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OcTopoXKHO! 9TOT AOKNAaA NpO
MHOIONOTOYHOCTb!*

* B apyrux 3anax: npopunmposaHume B AOT (3an 2),
MuKpocepsucol (3an 3) n mawmHHoe oby4yeHue (3an 4).
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O cebe

* HXXeHep-uccneanosartenb B
nabopatopumn dxLab, Devexperts

* [lpenoaato KypC NO MHOTONOTOYHOMY
nporpammupoBaHuto 8 UTMO

* 3aKaHuyuBato marmnctpatypy MTMO
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MHOronoTo4yHoOCTb: a Hago nu?
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MHOronoTo4yHoOCTb: a Hago nu?

UacToTa agpa
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MHOronoTo4yHoOCTb: a Hago nu?
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MHOronoTo4yHoOCTb: a Hago nu?
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[ToaxoAabl K NOCTPOEHUIO aNArOPpUTMOB

* [pybas 6BAoKNpPOBKa
* ToHKasa bBAOKNPOBKaA

* HebnoKupyowaa CUHXPOHU3aLMA
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Boibepem 3agauKky
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UrpywieuyHbin 6aHK

interface Bank {
fun getAmount(id: Int): Long

fun deposit(id: Int, amount: Long): Long
fun withdraw(id: Int, amount: Long): Long

fun transfer(fromId: Int, tolId: Int, amount: Long)

cs
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UrpyLieyHbin 6aHK

interface Bank {

Slide 11

fun getAmount(id: Int): Long -

Y3HaTb 6a/1aHC

fun deposit(id: Int, amount: Long): Long
fun withdraw(id: Int, amount: Long): Long

fun transfer(fromId: Int, toId: Int, amount: Long)
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UrpyLieyHbin 6aHK

[MonoAHUTb/CHATL

interface Bank {
fun getAmount(id: Int): Long ‘//

fun deposit(id: Int, amount: Long): Long
fun withdraw(id: Int, amount: Long): Long

fun transfer(fromId: Int, toId: Int, amount: Long)

cS
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UrpyLieyHbin 6aHK

interface Bank {
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fun getAmount(id: Int): Long

fun deposit(id: Int, amount: Long): Long
fun withdraw(id: Int, amount: Long): Long

fun transfer(fromId: Int, tolId: Int, amount: Long)
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[ToaxoAabl K NOCTPOEHUIO aNArOPpUTMOB

* [pybas 610KMpPOBKa
* TOHKaa 610KMpPOBKaA

* HebnoknpytoLwasa CUHXPOHU3ALUA

cS
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pybas 6n10KMpoBKa

* Coarse-Grained locking

* bepém 610KMPOBKY NPU BbIZOBE KaxKAoMN onepauuu

cS
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[pybasa 6n0KMpPOBKa

class CGBank(n: Int) : Bank {
private val accounts = Array(n, { Account() })
private val gLock = ReentrantLock()

private class Account(var amount: Long = 0)

cS
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[pybasa 6n0KMpPOBKa

class CGBank(n: Int) : Bank {
private val accounts = Array(n, { Account() })
private val glLock = ReentrantLock() // global lock

private class Account(var amount: Long = 0)

cS
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pybas 6n10KMpoBKa

private val gLock = ReentrantLock()

fun getAmount(id: Int): Long = glLock.withLock {
return accounts[id].amount

}

fun deposit(id: Int, amount: Long) = glLock.withLock {
accounts[id].amount += amount

}
fun withdraw(id: Int, amount: Long) = glLock.withLock { ... }

fun transfer(fromId: Int, told: Int, amount: Long) = glLock.withLock {
accounts[fromId].amount -= amount
accounts[toId].amount += amount

} 3
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[pybasa 6n0KMpPOBKa

private val gLock = ReentrantLock()

fun getAmount(id: Int): Long = gLock.withLock {
return accounts[id].amount

}
fun deposit(id: Int, Obecneuynnu
: accounts[id].amot  nocnenoBaTeNbHbIN 4OCTYN

fun withdraw(id: Int, amount: Long) = gLock.withLock { ... }

fun transfer(fromId: Int, toIld: Int, amount: Long) = gLock.withLock {
accounts|[fromId].amount -= amount
accounts[toId].amount += amount

} 3
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[pybasa 6n0KMpPOBKa
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[pybasa 6n0KMpPOBKa

* MoXHo caenatb Nt06on 06BbEKT NOTOKOHE30MNaCHbIM

* [IpocTon KoAa
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[pybasa 6n0KMpPOBKa

* MoXHO caenatb 110060M 0OBEKT NOTOKOOE30MNacHbIM

* [lpocToun Kon,

* [1noxo macwTtabupyercs
- NcnonHeHue ,D,e-(l)aKTO nociaenoBartesibHoe

- BcnomunHaem 3aKoH Amaana
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[ToaxoAabl K NOCTPOEHUIO aNArOPpUTMOB

* [pybas 6BAOKNPOBKaA

e TOHKaA 610KMPOBKA

* HebnoknpytoLwasa CUHXPOHU3ALUA

cS
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ToHKaa 610KnpoBKa

* Fine-Grained locking

* baoKknpyem He BeCb 0O6BHEKT, a TOZIbKO HEODXOAMMBbIE YacCTuU

- bByaem 6,10KMpoBaTh akKayHTbl NO OTAENbHOCTHU

cs
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ToHKaa 610KnpoBKa

* Fine-Grained locking

* baoKknpyem He BeCb 0O6BHEKT, a TOZIbKO HEODXOAMMBbIE YacCTuU

- bByaem 6,10KMpoBaTh akKayHTbl NO OTAENbHOCTHU

private class Account(
var amount: Long = 0O,

val lock: Lock = ReentrantLock()
)
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ToHKaa 610KUpoBKa

fun getAmount(id: Int): Long {
val account = accounts[id]

account.lock.withLock {
return account.amount

} .
} be3onacHbIK AOCTYN

K dKKayHTam

fun deposit(id: Int, amount: Long) A
val account = accounts[id]
account.lock.withLock {

account.amount += amount

}
¥
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TOHKaAa 6N10KMPOBKa

fun transfer(fromId: Int, toId: Int, amount: Long) {
val from = accounts|[fromld]
val to = accounts[told]
from.lock.lock()

to.lock.lock()

try {
from.amount -= amount
to.amount += amount

+ finally {
from.lock.unlock()
to.lock.unlock()

}

} s2
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TOHKana 6N10KUpoBKa

fun transfer(fromId: Int, told: Int, amount: Long) {

val from = accounts|[fromld]
val to = accounts[told]
from.lock.lock()
to.lock.lock()

try {
from.amount -= amount
to.amount += amount

} finally {

from.lock.unlock()
to.lock.unlock()

¥
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TOHKaAa 6N10KMPOBKa

fun transfer(fromId: Int, told: Int, amount: Long) {

¥

val from = accounts|fromld]

val to = accounts[told]

accounts[if (fromId < toId) fromId else told].lock.lock()
accounts[if (fromId < toId) toIld else fromId].lock.lock()

try {
from.amount -= amount
to.amount += amount Tenepb Bcerna bepém
} finally 1 610KMPOBKM B OAHOM
from.lock.unlock()
to.lock.unlock() nopaske!
}
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TOHKaA 6N10KMPOBKa

140
Intel ® Xeon ® E5-2630 v4 @ 2.20Ghz accounts = 10 000
2 X 10 x 2 cores
120
—
3 100
~
Q
o
- 80
>
j% > Welc
a0 60
-
o ~—FG
= 40
20
0 - o —
0 10 20 30 40 50 60 70 80

Threads 53

Slide 30 DEVEXPERTS



TOHKaAa 6N10KMPOBKa

* OTHOCUTE/IbHO NPOCTO YBeNMYMBaEeT MacluTabupyemocTb
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ToHKaa 610KnpoBKa

* OTHOCUTENbHO NPOCTO YBENNUYMBAET MaCLUTabmnpyemocTb

* CNOXHO B3ATb 6N0KMPOBKU «NPaBUNbHOY

- Monyuyms 6e3onacHbIM 0H6BEKT M HE NonaB B AeA/10K
https://github.com/Devexperts/dlcheck

* HeobxoaMMO OTKPbITb MPOTOKO/1 B/IOKUPOBKMU

* OrpaHu4yeHa macluTabnpyemocTb

cS
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[ToaxoAabl K NOCTPOEHUIO aNArOPpUTMOB

* [pybas 6BAOKNPOBKaA
* TOHKaa 610KMpPOBKaA

* HebnoKupyowaa CUHXPOHU3aLMA

cS
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Hebnokupylowiaa CMHXpPOHMN3aLMUA

* ba3oBbin KNpNmMynK: Compare-And-Set

- AtomicInteger, AtomicReference<T>, ..

Compare-And-Set(reg, expected, updated) = atomic {
if (reg.value == expected):
reg.value = updated; return true;
else:
return false;

/ cS
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HebnoKkupytowaa CMHXPOHMU3aLUA

class LFBank(n: Int) : Bank {
private val accounts = AtomicReferenceArray(n, { Account() })

Slide 35

/

HoBbin Account Ha
Ka)Kaoe M3MeHeHune
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HebnoKkupytowaa CMHXPOHMU3aLUA

class LFBank(n: Int) : Bank {
private val accounts = AtomicReferenceArray(n, { Account() })

fun deposit(id: Int, amount: Long) A CAS-loop
while (true) {
val account = accounts[id]
val updated = Account(account.amount + amount)
if (accounts.compareAndSet(id, account, updated))
return

cS
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HebnoKkupytowaa CMHXPOHMU3aLUA

* YteHune He TpebyeT A4ONONAHUTE/IBHON CUHXPOHU3AL NN

fun getAmount(id: Int): Long {
val account = accounts.get(id)
return account.amount

cS
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HebnoKkupytowaa CMHXPOHMU3aLUA

e Ctransfer-om Bcé cnoyHee

fun transfer(fromId: Int, tolId: Int, amount: Long) {
accounts|[fromId].amount -= amount
accounts|[told].amount += amount

cS
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Hebnokupytow,aa CMHXPOHMU3aLUA

e Ctransfer-om Bcé cnoyHee

fun transfer(fromId: Int, toIld: Int, amount: Long) {
accounts|[fromId].amount -= amount
accounts|[told].amount += amount

KaKk NOMeHATb ABa aKKayHTa aTOMapHO?

cS
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HebnoKkupytowaa CMHXPOHMU3aLUA

* Kupnuymnk Ne2: neckpuntopbl [1]

[1] T. Harris et al. "A practical multi-word compare-and-swap operation." ISDC’02 53
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HebnoKkupytowaa CMHXPOHMU3aLUA

 Knpnuumk Ne2: peckpuntopbl [1]

Co3gaém geckpuntop onepaumm (transfer)
3ameHAeM aKKayHTbl Ha AEeCKPUNTOpPbI

BbinonHAem onepauuio

= W

3aMeHAeM AeCKpUNTOpPbl HA HOBblE 3HAYEHUA

[1] T. Harris et al. "A practical multi-word compare-and-swap operation." ISDC’02 53
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HebnoKkupytowaa CMHXPOHMU3aLUA

transfer(1l, 2, 10P):
1

[1] T. Harris et al. "A practical multi-word compare-and-swap operation." ISDC’02

Slide 42

Acc(20P)

Acc(30P)
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HebnoKkupytowaa CMHXPOHMU3aLUA

transfer(l, 2, 10P):
1

[1] T. Harris et al. "A practical multi-word compare-and-swap operation." ISDC’02

Slide 43

Acc(20P)

Acc(30P)

TransferDesc(1l, 2, 10P)
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HebnoKkupytowaa CMHXPOHMU3aLUA

transfer(l, 2, 10P):
1

[1] T. Harris et al. "A practical multi-word compare-and-swap operation." ISDC’02
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Acc(30P)

TransferDesc(1l, 2, 10P)
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HebnoKkupytowaa CMHXPOHMU3aLUA

transfer(1l, 2, 10P):

[1] T. Harris et al. "A practical multi-word compare-and-swap operation." ISDC’02
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TransferDesc(1l, 2, 10P)
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HebnoKkupytowaa CMHXPOHMU3aLUA

transfer(l, 2, 10P):
1

[1] T. Harris et al. "A practical multi-word compare-and-swap operation." ISDC’02
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Acc(10P)

TransferDesc(1l, 2, 10P)
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HebnoKkupytowaa CMHXPOHMU3aLUA

transfer(1l, 2, 10P):
1

[1] T. Harris et al. "A practical multi-word compare-and-swap operation." ISDC’02
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Acc(10P)

Acc(40P)
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Hebnokupytow,aa CMHXPOHMU3aLUA

private open class Account(val amount: Long) private fun release(id: Int, op: Op) {
val account = accounts.get(id)
private class AcquiredAccount(amount: Long, val op: Op, if (account is AcquiredAccount &% account.op === op) {

val updated = Account(account.newAmount)

var newAmount: Long = amount) : Account(amount) ;
accounts.compareAndSet(id, account, updated)

private abstract class Op {
@Volatile var completed: Boolean = false
abstract fun invoke()

}

private inner class TransferOp(val fromIndex: Int, val toIndex: Int,

} val amount: Long) : Op() {
override fun invoke() {
private fun acquire(id: Int, op: Op): AcquiredAccount? { val from: AcquiredAccount?
while (true) { val to: AcquiredAccount?
if (op.completed) if (fromIndex < toIndex) {
return null from = acquire(fromIndex, this)
val account = accounts[id] to = acquire(toIndex, this)
if (account is AcquiredAccount) { } else {

to = acquire(toIndex, this)

if (igizﬁ:téggo:;z op) from = acquire(fromIndex, this)
. }
account.op.invoke() if (to != null && from != null) {
} else { from.newAmount = from.amount - amount
val acquiredAccount = AcquiredAccount(account.amount, op) to.newAmount = to.amount + amount
if (accounts.compareAndSet(id, account, acquiredAccount)) { completed = true
return acquiredAccount }
} release(fromIndex, this)
} release(toIndex, this)
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HebnoKkupytowaa CMHXPOHMU3aLUA

private open class Account(val amount: Long) private fun release(id: Int, op: Op) {
val account = accounts.get(id)
private class AcquiredAccount(amount: Long, val op: Op, if (account is AcquiredAccount && account.op === op) {

val updated = Account(account.newAmount)

var newAmount: Long = amount) : Account(amount) )
accounts.compareAndSet(id, account, updated)

private abstract class Op { } }

@Volatile var completed: Boolean = false

abstract fun invoke() private inner class TransferOp(val fromIndex: Int, val toIndex: Int,
} val amount: Long) : Op() {

override fun invoke() {

private fun acquire(id: Int, op: Op): Acquirqeictaiatlmt . — AcquiredAccount?

while (true) { guiredAccount?

if (op.completed) dex < toIndex) {

return null CTanO Cj'l O)-KHO". acquire(fromIndex, this)

val account = accounts[id] cquire(toIndex, this)
if (account is AcquiredAccount) {

if (account.op === op) o = quirg(toIndex, this).
turn account from = acquire(fromIndex, this)
re . }
account.op.invoke() if (to != null && from != null) {
} else { from.newAmount = from.amount - amount
val acquiredAccount = AcquiredAccount(account.amount, op) to.newAmount = to.amount + amount
if (accounts.compareAndSet(id, account, acquiredAccount)) { completed = true
return acquiredAccount }
} release(fromIndex, this)
} release(toIndex, this)
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HebnoKkupytowaa CMHXPOHMU3aLUA

accounts = 10 000
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Hebnokupytow,aa CMHXPOHMU3aLUA

* [No3BoNAET XOPOLLUO MacluTabmnpoBaTbcs

* HeT e A10KOB U MHBEPCUU NPUNOPUTETOB

cS
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Hebnokupylowiaa CMHXpPOHMN3aLMUA

* [lo3BONAET XOPOLLIO MaclUTabupoBaTbCA

* HeT e aN0KOB U MHBEPCUU NPUOPUTETOB

* 3OPEKTUBHbIN a/ITOPUTM — YaCTO HaYy4YHbIN pe3yabTaT
* Jlerko gonycTtuTb oWMOKY B Koae

* CNoXXHO TecTnpoBaTb
https://github.com/Devexperts/lin-check

cs
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MHOIronoTO4YHOCTb — 3TO C/ZIOX¥KHO!
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UpeanbHbI MUp

* Y Hac xopolluaa macwTabnpyemocTb
* ... PN 3TOM NMPOCTOMN KOA,
* ... BKOTOPOM He HYXHO AymaTb O AeA/I0KaxX U np.

* ... CUHKANCyMpoBdHHbIM KOHTPAKTOM

cs
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NpeanbHbIU MUP: TPAH3aAKLUM

fun transfer(fromId: Int, tolId: Int, amount: Long) = atomic {
accounts|[fromId].amount -= amount
accounts|[toId].amount += amount

Hy He cKa3Ka nu!

cS
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[Mouyemy TpaH3aKUuuUn?

* He Hy»XHO AymaTb O NnopAaKe BNOKUPOBOK

- MpocTo nuwun atomic

* He Hy)XHO AYyMaTb O TOHKOW UM TO/ICTON B/IOKMPOBKE

- MpocTto nuwmn atomic

* He HYy»KHO n3o0bpeTaTb C/I0XKHbIE CTPYKTYPbI AaHHbIX

- MpocTo nnwmn atomic

cs
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OTKyaa B3aTb atomic

e Software Transactional Memory (STM)
 Hardware Transactional Memory (HTM)

* Hybrid Transactional Memory

cS
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OTKyaa B3aTb atomic

e Software Transactional Memory (STM)
 Hardware Transactional Memory (HTM)

* Hybrid Transactional Memory

cS
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Software Transactional Memory

* ObbIYHO Ha BrOKUpPOBKax/aeckpunTopax
- «Camas pa3suatowasaca» ana JVM: Scala STM

- «Camas apdektmBHasa» (ana C/C++): NOrec

cS
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Software Transactional Memory

* ObblyHO Ha BrOKMpPOBKax/aAeckpmunTopax
- «Camas pa3suBatowwasaca» ana JVM: Scala STM

- «Camas addpektnsHaa» (ana C/C++): NOrec

* [lpumeHAeTca anAa «be3onacHOro» NPoOrpaMmmMmmnpPoBaHUSA

- ANbTEPHATUBHbLIN NOAXOA: KOPYTUHbI (3aBTpa B 12:15)

cS
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OTKyaa B3aTb atomic

e Software Transactional Memory (STM)
 Hardware Transactional Memory (HTM)

* Hybrid Transactional Memory

cS
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Hardware Transactional Memory

* [Toyemy Dbl HE AenaTb TPAH3AKLUMUU Ha YPOBHE Kenes3a’?
- Intel Haswell (noporne moaenun) n Hosee
- IBM Power 8 n HoBee

- Y AMD TtonbKo proposal

cS
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Hardware Transactional Memory

* [Toyemy Obl HE AenaTb TPAH3AKLUMUU Ha YPOBHE Kenes3a’?
- Intel Haswell (aoporne mopenu) u HoBee
- IBM Power 8 n HoBee

- Y AMD TonbKo proposal

cS
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Intel RTM*
* XBEGIN &on_ abort label

- 3anucbliBaeT CTaTyC B %eax \
Ha4dano

TPaH3aKLUMM

*https://software.intel.com/en-us/node/695152 53
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Intel RTM*
* XBEGIN &on_abort label

- 3anuncbiBaeT CcTaTyc B %eax

* XEND

T

— KoHel
TPaH3aKuumn

*https://software.intel.com/en-us/node/695152 53
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Intel RTM*
* XBEGIN &on_abort label

- 3anuncbiBaeT CcTaTyc B %eax

* XEND

+ XABORT - OTMEH?
TPaH3aKUMNK

*https://software.intel.com/en-us/node/695152 53
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Intel RTM*
* XBEGIN &on_abort label

- 3anuncbiBaeT CcTaTyc B %eax

* XEND
 XABORT
* XTEST

<~

[lpoBepKa «MAET U
cemyac TpaH3aKuma»

*https://software.intel.com/en-us/node/695152

Slide 67

cS

DEVEXPERTS



Intel RTM: example

XOTUM HanucaTb
atomic { /* Transaction body */ }

cS
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Intel RTM: example
ox7fe69cd1b377:

Ox7fe69cdlb37c: xbegin ©Ox7fe69cd1lb382
Ox7te69cd1b382: cmp $oxffffff, %eax
Ox7te69cd1b389: jne Ox7fe69cd1b377

B %eax byaeTt 3anucaH
CTaTyC NPU OTMEHE

cS
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Intel RTM: example

Ox7fe69cdl1b377: mov $OxXfTffffff, %eax
Ox7te69cd1lb37c: xbegin | Ox7fe69cd1b382
Ox7fe69cd1b382: cmp bOxTtHHf+t, Z%eax

Ox7fe69cd1b389: jne / Ox7fe69cdl1b377

Kyaa natm npu otmeHe
TPaH3aKuuUu

cS
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Intel RTM: example

Ox7fe69cdl1b377: mov $OxXfFFfffff, %eax

Ox7te69cdlb37c: xbegin 0Ox7fe69cd1b382
Ox7te69cd1b382:f cmp $oxffffff, %eax
Ox7te69cd1b389:| jne Ox7fe69cd1b377

HauynHaem cHavana, ecnau
TPaH3aKUMA OTMeHWUacCb

cS
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Intel RTM: example

Ox7fe69cdl
Ox7fe69cdl
Ox7fe69cdl
Ox7fe69cdl

Slide 72

0377 :
n37cC:
n382:

0389

; Transaction body

Ox7fe69cdlb3a7: xend

mov $OxffFfffff, %eax

xbegin 0Ox7fe69cdlb382

cmp $oxffffff, %eax

jne Ox7fe69cd1b377
\

BbinosiHAE@M CBOM KoJA, B
PaMKaxX TPaH3aKLUUK

cS
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Intel RTM: example

Ox7fe69cdl
Ox7fe69cdl
Ox7fe69cdl
Ox7fe69cdl

0377 :
n37cC:
n382:

0389:

mov
xbegin
cmp
jne

; Transaction body

Ox7fe69cdlb3a7: xend
‘H~.---~.

Slide 73

$OxffFfffff, %eax
Ox7fe69cd1b382
$OxfFFfffff, %eax
Ox7fe69cd1b377

KoHel TpaH3aKuumu
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Intel RTM: example

Ox7fe69cdl1b377: mov $OxXfFFfffff, %eax
Ox7te69cdlb37c: xbegin 0Ox7fe69cd1b382

Ox7te69cd1b382: jcmp $oxffffff, %eax

Ox/1te69cd1b389: ﬁnq\\\\\@x7fe69cd1b377

; Transaction body Mpuadm cloaa, ecan
YTO-TO NONAET He TaK

Ox7fe69cdlb3a7: xend

cS
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Intel RTM: npuuynHbl OTMEHbDbI TPaH3aKUUn

* Bbizos XABORT

cS
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Intel RTM: npuuynHbl OTMEHbDbI TPaH3aKUUn

* BbizoBs XABORT
* [lpyroe aapo YnUTaeT Kew-/IMHUIO, B KOTOPYIO Mbl NULLIEM

° ,ﬂ,pyroe A0PO nmueT B KewW-IMHUIO, KOTOPYHO Mbl HNTaAEM

cS
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Intel RTM: npuuynHbl OTMEHbDbI TPaH3aKUUn

* Bbizos XABORT

¢ ,ﬂ,oyroe AAPO UNTaeT KelW-T1MHNI, B KOTOPYIHO Mbl MNLLUEM

* [lpyroe aapo nuileT B Kel-AUHUI0, KOTOPYIO Mbl YNTaEM
* CAMWIKOM MHOTO AaHHbIX

* CIMWWKOM MHOIO MHCTPYKLUUN

cS
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Intel RTM: npuuynHbl OTMEHbDbI TPaH3aKUUn

* Bbizos XABORT

¢ ,ﬂ,oyroe AAPO UNTaeT KelW-T1MHNI, B KOTOPYIHO Mbl MNLLUEM

e [lpyroe AAPO NULLET B KEL-ZIMHUIO, KOTOPYIO Mbl YUTaEM
* CAMWKOM MHOTO AaHHbIX

e CANLLIKOM MHOIO UHCTPYKL MM

cS

Slide 78 DEVEXPERTS



Intel RTM: npuuynHbl OTMEHbDbI TPaH3aKUUn

* Bbizos XABORT

¢ ﬂ,oyroe AAPO UnNTaetT KelW-T1MHNI, B KOTOPYHO Mbl NMULLEM

e lpyroe aapo nj

* CANWKOM MHOT

[To 3Ha4YeHWnto B %eax
MOXHO NOHATb MPUYUNHY™

O Mbl YHATAEM

* CIMWLKOM MHOIO MHCTPYKUUN

*https://software.intel.com/en-us/node/695152

Slide 79
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Intel RTM: Kak ucnonb3oBaTtb

e Xopowo paboTaeT AN KOPOTKMX TPAaH3aKLUUNN
 MoKeT He bbITb Nporpecca

cS
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Intel RTM: Kak ucnonb3oBaTtb

e Xopouwo paboTaeT Ana KOPOTKUX TPaH3aKLUUM
 MoKeT He bbITb nporpecca

* = He/b3A nonararbca ToNbKo HA HTM

if (xbegin() == XBEGIN STARTED) {
// Simple sequential code
xend ()

} else {
// Complex synchronization

/ S3
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Intel RTM: Kak ucnonb3oBaTtb

e XopoLlo paboTaeT A5 KOPOTKUX TPAH3AKLU UM
 MoKeT He bbITb nporpecca

* = He/b3A nonararbca ToNbKo HA HTM

if (xbegin() == XBEGIN STARTED) {
// Simple sequential code
xend() D— MOoXHO AenaTtb

; else { HECKOJIbKO NOMbITOK
// Complex synchronization
} S2
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Intel RTM + Java

e Lock elision

- OnTMmmn3auma 610KMPOBOK
* java.util.concurrent.RTMSupport

- lcnonb3oBaHne RTM npnmunUTMBOB HanpAmMyto

- Experimental \

[Toka 4To TaKoro Het!!!

cs
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Intel RTM + Java

 Lock elision

- OnTMmun3auma 610KMPOBOK
* jJava.util.concurrent.RTMSupport

- Wcnonb3oBaHne RTM npnMUTUBOB HanNpAMYIO

- Experimental

cS
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Lock elision

// © -- UNLOCKED, 1 -- LOCKED fun unlock() {

val state = AtomicInteger(9) // LOCKED -> UNLOCKED
state.set(9)

fun lock() { }

while (true) {
// UNLOCKED —-> LOCKED
if (state.compareAndSet(0, 1))
break
// Wait & retry

cS

Slide 85 DEVEXPERTS



Lock elision

// © -- UNLOCKED, 1 -- LOCKED
val state = AtomicInteger(0)

fun lock() {
if (xbegin() == XBEGIN STARTED) {
if (state.get() == 0)

return
else ‘\\\\\

xabort()
) [apaHTUPYET, YUTO HUKTO

He AepXUT BOKNPOBKY

} s2
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Lock elision

// © -- UNLOCKED, 1 -- LOCKED fun unlock() {
val state = AtomicInteger(9) if (state.get() == 0) {
xend()
fun lock() { return
if (xbegin() == XBEGIN STARTED) { }
if (state.get() == 0) state.set(09)
return }
else
xabort () 3aBepLliaem
) TPAH3aKUMIO

/ s2
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Lock elision

* [JDK-8031320] Use Intel RTM instructions for locks (8u25+)

- Pabortaet TonbKo ans synchronized

cS
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Lock elision

* [JDK-8031320] Use Intel RTM instructions for locks (8u25+)

- PaboTtaet Tonbko ans synchronized

* BKntountb: -XX:+UseRTMLocking

* Konnyectso nonbiToK: -XX:RTMRetryCount=retries

cS
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Lock elision

* [JDK-8031320] Use Intel RTM instructions for locks (8u25+)

- PaboTtaet Tonbko ans synchronized

* Brkntountb: -XX:+UseRTMLocking

* Konnyectso nonbiToK: -XX:RTMRetryCount=retries

 [eontummnsauma: -XX:+UseRTMDeopt
* Mopor ana aeontumm3aumun: -XX:RTMAbortRatio=ratio

cS
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Lock elision

Throughout, op/us

[ = N N w
o U o U o
o o o o o

Ul
o
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Lock elision

50

Throughout, op/us
({‘;E!/

Slide 92

accounts = 10 000
RTM vs Biased
4 5 6 7 8
Threads

--CG
-2-CG+RTM
~*-FG
=6=FG+RTM
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Lock elision: high contention

100
Intel ® Xeon ® E5-2630 v4 @ 2.20Ghz accounts = 1000
2 x 10 x 2 cores
—=0
80
e m—
(V)]
-
<
o
O 60
‘5‘; —— o =CG
(@)
= -8-(CG+RTM
Vo)
S5 40
o ~—FG
c
= --[FG+RTM
20
—— B —
0
0 10 20 30 40 50 60 70 80

Threads 53
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Intel RTM + Java

e Lock elision

- OnTMmmn3auma 610KUPOBOK
* java.util.concurrent.RTMSupport

- lcnonb3oBaHne RTM npnmunUTMBOB HanpAmMyto

- Experimental

cS
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Intel RTM: Java API

public class RTMSupport {
public static int RTM UNSUPPORTED = 0;

public static int XBEGIN STARTED = -1;

public static int XABORT _EXPLICIT = 1 << ©;

public static int XABORT _RETRY =1 << 1;

public static int XABORT _CONFLICT = 1 << 2;

public static int XABORT CAPACITY = 1 << 3;

public static int XABORT DEBUG = 1 << 4;

public static int XABORT NESTED = 1 << 5;

public static int xbegin() { return RTM UNSUPPORTED; }

public static void xend() {}
public static void xabort() {}
public static boolean xtest() { return false; }

) cS
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Intel RTM: Java API

public class RTMSupport {
public static int RTM _UNSUPPORTED = 0;

public static int XBEGIN STARTED = -1;

public static int XABORT EXPLICIT = 1 << 0;

public static int XABORT RETRY =1 << 1; |
public static int XABORT CONFLICT = 1 << 2; MHTleHCMKM.
public static int XABORT CAPACITY = 1 << 3;

public static int XABORT DEBUG = 1 << 4;

public static int XABORT NESTED = 1 << 5;

public static int xbegin() { return RTM UNSUPPORTED; }
public static void xend () {}

public static void xabort() {}

public static boolean xtest() { return false; }

) cS
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Intel RTM: intrinsics

public class RTMSupport {
@HotSpotIntrinsicCandidate
public static int xbegin() { return RTM UNSUPPORTED; }

@HotSpotIntrinsicCandidate
public static void xend() {}

@HotSpotIntrinsicCandidate
public static void xabort() {}

@HotSpotIntrinsicCandidate
public static boolean xtest() { return false; }

/ cS
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Intel RTM: intrinsics

e Obwan HacTpPoOmnKa

* Interpreter MHTPUHCUK
* C1 MHTPUHCHUK

* C2 MHTPUHCUK

* Graal UHTPUHCKUK
- Cenyac He noaaepXnBaeTcH

OTtnnyHbin aoknaa ot Volker Simonis Ha JPoint’16
https://youtu.be/76gyiCteq-| + https://github.com/simonis/JBreak2016 53
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Intel RTM: intrinsics

 Obwana HacTpoMKa

* Interpreter MHTPUHCUK
* C1 MHTPUHCUK

* C2 NHTPUHCUK

cS
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Intel RTM: intrinsics

[Nobasnum B vmSymbols . hpp:

template(java _util concurrent_RTMSupport, "java/util/concurrent/RTMSupport") \
do_intrinsic(_rtm_xbegin, java_util concurrent_ RTMSupport, xbegin name, "()I", F_S) \
do_name(xbegin name, "xbegin") \
do_intrinsic(_rtm_xabort, java util concurrent_RTMSupport, xabort_name, "()V", F_S) \
do_name(xabort_name, "xabort") \
do_intrinsic(_rtm_xend, java_util concurrent RTMSupport, xend_name, "()v", F_S) \
do_name(xend_name,  "xend") \
do_intrinsic(_rtm_xtest, java util concurrent_ RTMSupport, xtest name, "()Z", F_S) \
do_name(xtest name, "xtest") \

cs
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Intel RTM: intrinsics

[Nobasum npnmutnebl B assembler x86.cpp:

void Assembler::xbegin(Label& abort) { ... }

Slide 101

YKe bbino ans
lock elision
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Intel RTM: intrinsics

[Nobasum npnmutnebl B assembler x86.cpp:

void Assembler::xbegin(Label& abort) { ... }

void Assembler::xbegin(Register dst) {
movl(rax, -1);
Label L _on_abort;
xbegin(L _on_abort);
bind(L_on_abort);
movl(dst, rax);

) PesynbraTr
RTMSupport.xbegin()
e
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Intel RTM: intrinsics

[Nobasum npnmutnebl B assembler x86.cpp:

void Assembler::xbegin(Label& abort) { ... }
void Assembler: :] AHaIOMMYHO C
movl(rax, -1);
Label L on_abo xend(),xabort(),
xbegin(L_on_abl xtest(Register dst)
bind(L_on_abor

movl(dst, rax);'

cS
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Intel RTM: intrinsics

e Obwana HaCcTpoMKa

* Interpreter MHTPUHCUK
* C1 MHTPUHCUK

* C2 NHTPUHCUK

cS
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Intel RTM: interpreter intrinsic

[Nobasnaem nageHtudukatopol 8 abstractInterpreter. hpp:

class AbstractInterpreter: AllStatic {
enum MethodKind {

java _util _concurrent RTMSupport xbegin,
java_util _concurrent RTMSupport xend,
java _util _concurrent RTMSupport xabort,
java _util _concurrent RTMSupport xtest

)
: &3
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Intel RTM: interpreter intrinsic

ConoctoBnsem MAeHTUPUKATOPbI C UHTPUHCUKAMU B
abstractInterpreter.cpp:

MethodKind AbstractInterpreter::method kind(const methodHandle& m) {

if (VM _Version::supports_rtm()) {

switch (m->intrinsic_id()) {

case
case
case
case

¥

¥

Slide 106

vmIntrinsics:
vmIntrinsics:
vmIntrinsics:
vmIntrinsics:

:_rtm_xbegin :
:_rtm_xend
:_rtm_xabort :
:_rtm _xtest

return java_util_concurrent RTMSupport xbegin;

: return java _util _concurrent RTMSupport xend ;

return java_util_concurrent RTMSupport_ xabort,;

: return java util _concurrent RTMSupport xtest ;

cS
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Intel RTM: interpreter intrinsic

Bbi3blBaem reH
templatelnt

address TemplateInterpreterGenerator::generate method entry(MethodKind kind) {

switch(kind) {
case Interpreter::

case Interpreter::
case Interpreter::

case Interpreter::

Slide 107

epauuto cBoen peannsauum B
erpreterGenerator.cpp:

java_util _concurrent_RTMSupport xbegin

: entry _point = generate RTMSupport xbegin();
java_util_concurrent_RTMSupport xend

: entry_point = generate RTMSupport xend();
java_util _concurrent_RTMSupport xabort

: entry _point = generate RTMSupport_ xabort();
java_util concurrent_RTMSupport xtest

: entry_point = generate RTMSupport xtest();

break;
break;
break;

break;

cS
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Intel RTM: interpreter intrinsic

[lobaBnsem peannsauuio B
templateInterpreterGenerator x86 64.cpp:

address TemplatelnterpreterGenerator::generate RTMSupport xbegin() {
address entry =  pc();
___ xbegin(rax);
__ pop(rdi);
__mov(rsp, ri3);
__ Jmp(rdi);
return entry;

}

cS
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Intel RTM: interpreter intrinsic

[lobaBnsem peannsauuio B
templateInterpreterGenerator x86 64.cpp:

address TemplateInterpreterGenerator::generate RTMSupport xbegin() A
address entry = __ pc();

xbegin(rax);

__ pop(rdi); '\‘\\\\\

__mov(rsp, ri3);
__ Jjmp(rdi); Haw xbegin()
return entry;

¥

cS
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Intel RTM: interpreter intrinsic

[lobaBnsem peannsauuio B
templateInterpreterGenerator x86 64.cpp:

address TemplateInterpreterGenerator::generate RTMSupport xbegin() {
address entry = __ pc();
___ xbegin(rax);
__ pop(rdi);
___mov(rsp, ri3); < [eHepupyem return
__ Jmp(rdi);
return entry;

¥

cS
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Intel RTM: interpreter intrinsic

[lobaBnsem peannsauuio B
templateInterpreterGenerator x86 64.cpp:

address Template bport _xbegin() {
address entry : AHANOMMYHO C

xbegin(rax
— pop%’rdi); '| xend (), xabort (), xtest()
__mov(rsp, rll_
__ Jmp(rdi);
return entry;

¥

cS
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Intel RTM: interpreter intrinsic

[lobaBnsem peannsauuio B
templateInterpreterGenerator x86 64.cpp:

address TemplateInterpreterGenerator::generate RTMSupport xbegin() A
address entry =  pc();

___ xbegin(rax);

__ pop(rdi); \
___ mov(rsp, ri13); 3
__ jmp(rdi); Tekywmn program

return entry; counter
}

cS
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Intel RTM: interpreter intrinsic

[loumeHAem UHTPUHCUKU B
templateInterpreterGenerator.cpp:

method entry(java lang math fmaD )

method _entry(java util concurrent RTMSupport xbegin )
method _entry(java util concurrent RTMSupport xend )
method_entry(java util concurrent RTMSupport xabort )
method _entry(java util concurrent RTMSupport xtest )
method_entry(java lang ref reference get)

cS
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Intel RTM: intrinsics

e Obwana HaCcTpoMKa

* Interpreter MUHTPUHCUK
* C1 NHTPUHCHK®

* C2 NHTPUHCKK™

* ObbsAcHeHMe B AONOJIHUTENbHbIX Chanmaax S
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Coarse-grained + RTMSupport

var attempt = ©
while (attempt < MAX RTM_ATTEMPTS) {
if (xbegin() == XBEGIN STARTED) {
if (gLock.islLocked()) xabort()
transferImpl(idFrom, idTo, amount)
xend ()
return
} else attempt++

HecKo/1bKO NOMNbITOK

}
gLock.withLock { transferImpl(idFrom, idTo, amount) }

cS
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Coarse-grained + RTMSupport

var attempt = ©
while (attempt < MAX_RTM_ATTEMPTS) {
if (xbegin() == XBEGIN STARTED) {
if (gLock.islLocked()) xabort()
transferImpl(idFrom, idTo, amount)

xend ()
return YBe/IMYMBaAEM CYETUYMK,
} else attempt++ ecnu He yaanoch

}
gLock.withLock { transferImpl(idFrom, idTo, amount) }

cS
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Coarse-grained + RTMSupport

var attempt = ©
while (attempt < MAX_RTM_ATTEMPTS) {
if (xbegin() == XBEGIN STARTED) {
if (gLock.islLocked()) xabort()
transferImpl(idFrom, idTo, amount)

xend ()
return 1. KTO-TO Aep*ut
} else attempt++ 610KNPOBKY?

}
gLock.withLock { transferImpl(idFrom, idTo, amount) }

cS
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Coarse-grained + RTMSupport

var attempt = ©
while (attempt < MAX_RTM_ATTEMPTS) {
if (xbegin() == XBEGIN STARTED) {
if (gLock.islLocked()) xabort()
transferImpl(idFrom, idTo, amount)
xend ()
return
} else attempt++

2. lenaem transfer

}
gLock.withLock { transferImpl(idFrom, idTo, amount) }

cS
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Coarse-grained + RTMSupport

var attempt = ©
while (attempt < MAX_RTM_ATTEMPTS) {
if (xbegin() == XBEGIN STARTED) {
if (gLock.islLocked()) xabort()
transferImpl(idFrom, idTo, amount)

xend ()
return 3. 3aBeplwiaem
} else attempt++ TPaH3aKLUIO

}
gLock.withLock { transferImpl(idFrom, idTo, amount) }

cS
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Coarse-grained + RTMSupport

var attempt = ©
while (attempt < MAX_RTM_ATTEMPTS) {
if (xbegin() == XBEGIN STARTED) {
if (gLock.islLocked()) xabort()
transferImpl(idFrom, idTo, amount)
xend ()

return
} else attempt++ Fallback peannsauus

¥
gLock.withLock { transferImpl(idFrom, idTo, amount) }

cS
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Coarse-grained + RTMSupport

300

Throughout, op/us
- N N
S 3 S

=
o
o

Ul
o
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Intel ® Xeon ® E5-2630 v4 @ 2.20Ghz
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Lock-free + RTMSupport

Intel ® Xeon ® E5-2630 v4 @ 2.20Ghz

2 x 10 x 2 cores accounts = 10 _000

150
(%)
-
~
Q
o)
+ 100
>
g -L-—| F
=1
o «@=| F+RTM
<
= 50

0
0 10 20 30 40 50 60 70 80

Threads 53
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OTKyaa B3aTb atomic

e Software Transactional Memory (STM)
 Hardware Transactional Memory (HTM)

* Hybrid Transactional Memory
- RH-NOrec, HY-NOrec
- TL2

cS

Slide 123 DEVEXPERTS



NToro

* TpaH3aKUMOHHAA NaMATb MO3BOAAET YBE/IMYMUBATD
NPOU3BOAUTE/IBHOCTb «HAXaNIABY»

- Lock elision ontummnsauums

- java.util.concurrent.RTMSupport
 MaTtepuanbl (naty ana OpenlJDK + 6eHUMapKu)

- https://github.com/ndkoval/jpoint2018

 Hybrid TM — Hawe cBeTnhoe byayulee!
S
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Cnacubo 3a BHUMaHue!

Hukuta KoBanb

ndkoval at ya dot ru
twitter.com/nkoval_

EEEEEEEEEE



3aKOH Amaana

— BpeMd Ha 1 aape

BpeMd Ha N d/pax

S — ycKopeHune Koaa

cS
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3aKOH Amaana

1
G —
1 —-P+ /)y

S — yckopeHue Koaa
P — nona napannenbHoro Koaa
N — Konnyectso aaep

cS
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3aKOH Amaana

* 10 apep

* 60% napannenbHOro Koaa

* 40% nocnepoBaTe/IbHOMO Koaa

cS
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3aKOH Ampaana

* 10 apep

* 60% napannenbHOro Koaa

* 40% nocnenoBatenbHOMo Koaa

cs
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3aKOH Ampaana

* 10 apep

* 80% napannenbHOro Koaa

 20% nocnenoBaTenbHOro Koaa

cS
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3aKOH Ampaana

* 10 apep

* 80% napannenbHOro Koaa

 20% nocnenoBaTenbHOro Koaa

cs
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3aKOH Amaana

* 10 apep

* 90% napannenbHOro Koaa

* 10% nocnepoBaTesnbHOro Koaa

cS
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3aKOH Ampaana

* 10 apep

* 90% napannenbHOro Koaa

* 10% nocnenoBatenbHOro Koaa

cs
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Intel RTM: C1 intrinsics

Nobasm naeHtudukatopol 8 c1_LIR.cpp:

enum LIR Code {

, Lir_on _spin wait
Lir_rtm xbegin
Lir_rtm xend
Lir_rtm xabort
Lir_rtm xtest

\o \o \o \o

cS
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Intel RTM: C1 intrinsics

ConoctoBnaem MAEHTUPUKATOPbI C UHTPUHCUKaMUN B
cl LIRGenerator.cppuncl LIR.hpp:

void LIRGenerator::do_Intrinsic(Intrinsic* x) {
switch (x->id()) {
case vmIntrinsics:: _rtm xbegin:
___rtm_xbegin(rlock result(x)); break;
case vmIntrinsics:: rtm_xend:

___rtm_xend(); break;
case vmIntrinsics:: rtm_xabort:
___ rtm_xabort(); break;

case vmIntrinsics:: rtm xtest:
___ rtm_xtest(rlock result(x)); break; Qg
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Intel RTM: C1 intrinsics

ConoctoBnaem MAEHTUPUKATOPbI C UHTPUHCUKaMUN B
cl LIRGenerator.cppwuncl LIR.hpp:

void rtm xbegin(LIR Opr result) {
append(new LIR Op@(Lir_rtm xbegin, result)); }

void rtm xend() { append(new LIR Op@(Lir_rtm xend)); }
void rtm xabort() { append(new LIR Op@(Lir_rtm xabort)); }

void rtm xtest(LIR Opr result) {
append(new LIR Opo(Lir_rtm xtest, result)); } Qg
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Intel RTM: C1 intrinsics

Bbi3biBaem reHepaumio cBoen peanmsaynm B
cl LIRAssembler.cpp:

void LIR Assembler::emit opl(LIR Opl* op) {
switch (op->code()) {

case Lir _rtm xbegin: rtm xbegin(op->result opr()); break;

case Lir _rtm xend: rtm_xend(); break;

case Lir _rtm xabort: rtm_xabort(); break;

case Lir rtm xtest: rtm xtest(op->result opr()); break;
1}

cS
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Intel RTM: C1 intrinsics

[obasnaem peannsaunto B c1_LIRAssembler_ x86.cpp:

void LIR Assembler::rtm xbegin(LIR Opr result reg) {

__ Xbegin(result_reg->as_register()); \
¥
void LIR Assembler::rtm_xend() { \
__ xend(); PesynbrarT
} RTMSupport.xbegin()

Slide 138

DEVEXPERTS



Intel RTM: C1 intrinsics

[obasnaem peannsaunto B c1_LIRAssembler_ x86.cpp:

void LIR Assembler::rtm xbegin(LIR Opr result reg) {

___ xbegin(r
} AHanormyHo c rtm_xabort() u
rtm_xtest(LIR Opr result)

void LIR Asse
xend();

¥
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Intel RTM: C2 intrinsics

Nobasnum compiler nodes B intrinsicnode. hpp:

class XBeginNode: public Node {
public:

XBeginNode(Node* control): Node(control) {};
virtual int Opcode() const;

virtual const Type* bottom type() const {
return Typelnt::INT;
}

virtual uint ideal reg() const { return Op RegI;
¥
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Intel RTM: C2 intrinsics

Nobasum compiler nodes B intrinsicnode. hpp:

class XBeginNode: public Node {

public:

XBeginNode (Node* XTestNode |trol) {};

virtual int OpCOd NMNo aHaAOTUU

virtual const Typte——o——om——p——rxconst {
return Typelnt::INT,;

}
virtual uint ideal reg() const { return Op RegI; }
¥
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Intel RTM: C2 intrinsics

[1obaBmm compiler nodes 8 memnode. hpp:

class XEndNode: public MemBarNode {
public:
XEndNode(Compile* C, int alias idx, Node* precedent)

: MemBarNode(C, alias _idx, precedent) {}
virtual int Opcode() const;

s

Mo aHanornm ¢ MHTpUHCHKOm ana Thread.onSpinWait()
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Intel RTM: C2 intrinsics

[obasum compiler nodes B8 memnode. hpp:

class XEndNode: public MemBarNode {
public:

XEndNode (Compile* | XAbortNode pode* precedent)

: MemBarNode(C, al pnoaHanormm ht) {}
virtual int Opcode(

s

7_W'lm,

Mo aHanoruu ¢ uHTpuHcKukom ans Thread.onSpinWait()
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Intel RTM: C2 intrinsics

Matching rules B x86 . ad:

const bool Matcher::match rule supported(int opcode) {

case Op XBegin:
case Op XAbort:
case Op XEnd:
case Op XTest:
if (VM Version::supports rtm() == false)
ret value = false;
break;

< Defined in classes.hpp

cS
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Intel RTM: C2 intrinsics
Matching code B x86. ad:

instruct xBegin(rRegl dst) %{
match(Set dst (XBegin));
format %{ "xbegin" %}
ins _encode %{

__ xbegin($dst$$Register);

%}
ins pipe( pipe _slow );

%}
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Intel RTM: C2 intrinsics
Matching code B X86. ad:

instruct xBegin(rRegl dst) %{

match(Set dst | A
format %{ "xbeg HAa/J1I0TM4YHO C

ins_encode %{ xend( ), xabort(),
_ xbegin($dy xtest(rRegl dst)

%}
ins_pipe( pipe_slow );
%}

cS
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Intel RTM: C2 intrinsics

Jlornka nHtpmHcndukaumm 8 1ibrary call.cpp:

bool LibraryCallKit::inline_rtm_xbegin() {
Node *res = new XBeginNode(control());

set _result( gvn.transform(res));
return true;

¥

cS
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Intel RTM: C2 intrinsics

Jlornka nHtpuHcnodukaumm 8 1ibrary call.cpp:

bool LibraryCallKit::inline_rtm_xbegin() {
Node *res = nd = ‘ -
set result( g inline_rtm_xtest()

return true; MO aHAaNormum

¥

cS
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Intel RTM: C2 intrinsics

Jlornka nHtpuHcnodukaumm 8 1ibrary call.cpp:

bool LibraryCallKit::inline rtm xend() {
insert _mem bar(Op XEnd);
return true;

¥

cS
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Intel RTM: C2 intrinsics

Jlornka nHtpuHcnodukaumm 8 1ibrary call.cpp:

bool LibraryCallKit::inline rtm xend() {

insert_mem_barf .
return true; lnllne_r‘tm_xabOr‘t()

} No aHa/10TUn

cS
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