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[lponor...

CermeHTbl He3aBucumeolie X3LLI-I'IO,CI,T86]'IML-IKVI
...[JJaBHbIM AaBHO, B Aanekom 2006-2007 mHe nopy4ynnum passmBaTb Tor 0
tbb::concurrent_vector n tbb::concurrent_hash_map '
tbb::concurrent_hash_map (<TBB 2.2) 6b1n1 noxok Ha o 11— I
ConcurrentHashMap n3 Java Jlok, 2
* CermeHTUpPOBAHHAA (LWapaMpOoBaHHaA), pacTyLLan XawWw-Tabanua Ha cnnckax Nok, 3 |—> |

* CermeHTaums ymeHbluaeT 60pbby 3a N0KK (contention) Bo Bpems
N3MeHeHMA pa3mepa Tabaumubl
Ha Kputnyeckom nytn 3 nokKa
* Ha cermeHr
* Ha 6aker
* Ha napy K/V

CAvWKOM MHOTIO /1I0KOoB!
e Y6epém N0KN Ha CermeHTbl? PeKo HyXHbl

CermeHTUPOBAHHbIN BEKTOP

O(1 |2 (3|4 ]|5([6]|7%r»

6| 7
10111 (1213|1415 I

tbb::concurrent_vector no3sonaeT ysennumeatb pasmep bes
MHBANMAALNM UTEPATOPOB N yKasaTeneu

* [JlobaBnsas Tabnnuy cermeHTOB
e Kaxablh CErMeHT = CymMe pa3mMepoB npeablayLimx

[« |~ |~]°]
AIN]O

i

CermeHTbl
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0
JleHnBoe pexawnpoBaHme ' :
CIT AIPbIE|l [«°?
AAAARAAR 3
* 3BpuKal H OB bl E “r[;;ment
* Ybmpaem wapanupoBaHUE U TOKN HA CEFMEHTDI table
* MeHAaem cermeHTbl KaK B concurrent_vector https://arxiv.org/abs/1509.02235
* M306peTaem ieHNBOE PEX3LLIMPOBAHNE HA OCHOBE
CUHXPOHM3aUMN mexKay bakeTamu
* MeHbLlle NoKoB, 6onblue npoduT! .
* (B dUHaNbLHOW BepCUM ycKopeHme Ao 2x) i, AT
* 3auem Xe eLlé Ham HYXeH /IOK Ha CerMeHT? { . Lt '
 Hanetaem Ha FOHKY .U.aHHb|X! . TTM fTTTmH TTTTTﬁHHﬁﬁmﬁHH

7 9111315171921 23 |1 3 5 7 9 111315171921 23 1 3 5 7 9 11 13 15 17 19 21 23

* Cun HXPOHU3aUNUN SINEeMEHTOB HE AOCTATOYHYHO ANA S%unique 30%unique 100% unique
3a LLIIMTbI rj'l O 6 aj'| b H O ro COCTOH H M H Figure 6. Throughput scalability of filling the table up to 2M pairs on various input rates
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JloBMCb AaTapanc BoNbLLIOW, HO peeHbKNA

* MOXHO He HaUTU K/1HOY4, KOTOpblﬁ nepeexan s B = H(Key) mod Capacity

HOBbIN BaKeT MOKa ero Uckanu

e ObugHo..

e Takoe pegkoe cobbiTHe...
* Ho TaK A0pPOro NnaTuTb B Ka*KA0W onepaumm

* AYTO ecnu..

* OBbHapYyXNUM roHKY 1 nepe3anycTmm nouck!
* Ecnu Kkntoy He HanaeH, ymtaem Capacity 3aHoOBO
* Ecnun HoBbIM Capacity != cTtapbin, BO3MOXKHA rOHKa

ughput, ops/ns

Throl

Capacity *=2
RehashBucket(B)
// Key Bblnetaet ns B

Lookup(Key, B)

AL A

5% unigque 30% unigue 100% unique

Figure 6. Throughput scalability of filling the table up to 2M pairs on various input rates
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JnoxanbHble roHKkM U Seglock ..

* TaK, rOHKa AaHHbIX 3TO eLlé He KoHel,

* MOHO KOPPEKTHO BbINTU N3 HEE, €CIN NPABUJIBHO
NOHMMATb NOC/NeACTBUA

* EcTb cepana 30Ha mexKay AecTpyKTuBHbIM UB 1 ToTanbHoOM
3aCMHXPOHU30BAHHOCTbIO

* CMHXPOHM3aUMs — 3TO BCEraa Aoporo

¢ CI'IEKW'IFITI/IBHbIe TPaAH3aKUMN HAa OCHOBE 3MNOX
* Capacity B tbb::concurrent_hash _map —4acTHbIM chyyan
* Jnoxa oTparKaeT BepCUo AaHHbIX, TOJIbKO POCTET
* Jnoxy 6e3onacHo YnTaTb 6e3 0Ka

* Sequence Lock (SeglLock) — npumep cnekynatmsHoOM Freads (with affinity oinning
CUHXPOHM3aLUMN Ha OCHOBE 3MOX )
* OYHKUMOHANbHO NOXOX Ha RW-n10K
¢ M,EI,eFI — MNO3BOJ/IUTb UNTATENAM HYNTATb MNaAPaAE€/IbHO
* YteHne macwtabupyertca, CMHXPOHM3aUMA - HET

100

atomic++

load_acqg+dmb ishld

Time (lower is better)
'_\
o

1 4(CCL)  24(L3) 48 (Socket) 96

0.1
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KaKk paboTtatoT SeglLock n RW-nok

RW-nok

* Mncatenb UCKNOYaET Ntobble apyrue
napannenbHblie onepauunm

* Yntatenun yBeamumBatoT CYETYUK YNTATENEN,
eC/In HeT NucaTenAa u XAyT ero ec/in ecTb RW-lock. BoEMS

Seqlock

* [lepen n nocne KPUTUYECKON CEKLUN
nncaTtena yBeJIMYnMm CHETYUK DMNOXU ‘

* Yntatenum yntaroT 2noxy, YNTaAlOT AaHHble,
nepeynTbiBatoT IMOXY

* EcAn dNoxu He COBNaAatoT, 3HAUUT
npounTani Mycop 1 Hafo NOBTOPUTE

V2 HUAWEI




++ Seqglock --

3a: YutaTtenam He Hago MoaNPUUMPOBATb ATOMUK YTODbI YTO-TO NPOYUTATL
* Bbictpee: YteHune + load fence npocto 6bicTpee RMW atommka B RW noke

* Macwrabupyetca: YteHune u3 obuien Kaw-nnHUM ocegaet B L1 n macwtabupyerca. 3anucs B
0OLLYI0 K3LW-/IMHUIO BbICTPAMUBAETCA B o4epeab bnarogapa NPOTOKO/y KOrepeHTHOCTU KILen

MpoTtuB: YMTaTenn HeEBUAMMbI, MUCATENN HE KAYT YntTaTenemn

* MOXHO Npo4YnTaTb Mycop
* be3onacHo TonbKo ¢ npocTbiMu TMNamm (PODs, memcpy)
* CUNbHO OrpaHMYMBaET NPUMEHMMOCTb B C++
* YTeHuMe He 3aWMLLaeT BPEMA KU3HU 0ODbEKTA
e Seqlock He BUAUT CKONbKO YMTaTENEN YNTAIOT
* Henb3Aa ocBo6OXKAaTb NAaMATb MOKA €CTb YNTATENN
* Konnusmnu tpaTart Bpems
e Ecnu 3anmMcem MHOTO, YATAaTENN MOTYT 3aBUCHYTb
* [lpMmeHATb NpK peakmx obHOBEHMAX

V2 HUAWEI



[TonmeHum Seqglock K xaw-tabanue

A
* 3ameHUM RW-noKu Ha CeKk/Toku? NpoBepmm Halm OorpaHNYEHUA: C
v Konnunsum: Xaw-tabaumua ncnonbsyerca 6onblue AnA YTeHUA =
v "Mycop: MexaHn3M MOXHO CKpbITb 3a copy-by-value nurepdpencom
B le

¢ ..Kpome CNTIOHKHbIX NMNOJ/Ib30BaATE/ILCKUX TUMNOB — HO MOXHO obonTn TpEVITaMM
v Bpems 3K13HU 1 pasmelLeHne 06BbEKTOB — Nod, KOHTPOIEM KOHTeNHepa H

* N3meHeHMe pazmepa MOXKHO caenaTtb 6e3 ocBoboKaeHnA bakeTos 5
e MOXHO MCNONb30BaTb OTKPbITYIO agpecaunto — 6e3 ocBoboXKaeHMs nap
e KcTtaTtu, oHa BCE-paBHO bbiCTpee CNNCKOoB
* HayHém c anroputma Kykywku (Cuckoo) - W
* OTKpbITaa agpecaynsa, oamH 13 Iy4LWUX B UHAYCTPUMK

Y
A

* OTAn4yume: Konnms3ua NPU BCTaBKE BbITECHAET 3/1IEMEHT B aJ'IbTepHaTMBHbII‘/JI bakeT
* KyKyLlKe ona noncka Knto4va Tpebyetca B3ATb /IOKM Cpa3y Ha ABa bakeTa
* A 3HauuT, npumeHeHue Seqlock ewé 6onee peneBaHTHO 34€eCb

V2 HUAWEI
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KVKYLLKa NpOCTO /ieTaeT!

Hawa peannsaumns cuckoo hashing c Seqlock B Kaxkaom bakeTe n NeHUBbIM
PEKYPCUMBHbIM pexawnHrom. NMpoToTnn nokasan Bnevataatolmne pesynbratbl (Aaxke Ha  — 7/
O4HOM MOTOKe) Ha MUKpPObEeHUYMapKe ¢ boNbLUMM AMANA30HOM Pa3sMepoB Tabanubl - =

* MauwwuHKa: 96 x Kunpeng-920 (2 cokerTa)

—insert16MwithCardinality - parallel - cuckoo
—insertl6MwithCardinality - parallel - seqlock
read - parallel - cuckoo
read - parallel - seqlock
—read - serial - cuckoo

—read - serial - seglock

CreneHb pa3mepa @@ H UAWEI
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— cuckoo 12000

10000

8000

opfms

6000

4000

2000

20 30
threads

find_exists_high_contentions_uint32_uint32

cuckoo_seqlock
— cuckoo

60000

50000

40000

op/ms

30000

20000

10000

20 0
threads

find_exists_uint32_uint32

cuckoo_seqlock
— cuckoo

50000

40000

30000

opims

20000

10000

20 30
threads

find_modify_eq_high_contention_uint32_uint32

find_modify_eq_uint32_uint32

cuckoo_seqlock
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threads
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[lpOMEXKYTOYHbIE NTOTK

* /llobaa moaudpumumnpytoan aTomapHas onepaumna He
MacLlTabupyeTca Tak Kak YTeHne, ocobeHHOo ecain OHO NOBTOPAETCA

e SeglLock — BarKHasa TexHMKa onTUMmM3aumnm
e OcobeHHO Ha MHOroAAepHbIX Npoueccopax, TakMxX Kak Kunpeng
* YCKOpEeHUe B COTHU pa3 NPOTMB NH0ObIX AaXKe NY4LLINX IOKOB

* Concurrent containers moryTt ckpbiTb ocobeHHocTu Seqlock

* MOHO NOCTPOUTb MHOFOMNOTO4YHYIO X3W-Tabanuy c Cek/lokom ecnum
* M36erkaTb 0cBOOOXKAEHNA NAMATU
* KonuposaTb Mo 3HAYEeHUIO
* McnopyeHHble KONuK He Npobnema

* B C++ BCe 3TO He TPUBMA/IbHO...

V2 HUAWEI



Seqglock ?

int datal 0; bool is locked(std::size t v) { return v & 1UL; }
int data2 = 0;

std::atomic<std::size t> counter {0};
«A Kak npaBuibHO HanucaTtb load() 4Tobbl

void read(){ OH He nepeaBuraacsa OTHOCUTENbHO
std::size_t seq@, seql; yTeHua rlmr2 ?°
int rl, r2;
do { [MpumepHbI Bonpoc Ha Stack Overflow....
seqd@ = counter.load(acquire);
rl = datal;
r2 = dataz;

seql = counter.load(release);

}
while (is locked(seg®) || seg® != seql);

V2 HuAWEI



Seqglock ?

int datal 0; bool is locked(std::size t v) { return v & 1UL; }
int data2 = 0;

std::atomic<std::size t> counter {0};
«A Kak npaBuibHO HanucaTtb load() 4Tobbl

void read(){ OH He nepeaBuraacsa OTHOCUTENbHO
std::size_t seq@, seql; yTeHua rlmr2 ?°
int rl, r2;
do { [MpumepHbI Bonpoc Ha Stack Overflow....
seqd@ = counter.load(acquire);
rl = datal;
r2 = dataz;

seql = counter.load(release); — | 4efined Behavior

}
while (is locked(seg®) || seg® != seql);

V2 HUAWEI



[ OHKM [1aHHbIX

. [intro.races].21.2
"The execution of a program contains a data race if it contains two
potentially concurrent conflicting actions, at least one of which is not
atomic, and neither happens before the other. ... Any such data race
results in undefined behavior."

V2 HUAWEI


https://timsong-cpp.github.io/cppwp/n4868/intro.races#21.2

[intro.races].11 [intro.execution].8

«An evaluation A happens before an Sequenced before is an asymmetric, transitive, pair-wise
relation between evaluations executed by a single thread

evaluation B if either ([intro.multithread]), which induces a partial order among

» Ais sequenced before B, or those evaluations.

. : : Given any two evaluations A and B, if A Is sequenced
A synchronizes with B, or before B (or, equivalently, B is sequenced after A), then the

« A happens before X and X happens execution of A shall precede the execution of B.
before B.

[intro.execution].9

Every value computation and side effect associated with a
full-expression Is sequenced before every value
computation and side effect associated with the next full-
expression to be evaluated.*®

[intro.races].6
Certain library calls synchronize with other library calls performed by another thread.
For example, an atomic store-release synchronizes with a load-acquire that takes its value from the store

([atomics.order]).
16 2 HUAWEI



https://timsong-cpp.github.io/cppwp/n4868/intro.races#11
https://timsong-cpp.github.io/cppwp/n4868/intro.races#def:simply_happens_before
https://timsong-cpp.github.io/cppwp/n4868/intro.races#11.sentence-1
https://timsong-cpp.github.io/cppwp/n4868/intro.execution#8
https://timsong-cpp.github.io/cppwp/n4868/intro.execution#def:sequenced_before
https://timsong-cpp.github.io/cppwp/n4868/intro.multithread
https://timsong-cpp.github.io/cppwp/n4868/intro.execution#8.sentence-1
https://timsong-cpp.github.io/cppwp/n4868/intro.execution#def:sequenced_after
https://timsong-cpp.github.io/cppwp/n4868/intro.execution#8.sentence-2
https://timsong-cpp.github.io/cppwp/n4868/intro.execution#9
https://timsong-cpp.github.io/cppwp/n4868/intro.execution#9.sentence-1
https://timsong-cpp.github.io/cppwp/n4868/intro.execution#footnote-48
https://timsong-cpp.github.io/cppwp/n4868/intro.races#6
https://timsong-cpp.github.io/cppwp/n4868/intro.races#def:synchronize_with
https://timsong-cpp.github.io/cppwp/n4868/intro.races#6.sentence-1
https://timsong-cpp.github.io/cppwp/n4868/atomics.order
https://timsong-cpp.github.io/cppwp/n4868/intro.races#6.sentence-2

Spin Mutex

#tinclude <atomic>

constexpr auto acquire
constexpr auto release
constexpr auto relaxed

std: :memory_order_acquire;
std: :memory_order_release;
std: :memory_order_relaxed;

struct spin_mutex {
std::atomic<bool> locked {false};

void lock() {
bool expected = false;
while(!locked.compare_exchange weak(expected, true, acquire, relaxed)){

pause();
expected = false;

}
}

void unlock() { 1locked.store(false, release); }
}s

V2 HUAWEI



spin _mutex m; int datal; int data2;

void write_thread() {
m.lock();

m.unlock();

void read thread() {
m.lock();
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datal;
data2;
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I

m.unlock();
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spin _mutex m; int datal; int data2;

void write thread() {
locked.store(false, release);

¥

store-release

void read thread() {
bool expected = false;
while(!locked.compare_exchange weak(
expected, true, acquire, relaxed))

{
¥

expected = false;

V2 HUAWEI



spin _mutex m; int datal; int data2;

void write thread() {
locked.store(false, release);

¥

store-release load-acquire
void read thread() { g
bool expected = false; |
while(!locked.compare_exchange weak(
expected, true, acquire, relaxed))

{
¥

expected = false;

V2 HUAWEI



spin _mutex m; int datal; int data2;

takes its value from the store

void write_thread() { (ycmemnsIii compare_exchange untaet false
locked.store(false, release); 3aMMCaHHbI store-om)
store-release load-acquire

void read thread() { )
bool expected = false;
while(!locked.compare_exchange weak(
expected, true, acquire, relaxed))

expected = false;

V2 HUAWEI



spin _mutex m; int datal; int data2;

takes its value from the store

void write_thread() { (ycremHblil compare_exchange untaet false
locked.store(false, release); 3aMMCaHHbI store-om)
}

store-release load-acquire

" void read_thread() { / ”

bool expected = false;

while(!locked.compare_exchange weak(

= expected, true, acquire, relaxed))

Synchronize With {
expected = false;

2 V2 HUAWEI



spin _mutex m; int datal; int data2;

void write_thread() {

m.lock();
datal = 42;
data2 = 43;
l locked.store(false,

m.unlock();

Synchronize With

23

std: :memory_order_release);

locked.compare_exchange weak(false, true,
std: :memory_order_acquire, )

void read thread() {

m.lock();
auto'rl = datal;
auto r2 = data2;

!

m.unlock();

V2 HUAWEI



24

spin _mutex m; int datal; int data2;

void write_thread() {

m.lock();
datal = 42;
data2 = 43;

l Happens Before

void read thread() {

m.lock();
auto’rl = datal;
auto r2 = data2;

!

m.unlock();

V2 HUAWEI



SeqglLock

int datal = 0; bool is locked(std::size t v) { return v & 1UL; }
int data2 = 0;

std::atomic<std::size t> counter {0};

std::size t lock(){
std::size t seq = 0;
do {
// wait for other writer to complete
while (is locked(seq = counter.load(relaxed))) { pause(); }
} while (counter.compare_exchange weak(seq, seq + 1, seq_cst, relaxed));
return seq;

¥

void unlock(std::size t seg@){
counter.store(segd + 2, seq cst);

¥

25 V2 HUAWEI



SeqglLock

int datal
int data2 = 0;

std::atomic<std::size t> counter {0};

void write(int d1, int d2) { void read() {
std::size t seq = lock(); std::size_t seq@, seql;
int rl, r2;
datal = di; do
data2 = d2; T ) segd = counter;
; Datarace .. 1 = datal:
unlock(seq); r2 = data2;
} seql = counter;
}

0; bool is locked(std::size t v) { return v & 1UL; }

while (is_locked(seg@) || seqe != seql);

2 HUAWEI



SeglLock — NoHKa

* [Touemy 3TO roHKa AAHHbIX?

* “The execution of a program ... contains two potentially concurrent
conflicting actions, at least one of which is not atomic, and neither
happens before the other”

* Henb3a npourHopuposartb (T.K. 3To UB B C++)

V2 HUAWEI



SeqglLock

std::atomic<int> datal = 9; bool is locked(std::size t v) { return v & 1UL; }
std::atomic<int> data2 = 0;

std::atomic<std::size t> counter {0};

void read() {

void write(int di1, int d2) { std::size t seqg9, seql;
std::size t seq = lock(); int rl1, r2;
do {
datal.store(dl, seq_cst); seqd® = counter.load(seq cst);
data2.store(d2, seq _cst); rl = datal.load(seq _cst);
r2 = data2.load(seq cst);
unlock(seq); seql = counter.load(seq cst);
} }

while (is_locked(seq@) || seq@ != seql);

V2 HuAWEI



Seglock, sec cst Bepcus

 CraHpapT rapaHTUPYET, YTo BCe seq_cst onepauuun (Hag Bcemu
nepemeHHbIMK) YNopAa0YEeHHbl

*  nepeynopaaoYnmBaHMA HEBO3MOXHbI (HeHabatogaembl)

* «HeonTMmanbHaa» NPoOnN3IBOAUTENBHOCTb

V2 HUAWEI



Seqglock, onTmmnsnpoBaHHbIN?

void read() {

std::size t seq®, seql;

int rl, r2;

do {
seg® = counter.load(seq cst);
rl = datal.load(relaxed);
r2 = data2.load(relaxed);
seql = counter.load(seq cst);

}
while (is locked(seqg®) || seqo != seql);

V2 HUAWEI



Seqglock, onTmmnsnpoBaHHbIN?

CeLMM YTEHUA 1 3aMNNCK He void write(int di1, int d2) {
nepeKpbIBaOTCA: std::size_t seq = lock();

datal.store(dl, seqg cst);

. Happens Before
void read() { - data2.store(d2, seq_cst);

std::size t seg@, seql;
int rl, r2;
do {
segd = counter.lo
rl = datal.load(relaxed);
r2 = data2.load(relaxed);
seql = counter.load(seq cst);

nlock(seq);

Synchronize With

}
while (is_locked(seg@) || seq@ != seql);

V2 HUAWEI



SeqglLock, onTummnsnpyem?

* [1ns nepeKpbIBaOWMXCA BO BPEMEHU CEKLIUIA
yTeHusa/3anncnm HeobxoaMMo rapaHTUPOBaATb:

 Ecau yutaTtento (4aCTUYHO) BUAHbI USMEHEHMUA
NAHHbIX, 40 AO0MHbI ObITb BUAHbI U MOAUDUKALNM
CYETYMKA (KaK MMHMMYM NepBas)

 [JlaBanTe nonpobyem nx HaANTW:

V2 HUAWEI



SeqglLock, onTmmnsnpoBaHHbIN?

void read() {
std::size t seqg®, seql;

(ijnt{r‘l, r2; Koa He paeT Takux rapaHTum
o)

seq® = counter.load(seg cst);

void write(int di1, int d2) {
std::size t seq = lock();

datal.store(dl, seq cst);

1
r data2.store(d2, seq cst);

r2

datal.load(relaxed);
data2.load(relaxed);

seql = courrter.load(seq_cst); unlock(seq);

} }
while~(is_locked(seg®) || segd != seql);
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Seqglock, onTmmnsnpoBaHHbIN?

Naoea (He moa ®):

Mcnonb3oBaTb 3aWMLLaeMble AaHHble ANA CUHXPOHU3AUMNNK
(T.e. nony4yeHmnAa HeobxoaANMMbIX rAPaAHTUN)
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Seqglock, onTmmnsnpoBaHHbIN?

void read() {
std::size t seqg@, seql;
int rl, r2;
do {
seqd@ = counter.load(seq cst);

void write(int di1, int d2) {
std::size t seq = lock();

~ = datal.load(acquire);<e————‘——‘“”‘ff'_—_—data1'Store(dl) release);
r2 = data2.load(acquire); . _~——data2.store(d2, release);
seql = counter.load(seq cst); \“Qi\ unlock(seq);

} } o

while (is_locked(seg®) || seg@ != seql); Synchronize with
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SeqglLock, onTmmnsnpoBaHHbIN?

void read() {

std::size_t seq@, seql; Sequenced before
int rl, r2; g
do {

seq® = counter.load(seq_cst);

void write(int d1, int d2) {
std::size_t seq = lock();

datal.load(acquire); . datal.store(dl, release);

rl = .
r2 = data2.load(acquire); . - —data2.store(d2, release);
seql = counter.load(seq cst); \“\i\ unlock(seq);

} r o

while (is_locked(seg®) || seg@ != seql); Synchronize with
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SeqglLock, onTummnsnposaHHbIN!

void read() {
std::size t seqg@, seql;
int rl, r2;
do { )
seqd = counter.load(seq_cst);”

Sequenced before

) void write(int di, int d2) {
HappensBeﬁwé std::siZe\\ seq = lock();

datal.load(a,céihire);\“*~ atal.stor‘Jdl, release);

rl = |
r2 = dataZ-lofd(éCqui/e);v .data2.store(d2, release);
seql = counter.load(seqg cst); \\\\\ \UnlOCk(SGQ)S

} o

while (is_locked(seg®) || seg@ != seql); Synchronize with
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SeqglLock, onTummnsnposaHHbIN!

void read() {
std::size t seg@, seql;
int rl, r2;
do {
seq® = counter.load(acquire);
void write(int di1, int d2) {
Happens Before std::size_t seq = lock();

datal.load(acquire);\\w atal.store%dl, release);

rl = |
r2 = dataz.loId(jiigitgl;/ﬂ\ \;dataz.store(dz, release);
seql = counter.load(relaxed); \\\\\\\unlock(seq);

} P

while (is_locked(seg®) || seg@ != seql); Synchronize with
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Seqglock, onTummnanposBaHHbIN, eLwe!

void read() {

std::size t seg@9, seql;

int rl, r2;

do {

seg® = counter.load(acquire);
void write(int di1, int d2) {

datal.load(relaxed); std::size t seq = lock();
data2.load(relaxed);

rl
r2

atomic_thread fence(release);
atomic_thread_fence(acquire);

datal.store(dl, relaxed);
seql = counter.load(relaxed); data2.store(d2, relaxed);

¥

while (is_locked(seq@) || seq@ != seql); unlock(seq);
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Seqglock, 3abopbl ©

» [atomics.fences].2

* A release fence A synchronizes with an acquire fence B if there exist
atomic operations X and Y, both operating on some atomic object M,
such that A iIs sequenced before X, X modifies M, Y Is sequenced
before B, and Y reads the value written by X ....

void thread _a(){
[/

A Sequenced before

M.store(9,relaxed); /
void thread b(){

- auto r = M.load(relaxed); //Y
Synchronize with

atomic_thread_fence(acquire); //B
} V2 HUAWEI


https://timsong-cpp.github.io/cppwp/n4868/atomics.fences#2
https://timsong-cpp.github.io/cppwp/n4868/atomics.fences#2.sentence-1

Seqglock, onTummnanposBaHHbIN, eLwe!

void read() { Sequencgd before

std::size t seqg@, seql;
int rl, r2;
do {

seqd = counter.load(acquire); void write(ih£\d1, int d2) {
std::size't. seq = lock();
rl = datal.load(relaxed); Y g ¥

r2 = data2.load(relaxed);

atomic_thread_fence(release);

Sequenced
e

y— - _ o .
v atomlC_thfﬁﬂd—fence(vaU1Pe)’ datal.store(dl, relaxed);

J
2. 2, 1 ;
seql = counter.load(relaxed); data2.store(d2, relaxed)

} unlock(seq);
while (is_locked(seg®) || seg@ != seql);
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Seqglock, onTummnanposBaHHbIN, eLwe!

void read() { Sequencgd before

std::size t seqg@, seql;
int rl, r2;
do {

seqd = counter.load(acquire); void write(ih%\dl, int d2) {

std::size 't.seqg = lock();
rl = datal.load(relaxed); =g OF

r2 = data2.load(relaxed);

atomic_thread_fence(release);

datal.store(dl, relaxed);

. ¢ \
s . data2.store(d2, relaxed);
seql = counter.load(relaxed); \ (d2, )

Sequenced
before
Q
r'l'
ok
=
l_l
ﬁ
r-l'
oD
=
M
Q
Q.
_h
()
- )
(@)
()
PamN
Q
(@)
O
C
|_I
=
M
\./

} hplock(seq);
while (is_locked(seg@) || seq® != seql); :
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Seqglock, onTummnanposBaHHbIN, eLwe!

void read() { Sequencgd before

std::size_t seq@, seql; Happens Before
int rl, r2; N
do {

seqd® = counter.load(acquire); \\\ void write(ih%\dl, int d2) {

std::size 't.seqg = lock();
rl = datal.load(relaxed); =g OF

r2 = data2.load(relaxed);

atomic_thread_fence(release);

Sequenced
e

datal.store(dl, relaxed);

o

O atomlc thread _fence(acquire);
0 ~ ‘\‘\

. data2.store(d2, relaxed);

J

seql = counter.load(relaxed);

} ‘hplock(seq);
while (is_locked(seq®) || sege != seql); \

Synchronize with 2 HUAWEI



Seqglock, (nony-)puHanbHaga Bepcus

class seq lock {
using counter_t = unsigned long int;
std::atomic<counter_t> seq_ {0};
public:

counter_t lock() ;
void unlock(counter_ t seg@);

template <typename T>

friend T load(seq_lock const& 1, const T& data);
template <typename T>

friend void store(seq lock& 1lck, T& dst, const T& src);

¥

44
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Seqglock, (nony-)puHanbHaga Bepcus

counter_t seq lock::lock() {
counter_t seq@ = seq_ .load(std::memory order relaxed);

do {
while (is_locked(seg®)) {
// some waiting/backoff code like:
//  std::this _thread::yield();
seqd = seq_.load(relaxed);

¥

} while (!seq_.compare_exchange weak(seq@, seq@ + 1, acquire, relaxed));
return seqgo;

¥

void seq lock::unlock(counter t seg@){ seq .store( segd + 2, release); }
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Seqglock, (nony-)puHanbHaga Bepcus

template <typename T>
T load(seq lock const& 1, const T& data){
static _assert(std::is _trivially copyable v<T>);

typename decltype(l.seq )::value type seqg@, seql;
T loaded;
do {

seqd = l.seq_.load(std::memory order_acquire);

atomic_load memcpy(&loaded, &data, sizeof(loaded));
std::atomic_thread fence(acquire);

seql = l.seq_.load(std::memory order_relaxed);
} while (is_locked(seg@) || (seg@ != seql));

return loaded;
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Seqglock, (nony-)puHanbHaga Bepcus

inline void* atomic_load memcpy(void* dest, const void* source, size_ t count){
size t uintmax_count = count / sizeof(uintmax t);
size t uintmax_bytes = uintmax_count * sizeof(uintmax_t);

for (size_t i = 0; i < uintmax_count; ++i){
auto& dst = as<uintmax_t*>(dest)[i];
auto& src = as<const uintmax_t*>(source)[i];

dst = as_atomic(src).load(relaxed);
for (size_t 1 = uintmax_bytes; i < count; ++i) {
auto& dst = as<char*>(dest)[i];
auto& src = as<const char*>(source)[i];
dst = as_atomic(src).load(relaxed);

}

return dest;
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Seqglock, (nony-)puHanbHaga Bepcus

template <typename T>
void store(seq lock& 1lck, T& dst, const T& src){
static assert(std::is trivially copyable v<T>);

auto 1lck _tckn = lck.lock();

std::atomic_thread fence(release);
detail::atomic_store memcpy(&dst, &src, sizeof(dst));

lck.unlock(1lck tckn);
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Seqglock, (nony-)puHanbHaga Bepcus

inline void* atomic_store_memcpy(void* dest, const void* source, size t count){
size t uintmax_count = count / sizeof(uintmax_t);
size t uintmax_bytes = uintmax_count * sizeof(uintmax_t);

for (size t i

©; 1 < uintmax_count; ++i) {
as<uintmax_t*>(dest)[i];
as<const uintmax_t*>(source)[i];

as_atomic(dst).store(src, relaxed);

auto& dst
auto& src
}
for (size t i
auto& dst
auto& src

uintmax_bytes; i < count; ++i) {
as<char*>(dest)[1i];
as<const char*>(source)[i];

as_atomic(dst).store(src, relaxed);

¥

return dest;
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[TpomerKyTouHble utorn++ (ewe oaHm)

 Seqlock peannsyem Ha C++
* KoppeKTHO "
*  JDPPeKTUBHO

* Mogenb namatun C++
°* He ONMUCbIBaeTCAa B TEPMUMHAX NepeynopaaodynmBaHna MHCTPYKLUM
¢ He 3KBUBAJIEHTHA MOAE/TU NaMATU B AlNMaPATHbLIX aPXUTEKTYPAX
*  [OCTYMHa A4 NOHUMaHMUA NPOCTbIM CMEPTHbIM (HY Uan nouTu...Q)

e CraHgapT C++ MOXHO U1 HYXXHO YMnTaTb (+pncoBaThb)
* C++ - Heymonmmasa cuna!l ©
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[lone3Hble CCbINKU

 “Can Seglocks Get Along With Programming Language Memory

Models” , Hans-J. Boehm
https://www.hpl.hp.com/techreports/2012/HPL-2012-68.pdf

e «AtomapHbIn» memcpy 'P1478: Byte-wise atomic memcpy”
 OpurnHanbHana Kykywka https://github.com/efficient/libcuckoo

e CraTbf NPO NeHUBbIN pexsawunHr https://arxiv.org/abs/1509.02235

o «JluTeKe» - ewé 6onee NPoABUHYTbLIA aNTOPUTM CUHXPOHM3ALLMM Ha

OCHOBE 3MOX C YNpaB/ieHUEM LUUKJIOM ¥N3HU (JO0CTOMH OTAENbHOM
nybaukaumm) https://github.com/oneapi-src/oneTBB/pull/131

* A YTO, Bbl YTO-TO eLwé xoTenu? ©
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https://www.hpl.hp.com/techreports/2012/HPL-2012-68.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p1478r7.html
https://github.com/efficient/libcuckoo
https://arxiv.org/abs/1509.02235
https://github.com/oneapi-src/oneTBB/pull/131

g Torn

¢ CVIHXpOHVI3aLI,VIFI: He TOKOM edUuHbIM, ECTb PAd3HblE MeTO bl
* Moauduumnpytouime atTomapHble onepaunmn — goporume
* TonbKO YTEHME NO HacToAWeEeMy MmacwTabupyerca, nyvyante MESI
* CyétumkK 3nox u Seqlock — BarKHble TEXHMKN ONTUMMN3AL NN

* bnbnmnotekun, ux nuTepdencbl MoryT CKpbiTb ocobeHHocTM Seglock
* MOHO NOCTPOUTb MHOFOMNOTOYHYIO X3W-Tabanuy ¢ Cek/Tokom
e «[leceH ewe He HaNMCaHbIX CKOJIbKO, CKaxKn KyKyLiKa, nponon!»

e (Cranpgapt) C++ no3BonsaeT nucatb 3GPEKTUBHbBIE A/ITOPUTMbI CUHXPOHM3aAL NN
N CTPYKTYP AQHHbIX

* Ho 31O He TpusMuanbHo... ©
* A He anAa Bcex cny4vyaes

* [logennTecb CO MHOW NOXKAaNymucTa ecim CMOI/IN 3TO NPUMEHMUTb Ha NPaKTUKe!
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