC_BoundedQueue<E> A{
//meTon Oona npous3BoauTens
boolean tryProduce(E value)

//MeTon ona noTpebuTend
boolean tryConsume(Consumer<E> consumer)

MUZ Plat.Form HecTaHAapPTHbIE PACLLUMPEHUA MOAEAU NMaMATU Ha MPaKTUKe | 48



Cu.el-lapuu MCNMOAb3OBaHUSA

L R R R R R R R R R R R R R N R N R R N N AR R R N N AR R R N AR R R AR AR N RN R RN R R R N N R R R N N R R R N R R R R N R N R R N N AR R N N AR R N AR R R RN R R N NN R NN R R R RN R R R R R R R R N R R R R N N AR R N R AR R R N AR R R AR AR N RN NN R N N R R R RN AR A EEE AR RAENEEEAREEAAREEEEAREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEER

TR NN NN N N N N N N R A N R N N R R N R R R N R N N R R N N R A N R N N R NN NN N N A N NN N R R N N N R A N NN N N R R N N AN N R RN N N N N A N N N N N N N N R A R R N R R A A N R R A A A A A R A A AR R AR AN AN RN EAEAEARARARERRRRRREE,

Producing thread I Consuming thread
F element = new E(...) ﬁ gueve.tryConsume(element -> g
init(element) ﬁ print(element) '

...............................................................................................................................................
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Cu.el-lapuu MCNMOAb3OBaHUSA

L R R R R R R R R R R R R R N R N R R N N AR R R N N AR R R N AR R R AR AR N RN R RN R R R N N R R R N N R R R N R R R R N R N R R N N AR R N N AR R N AR R R RN R R N NN R NN R R R RN R R R R R R R R N R R R R N N AR R N R AR R R N AR R R AR AR N RN NN R N N R R R RN AR A EEE AR RAENEEEAREEAAREEEEAREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEER

TR NN NN N N N N N N R A N R N N R R N R R R N R N N R R N N R A N R N N R NN NN N N A N NN N R R N N N R A N NN N N R R N N AN N R RN N N N N A N N N N N N N N R A R R N R R A A N R R A A A A A R A A AR R AR AN AN RN EAEAEARARARERRRRRREE,

Producing thread i Consuming thread

g gueve.tryConsume(element -> é
| print(element) '

...............................................................................................................................................
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Cu.el-lapuu MCNMOAb3OBaHUSA

L R R R R R R R R R R R R R N R N R R N N AR R R N N AR R R N AR R R AR AR N RN R RN R R R N N R R R N N R R R N R R R R N R N R R N N AR R N N AR R N AR R R RN R R N NN R NN R R R RN R R R R R R R R N R R R R N N AR R N R AR R R N AR R R AR AR N RN NN R N N R R R RN AR A EEE AR RAENEEEAREEAAREEEEAREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEER

TR NN NN N N N N N N R A N R N N R R N R R R N R N N R R N N R A N R N N R NN NN N N A N NN N R R N N N R A N NN N N R R N N AN N R RN N N N N A N N N N N N N N R A R R N R R A A N R R A A A A A R A A AR R AR AN AN RN EAEAEARARARERRRRRREE,

...............................................................................................................................................
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Cu.el-lapuu MCNMOAb3OBaHUSA

L R R R R R R R R R R R R R N R N R R N N AR R R N N AR R R N AR R R AR AR N RN R RN R R R N N R R R N N R R R N R R R R N R N R R N N AR R N N AR R N AR R R RN R R N NN R NN R R R RN R R R R R R R R N R R R R N N AR R N R AR R R N AR R R AR AR N RN NN R N N R R R RN AR A EEE AR RAENEEEAREEAAREEEEAREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEER

TR NN NN N N N N N N R A N R N N R R N R R R N R N N R R N N R A N R N N R NN NN N N A N NN N R R N N N R A N NN N N R R N N AN N R RN N N N N A N N N N N N N N R A R R N R R A A N R R A A A A A R A A AR R AR AN AN RN EAEAEARARARERRRRRREE,

Producing thread i Consuming thread

4 queve.tryConsume (

MoTpe6UTeAb AOAXKEH BUAETH
. ............................................................................................................................................. e oqepeAHOﬁ aAeMeHT B
NMOAHOCTbIO FOTOBOM BUAE...

MUE Plat.Form HecTaHAapTHbIE pacLLUMPEHUS MOAEAM MaMATU Ha NpPaKTUKe | 52



MHAEKC NMPOU3BOAUTEASA l

(LTI [ SEEEEEEEEE [ [ []]

T MHAEKC noTpebuTtead

NHAEKC MOoTpebunTena He AOAXKEH OBroHSAATb MHAEKC MPOU3BOANTEAS

[ToTpebuTeAnb AOAXKEH YYNTbIBATb CUTYALMIO, KOrAQ oYepeAb nycras

[TOON3BOAUTEAD HE AOAYKEH MMNCAaTb B a4enKi, KOTOpble MoTpebuTeAb
eLle He ycrneA CYUTaThb

[TOOUV3BOAMTEAD AOAXKEH YUUTbIBATb CUTYALIMIO, KOFAS oYepeAb NMoAHasa
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class SPSC_VolatileQueue A

}.
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class SPSC_VolatileQueue {
//vHpeKc noTpebuTens

volatile int consumerlIdx = 0

].
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class SPSC_VolatileQueue {
//vHpeKc noTpebuTens

volatile int consumerldx = 0
//VHOEeKC npou3BoanTens
volatile int producerIdx = 0

}.

MUE Plat.Form HecTaHAapPTHbIE PacLUMPEHUSA MOAEAM MAMSATU Ha MPaKTUKe | 56



class SPSC_VolatileQueue {
//vHpeKc noTpebuTens

volatile int consumerlIdx = 0
//VHOEeKC npoun3BoanTEns
volatile int producerIdx = 0

//MaccuB Ona XpaHeHuUs CCbIoK
MyObject[] buffer = new MyObject[capacity]
}
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boolean tryProduce(MyObject value) {
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MU= Plat.Form

boolean tryProduce(MyObject value) {

int pIdx
int cIdx

producerlIdx
consumerIdx
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boolean tryProduce(MyObject value) {
int pIdx = producerIdx

int cIdx = consumerIdx

if (isFull(cIdx, pIdx)) {
return false
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boolean tryProduce(MyObject value) {
int pIdx = producerIdx

int cIdx = consumerIdx

if (isFull(cIdx, pIdx)) {
return false

buffer[pIdx] = value
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boolean tryProduce(MyObject value) {
int pIdx = producerIdx

int cIdx = consumerIdx

if (isFull(cIdx, pIdx)) {

return false

buffer[pIdx] = value

producerIdx = (pIdx + 1) % capacity
return true
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boolean tryConsume(Consumer<MyObject> consumer) f{
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MU= Plat.Form

boolean tryConsume(Consumer<MyObject> consumer) {

int cIdx
int pIdx

consumerlIdx
producerlIdx
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boolean tryConsume(Consumer<MyObject> consumer) {
int cIdx = consumerIdx

int pIdx = producerIdx

if (isEmpty(cIdx, pIdx)) {
return false
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boolean tryConsume(Consumer<MyObject> consumer) {
int cIdx = consumerIdx

int pIdx = producerIdx

if (isEmpty(cIdx, pIdx)) {
return false

consumer.accept(buffer[cIdx])
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boolean tryConsume(Consumer<MyObject> consumer) {
int cIdx = consumerIdx

int pIdx = producerIdx

if (isEmpty(cIdx, pIdx)) {

return false

consumer.accept(buffer[cIdx])

consumerIdx = (cIdx + 1) % capacity
return true
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-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

int pIdx = producerlIdx
int cIdx = consumerIdx

if (isFull(cIdx, pIdx)) {
return false

buffer[pIdx] = value

producerldx =
(pIdx + 1) % capacity
return true
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int pIdx = producerIdx
int cIdx = consumerIdx

if (isFull(cIdx, pIdx)) {
return false

buffer[pIdx] = value

producerldx =
(pIdx + 1) % capacity
return true

MUZ Plat.Form

_int pIdx

é int cIdx = consumerldx

producerldx

é if (isEmpty(cIdx, pIdx)) {

return false

é consumer.accept(buffer[cIdx])

. consumerIdx =

(cIdx + 1) % capacity

. return true
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-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

é int cIdx = consumerldx
producerldx

_int pIdx

é if (isEmpty(cIdx, pIdx)) {
' return false

é consumer.accept(buffer[cIdx])

producerldx = é g consumerldx =
(pIdx + 1) % capacity é § (cIdx + 1) % capacity
.| return true
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-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

é int pIdx = producerIdx

producerldx =

(pIdx + 1) % capacity
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-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

i int pIdx = producerIdx

e

producerldx =
(pIdx + 1) % capacity
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-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

i int pIdx = producerIdx

PRODUCER.setRelease/(
(pIdx + 1) % capacity)
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-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

-int pIdx = PRODUCER.getAcquire() ;

PRODUCER.setRelease/(
(pIdx + 1) % capacity)
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-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

int pIdx = producerIdx é é int cIdx = consumerlIdx E
PRODUCER . getAcquire()

int cIdx consumerIdx § é int pIdx
if (isFull(cIdx, pIdx)) { é g if (isEmpty(cIdx, pIdx)) {
return false § é return false

buffer[pIdx] = value é é consumer.accept(buffer[cIdx])

PRODUCER .setRelease( é g consumerlIdx =
(pIdx + 1) % capacity) é § (cIdx + 1) % capacity
return true | return true
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------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

int pIdx = producerIdx
int cIdx = consumerIdx

if (isFull(cIdx, pIdx)) {
return false

buffer[pIdx] = value

PRODUCER. setRelease | consumerIdx =
(pIdx + 1) % capacity) é § (cIdx + 1) % capacity
return true A
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-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

int cIdx = consumerIdx

consumerlIdx =
(cIdx + 1) % capacity
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-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

int cIdx = consumerIdx

consumerIdx =
(cIdx + 1) % capacity
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-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

int cIdx = consumerIdx

é CONSUMER . setRelease (
: (cIdx + 1) % capacity)
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-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

int cIdx = CONSUMER.getAcquire()

é CONSUMER . setRelease (
: (cIdx + 1) % capacity)
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-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

int pldx = producerlIdx é é int cIdx = consumerIdx ;
CUNSUMER.getAcquiPe()E é int pIdx PRODUCER.getAcquire()é

int cldx

if (isFull(cIdx, pIdx)) o
return false

buffer[pIdx] = value

PRODUCER .setRelease(

(pIdx + 1) % capacity)
return true

MUZ Plat.Form

é if (isEmpty(cIdx, pIdx)) {

return false

g consumer.accept(buffer[cIdx])

 CONSUMER. setRelease(

(cIdx + 1) % capacity)

. return true
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Queue benchmark

Tvn oyepeam Throughput, ops/ms

MW® Plat.Form



Queue benchmark

Tvn oyepeam Throughput, ops/ms
ArrayBlockingQueue_Wrapper 6,178
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Queue benchmark

Tvn oyepeam Throughput, ops/ms
ArrayBlockingQueue_Wrapper 6,178
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Queue benchmark

Tvn oyepeam Throughput, ops/ms
ArrayBlockingQueue_Wrapper 6,178

Volatile_Queue 17,002
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Queue benchmark

Tvn oyepeam Throughput, ops/ms
ArrayBlockingQueue_Wrapper 6,178

Volatile_Queue 17,002
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Queue benchmark

Tvn oyepeam Throughput, ops/ms

ArrayBlockingQueue_Wrapper 6,178

Volatile_Queue 17,002

Acg_RelQueue 37,472
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CPU 1

CPU 2

Cache

Cache

Memory

MWZ Plat.Form
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Thread 1
CPU 1

EThread 2

CPU 2

Cache Line

Cache Line

Cache

Cache

Memory

MWZ Plat.Form
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Thread 1
CPU 1

)
1
1
1
1
1
1
1
[

Thread 2

CPU 2

® K3wum B3aMOAENCTBYIOT C
MOMOLLIbKO MPOTOKOAS
KOrepeHTHOCTU

Cache Line

Cache Line

Cache

Cache

Memory

MWZ Plat.Form
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Thread 1 . Thread 2 @ K3LlM B3aVMOAEMCTBYIOT C

CPU 1 CPU 2 MOMOLLUBIKO TOOTOKOAA

I I KOrepeHTHOCTM

® False sharing
Cache Ltng CARTE e B3aMMOAEMCTBME C Pa3HbIMY
HEEEER HEEEER nepeMeHHbIMM B paMKax

Cache Cache OAHOW K3LW-AUHUK N3

I I HECKOAbKMX MOTOKOB

Memory
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Thread 1
CPU 1

Thread 2

CPU 2

® K3wum B3aMOAENCTBYIOT C
MOMOLLIbKO MPOTOKOAS

1

KOIrepeHTHOCTW

Cache Line

Cache Line

Cache

Cache

® False sharing
B3aMMOAENCTBME C PA3HbIMU
nepeMeHHbIMM B paMKax
OAHOW K3LW-AVNHUU N3
HECKOAbKWX MOTOKOB

= 1

Memory

MWZ Plat.Form
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Thread 1 . Thread 2 @ K3LlM B3aVMOAEMCTBYIOT C

CPU 1 CPU 2 MOMOLLUBIKO TOOTOKOAA

I I KOrepeHTHOCTM

® False sharing
Cache Ltng CARTE e B3aMMOAEMCTBME C Pa3HbIMY
HEEEER HEEEER nepeMeHHbIMM B paMKax

Cache Cache OAHOW K3LW-AUHUK N3

I I HECKOAbKMX MOTOKOB

Memory
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Thread 1
CPU 1

EThread 2

CPU 2

Cache Line

Cache Line

Cache

Cache

Memory

MWZ Plat.Form

K3y B3aMOAENCTBYIOT C
MOMOLLIbKO MPOTOKOAS
KOrepeHTHOCTU

False sharing
B3aMMOAENCTBME C PA3HbIMU
NepeMEeHHbIMM B PaMKax
OAHOW K3LW-AVNHUU N3
HECKOAbKWX MOTOKOB

True sharing
B3aMMOAENCTBME C OAHOW U
TOW >Xe nepeMeHHOM 13
PA3HbIX MOTOKOB
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Thread 1
CPU 1

Thread 2

CPU 2

Cache Line

Cache Line

Cache

Cache

=

-

Memory

MWZ Plat.Form

K3y B3aMOAENCTBYIOT C
MOMOLLIbKO MPOTOKOAS
KOrepeHTHOCTU

False sharing
B3aMMOAENCTBME C PA3HbIMU
NepeMEeHHbIMM B PaMKax
OAHOW K3LW-AVNHUU N3
HECKOAbKWX MOTOKOB

True sharing
B3aMMOAENCTBME C OAHOW U
TOW >Xe nepeMeHHOM 13
PA3HbIX MOTOKOB
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MHAEKC NMPOU3BOAUTEASA l

(LTI T [ SEEEEEEEEE [ [ ][]

T MHAEKC noTpebuTtead

[ToTpebnTeAb NOCTOAHHO YUTAET NO3ULUIO MPDON3BOANTEAS, a
MPON3BOAUTEADL — MOCTOAHHO MEeHAEeT CBOK MO3ULMIO

To)Xe caMoe ANA MPON3BOANTEASA

HacToawmm true sharing - NoCToaHHbIM MEXXDBAAEPHbBIV TRAPUK
ANSA ObecneyeHna KOrepeHTHOCTU Kallen

MO>XXHO AU YMEHbLUUTb KOAUYECTBO Tpaduka?
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MHAEKC NMPOU3BOAUTEASA l

T MHAEKC noTpebuTtead

2 MpousBoOAUTEAb, CYHNTAB UHAEKC NOTPEe6UTEeAs OAUH pas3 -
MOXXeT CMNOKOMHO NUcaTb BO BCe CAOTbl AO 3TOro UHAEKcCa

® MoTpebUuTeAb, cCYUTAB MHAEKC NPOU3IBOAUTEAS OAUH pas -
MOXXeT CMNOKOMWHO YNTaTb BCe CAOTbl AO 3TOIr0O UHAEKCA
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class SPSC_ImprovedQueue {

}.
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class SPSC_ImprovedQueue {
//vHpeKc noTpebuTend
int consumerIdx = 0

//VHOeKc npousBoauTensd
int producerIdx = 0

//bydep ONa XpaHEeHUs CCbINOK
MyObject[] buffer = new MyObject[capacity]

} (
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class SPSC_ImprovedQueue {
//vHpeKc noTpebuTend
int consumerIdx = 0

//VHOeKc npousBoauTensd
int producerIdx = 0

//bydep ONa XpaHEeHUs CCbINOK
MyObject[] buffer = new MyObject[capacity]

//Konua nHpekca noTpebuTens, KUCNonb3yeTcd B MNMPOM3BOAUTENE
int consCached = 0

} (
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class SPSC_ImprovedQueue {
//viHOeKc noTpebuTens
int consumerIdx = 0

//VHOeKc npomusBoauTens
int producerIdx = 0

//6ydbep ona XpaHeHWs CChIOK
MyObject[] buffer = new MyObjectl[capacity]

//Konug unHpeKca noTpebuTensd, WUCNonNb3yeTcd B NPOU3BOAMTENE
int consCached = 0

//I-(OI'II/IFI WHOEKCA MNpon3BoagunTeEed, WCMNOJIb3YEeTCHd B I'IOTpEﬁI/ITeJ'Ie

int prodCached = 0 ‘
1
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Producing thread
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Producing thread

int pIdx = producerIdx
int pNextIdx =
(pIdx + 1) % capacity
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Producing thread

int pIdx = producerIdx
int pNextIdx =
(pIdx + 1) % capacity

if (pNextIdx == consCached) {
consCached = CONSUMER.getAcquire()
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Producing thread

int pIdx = producerIdx
int pNextIdx =
(pIdx + 1) % capacity

if (pNextIdx == consCached) A :
consCached = CONSUMER.getAcquire() g

if (isFull(consCached, pIdx)) {
return false

buffer[pIdx] = value

PRODUCER.setRelease(pNextIdx)
return true
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Producing thread

int pIdx = producerIdx
int pNextIdx =
(pIdx + 1) % capacity

if (pNextIdx == consCached) A

consCached = CONSUMER.getAcquire() g

if (isFull(consCached, pIdx)) {

return false

buffer[pIdx] = value

PRODUCER.setRelease(pNextIdx)
return true

MUZ Plat.Form

Consuming thread

int cIdx = consumerIdx
int cNextIdx =

(cIdx + 1) % capacity
if (cIdx == prodCached) A

prodCached = PRODUCER.getAchiPe()g

if (isEmpty(cIdx, prodCached)) {
return false

consumer.accept(buffer[cIdx])

CONSUMER.setRelease(cNextIdx)
return true
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Queue benchmark

Tvn oyepeam Throughput, ops/ms

ArrayBlockingQueue_Wrapper 6,178

Volatile_Queue 17,002

AcgRel_Queue 37,472
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Queue benchmark

Tvn oyepeam Throughput, ops/ms
ArrayBlockingQueue_Wrapper 6,178

Volatile_Queue 17,002
AcgRel_Queue 37,472

Improved_Volatile_Queue 48,678
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Queue benchmark

Tvn oyepeam Throughput, ops/ms
ArrayBlockingQueue_Wrapper 6,178

Volatile_Queue 17,002
AcgRel_Queue 37,472

Improved_Volatile_Queue 48,678
Improved_AcqRel_Queue 165,217
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dUHaAbHbIE LUTPUXMU

e Pa3Mep bydepa - cTenexHb 2

2 VIHAEKCbl - loNng C TOAbKO MHKPEMEHTaU e
(MHa4ve ABA npobaeMa AAG HECKOABbKIX
noTpebuTene/npor3BOAUTEACN)

@ [lepencnoAb3oBaHMe OOBEKTOB B MOOUV3BOAMTEAL
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Queue benchmark

Tvn oyepeam Throughput, ops/ms
ArrayBlockingQueue_Wrapper 6,178

Volatile_Queue 17,002
AcgRel_Queue 37,472

Improved_Volatile_Queue 48,678
Improved_AcqRel_Queue 165,217

MUE Plat.Form HecTaHAapTHbIE PACLLUMPEHNS MOAEAM MaMSATU Ha NpPaKTUKe | 12



Queue benchmark

Tvn oyepeam Throughput, ops/ms
ArrayBlockingQueue_Wrapper 6,178

Volatile_Queue 17,002

AcgRel_Queue 37,472
Improved_Volatile_Queue 48,678

Improved_AcqRel_Queue 165,217

Disruptor (Single Producer) 183,308
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Queue benchmark

Tvn oyepeam Throughput, ops/ms
ArrayBlockingQueue_Wrapper 6,178

Volatile_Queue 17,002
AcgRel_Queue 37,472
Improved_Volatile_Queue 48,678
Improved_AcqRel_Queue 165,217

Disruptor (Single Producer) 183,308
Disrupted_AcqRel_Queue 100,000
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Disruptor: HHOaHCbl UICMTOAb30OBaHUSA

MHAEKC NPOU3BOAUTEASA l

SEEEEEEENEEEEEENEEEEEEER

T NHAEKC T NHAEKC
notTpeéurtens N2 1 notTpeéutenda N2 2

B CaMblt MEAAEHHDIV MOTPEDBUTEAD TOPMO3UT BCEX MOOU3BOAUTEAEN
M noTpebuTenemn

® VIHOrpAa Takoe HY>KHO, MHOrAa — HEeT

® HepokyMeHTUMpoBaHHbIM MHTepPenc EventReleaser
(yaaneH B Disruptor 4.0)
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Seqlock

N
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class DateTimeSnapshot {
int year, month, day;
int hour, minute, second;
int millis, micros, nanos;
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OANH MCaTeAb,
HEOrPaAHNYEHHOE
KOAMYECTBO UMTaTeAem

MeAAEHHBIV YUATATEADb HE
AOAXKEH MPUBOAUTD K
TOPMO3aM
nMcaTeAsd/ApPYrx
YmTaTeEAEN

MUHMMaAbHOE
KOAMYECTBO ODAOKMPOBOK

MUZ Plat.Form

class DateTimeSnapshot {
int year, month, day;
int hour, minute, second;
int millis, micros, nanos;

void update(DateTimeSnapshot from)
boolean tryRead(DateTimeSnapshot into)

HecTaHAapPTHbIE PacLUMPEHUa MOAGAM NMAaMATU Ha MPaKTUKe | 19



OANH MCaTeAb,
HEOrPaAHNYEHHOE
KOAMYECTBO UMTaTeAem

MeAAEHHBIV YUATATEADb HE
AOAXKEH MPUBOAUTD K
TOPMO3aM
nMcaTeAsd/ApPYrx
YmTaTeEAEN

MUHMMaAbHOE
KOAMYECTBO ODAOKMPOBOK

MUZ Plat.Form

class DateTimeSnapshot {
int year, month, day;
int hour, minute, second;
int millis, micros, nanos;

long version = 0;

void update(DateTimeSnapshot from)
boolean tryRead(DateTimeSnapshot into)
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Writer

évoid update(DateTimeSnapshot from) {é
version++ :

this.year = from.year
this.month = from.month

this.nanos = from.nanos

version++

WARNING: 31O
NCeBAOKOA C FrOHKaMM
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Writer % % Reader

void update(DateTimeSnapshot from) {; - boolean tryRead(DateTimeSnapshot into) ﬂ

- version++ é é long vBefore = version 5
f f if (vBefore % 2 == 1)

this.year = from.year % é return false

this.month = from.month n

this.nanos = from.nanos

version++

WARNING: 3To §!
nCGBAOKOA C TOHKaMu e ees e s seeeaeRs RS E AR R LRSS AR R R AR RS R AR AR RS R R E RS AR E
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Writer é é Reader

gv01d update(DateTimeSnapshot from) { é boolean tryRead(DateTimeSnapshot into) {
- version++ ; é long vBefore = version :
f f if (vBefore % 2 == 1)
this.year = from.year § g return false
this.month = from.month .
P into.year = this.year
this.nanos = from.nanos ; é into.month = this.month

version++ L into.nanos = this.nanos

WARNING: 3To 1}
nCGBAOKOA C TOHKaMu e ees e s seeeaeRs RS E AR R LRSS AR R R AR RS R AR AR RS R R E RS AR E
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Writer é é Reader

gv01d update (DateTimeSnapshot from) { boolean tryRead(DateTimeSnapshot into) {

version++ ; g long vBefore = version
. if (vBefore % 2 == 1)
this.year = from.year § é return false

this.month = from.month
L into.year = this.year
this.nanos = from.nanos é g into.month = this.month

version++ § § into.nanos = this.nanos

WARNING: 3To B!
nCGBAOKOA C TOHKaMu e ees e s seeeaeRs RS E AR R LRSS AR R R AR RS R AR AR RS R R E RS AR E

return version == vBefore
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Writer n Reader
évoid update(DateTimeSnapshot from) {é § boolean tryRead(DateTimeSnapshot into) ﬁ
version++ . long vBefore = version ?
- if (vBefore % 2 == 1)
return false

into. =
into. =

version++ . into. -

return version == vBefore
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Writer n Reader
évoid update(DateTimeSnapshot from) {é é boolean tryRead(DateTimeSnapshot into) ﬂ
version++ . long vBefore = version ?
- if (vBefore % 2 == 1)

return false

into

1in

version++ . into.

return version == vBefore
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Writer é é Reader

gv01d update(DateTimeSnapshot from) { boolean tryRead(DateTimeSnapshot into) {
version++ ; f long vBefore = version :
[ if (vBefore % 2 == 1)

return false

into

1in

version++

into.

return version == vBefore
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Writer

év01d update(DateTimeSnapshot from) {
version++ ;

VERSION.getAndAddRelease (1)

MU® Plat.Form

Reader

boolean tryRead(DateTimeSnapshot into) {

long vBefore = version
if (vBefore % 2 == 1)
return false

into

1in

into.

return version == vBefore
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Writer

év01d update(DateTimeSnapshot from) {

version++

VERSION.getAndAddRelease (1)

MU® Plat.Form

Reader

boolean tryRead(DateTimeSnapshot into) {

long vBefore = VERSION. getAcqu1Pe()g

if (vBefore % 2 == 1)
return false

into

1in

into.

return version == vBefore
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Writer

év01d update(DateTimeSnapshot from) {
version++ ;

VERSION.getAndAddRelease(1)

MU® Plat.Form

Reader

boolean tryRead(DateTimeSnapshot into) {

long vBefore = VERSION. getAcqu1re();

if (vBefore % 2 == 1)
return false

into

1in

into.

return version == vBefore
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Writer % % Reader

évoid update(DateTimeSnapshot from) {§ § boolean tryRead(DateTimeSnapshot into) ﬁ
version++ § § Long vBefore VERSIUN.getAcquire()§

if (vBefore % 2 == 1)
return false

into

1in

VERSION.getAndAddRelease (1) L into:

return version == vBefore

Kak o6ecneynTb ynopssAO4YEeHHOCTDb }
MeXAY 3TUMM onepauuammu? =
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Writer é é Reader

gv01d update(DateTimeSnapshot from) { é boolean tryRead(DateTimeSnapshot into) {
version++ ; é long vBefore = VERSION. getAcqu1re()g
f f if (vBefore % 2 == 1) 5

= from. é é return false

return version == vBefore
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Writer é é Reader

void update(DateTimeSnapshot from) { - boolean tryRead(DateTimeSnapshot into) {

version++ ; é long vBefore = VERSION. getAcqu1re();

VarHandle.fullFence() é é if (vBefore % 2 == 1) 5
= from. § g return false

— T1°01.
— 2 e 2 : s 1
1Ol . : : 1NTO. =

VERSION.getAndAddRelease (1) % § into.

return version == vBefore
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Writer é é Reader

§v01d update (DateTimeSnapshot from) { é boolean tryRead(DateTimeSnapshot into) {
: version++ ; § long vBefore = VERSION. getAcqu1Pe()g

VarHandle.fullFence() é é if (vBefore % 2 == 1)
= from. . return false

= Tron
r— ' Y
= Trom

g VERSION.getAndAddRelease(1) ; é into. - U
-} . VarHandle.fullFence()

return version == vBefore
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Writer

évoid update(DateTimeSnapshot from) {é
version++ 5

VarHandle. fullFence()

this.year = from.year

this.month = from.month

from.nanos

this.nanos

VERSION.getAndAddRelease (1)

O6paTuTe BHUMaHUe: B MeToAE
YyUTaTeAsd HET HU OAHOM 3arnucwm,
TOABKO YTeHuUs

MUZ Plat.Form

Reader

éboolean tryRead(DateTimeSnapshot into) {

long vBefore = VERSION. getAch1Pe()§
if (vBefore % 2 == 1) :
return false

into.year = this.year
into.month = this.month

into.nanos this.nanos
VarHandle.fullFence()
return version == vBefore
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A noTpeébuTteAb TO rae?
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Queue benchmark

Tvn oyepeam Throughput, ops/ms
ArrayBlocking_QueueWrapper 6,178

Volatile_Queue 17,002
AcgRel_Queue 37,472
Improved_Volatile_Queue 48,678
Improved_AcqRel_Queue 165,217

Disruptor (Single Producer) 183,308
Disrupted_AcqRel_Queue 100,000
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Queue benchmark

Tvn oyepeam Throughput, ops/ms
ArrayBlockingQueue_Wrapper 6,178

Volatile_Queue 17,002
AcgRel_Queue 37,472
Improved_Volatile_Queue 48,678
Improved_AcqRel_Queue 165,217

Disruptor (Single Producer) 183,308
Disrupted_AcqRel_Queue 100,000
Seqlock_Queue 108,000

MUE Plat.Form HecTaHAapTHbIE PACLLUMPEHNS MOAEAM MaMSATU Ha NpPaKTUKe | 151



Lincheck: A Practical Framework for Testing
Concurrent Data Structures on JVM

by JetBrains Research: https:/link.springer.com/chapter/10.1007/978-3-031-37706-8_8
2 barm HAXoAATCHa AO cux nop!
g ConcurrentLinkedDeque, AbstractQueuedSynchronizer
g NonBlockingHashMapLong
2 HeKOoTopble KOHKYPEHTHbIE CTPYKTYPbl NO3BOASIOT

HapyLleHUue AMHeapu3yeMoCTHU U3-3a OCAABGAEHHbIX
CeMaHTHUK
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“MTorum

® [oCMOTpPEeAU Ha NpaKTUYecKoe NpMMeHeHue CeMaHTUK

® [MocAeAOBaTE@AbHO AOLLUAU AO apXuTeKTypbl Disruptor
®@ [MocMoTpeAu Ha BHYTPEeHHee ycTponucteo Seqlock

@ BeAocuneAabl 3A0! 3a Ka)XXAOU peaAbHOU GMOGAUOTEKOM - roAbl pa3paboTKu
M UCcnpaBAeHUU 6aros...

® Ho, 3Hasg ceMaHTUKU, MOXXHO MOHUMAaTb, KaK OHMU YCTPOEHbl BHYTPHU
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Cnacubo

32 BHUMaHue!

Bce npumMepbl
M 6eHYMapKm

github.com/lantalex/semantics-sandbox

MUE Plat.Form HecTaHAapTHbIE PACLLUUPEHUS MOAEAU MAaMATU Ha NPaKTUKe |154


https://github.com/lantalex/semantics-sandbox

