PacwmnpeHuna ctaHOapTHOM
bubnmnortekn Cu++ ann
MHOFOMNOTOYHOIO

NPOrpaMmmMmmnpPOBaAHNA B CTaHOAPTE
Cu++ 11



HoBbln cTaHaapT Cu++

19 nekabpa 2011 roga mexxAyHapoAHAA opraHmM3aumna no ctaHgaptTmuaumm I1SO
obbsABMNa 0 Bbixoge ctaHaapTa C — ISO/IEC 9899:2011 (paHee HeodUUMaNbHO

n3sectHoro Kak C1X).

OcHOBHble U3MeHeHUA No cpaBHeHuto ¢ C98 n CO3:

Tun auto

[nana3oHHbIN for

YnpaBneHue nosegeHmem no ymondanuio: default n delete
Rvalue ccbinku

Nambpa-BblparkeHuns

MoppeprKKa MHOTONOTOYHOCTH

future & promise



[logaepKKa CTaHAapTa
TpaHcnaTopom GNU C++

Bepcna GNU C++ 4.7.2 npakKTUYeCKM NONAHOCTbIO
nogaeprmeaeT napannenbHble BO3SMOXHOCTU Cu++

11.

CHbopKa NpUNoKeHUs
c++ -std=c++11 -0 ex2 ex2.cpp —pthread

B 6onee paHHUX Bepcuax
c++ -std=c++0x



[logaep*KKa MHOTONOTOYHOCTWU

Knacc std::thread,

3aronoBo4YHbin pann <thread>



[TpocTenwaa napannesnbHas
nporpamma

#include <iostream>
#include <thread>

void hello()
{

std::cout<<"Hello Concurrent World\n";

}

int main()

{
std::thread t(hello);

t.join();



3aI'IyCK MOTOKA C 3K3eMNJIAPOM KJ/1aCCa

#include <iostream>
H#include <thread>

int main()

{

class background_task

{
public:
void operator()()

{

std::cout << "Hello\n";

}



3aI'IyCK MOTOKA C 3K3eMNJIAPOM KJ/1aCCa

background_task f;
std::thread my_thread(f);
my_thread.join();

B HOBOM NOTOKe co34aeTcA Konusa IK3EeMMNNAPA Knacca!



PYHKUMOHaNbHble 06beKTbl B C++ 11

HauunHaa co ctaHpaapTa C++11 wabnoHHbIM Knacc std::function
ABnAeTca NoMMmopPHoOM 0bEPTKOM PyHKUMN AnAa obuiero
MCNONb30BaHMUA.

Ob61beKTbl Knacca std::function moryTt xpaHuTb, KONUPOBATbL U
BbI3bIBATb MPOWU3BO/IbHbIE Bbl3blBaeMble 06beKTbl - GyHKLUMKU, nambaa-
Bblpa*KeHusA, BbIPaXKeHUA CBA3bIBAHMA N Apyrne GyHKUNOHaNbHbIE
0OBbEKTHI.

B ntobom mecTe, rage He0H6XoaAMMO MCNO/Ib30BaTb YKA3aTe/lb Ha
bGYHKUMIO A8 €€ OT/IOXKEHHOTO BbI30Ba, MK ANS co34aHUA GYHKUUU
0bpaTHOro Bbi30Ba, BMECTO HEFrO MOXET ObITb NCNOJ/Ib30BaAH
std::function, KoTopbIM NpeaocTaBNAET NOAb30BaATENO OONbLIYIO
rmbKoCTb B peanmsauun.



PYHKUMOHANbHble OOBbEKTHI

#include <stdio.h>
#include <functional>

int sum(int a, int b) {
return a + b;

}

main() {
std::function<int (int, int)> f = sum;
printf("1 + 2 = %d\n", f(1, 2));

}



std::bind

dyHKUMA std::bind Ha3biBaeTca “npmBAsbiBaeT’ HEKOTOPbIE
aprymeHTbl K PYHKLUMOHA/IbHOMY 0OBEKTY, CO34aBaA HOBbIM
dGYHKUMOHaNbHbIN 06beKT. To ecTb, Bbi30B std::bind akBMBaneHTeH

BbI30BY PYHKLMOHANBbHOIO 06BEKTA C HEKOTOPbIMU OnpeaeNEHHbIMMK
napameTpamm.

[lepenaBaTb MOXHO MM HeNOCPeACTBEHHO 3HAa4YeHUA aprymeHTOB,

AN CneumanbHble UMeHa, onpeaeneHHble B MPOCTPAHCTBE MMEH
std::placeholders.



std::bind
template< class F, class... Args >
[*unspecified*/ bind( F&& f, Args&&... args );
Return value:
A function object of unspecified type T, for which

std::is_bind_expression<T>::value == true,
( 06BEeKT nonyyeH ¢ nomoubto std::bind)

and which can be stored in std::function



Mpunmep std::bind

H#include <stdio.h>
#include <functional>

int sum(int a, int b) { CneumanbHbI 0OBEKT,

returna + b; BblAENAOWNIA NapamMeTp ans
} nocneayoLLero «CBA3bIBaHMA»
main() {

std::function<int (int, int)> f = sum;

printf("1 + 2 = %d\n", f(1, 2));

g = std::bind(sum, 1,[std::placeholders::_]});
4 = %d\n", g(4));

print

Hecneunduuympyembin tun,
BbIYNC/IAEMbIN B Npouecce
KOMMNUAALUN




KonupoBaHne napameTpoB Npu nepegave B
KayecTBe aprymeHToB QyHKLMNUK

[MapameTpbl BCeraa KONMMPYOTCA U COXPAHAKTCA BO BPEMEHHbIX
obbeKkTax nepen nepeaayei npu ncnonb3osaHuu std::bind.
Y10b6bI 3TOrO0 HE NPOMCXo0ANN0, CaeayeT NCNOIb30BaTb
KOHCTpYKuMmio std::ref, no3sonstouwyto caenatb n3 06bEKTa
CCbINIKY HAa HEro, KOTOPY MOXXHO KONMPOBATb.



[Mepenava obbeKTa Knacca no
CCbl/IKe

YT06bI NPEAOTBPaTUTL KOMUPOBaHWE 0OBbEKTa, CneayeT UCNONb30BaTb
Tun std::reference_wrapper<T>, KOTOPbIN ABNSETCA «OOEPTKON» BOKPYT
CCbINKK TUNa T 1 BO3BPALLLAET CCbIJIKY Ha 0O6bEKT NOCPeACcTBOM METOAa
get() nnbo B pesynbTaTe HeABHOro NnpeobpasoBaHUA TMNA (MOXKeT
MCNO/Ib30BaTbCS B KOHTEKCTE, rae Tpebyetca obbluHan CCblsKa)

Co3paetcs ¢ nomoulbto std::ref() u std::cref().

3TOT KNacc 06bIYHO Ncnosb3yeTtca anAa ABHOMN nepeanayvu obbeKToB
CCbINNIOYHOIO TUNAa:

template <typename T> void foo (T val);
int x;

foo (std::ref(x)); // x — ccbinka TMna int&

foo (std::cref(x)); // x — ccbinka Tnna const int &



Mpumep ncnonb3osaHusa reference_wrapper

#include <iostream>

#include <functional> void process(A& a) {

a.f();

class A { }

public: : i

void f() { n::am(){

td:: t << "Hello, A\n": ’

}5 cou ello, A\’ std::reference_wrapper<A> ra = std::ref(a);

\ process(ra);

; return O;
}

posypkin@mikhail:~/exp/sandbox/c11$ c++ -std=c++11 -0 ref ref.cpp
posypkin@mikhail:~/exp/sandbox/c11$ ./ref

Hello, A
posypkin@mikhail:~/exp/sandbox/c11$ §}




Mpumep ncnonb3osaHusa reference_wrapper

#include <iostream> int main() {
#include <vector> A a;
std::reference_wrapper<A> ra = std::ref(a);
class A { std::vector< std::reference_wrapper<A> >
public: vra;
vra.push_back(ra);
void f() { vra.push_back(ra);
std::cout << "Hello, A\n"; vra.push_back(ra);
} for(auto o : vra) {
} process(o);
}
void process(A& a) { return O;
a.f(); }
}

posypkin@mikhail:~/exp/sandbox/c11S c++ -std=c++11 -0 vref vref.cpp
posypkin@mikhail:~/exp/sandbox/c11S . /vref
Hello, A

Hello, A
Hello, A
posypkin@mikhail:~/exp/sandbox/c11$ |}




[Mepenaya aprymeHTOB MO CCbINKe
M MO 3HAYEHUIO

#include <stdio.h>

Hif 1
#include <functional> !

std::reference_wrapper<C> rc3 = cl;
rc3 = std::ref(rc2);

CIa;T-C_{ rc3.get().a = 10;

pg(inl’f.v) Lav) O printf("cl.a = %d\n", cl.a);
int a: . printf("c2.a = %d\n", c2.a);
o #else

b C& rc3 =cl;

) Nt

g;lr(cll)'z o1 printf("cl.a = %d\n", c1.a);

’ printf("c2.a = %d\n", c2.a);

€ c2(2); #endif

C& rc2 =c2;

}



Mcnonb3oBaHUe 06blYHbIX CCbINOK

C& rc3 =cl;

rc3 =rc2;

rc3.a =10;

printf("cl.a = %d\n", cl.a);
printf("c2.a = %d\n", c2.a);

HaneyaTaeT (NpMcBanBaHME CCbINOK NPUBOAMUT K NPUCBAUBAHUIO
3Ha4YeHU 06BHEKTOB)

cl.a=10
c2.a=2



Mcnonb3oBaHue
reference _wrapper

std::reference_wrapper<C> rc3 = cl;
rc3 = std::ref(rc2);

rc3.get().a = 10;

printf("cl.a = %d\n", cl1.a);
printf("c2.a = %d\n", c2.a);

Hane4yaTaeT (NpMcBaMBaHWE CCbINOK NPUBOAUT K U3MEHEHMUIO
YKa3biBaemoro obbekTa)

cla=1
c2.a=10



[Mpnmep ncnonb3losaHua ref ana
nepenavyn obbeKTa Nno ceblke

class F {
public:

F() : a(10) {}

void operator()() {
a=0>5;

}

int a;

5



[Mpnmep ncnonb3losaHua ref ana
nepenavyn obbeKTa Nno ceblke

main(int argc, char® argv([]) {
Ff;
std::thread th(f);
th.join();
printf("a = %d\n", f.a);

std::thread thr(std::ref(f));

thr.join();
printf("a = %d\n", f.a);
}
mikdebian@debi1an32:~/exp/course/cll$ . /thref
a = 10
a =5

mikdebian@deb1an32:~/exp/course/clls




[lepenaya aprymeHTOB

[Nepenaya aprymeHTOB B CO3/1aBaeMblii MOTOK
NPOU3BOAMTCA TaK¥Ke NPOCTO, KakK 1 Npu 0bblYHOM
Bbl30Be PYHKLMU, HANpUMmep:

void f(int i,std::string const& s);
std::thread t(f,3,”hello”);

[Mpn 3TOM HEOHXOAMMO NMOMHUTbL, YTO APryMEHTbI
KONUPYIOTCA B 3anyCKaembin NOTOK. UrHopupoBaHue
3TOro GaKkTa MOMKET CNYKUTb UCTOYHUKOM OLLNOOK.



BO3MOHble CKpPbITbleé NCTOYHUKN

OLWMNOOK

void f(int n, std::string& s);

void oops(int some_param)

{

}

char buffer[1024];
sprintf(buffer,”%i”,some_paramy);
std::thread t(f,3,buffer);
t.detach();

Mpeobpa3oBaHune TMNa
NPOM3BOAUTCA B CO34aHHOM
NOTOKe, MPX 3TOM J1I0KaIbHasA

nepemeHHasn buffer moxet
nepecTaTb CYLLECTBOBATb K
3TOMY MOMEHTY, YTO BbI3OBET
OLWMNOKY



KoppeKTHbIN KoA,

void not_oops(int some_param)

{
char buffer[1024];

sprintf(buffer,”%i”,some_param);

std::thread t(f,3,std::string(buffer));

t.detach(); ABHOE NpeoBpasosatie
} ’ npon3BoanUTCA A0 CO340aHUA

3K3emnaspa obbeKTa
std::thread B noToKe, B HOBbI
NOTOK KONUPYETCS NONHOCTbIO
o0b6bekT TMna std::string



[Mepenaya aprymeHTOB MO CCbINKe

inta=>5;

main(int argc, char® argv[]) {
std::thread th(f, a);
th.join();

printf("a = %d\n", a);

std::thread thr(f, std::ref(a));

thr.join();

printf("a = %d\n", a);
mikdebian@deblian32: ~/exp/course/cll$ . /thrparret
a=>5
a = 10

mikdebian@debian3z: ~/exp/course/clls I



[MonyyeHmne 3Ha4YeHUA PYHKL UM,
paboTaloLlen B NOTOKeE

* Pe3ynbraT, BO3BpaLLaemMblt PYHKLMOHANTbHbIM
06BbEKTOM-apPrymeHTOM NOTOK3,
NrHOpUpyeTcA.

e [1na nepenaye poanUTENbCKOMY MOTOKY
BO3BPaALLAEMOro 3HAYEHUSA, HYKHO
MCNONb30BaTb APYrne KOHCTPYKLUU,
Hanpumep std::future



[TOTOKU- « 1€ MOHbI»

MeTop, join() Knacca std::thread no3ssonser goxxgatbea
3aBepLIeHNA CO34aHHOro NoToKa. B atom metoae
NPOUCXoAUT 0CBODOOXKAEHME pecypcoB, 3aHATbIX MOTOKOM.

MeTtopa, detach() pa3pbiBaeT accoumaumnto ob6bEKTa TMNA
std::thread n co3zgaHHOro NnoToKa, nepemeHHasa MOXKeT
MCMNONb30BaTbCA NOBTOPHO A/1A CO3AaHMNA APYIrUX NOTOKOB.
OcBobOKAeHME 3aHATbIX pecypcoB bepeT Ha cebs
6ubnnoteka Cu ++ 1 BbINOAHAETCA NOCNE 3aBepPLUEHUA
NoTOKa.

Bce noToKu NPUNOKEHUNA 3aBEPLUAOTCA NPUN 3aBepPLUEHUN
NMPUNOKEHUA.



[lomep co3aaHMA MOTOKOB-

«1eMOHOBY»
class background_task
{
public:
void operator()(char c)
{

for(inti=0;i<10;i++){
std::cout << ¢ << std::flush;
sleep(1);

}

std::cout << "thread [" << c << "] finished\n" << std::flush;



[lomep co3aaHMA MOTOKOB-
«AeMOHOBY

main() {
background task f;
std::cout << "Enter y to terminate\n" << std::flush;
while(true) {
char c;
std::cin >> c;
if(c=="y')
break;
else {
std::thread my_thread(f, c);
my_thread.detach();



Pe3ynbraT paboTbl Nporpammbl

Enter y to terminate
a

aaaaba
babababcab

cabc
thread [a] finished
bcbcbcbc
thread [b] finished
cccc
thread [c] finished

y



RonnpoBaHMe 3K3eMNIAPOB
Knacca std::thread

[1ns cokpaweHmna Yncaa BO3MOKHbIX OLLINOOK He
pa3speluaeTca umeTb bosiee 04HOM CCbINIKM Ha 0O BbeKT

Tnna std::thread. MosTomy KonupoBaHue 3anpeLleHo,
pa3peLleHo TONbKO nepemeleHue obbeKTa.



std::move

std::move — pyHKuMA, npeobpasytowas Tmn lvalue (T&) k Tuny rvalue (T&&).
I9TO NO3BOJIAET NeperpyXatb KOHCTPYKTOPbI NO YMOAYAHUIO U OMepaTopbl
NPUCBaMBaHMA TaKMM 06pa3om, 4TOObI yNpoCTUTb NepemelLeHne 0b6beKTa.

MpumeHeHue std::move yKasbiBaeT Ha TO, YTO apryMeHT He MOXKET Aanee
MCMOIb30BaTbCA U AOIKEH KYMEPETb» NOC/NE 3aBepLUEeHMNA NPUCBANBAHMUA.

Y106bI M36€EXKaTb ABOMHOIO YAA/EHUA aNN0UMPOBaHHbIE 0ObEKTbI KOHCTPYKTOP
nepemeLleHns Uan onepaTop NpMcBaMBaHUA C CEMaHTUKON NepemeLleHna obHynsaeT
annoumpyemble 06beKTbl NepemeLLLaemMoro Knacca (npaBon YacTn NpMcBanBaHmA) Uau
nepenucbiBaeT TyAa YKasaTenm Ha 06beKTbl U3MeHAeMOoro Kaacca (nesas Yactb
npucBamBaHuA).

O6bI4HO MMEIOT ABa KOHCTPYKTOpa M onepatopa npucBansaHua (ansa lvalue u rvalue).
C(C && ) // nepemeuleHne
C(const C& c) // konuposaHue



HenpaBuabHoOeE
Mcnosib3oBaHue rvalue

class A {
char* p;

A(A && a) {

delete [] p;

p =a.p;
//nocneaytowmin Bbi3os
delete
//B AecTpyKkTope Knacca a
//npunBeneT K owmnbKe

}



[lpaBUIbHOE
MCNoab3oBaHUe rvalue

1. O6bHyneHmne

class A {
char* p;

A(A && a) {

delete [] p;

p=a.p;

a.p = nullptr; //
//nocnepyowmin Boizos delete
//B AecTpyKTope Knacca a He
//npuBeaeT K ownbKe

}

2. ObmeH yKasaTtenamm

class A {
char™ p;

A(A && a) {
char *tmp = p;
P=a4a.p,
a.p =tmp; // 6ynert
// ocBoboxaeH npu
// BbI30BE AECTpyKTOpa a

}



KOHCTPYKTOPbI 1 onepaTopbl
npucBansaHuna std::thread

std::thread::thread

thread(); (1) (since C++11)
thread( thread&& other ); (2)  (since C++11)
template< class Function, class... Args = . .

explicit thread( Function&& T, Argsé&d. .. args ); () fsince C4+11)
thread(const thread&) = delete; (4)  (since C++11)

std::thread::0perator=

thread& operator=( thread&d other ) ; {since C++11)

Assigns the state of other to *this using move semantics.

If *this siill has an associated running thread (i.e. joinable() == true ), std::terminate() is called



RonnpoBaHMe 3K3eMNIAPOB
Knacca std::thread

std::thread my_thread(f);
std::thread new_thread;

HenpaBWabHO:
new_thread = my_thread;

[1paBUNbHO:
new_thread = std::move(my_thread);



Bo3BpaT NOTOKa GYyHKUMNEN —
KOPPEKTHbLIN BAPUAHT

std::thread make_thread() {
background_task f;
std::thread my_thread(f);
return my_thread;

}

~
main() {
std::thread new_thread; BO3E:r52|L|:2eTCH
new_thread = make_thread();

new_thread.join(); ~ -




3anycK rpynnbl MOTOKOB

H#Hinclude <thread>
#include <iostream>
H#include <vector>

void bt() {
printf("Hello\n");
}

main() {
std::vector<std::thread> v;
for(inti=0;i<8;i++){
std::thread th(bt);
v.push_back(std::move(th));

}
for(auto& t:v) t.join();



NoeHTUPUKaLMA NOTOKOB

NpeHTuduKatop umeet tun std::thread::id n asnaerca
VHUKANbHbIM.
MeToabl ANA nony4yeHnsa naeHnduKaTopa:

MeTtopg, get_id() knacca std::thread no3sonset nonyuntb
NHAEHTUDUKATOP NOTOKA, COOTBETCTBYIOLLLETO
3agaHHOMY Knaccy. MeTop std::this _thread::get_id()
BO3BpaALLLAET 3K3eMMNAAP BbI3bIBAOLLEro NOTOKA.



NoeHTUPUKaLMA NOTOKOB

std::thread::id master _id;

void bt() {
if(std::this_thread::get_id() == master_id)
printf("Hello from master thread\n");
else
printf("Hello\n");



NoeHTUPUKaLMA NOTOKOB

main() {

std::vector<std::thread> v, Owwnbka!ll mastr_id moxeT He

intn=38§; NONy4YnTb 3HAYEeHUe A0 BbI30Ba
for(inti=0;i<n;i++){ bt()
std::thread th(bt);
if(i == 0) master_id = th.get_id();
v.push_back(std::move(th));

}
for(auto& t : v) t.join();

admin@irbis8:~/exp/lecturess$ ./ex6
o from master thread




BbluncneHmne nHTerpana

void integrate(int n, int start, int step, const
std::function <double (double)>& f, double&
rv) {
doubleh=(B-A)/n;
double v =0;
for(inti =start; i < n; i +=step) {
double x = A +i*h + h/2;
v += f(x);
}
rv=v*h;

}



BbluncneHmne nHTerpana

int main(int argc, char* argv(]) { for(inti=0;i<nt;i++){
int n, nt; std::thread t(integrate, n, i, nt,
if(argc 1= 3) { std::cref(sin),std::ref(v][i]));
std::cout << "usage: " << argv[0] << " thr[i] = std::move(t);
number_of boxes number_of_threads\n"; }
return -1; double u =0;
} for(inti=0;i<nt;i++)
n = atoi(argv[1]); thrli].join();
nt = atoi(argv[2]); u +=Vvli];
double v[nt]; }
std::thread thr[nt]; std::cout << "The integral value is " << u <<
"\n";
return O;

}



BKCHepI/IMEHTa.ﬂbeIe HCCJICA0OBAHUA

DKCNMIEPUMEHTBI TPOBOAWIIUCH HA C ABYMs IPOLIECCOPAMU
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Tabauua pe3yjabTaToB JKCIIEPUMEHTA BpeMo
pemieHusi Ha si3bike C++11

Yuciao morokoB 1 2 4 8 16 32




I'paduk 3aBMCHMOCTH BPEMEHHU PadOThI
NapaJjieibHOM NPOrpaMMsbl OT YHCJIA 3allyCKaeMbIX
MOTOKOB Ha si3bIke C++11

I'pa¢guxk pesyabraron
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Bpemst padoThbI

2,788
2 1,479

= 1,073
1,074

1 2 4 8 16 32

YucJjao mnoroKkonB



MbloTeKchl

Knacc std::mutex

MeToAabl:

lock() — 3axBaT mbtoTeKca (A0/13KEH BbI3bIBAaTbCA TO/IbKO €CNU
NOTOK He BNaAEEeT MbIOTEKCOM) — MPUBOAUT K B/IOKMPOBKE
NMOTOKA 10 MOMEHTa OCBOHOXKAEHMA MbIOTEKCA APYTMM
MOTOKOM

unlock() — ocBoboxaeHne mbioTeKkca ([01*KeH Bbi3biBaTbCH
TO/IbKO, €C/IN MbIOTEKC 3aXBa4YeH NOTOKOM)

bool try_lock() — MNMbiTaeTtca 3ab610kMpoBaTb MbloTeKC. Bo3BpaT
NPOUCXOAUT HEMeAIeHHO. B chyyae ycnewHom yCTaHOBKM
6N0KNPOBKM BO3BpaLlaeTcs true, B MPOTMBHOM C/lyyae
BO3BpaLluaeTca false.



Resource Acquisition Is
Initialization (RAII)

KoHuenuusa, npeanonaratow,an YTo Nosy4eHne pecypcos
NPOUCXOAUNT NPU CO34aHUN 0O6bEKTA, a 0cBObOKAEHMNE
NPOMCXOAUT NPU Bbi3OBE AECTPYKTOPA.

3TO NO3BO/IAET rAPAHTUPOBATbL OCBODOOXKAEHME B CAy4ae
BO3HUKHOBEHMUA UCK/IFOYEHUMN, T.K. NpU 06paboTKe NCKAOYEHNI
BbI3bIBAOTCA AECTPYKTOPblI 06 BEKTOB, HAXOAALWMXCA HA CTEKE.



OnacHbIN NoAxX0A4, K BblAENEHUIO
pecypcos

class A {
public:
void alloc() { printf("resource allocated\n");}

void free() { printf("resource freed\n"); }

|3 He

, BbI3blBaeTCA
main() {

A a;

try {
a.alloc();

throw E();

a.fre:(); mikdebian@debian32:~/exp/course/cll$ ./raiil
} catch(...) { resource allocated
} mikdebilan@deblan32:~/exp/course,/clls

}



[TpaBMAbHbIM NOAXOA K
VrpaBAEHUIO pecypcamm

class A {
public:

A() { printf("resource allocated\n");}

~A() { printf("resource freed\n"); } [lecTpyKTop Bbi3biBaeTCA
b MNpu BO3HUKHOBEHUMU
struct E { UCKNTIOYEHNA N pecypcCbl
1 ocBoboOXKaatoTCA
main() {
try { _ _ . .

Aa mikdebian@debi1an32: ~/exp/course/c11% . /rail

th ’ E(); resource allocated

FOW L) resource freed

} catch(...) { mikdebian@debi1an32:~/exp/course;/clls I
}

}



RAIl npumeHnTenbHO K MbOTEKCaM

H#Hinclude <mutex>

std::mutex mut;
int a;

void f() {
std::lock_guard<std::mutex> Ig(mut);
a ++;

}

std::lock_guard — obepTKa Ansa mbroTeKca, obecneymBaroLl,as
ero 3axBaT Npu co3gaHun «rapaa» n ocBoboxKaeHue Ha
BbiIxoae 13 610Ka (B TOM 4mMcne n npu UCKAOYEHUN)



B3anmHasa 610KNMPOBKa U ee

npeoaoneHumne
Threadl: Thread2:
mutex1.lock(); mutex2.lock();
mutex2.lock(); mutex1.lock();

HeobxoamMmocTb 3axBaTa ABYX MbIOTEKCOB MOXKET
6bITb BbI3BaHA 3aLLMUTOMN ABYX S1€EMEHTOB AAHHbIX B
HekoTopoM onepauun (mutexl 3aWwMLLAET NEPBLIN
31eMEHT, mutex2 — BTopoW).



B3anmHasa 610KNMPOBKa U ee

npeoaoneHumne
Threadl: Thread2:

mutex1.lock(); mutex2.lock();
mutex2.lock(); mutex1.lock();

Bo3HMKaeT B3anMHasA 6.I'IOKMpOBI-(a U3-3a TOlo, 41O
Ka)K,ﬂ,bIVI U3 MOTOKOB MbITAETCA BbIMO/IHUTb 3aXBAT
MbIKOTEKCA, 3aXBa4e€HHOIo paHee APYyrmm nNOTOKOM.



B3anmHasa 610KNMPOBKa U ee
npeogoneHme

template< class Lockablel, class Lockable2, class LockableN... >
void lock( Lockable1& lock1, Lockable2& lock2, LockableN& lockn... );

BbinonHAaeTr 6e3or|aCHyro 6J'IOI-(VIpOBKy HECKOJ/IbKUX MbHOTEKCOB OA4HOBPEMEHHO

Mprumep NCcnonb30BaHMA ANS 3aWMTbl HEKOTOpPOM onepaymmn some_op()
{

std::lock(lhs.m,rhs.m);

std::lock_guard<std::mutex> lock_a(lhs.m,std::adopt_lock);
std::lock_guard<std::mutex> lock_b(rhs.m,std::adopt_lock);

return some_op(lhs.some_detail, rhs.some_detail);

}

std::adopt_lock o3Hauaer, uto lock_guard co3pgaetca Ha 6a3e
3a6/10KMPOBAHHOIO paHee MbHOTEKCA



std::unique lock

Knacc unique_lock aBnaetca 060n04KOM Haa MbOTEKCAMMU,
KoTopaa obnagana scem noteHumanom lock _guard
NO3BONAET BbINOJ/IHATb OT/IOKEHHYO BIOKMPOBKY, MOMNbITKY
6NOKUPOBKM C OFPaHNYEHNEM MO BPEMEHU OXNOAHUS,
PEKYPCUBHYIO BNOKUPOBKY U MCMO/Ib30BaHUE C YC/IOBHbIMU
nepemMmeHHbIMMU.

The class unique_lock is movable, but not copyable -- it
meets the requirements of MoveConstructible and
MoveAssignable but not of CopyConstructible or
CopyAssignable.



PeweHne npobaembl B3aMMHOM
6N1OKMPOBKU C NCNOJIb3OBAHME
unique_lock

void transfer(Box &from, Box &to, int num)

{

// don't actually take the locks yet
std::unique_lock<std::mutex> lock1(from.m, std::defer_lock);
std::unique_lock<std::mutex> lock2(to.m, std::defer_lock);

// lock both unique_locks without deadlock
std::lock(lockl, lock2);

from.num_things -= num;
to.num_things += num;

// 'from.m' and 'to.m' mutexes unlocked in 'unique_lock' destructors



OcHoBHble meTtoabl unique_lock

lock — 610KMpyeT accoummMpoBaHHbBIN MbIOTEKC

try_lock BbinonHAET nonbITKY 3axBaTa MblOTEKCA, BO3BpaLLLAeT

ynpaBaeHue, ecqiu MblOTEKC HeJOoCTyNeH (3axBayeH Apyrmm
NMOTOKOM)

try_lock_for ana Timelockable mbtoTekcoB BbinoAHAET
NONbITKY 3axBaTa, BO3BPALWLAET YNpPaBAEHNEM, EC/IN MbIOTEKC
HeaoCTyneH B TeYeHMe YKa3aHHOro nepmoaa

try_lock_until ana TimelLockable mbloTekcoB BbinonHaeT
NOnNbITKY 3axBaTa, BO3BpaLLAEeT yNpPaBAEHUEM, ECIN MbIOTEKC

HedOoCTyneH A0 YKAa3dHHOIro MOMEHTA BpeMeHHA

unlock pa3baokupyeTt acCOUUNPOBAHHbIN MbIHOTEKC



shared mutex (C++ 17)

Moapa3ymeBaeT ABa TUNA BNAAEHUSA: SKCKAO3UBHbINA N HE SKCKNO3UBHbIN. B
HE3KCK/I03MBHOM PEXMME MbIOTEKCOM MOFYT BNaAETb CPa3y HECKO/bKO
NOTOKOB. ITO AAaeT BO3MOKHOCTb pPa3inyaTb 6H/IOKMPOBKY HA YTEHUE M 3aMUCD.

OCHOBHble meToAbl:

Exclusive locking
lock locks the mutex, blocks if the mutex is not available
try_lock tries to lock the mutex, returns if the mutex is not available
unlock unlocks the mutex

Shared locking

lock_shared locks the mutex for shared ownership, blocks if the mutex is
not available

try_lock_shared tries to lock the mutex for shared ownership, returns if the
mutex is not available

unlock_shared unlocks the mutex (shared ownership)



shared lock (C++ 14)

O6onoyKa 0bLero Ha3HAYeHNA ANA MbIOTEKCOB, AOMNYCKAKOWMX A,Ba
pexnma 610KMPOBKN (IKCKNHO3UBHbBINA PEXMUM N HESKCK/THO3UBHDIN).

<template< class Mutex >
class shared_lock;

Mutex - the type of the shared mutex to lock. The type must
meet the SharedMutex requirements

SharedMutex:
std::shared_mutex(since C++17)
std::shared_timed_mutex(since C++14)



class ThreadSafeCounter {
public:
ThreadSafeCounter() = default;

// Multiple threads/readers can read the counter's value at the
same time.
unsigned int get() const {
std::shared_lock<std::shared_mutex> lock(mutex_);
return value_;

}

// Only one thread/writer can increment/write the counter's
value.
void increment() {
std::unique_lock<std::shared_mutex> lock(mutex_);
value_ ++;

}



// Only one thread/writer can reset/write the counter's value.
void reset() {
std::unique_lock<std::shared _mutex> lock(mutex_);
value_=0;

}

private:
mutable std::shared _mutex mutex_;
unsigned int value_=0;

5



int main() {
ThreadSafeCounter counter;

auto increment_and_print = [&counter]() {
for (inti=0;i<3;i++) {
counter.increment();
std::cout << std::this_thread::get_id() << '' << counter.get() << '\n';

// Note: Writing to std::cout actually needs to be synchronized as well
// by another std::mutex. This has been omitted to keep the example
small.

}
5

std::thread thread1(increment_and_print);
std::thread thread2(increment_and_print);

threadl.join();
thread2.join();



YCNnoBHble nepemeHHble

Tun std::condition_variable
OCHOBHble MeTOo/bl

notify_one — yBeaoOMUTb OAMH }KAYLIMN NOTOK
notify_all — ysegomunTb Bce *Kayuime noToku

wait - 610KMpPOBKa NOTOKa A0 NpPobyKaAeHUA

wait_for — 6nh0KMpoBKa A0 NpobyKAEHUA NN NCTEYEHUA
BpemeHu

wait_until — 6noKknpoBKa Ao npobyxKaeHna nnm oo
33/1aHHOTO0 MOMEHTA BPEMEHM



OXuagaHue «npobyKaeHnsa»

void wait( std::unique_lock<std::mutex>& lock );

CTaBUT NOTOK B o4epeb HA OXKMAaHMeE NOo AaHHOW nepemeHHON. Bo3BpaulaeT
ynpaB/ieHNe B Cay4ae ecnm Apyrom notok Bbi3Ban notify _one () nuam
notify_all() no aton nepemeHHon. [lonycKatoTcs TaKKe CNOHTaHHbIe
cpabaTbiBaHMA.

[NnA 3aWmMTbl OT JIOXKHbIX cpabaTbiBaHMIM AobaBnAeTcA npeanKaT

template< class Predicate >
void wait( std::unique_lock<std::mutex>& lock, Predicate pred );

CurHatypa npegukata: bool pred()

JKBMBANEHTHO KoAy:
while (!pred()) {
wait(lock);

}



YCNoBHble nepemeHHble: npumep

std::mutex mut;
std::queue<data_chunk> data_queue;
std::condition_variable data_cond;
void data_preparation_thread()

{

while(more_data_to_prepare())
{
data_chunk const data=prepare_data();
std::lock_guard<std::mutex> lk(mut);
data_queue.push(data);
data_cond.notify _one();

}
}



YCNoBHble nepemeHHble: npumep

void data_processing_thread()

{

while(true) NambAa-
{ BblparkeHue
std::unique_lock<std::mutex> |k(mut);

data_cond.wait(lk,[[]{return !data_queue.empty();})]
data_chunk data=data_queue.front();
data_queue.pop();
lk.unlock();
process(data);
if(is_last_chunk(data))
break;
}
}




Moandpukatop mutable

[epemeHHas nnn none JaHHbIX Kaacca,
0b6bABNEHHOE C 3TUM MOAUPUKATOPOM, MOKET
M3MEHATLCA B KOHCTAHTHbIX PYHKLIMAX.

[To3BonAeT AenaTb KOHCTaHTHble meToabl thread-
safe, 3aWMLLAA YTEHME AAHHbIX C MOMOLLLbIO Mutex-
0B, 006bABNEHHbIX C NToMoLbio mutable.



MHoronoto4yHaa oyepeab

template<typename T>
class threadsafe_queue mutable HykeH ans

{ MCMO/b30BaHUA MblOTEKCA B
private: KOHCTaHTHbIX MeToAax

mutable std::mutex mut;
std::queue<T> data_queue;
std::condition_variable data_cond;

public:
threadsafe queue() {}

threadsafe_queue(threadsafe queue const&
other)

{

std::lock_guard<std::mutex> |k(other.mut);
data_queue=other.data_queue;

}




MHoronoto4yHaa oyepeab

void push(T new_value)

{

std::lock_guard<std::mutex> Ik(mut);
data_queue.push(new_value);
data_cond.notify_one();

}

void wait_and_pop(T& value)

{

std::unique_lock<std::mutex> Ik(mut);
data_cond.wait(lk,[this]{return !data_queue.empty();});
value=data_queue.front();

data_queue.pop();

}



MHoronoto4yHaa oyepeab

std::shared_ptr<T> wait_and_pop()

{

std::unique_lock<std::mutex> Ik(mut);
data_cond.wait(lk,[this]{return !data_queue.empty();});
std::shared_ptr<T>
res(std::make_shared<T>(data_queue.front()));
data_queue.pop();
return res;

B KOHCTaHTHOM meToae
NCnonb3yeTca mutex,
06bABNEHHbIN KaK

} mutable

bool empty() const

{

std::lock_guard<std::mutex> lk(mut);
return data_queue.empty();

}



ATOMapPHbIE TUMNbI

 Hap AaHHbIMKM aTOMapPHOro TMNa onpeaesieHsl
aTOMapHble onepauum, T.e. onepaLun, COCToaHUe
KOTOPbIX AOCTYMHO APYrMM MOTOKam ambo no, nmbo
Nnocae, HoO He B NpoLecce onepaumu.

* ATOMapHble onepaumm MoryT
YnTaTbCs/3anuncbiBaTbCs 6€3 CUHXPOHU3ALNY
PA3HbIMK MOTOKAMMU.

e OpHOBpemeHHOe obpalleHUs K obLmm
HeaToMapHbIM AaHHbIM 6e3 CUHXPOHMU3ALNN
NPUBOAUT K HEONpeae/eHHOMY NOBEeAEHUIO.



O6wmnm WwabnoH Ana aTOMaPHbIX
TMNOB

template< class T > struct atomic;
Onpeaenaet aTOMapHY «BEPCUIO» TUNOB, KOTOPbIE:

1. noaaep*KMBaKOT TPUBMANbHYIO reHepPUpyemyto onepaLuio
npucBamBaHuA;

2. noAaeprK1BatoT TPMBUAIbHOE NOBUTOBOE CpaBHEHME.



H#include <iostream>
#include <atomic>

class A {
public:
A(int a) : mA(a) {
}

virtual void f() = O;

protected:
int mA;

|5

[Tonmep

class B : public A {
public:

B(int b) : A(b) {
}

void f() {
std::cout << A::mA;
}
%

class C{
public:
C(int a) : mA(a) {
}

void f() {
std::cout << mA << "\n";

}

protected:
int mA;

%



Kakmne BapmaHTbl NpaBuabHbIE?

int main() {

B b(1);

A& a =b;

C c(3);

std::atomic<A> atomicb(a);
std::atomic<B> atomicb(b);
std::atomic<C> atomicc(c);
return O;



Kakmne BapmaHTbl NpaBuabHbIE?

int main() {

B b(1);
A& a =Db; ABCTPaKTHbIN Knacc

C C(3)} / NmeeT BUPTYanbHyto
std::atomic<A> atomicb(a);/ dyHKLMIO f()
std::atomic<B> atomicb(b);

std::atomic<C> atomicc(c);
return O;



std:
std:
std:
std:
std:
std:
std:
std:
std:
std:
std:
std:

std:

ATOMapPHbIe BapnaHTbl ANA
apuPMmeTnNYeCcKmnx TUNOB

:atomic_bool
:atomic_char
:atomic_schar
:atomic_uchar
:atomic_short
:atomic_ushort
:atomic_int
:atomic_uint
:atomic_long
:atomic_ulong
:atomic_llong
:atomic_ullong

std:
std:
std:
std:
std:
std:
std:
std:
std:
std:
std:
std:

:atomic<bool>
:atomic<char>
:atomic<signed char>
:atomic<unsigned char>
:atomic<short>
:atomic<unsigned short>
:atomic<int>
:atomic<unsigned int>
:atomic<long>
:atomic<unsigned long>
:atomic<long long>
:atomic<unsigned long long>

:atomic<T*> onpeaeneH Ana Bcex TUNOB yKasaTenen.



RonnpoBaHMe aTOMapPHbIX
06BbeKTOB

ATOMapHble 06beKTbl HENb3A KOMMPOBATD,
MOCKO/IbKY KONMMPOBaHME BOBNEKAET YTEHUE U

3aMNMCb ABYX OOBbEKTOB — TaKaa onepauna He
MOXeT ObITb aTOMapPHOMW.



RonnpoBaHMe aTOMapPHbIX
06BbeKTOB

ATOMapHble 06beKTbl HENIb3A NPUCBAMBATL APYT APYrY U
HeNb3A NCMONb30BaTb B KOHCTPYKTOPE KOMUPOBAHWUA

O6beKTbl 6a30BOro TMNAa MOTyT MCMNO/Ib30BaTbHCA B
KOHCTPYKTOPE aTOMapHOM BEPCUM (KOHCTPYKTOP HE ABASAETCH
aToMapHOM onepaunen)

MoHO NpucBanBaTb 3HaYEHUA aTOMapPHbIX 06BbEKTOB
COOTBETCTBYIOWMM TUNam A3bika C++, 3Tn onepaumm
aTOMapHbl

MoKHO NnpucBanBaTb aTOMapHOMY 06bEKTY 3HaYeHUA
6a3o0Boro TMna, 3Ta onepauna aTomapHa



[Tpmepbl NpucBamBaHMA atomic

#include <iostream>
#include <atomic>

int main() {
intal=1;
inta2=2;

std::atomic<int> ail;
std::atomic<int> ai2(a2);
ail = ai2;

return O;

. /atomiccopy.cpp: In function ‘int main()’:
. [atomiccopy.cpp:11:7: use of deleted function ‘std::atomic<int>
& std::atomic<int>::operator=(const std::atomic<int>&)’
aitl = ai2;
A
In file included from ./atomiccopy.cpp:2:0:
Jusr/include/c++/5/atomic:613:15: note: declared here

atomic& operator=(const atomic&) = delete;
A

posypkin@mikhail:~/exp/sandbox/c11/atomic$ §




[Tpmepbl NpucBamBaHMA atomic

#include <iostream>
#include <atomic>

int main() {
intal=1;
inta2=2;

std::atomic<int> ail;

std::atomic<int> ai2(a2);

ail =al;

a2 =ail;

std::cout<<"al="<<al<<" a2="<<a2<<" ail="<<ail <", ai2 =" << ai2 <<
"\n";

return O;

}

posypkin@mi : . [atomiccopy

al =1, a2 =1, ail = 1, ai2 = 2



Pasnnymna co CTaHOapPTHbIM
npucBanBaHUEM

 Obbl4HOE nNpucBanBaHMe BO3BPALLAET CCbIJIKY
Ha 0OBbEeKT U3 1eBON YacCTu

T& class_name :: operator=(T)

* [lpycBanBaHME aTOMAPHON NEPEMEHHOMN
BO3BpaLLAET NpMcanBaemoe 3Ha4YeHme

T operator=( T desired );



[Tpnmep, NOKa3bIBAOLWMNN PA3/TNYNA B
CeMaHTUKe NpucBanBaHUA

H#include <iostream>
#include <atomic>

int main() {
inta=1; /
(a=2)=3; / HaneuaTtaet 3
std::cout << "a="<<a<<"\n";

std::atomic<int> ai(a);
ai=5; < Ok

(ai=a) =5;
return O; \
OwwnbKa (Henb3sa npucsameatb He |-value)

Ok




Lock Free

e 1N HEKOTOpbIX TUNOB peanmn3dauusa std::atomic He TpebyeT
MCNONb30BaHMNA BHELUHUX CUHXPOHM3ALUMMN, TaK KaK Ha
uenesoun nnathopme nogaepKMBaeTca annapaTHasa
CUHXpOHM3aumAa ana 6asosbix TMNOB (int, double ...). (lock

free)

e [lna Apyrnx TMNOB, HaNpPOTUB, TPebyeTca NCNOb30BaHUE
NPUMNTUBOB CUHXPOHM3aLUMK (MbtoTeKebl 1 T.1.). (not lock
free)

 AnnapaTHaA nogaeprKKa aTOMapHOCTU onepaumit HAMHOTO
3pPeKTUBHEE, TaK KaK He TpebyeT CUHXpPOHU3aL UK,



[TpoBepkKa lock-free

* Metopg is_lock free Bo3Bpaliaet true ans
6e3610KMPOBOYHbIX aTOMapPHbIX TUNOB U false
11 BCEX OCTaJIbHbIX

 CTaHAapTHble aTOMapPHbIEe TUMbI, KaK NPaBuIo,
lock free



H#include <iostream>
#include <atomic>

struct C1 {
int mA;
double mD;

|5

struct C2 {
char mC[100];

%

[Tonmep

struct C3 {
int mA;
double mD;
double mH;

I

struct C4 {
int mA;
double mD;
double mH;
char mC[100];

I



[lpnmep
int main() {

std::atomic_int ai;
std::cout << "atomic_intis " << (ai.is_lock_free() ? "lock free " : "not
lock free ") << "\n";

std::atomic<int™> api;
std::cout << "std::atomic<int*> is " << (api.is_lock_free() ? "lock free
":"not lock free ") << "\n";



[Tonmep

{
Clc;

std::atomic<C1> atomicc(c);
std::cout << "atomic<C1> is " << (atomicc.is_lock_free() ? "lock free
":"not lock free ") << "\n";

}

{
C2c;

std::atomic<C2> atomicc(c);
std::cout << "atomic<C2> is " << (atomicc.is_lock free() ? "lock free
": "not lock free ") << "\n";

}



[Tonmep

{
C3 ¢

std::atomic<C3> atomicc(c);
std::cout << "atomic<C3> is " << (atomicc.is_lock_free() ? "lock free " :
"not lock free ") << "\n";

}

{
C4c;

std::atomic<C4> atomicc(c);
std::cout << "atomic<C4> is " << (atomicc.is_lock_free() ? "lock free " :
"not lock free ") << "\n";

}

return O;

}



Pe3ynbTaT BbINO/IHEHUA

B gcc Heobxoammo npu cbopke NoaKNOYaTb
bnbnnoteKky atomic c nomoubto dnara -latomic

Fe N

posypkin@mikhail: ~fexpfsandbox/c11 fatomic

posypkin@mikhail:~/exp/sandbox/c11/atomic$ c++ -std=c++11 -0 lockfree ./lockfree.cpp -latomic
posypkin@mikhail:~/exp/sandbox/c11/atomic$ ./lockfree

atomic_int is lock free

std::atomic<int*> is lock free

atomic<C1> is lock free

atomic<C2> is not lock free
atomic<C3> is not lock free
atomic<C4> is not lock free
posypkin@mikhail:~/exp/sandbox/c11/atomics$ |}




std::atomic flag

* [lpocTenwnM aTOMapPHbIN ODBEKT IOTMYECKOTO
(byneBcKkoro) Tuna.

e Asnaetca lock free

 He gonyckaeT NnpucBamMBaHUSA M KOHCTPYKTOPA
KONMPOBaHMUA



MeToabl std::atomic

e clear —atomapHaa onepauma npucBanBaHUA
dnary 3HayeHmA false

* test_and_set — atomapHas onepauma,
KOTOpaAa ycTaHaB/IMBaAeTCA 3HayeHue dnara B
true v BO3BpallaeT ero npeabiayuiee
3HaYyeHue



vector::emplace back

* Co3aaHue afieMeHTa KOHTerHepa «Ha mecTe»
6e3 4ONONAHUTE/IbHOIO KONMPOBAHUA

* KaK npaBuao, BbIUTpbIBaeT No
npoussoamuTenbHocTn y push back

template< class... Args > void emplace_back( Args&&... args ); C++11

template< class... Args > reference emplace_back( Args&&... args ); C++ 17
(BO3BpaLLAeT CCbI/IKY Ha CO34aHHbIN 3N1€MEHT B KOHTEMNHEpE)



Mpnmep ncnonb3loBaHua atomic flag
nnA opraHn3aumum 61oKUPOBOK

#include <unistd.h>
#include <thread>
#include <vector>
#include <iostream>
#include <atomic>

LInKnnyeckaa
std::atomic_flag lock = ATOMIC_FLAG_INIT; 610KMpOBKa (He
JIYYLINIA, XOTA U
void f(int n) KOPPEKTHbIN,
{ cnocob)
for (int cnt = 0; cnt < 10; ++cnt) {
while (lock.test_and_set()) ;
std::cout << "Output from thread " << n << '\n';
lock.clear();
sleep(1);
}
}



Mpnmep ncnonb3loBaHua atomic flag
nnA opraHn3aumum 61oKUPOBOK

thread

. . thread
int main() thread
{ thread
std::vector<std::thread> v; thread
for (intn=0; n<5; ++n) { thread
v.emplace_back(f, n); thread

} thread
for (auto& t : v) { EE::::;'
t.join(); thread

} thread

} thread

thread



MeToabl Knacca std::atomic

* Tload( std::memory_order order =
std::memory_order seq_cst ) const; -
aTOMapHOe YTeHNEe 3HAYEeHUA aTOMAPHOro
obbeKTa (3KBMBasneHTHa () )

e void store( T desired, std::memory_order
order = std::memory_order _seq_cst ); -
aTOMapPHas 3anNmncb AaHHbIX B aTOMAPHbIN
06beKT (3KBMBaNEHTHA = )



MeToabl Knacca std::atomic

T exchange( T desired, std::memory_order
order = std::memory_order _seq_cst );

ATOMapHaAa onepaumna. 3ameHaeT 3Ha4YeHUA
aTOMapHOW NepemeHHOU Ha 3HaYeHue
desired, Bo3BpallaeT cTapoe 3HayeHme.



MeToabl Knacca std::atomic

bool compare_exchange weak( T& expected, T desired,
std::memory_order order =
std::memory_order_seq_cst);

bool compare_exchange strong( T& expected, T desired,
std::memory_order order =
std::memory_order_seq_cst );

Ecnu 3HaYeHMe aToMapHOM NepeMeHHOM coBMNaaaeT co 3HaYeHnem expected,
TO ee 3Ha4YeHue 3ameHsieTca Ha desired. Bo3Bpall,aemoe 3Ha4YEHME NPU 3TOM
true. B npoTMBHOM CNy4Yae, 3HaYeHMe aToOMapHOM NepemMeHHOoM
3anucbiBaeTca B expected. Bo3Bpallaemoe 3Ha4eHue npu atom false.



MeToabl Knacca std::atomic

bool compare_exchange weak — He Bcerga cpabaTtbiBaer,
ecnu expected coBnagaeT co 3HaYeHMEM aTOMAPHOM
nepemMeHHOMn, NO3TOMY A0/IKHA MCNO/Ib30BATbCA B LUK/E C
NPOBEPKOMN BO3BPaALLAEMOro 3HauyeHus (spurious failure)

bool compare_exchange_strong — ecnn expected coBnapaet
CO 3HAYE€HMEM aTOMAPHOMN NEePEMEHHOM, TO 3anNnCb
NPOM3BOAUNTCA

Ecnu 3HaYeHMe aToMapHOM NepeMeHHOM coBMNaaaeT co 3HaYeHnem expected,
TO ee 3Ha4YeHue 3ameHsieTca Ha desired. Bo3Bpall,aemoe 3Ha4YEHME NPU 3TOM
true. B npoTMBHOM CNy4Yae, 3HaYeHMe aToOMapHOM NepemMeHHOoM
3anucbiBaeTca B expected. Bo3Bpallaemoe 3Ha4eHue npu atom false.



LIMKN anA
compare exchange weak

expected = current.load();
do desired = function(expected);
while (!current.compare_exchange weak(expected, desired));



CemaHTMKA
compare exchange strong/weak

if (memcmp(object, expected, sizeof(*object)) == 0)
memcpy(object, &desired, sizeof(*object));

else
memcpy(expected, object, sizeof(*object));

MorKeT OTAn4aTbCA OT CPaBHEHUA C MOMOLLbIO == U NPUBOAUTD K
napagoKcanbHbiM pesynstatam. OcobeHHO aKTyasbHO AN
HeLeN04YNCNEHHON apnPMETUKMN.



ATOMapHblIe onepayunumn CIOXKHOIo
NPUCBanNBaHUA

T fetch_add( T arg,
memory_order = std::memory_order_seq_cst );

ATOoMapHO A06aBAsET arg K 3HAYEHMI0, XPaHALLEMYCS B aTOMapHOM 0bbeKTe,
BO3BpPALLLAET «CTapoe» 3HaYeHMe. DKBUBANIEHTHO onepaTopy += (C TOYHOCTbIO
[10 apryMeHTa, onpeaensowero AMCUNnInHy paboTbl C NamATbio)

T fetch_sub( Targ, memory_order = std::memory_order_seq_cst );
ATOMapHO BbIYUTAET arg U3 3HaYE€HUA, XPaAHALLETOCA B aTOMAapPHOM 0ObeKTe,

BO3BpPALLLAET «CTapoe» 3HaYeHMe. DKBMBANIEHTHO onepaTopy -= (C TOYHOCTbIO
[0 apryMeHTa, onpeaensiowero AMCUNnInHY paboTbl C NamATbio)



ATOMapHblIe onepayunumn CIOXKHOIo
NPUCBanNBaHUA

T fetch_and( T arg, memory_order = std::memory_order_seq_cst );

ATOMapHO BbINO/IHAET NobuToBOE N Mexay apryMmeHTOM M 3Ha4YeHneM
aTOMHOro o6bekTa, U3MeHss 3Ha4YeHMe aToMapHoOro ob6bvekKTa, U
BO3BpallaeT «cTapoe» 3HayeHme. IKBMBaJIeHTHO onepaTtopy &= (c
TOYHOCTbIO 10 aprymeHTa, onpeaensatoLlero ANCUmMnamHy paboTsbl ¢
NamMATbIO)

T fetch_or( T arg, memory_order = std::memory_order_seq_cst );

ATomapHo BbinoaHAeT nobutosoe U1 mexay aprymeHTOM U
3HaYeHMemM aTOMHOro o6 beKTa, M3MeEHAA 3HaYEHME aTOMAPHOTO
00beKTa, M BO3BPALLAET «CTapOe» 3HaYeHne. DKBMBAIEHTHO
onepaTtopy |= (c TOYHOCTbIO A0 aprymMeHTa, ONpPeaenatoLLEro
ANCUMNANHY PaboTbl C NaMATbIO)



ATOMapHblIe onepayunumn CIOXKHOIo
NPUCBanNBaHUA

T fetch_xor (T arg, memory_order =
std::memory_order_seq_cst);

ATomapHo BbinonHaeT nobutosoe NCK/THOYAKLLIEE U
MeXK Ay apryMeHTOM U 3Ha4YeHMEM aTOMHOIo 0b6beKTa,
N3MEHAA 3HAYEeHME aTOMAPHOro o6bEKTA, M BO3BpaALLLAET
«CTapoe» 3Ha4YeHmne. DKBUBAIEHTHO onepaTopy |=(c
TOYHOCTbIO A0 aprymeHTa, onpeaenatowero ANCUNUNInNHY
pPaboTbl C NAaMATbIO)



. : . atomic atomic
Operation atomic jatomic ) atomic <integral- | <other-
flag <bool> <T*> e E—
test and set v
clear v
is lock free v v/ v v
load v v v v
store v v/ v v
exchange v v v v
compare exchange weak, v v/ v v
compare exchange strong
fetch add, += v/ v
fetch sub, -= v/ v
fetch or, |= v
fetch and, &= v
fetch xor, "= v
++, -- v 4




Moaenn namatu

e sequentially consistent ordering
(memory_order _seq_cst)

e acquire-release ordering
(memory_order _consume,
memory_order_acquire,
memory_order_release, and
memory_order_acq_rel)

* relaxed ordering (memory order relaxed)



[TopAaaoK paboTbl C NAMATLIO

* Ha o4HOM NOTOKe NopAAoK paboTbl C
NnamaATblo onpeaenseTcs BbiNOJAHEHUEM
onepauui YTeHUS N 3aNUCU U BblpaXKaeTcsa
OTHOLIEHMEM «BbINOJIHUIOCb paHeey.

* B3anmHbIM NOPAJOK BbINOJHEHUA ONepaLmnm
Ha Pa3HbIX NOTOKax onpeaenaeTcs
CMHXPOHU3aUMEN U onpeaensaeTcs
OTHOLUEHNEM «CUHXPOHU30BAHO CY.



OTHOLWEeHMne «BbINOJHMNNOCH
paHee»

O3Ha4aerT, YTO B OAHOM MOTOKE OAHA onepauuna BbiNOJIHUIACb A0 APYroOWn.
Hanpumep, B cheayrouiem Koae:

5;
3-

1.a
2.b

’

onepauma 1 sbinonHAeTCcA A0 2. 34eCb TOXKe:

= 5;
10.

1. a
2. b
A BOT NOPAAOK BbIYNC/IEHNA AaPTYMEHTOB PYHKLIMWN NMPU BbI30BE HE ONpPeAeneH,

NO3TOMY MeXy BbipaXKEHUAMM B apryMmeHTax He BO3HUKAEeT OTHOLIEeHUA
«sequenced before:

f(a =10, b =5);



OTHOWEeHne CUHXPOHU3aUNN

* ATOmapHaAa onepauma YTeHnAa R 3HavyeHunA
aTomapHoun nepemeHHon (Kpome relaxed n
consume) cMHXpoHu3yeTca c onepaunen W (Kpome
relaxed) 3anucuK 3TOro 3HaYE€HMA Ha APYrOM MOTOKE,
ec/in NPOYMUTAHHOE 3HAYEeHUE 3aNMnCaHo onepaumnen
W nnbo nocneayrowmmm onepaumamm 3anmcu B Tom
e NoToKe

* Onepauma 6NOKNPOBKU MbIOTEKCA CUHXPOHM3YETCA C
onepaumnen ocBoboXaAeHNA MblOTEKCA.



OTHOWeHWe npeAallecTBOBaHUA
«C/IY4NUNOCb AO»

* A happens before B, ecnn sbinonHeHue A
npealwecrtsyet B B 0o4HOM NOTOKe
(«BbINO/IHNOCH paHee»)

* A happens before B, ecnn A « CUHXPOHWU30BAHO
c B» (A —3anucb, B —uteHue)

* Ah.b.BuBh.b.C=>Ah.b.C

BbinonHeHMe nNporpammbl A0NXKHO CO6N0AaTb CEMAHTUKY
OTHOLLUEHUA «cAy4Ymnaocb go». Onepauusa BuauT Bce Nob6oyHbIE
adpdeKTbl, KOTOpbIE KCAYYUUCD A0» Hee.



OTHOLWEeHMNE «KCAYYNUNOCb A0»

Happens-before

| : i |
Ways to achieve a

4 : Program order Synchronizes-with
happens-before relationship Within a\single 9 ‘ : 4 Between
thread threads

, | o 1 - 1 :
Ways to achieve a | Mutex Thread Acquire & release
synchronizes-with relationship lock/unlock create/join semantics

: 1 ™ I e I . I :

Constructs which provide C++11 Acquire & release | |volatile types|  volatile types in
acquire & release semantics | atomic types fences in Java Microsoft C/C++

. | . 1 e 1 ,
APIs which expose C++11 Mintomic Platform-specific
acquire & release fences fences fences memory fences




[Mpumep oTHOLWEHMA NpeLecTBOBaHUS

std::vector<int> data;
std::atomic<bool> data_ready(false);

void reader_thread()

{
while(!data_ready.load())
{
std::this_thread::sleep(std::milliseconds(1));
}
std::cout<<”The answer="<<data[0]<<"\n"”; < 4 2
}

void writer_thread()

{
data.push_back(42);

data_ready=true;

}

OTHOLWeHWe NpeaLwecTBOBaHMS,
NHULUMPYEMOE OMnepaunamm Hag
aTOMapHbIMU NePEMEHHbIMMU
rapaHTUpPYET, YTO NPOYUTAHO byaeT
3HavyeHue 42, B BekTOp data
npon3onaeTt nocne



[pad oTHOLWEHMA NnpeaLwecTBoBaHUA ANA
NaHHOro Npumepa

data ready.leoad()
(returns false)

Y Y

data ready.load()
(returns false)

data.push_back (42)

d dy.load()
(returns true)
datal[0]

(returns 42)

Writer thread Reader thread



[lochepoBaTenbHaa moaenb

* Bce 3smeHeHUA JaHHbIX OAUHAKOBbIM
obpa3om BMAHbI Ha BCEX MOTOKaX

* I3MmeHeHUA corlacoBaHbl C OTHOLLIEHUEM
(chyumnnocb go)



[Tpnmep nocnenoBaTeIbHOM
Moaenm

#include <atomic>
#include <thread>
#include <assert.h>
std::atomic<bool> x,y;
std::atomic<int> z;

void write_x()

{

x.store(true, std::memory_order_seq_cst);

}

void write_y()

{

y.store(true, std::memory_order_seq_cst);

}



[Tpnmep nocnenoBaTeIbHOM
Moaenm

void read_x_then_y()
{
while(!x.load(std::memory_order_seq_cst));
if(y.load(std::memory_order_seq_cst))

++2;

}

void read_y_then_x()
{
while(!y.load(std::memory_order_seq_cst));
if(x.load(std::memory_order_seq_cst))

++7;

}



[Tpnmep nocnenoBaTeIbHOM
Moaenm

int main()

{
x=false;
y=false;
z=0;
std::thread a(write_x);
std::thread b(write_y);
std::thread c(read_x_then_y);
std::thread d(read_y_then_x);
a.join();
b.join();
c.join();
d.join();
assert(z.load()!=0);



ObbAcHeHue

Obe nepemMeHHbIX X UM Y Noay4YaT 3Ha4YeHue true.
Ecnn B noTtoke, BbinonHawouwem read_x_then_y,
onepaumna y.load sepHyna false, To 3HaunTy
NPUMET 3Ha4YeHue true He paHblue X. [TosTomy B
notoke, BbinoaHAwoWwem read_y then_x, onepauusa
X.load BepHeT true. 3To 0bycnoBneHO Tem, 4YTO BCe
NOTOKM BNOAT CUTYaLUIO OANHAKOBbIM 06pasom.

B nocnhepoBatenbHOM MOAENU NpeanosiaraeTcs, 4to
eCTb HEKOTOPbIN NOPAAOK, B KOTOPOM OMnepaLmm
MEHSAIT COCTOAHUE NAaMATU U PA3NYHbIE MOTOKM
HabatoAatoT 3TK cobbITUA OAMHAKOBbIM 06pa3oMm.



[pad OTHOLWEHNU NpeaLecTBOBaHUA

Initially x=false, y=false

- |

®.s3tore(true)

_\_\_‘_\_\_‘_\_\_'_‘—\—-_

Py

®.1load()
returns true

Y

v.load()
returns false

-

—
—

v.load()
returns crue

o~

®.load ()
returns crue

write_x

read x then vy

o —

v.storeitrue)

|

read y then x

write_vy




CemaHTUKa Acquire-Release

* Acquire Bcerga NnpuMMeHseTcsa ToNbKO AN
onepaunmn YteHmna, nMbo YTeHUsA-3anncK-
MmoandpuKaLmm

* Release Bcerga npmmeHaeTca Ana onepauum
3anmncu, NMbo ANA YTeHUA-3anucu-
MmoandpuKaLmm



Acquire semantics A load operation with this memory order
performs the acquire operation on the affected memory
location: no reads or writes in the current thread can be
reordered before this load. All writes in other threads that
release the same atomic variable are visible in the current
thread.

Release semantics A store operation with this memory order
performs the release operation: no reads or writes in the
current thread can be reordered after this store. All writes in
the current thread are visible in other threads that acquire
the same atomic variable (see Release-Acquire ordering
below) and writes that carry a dependency into the atomic
variable become visible in other threads that consume the
same atomic.



CemaHTUKa Acquire-Release

* Acquire He AaeT KOMNUAATopY/pPaH-Tanmy

nepemectnTb onepaunn 4HTeHNA 1 3anNmcCmt 4o
HEee

* Release He faeT naetT KomnunaTopy/paH-
TaliMy nepemecTuTb onepaumnm YTeHUs 1
3anMcK nocse Hee

* [1OTOK BbIMOMHAOLWMN acquire «BUONT»
N3MEHEeHUsA, nponsoLlealime c odbwmmm
nepemeHHbIMM A0 release



Mcnonb3oBaHue acquire-release
ana «obmeHa» coobeHmnamm

struct Message { clock_t tick; const char* str; void* param; };
Message g_payload;
std::atomic<int> g_guard(0);

void SendTestMessage(void* param)
{
// Copy to shared memory using non-atomic stores.
g_payload.tick = clock();
g _payload.str ="TestMessage";
g _payload.param = param;

// Perform an atomic write-release to indicate that the message is ready.
g _guard.store(1, std::memory_order_release);



Mnntoctpauua acquire-release

Thread 1

[ g_payload.tick = clock(); Everything
[q_payload.str = TestMessage"; Jkiibie

J_payioad.param = param,

Thread 2

g qQuarga.store 1. menx 'y Orger reiease

5
J’nc/;,On.e : |
S‘W(f/) ready = Q_quard.load(memory _of

It (reacg U
Yo, resulttick = g_payload.tick.
everything —
here. resultstr = g_payload str; J
payload.param; J

return true;

resuit.param = g

er acqQuire



Mcnonb3oBaHue acquire-release
ana «obmeHa» coobeHmnamm

std::atomic<int> g_guard(0);

void SendTestMessage(void* param)
{
// Copy to shared memory using non-atomic stores.
g payload.tick = clock();
g _payload.str = "TestMessage";
g payload.param = param;

// Perform an atomic write-release to indicate that the message is ready.
g _guard.store(1, std::memory_order_release);



Mcnonb3oBaHue acquire-release
ana «obmeHa» coobeHmnamm

bool TryReceiveMessage(Message& result)

{

// Perform an atomic read-acquire to check whether the message is ready.
int ready = g_guard.load(std::memory_order_acquire);

if (ready !=0)
{

// Yes. Copy from shared memory using non-atomic loads.
result.tick =g _payload.tick;

result.str =g payload.str;

result.param = g_payload.param;

return true;

}

return false;



[lpumep ncnonb3oBaHUA Acquire-
Release

#include <atomic>
#include <thread>
#include <assert.h>
std::atomic<bool> x,y;
std::atomic<int> z;
void write_x()

{

x.store(true,std::memory_order_release);

}

void write_y()

{

y.store(true,std::memory_order_release);

}



[Tpnmep orpaHnyeHni
Acquire-Release

void read_x_then_y()

{
while(!x.load(std::memory_order_acquire));
if(y.load(std::memory_order_acquire))

++2;

}

void read_y_then_x()

{
while(!y.load(std::memory_order_acquire));
if(x.load(std::memory_order_acquire))

++2;

}



[lpumep ncnonb3oBaHUA Acquire-

int main()

{ B faHHOM
X=fa|5e; cnyqae
ngélse; cpabatbiBaHue
std::thread a(write_x); assert He
std::thread b(write_y); rapaHTupyerca!

std::thread c(read_x_then_y);
std::thread d(read_y_then_x);
a.join();

b.join();

c.join();

d.join();

assert(z.load()!=0);



Initially x=false, y=false

-

®x.store(true,
release)

__.----——---‘-"'—‘—-—

T

’/_/K

¥.load (acquire)
returns true

P

Y

v.lcad (acquire)
returns true

v.load (acquire)
returns false

Y

write_x

®x.load (acquire)
returns false

read x then_ y

Figure 5.6 Acquire-release and happens-before

r——

v.store (true,
release)

—

read y then x

write vy




Relaxed Model

#include <atomic>
#include <thread>
#include <assert.h>
std::atomic<bool> x,y;
std::atomic<int> z;

void write_x_then_y()

{

x.store(true,std::memory_order_relaxed);
y.store(true,std::memory_order_relaxed);

}



Relaxed Model

void read_y_then_x()
{
while(ly.load(std::memory_order_relaxed));

if(x.load(std::memory_order_relaxed))
++7;

]

}

int main()

{
x=false; y=false; z=0;
std::thread a(write_x_then_y);
std::thread b(read_y_then_x);
a.join();
b.join();
assert(z.load()!=0);



Relaxed Model

[MpoBepKa MoKeT cpaboTaThb, T.K. penakcaumoHHasn
MO/Je/lb He rapaHTUpyeT ynopaaoymBaHus.

Initially x=false, y=false

N\

“
¥x.store(true,
relaxed)
v.store (true, yv.load (relaxed)
relaxed) returns true

Y

%x.load (relaxed)
returns false

write_x_then_y read_y_then_x



Mcnonb3osaHue Relaxed Model

Relaxed model
nonesHo
MCMNO/Ib30BaTb TaMm,
rae He BaXKeH
NopAAOK U3MEHEHUA
AAHHbIX, HO TpebyeTcA
aTOMapPHOCTb.
Hanpumep —
CYETUMKM.

0O~ Oyl B w M

MNNNNNNNNRRPRPRPRRPRRRPRRRRR
NoOUuBbwWNROUVWONOOUDWNRO® W

// relaxed.cpp

#include <vector>

#include <iostream>

#include <thread>
#include <atomic>

std: :atomic<int> cnt = {@};

void f()

{

}

for (int n =

@; n < 1000; ++n) {

cnt.fetch_add(1l, std::memory_order_relaxed);

}

int main()

{

std::vector<std: :thread> v;

for (int n =

@; n < 10; ++n) {

v.emplace_back(f);

}

for (auto& t :

t.join();
}

std: :cout <<

v) {

"Final counter value is

"

<< cnt <X

‘\n';



bapbepbl NaMATH

#include <atomic>
#include <thread>
#include <assert.h>
std::atomic<bool> x,y;
std::atomic<int> z;

void write_x_then_y()

{
x.store(true,std::memory_order_relaxed);
std::atomic_thread fence(std::memory_order_release);
y.store(true,std::memory_order_relaxed);

}



bapbepbl NaMATH

void read_y then_x()

{
while(!y.load(std::memory_order_relaxed));
std::atomic_thread_fence(std::memory_order_acquire);

if(x.load(std::memory_order_relaxed))
++Z;

}

int main()
{
x=false;
y=false;
z=0;
std::thread a(write_x_then_y);
std::thread b(read_y then_x);
a.join();
b.join();
assert(z.load()!=0);



bapbepbl NaMATH

assert cpaboTaer, T.K. onepauus
y.store(true,std::memory_order_relaxed);

pacnonoxeHHasa nocne release-bapbepa 3anncana sHa4eHUE, NPOYUTAHHOE
onepauuven

y.load(std::memory_order_relaxed),

PACnosIoXeHHOW A0 acquire-bapbepa, TaKMM 06pa3om BbI3BaB CUHXPOHM3ALMIO
6apbepos.



ObLuee npaBuaIo

Fence-fence synchronization

A release fence FA in thread A synchronizes-with an acquire fence FB

in thread B, if

* There exists an atomic object M,

* There exists an atomic write X (with any memory order) that
modifies M in thread A

* FAis sequenced-before X in thread A

* There exists an atomic read Y (with any memory order) in thread
B

* Y reads the value written by X (or the value would be written by
release sequence headed by X if X were a release operation)

* Yissequenced-before FB in thread B

In this case, all non-atomic and relaxed atomic stores that happen-

before FA in thread A will be synchronized-with all non-atomic and

relaxed atomic loads from the same locations made in thread B after
FB.



CnHXpOHM3aUMNA bapbepa
aTOMapPHOro YTeHUA

Fence-atomic synchronization

A release fence F in thread A synchronizes-with atomic acquire

operation Y in thread B, if

* there exists an atomic store X (with any memory order)

* Y reads the value written by X (or the value would be
written by release sequence headed by X if X were a release
operation)

* Fissequenced-before X in thread A

In this case, all non-atomic and relaxed atomic stores that

happen-before X in thread A will be synchronized-with all non-

atomic and relaxed atomic loads from the same locations

made in thread B after F.



CUHXPOHMU3ALMA aTOMAaPHOM
3anuncu n bapbepa

Atomic-fence synchronization

An atomic release operation X in thread A synchronizes-with

an acquire fence F in thread B, if

* there exists an atomic read Y (with any memory order)

* Y reads the value written by X (or by the release sequence
headed by X)

e Yissequenced-before Fin thread B

In this case, all non-atomic and relaxed atomic stores that

happen-before X in thread A will be synchronized-with all non-

atomic and relaxed atomic loads from the same locations

made in thread B after F.



Mcnonb3oBaHme bapbepos AnA
ynopAao4YMBaHMA HeaToMapHbIX onepawui
C NAMSATbIO

void SendTestMessage(void* param)

{
g payload.tick = clock();

g_payload.str ="TestMessage";
g_payload.param = param;

std::atomic_thread_fence(std::memory_order_release);

g _guard.store(1, std::memory_order_relaxed);



Mcnonb3oBaHme bapbepos AnA

yNopsaA04YNMBaHNA HEAaTOMAPHbIX onepaLuuii
C NAaMATbIO

bool TryReceiveMessage(Message& result)

{

int ready = g_guard.load(std::memory_order_relaxed);

if (ready !=0)

{
std::atomic_thread_fence(std::memory_order_acquire);
result.tick =g payload.tick;
result.str =g msg_str;
result.param = g_payload.param;

return true;

}

return false;

}



Mcnonb3oBaHmne bapbepoB Ann
yNopAaoYMBaHUA HEaTOMapPHbIX onepauni
C NaMATbIO

Thread 1

e ey g
L g_payload.tick = clock() Everything
P payload.sir = TestMessage': fere.,
]_paylioad.param = param,;
atomic_thread_ftence(memory_order_release);

“usk read th
g_guard store(l, memory_order_relaxed); S 'l;'.-i'.'.J;i.-:?rr:.-rj
s ready = g_guard.loadimemory_order_relaxed);

Thread 2

it {ready != (

dtomic_thread

synchronizes-with

ence(memaory_orger_acgquire);
.5 visible to resultstr = g_payload str;
everything

AV csultparam = g payioad param

return true,;

result.tic



std::future

OCHOBHOW MHCTPYMEHT Ana paboThbl C
pe3ynbTaToOM, BO3BpallaembiM GYyHKLUMEN
NOTOKA

[Mo3BonseT nuaeHTMdnLUMpoBaTb cobbiTHe,
KOTOpoOe AO0/1KHO NPOU30UTU B ByayLLeM M ero
pe3ynbraT

[MapameTp wabnoHa T yKa3bIBaeT Ha TUM
pe3ynbrata cobbiTma std::future<T>

std::future<void> o3HayaeT YTO CObbITUE He
CBA3aHO C KOHKPEeTHbIM TUMOM AAHHbIX



KoHcTpyKTOopb! std::future

e future() - nyctom KoHCTPYKTOpP, OOBIYHO HE
MCNONb3YyeTCA HANPAMYIO;

e future( future&& other ) - KoHcTpyKTOP
nepemeLleHuUs;

* future( const future& other ) = delete -
KOMUPYIOLLMIA KOHCTPYKTOP He
nogaep>KnBaeTcs.



[MpnceamnsaHue std::future

e future& operator=( future&& other ); -
nepemelleHmne ob6bEKTa;

e future& operator=( const future& other ) =
delete; - 06bI4HOE KONMPOBaAHME 3aNpeLLEHO.



OcHoBHble meToabl std::future

void wait() const; - 6a1OKMpyeT NOTOK A0
MOMEHTA, Koraa pe3ynbtat std::future rotos

T get(); - BO3BpawaeT 3HaYeHNEe pe3ynbTaTa;

T& get(); - ccbinKka Ha pe3syabTaT (AnA
std::future<T&>;

void get() — TonbKo ana std::future<void>



OcHoBHble meToabl std::future

* template< class Rep, class Period > std::future_status
wait_for( const std::chrono::duration<Rep,Period>&
timeout_duration ) const;

O)KmpaeT noayyeHua pesynbrata He 60s1ee 3a4aHHOrO
BpeMeHu;

Bo3Bpallaemoe 3Ha4yeHue:

future_status::deferred bYHKUMA, KOTOPAA AONKHA
BEPHYTb pe3y/1bTaT, elle He CTapToBana;

future_status::ready pesynbrart rotos;
future_status::timeout 3aKOHYUNNCA Nepunog oxxnaaHus.



OcHoBHble meToabl std::future

* template< class Clock, class Duration > std::future_status
wait_until( const std::chrono::time_point<Clock,Duration>&

timeout_time ) const;

O)KmpaaeT NosyYyeHUA pesynbrata He Nnos3gHee BPpeMeHU;

Bo3Bpallaemoe 3Ha4yeHue:

future_status::deferred bYHKLMA, KOTOPaA AONXKHA
BEPHYTb pe3ynbTaT, ele He CTapTOBaNa;

future_status::ready pe3ynbtaT rotos;
future_status::timeout 3aKOHYUNNCA Nepunog oxxnaaHuA.



ACUHXPOHHbIe onepaunn

e std::async no3BonseT MHNMLUMNPOBATL

BbINO/IHEHME oNepaLun, pe3ynbTaT KOTOPOU
MOMKET ObITb NONYYEH NO34Hee

* Onepaumen apnaetca 06 beKT UNN PyHKUUA
(Callable object)

e Pe3ysibTaTOM AIBAAETCA OOBEKT TMNA
std::future



ACUHXPOHHbIe onepaunn

enum class launch

{

async, deferred

5

template<typename Callable,typename ... Args>
future<result_of<Callable(Args...)>::type>
async(Callable&& func,Args&& ... args);

template<typename Callable,typename ... Args>
future<result_of<Callable(Args...)>::type>
async(/aunch policy, Callable&& func,Args&& ... args);



[lopmep NCnonb30BaHUA

H#Hinclude <future>
#include <iostream>

int find_the_answer_to_ltuae();
void do_other_stuff();
int main()
{
std::future<int> the_answer=std::async(find_the_answer_to_ltuae);

do_other_stuff();

std::cout<<"The answer is "<<the_answer.get()<<std::endl;

}



[lopmep NCnonb30BaHUA

#include <thread>
#include <future>
#include <iostream>
#include <functional>

class A {
public:
A(int a) : mA(a) { }
int operator () (int b) const { returnmA+b; }
int mul(int b) const  { return mA * b; }

void update(intv) { mA=v; }

private:
int mA;

I



[lopmep NCnonb30BaHUA

int main() {
A a(5);
std::future<int> fut = std::async(a, 4);
std::cout << "sum =" << fut.get() << "\n";
std::future<int> futl = std::async(&A::mul, a, 4);
std::cout << "mul =" << futl.get() << "\n";

std::future<void> fut2 = std::async(&A::update, a, 10);
fut2.wait();
std::cout << "new sum =" << a(20) << "\n";

std::future<void> fut3 = std::async(&A::update, &a, 10);
fut3.wait();
std::cout << "new sum =" << a(20) << "\n";

std::future<int> futd = std::async([](int a, int b) { return a + b;}, 10, 100);
std::cout << "10 + 100 =" << futd.get() << "\n";
return O;



[lopmep NCnonb30BaHUA

posypkin@mikhail:~/exp/sandbox/c11/async$ ./asyncl

sum = 9

mul = 20

new sum = 25
new sum = 30
10 + 100 = 110




Thread Oversubscription

Oversubscription - cuTyauus, Koraa YMcao0 NOTOKOB
npesbIWaeT YNCN0 PU3NYECKN AOCTYNHbIX A4ep.

Hebonbluoe npesbilieHUEe MOMKET MO3UTUBHO CKa3aTbCH
Ha NPOMN3BOANTENbHOCTU: KOraa oAnH NOTOK OXKMUaaeT
Ha onepaumax C NaMATblo, APYron BbINOAHAET
BblYMCNEHUA. DTO NO3BONAET 3a4ENCTBOBATb
BHYTPUMNPOLLECCOPHbIN Napannesin3am u, TEM CaMbIM,
YCKOPWUTb BbINOJIHEHME NPOrPamMmmMbl.



HeraTnBHble nocaencTBuA
Oversubscription: nepekntoyeHme
KOHTEKCTAa

[lepekntoyeHne KOHTeKCTa NOTOKa NPUBOAUT K
HenpPOAYKTUBHbIM HaKNaaHbIM pacxodam.
[ToaTOMY €Cnn YNCN0 NOTOKOB HAMHOTIO
npesblllaeT YNCN0 A4ep, TO NepeKknryeHue
KOHTEKCTa MOKeT CyLeCTBeHHO CHU3UTDb
NPOnU3BOAUTENBHOCTb NPOrpPammeol.



HeraTuBHble nocnencTeuA
Oversubscription: cache cooling

Pa3Hble NOTOKM, KaK NpaBmnao, paboTtatoT ¢
Pa3HbIMU AaHHbIMW. [To3TOMY NpPU
NnepeKkNtYeHnn Aapa Mmexay NOTOKaMU U3 KILL-
NaMATU BbITECHAKOTCA AAaHHblIE, C KOTOPbIMU
pabotan notoKk. Korga noTOK onATb CTaBUTCA Ha
BbIMONHEHME, YBEIMYNBAETCA BPEeMSA Ha AOCTYN
K AaHHbIM, T.K. TpebyeTca nx 3arpysKka B KoL U3
OCHOBHOMW NAMATMW.



std::thread vs std::async

std::thread

+ bosiblle KOHTpPOA 33
BbINO/IHEHMEM MOTOKOB
(«py4yHOe ynpaBaeHue»)

+ JloCcTyn K HU3KOYypOBHEMY
API (pthreads)

- Mpobnembl 6aNnaHCMPOBKU U
neperpyskn CUCTEMbI
(oversubscription)

- CNOXKHbIM A0CTYN K
pe3ynbTaTy BbINOAHEHUA

std::async

+ 6onblle cBoboAbl cUCTEME B
nnaHe 6an1aHCUPOBKU
Harpysku (cuctema pewaer
3aMNyCKaTb HOBbIM NOTOK UK
HeT)

+ IErKNN AOCTYN K pe3ynbTaTy
yepes std::future

- OTCYTCTBME HU3KOYPOBHETO
KOHTpONA



YnpasneHne aAncumninHom Bbi30OBa

auto fé6=std::async(std::launch::async,Y(),1.2); <+— Run in new thread

auto f7=std::async(std::launch: :deferred,baz,std: :ref(x)); Run in

auto f8=std::async/| <1 wait()
std: :launch: :deferred | std: :launch: :async, |mplementatinn oF get()
baz,std: :ref (x) ) ; chooses

auto f9=std::async(baz,std::ref (x)); =

£7.wait () ; <+— Invoke deferred function

B HEKOTOpbIX CNyyasx, TEM HE MeHee,
Heobxoanmo obecneynTb, YTOObI
aCMHXPOHHaA onepauna 0b6A3aTenbHO
BbIMOJ/IHANACb B PaMKax OTAEe/IbHOro NOTOKa.
Torpa ucnonb3lyetca ¢nar std::launch::async.

[1o ymonyaHutio




std::packaged task

template< class R, class ...Args >
class packaged_task<R(Args...)>;

CsA3biBaeT cywHocTb Tuna Callable c aprymeHTamu, kKotopaa mokeTt 6bITb NOTOM
Bbl3BaHa NocpeAcTBOM onepaTopa ():

void operator()( ArgTypes... args );
Pe3synbTaTt TMNA R BO3BpallaeTcs Yyepes ¢pboyepc C MOMOLLbIO METOAA

std::future<R> get_future();



3apaHuna packaged task

* MoryT nepeaaBaTbCa MeXay NOTOKaMM, TEM
CaMbIiM 0bneryaa co3gaHme PasNNYHbIX CXEM
NIaHNPOBAHUA 3a4aHNN

e std::packaged_task<T(...)> cBa3biBaeT
Bbi3biBaembit 06beKT (Callable) c
std::future<T>

e LIabnoHHbIM NapameTp npeacraBaseT coboun
CUTHATYPY GYHKLMNN, U3 KOTOPOU BbIBOAUTCA
TMN pe3yabTaTa



[lomep cneunannsaumm
packaged task

template<>
class packaged task<std::string(std::vector<char>*,int)>

{
public:
template<typename Callable>

explicit packaged_task(Callable&& f);
std::future<std::string> get_future();

void operator()(std::vector<char>*,int);



[lopmep NCNoNb30BaHUA
packaged task

#finclude <deque>

#finclude <mutex>

#include <future>

#include <thread>

#include <utility>

std::mutex m;
std::deque<std::packaged_task<void()> > tasks;
bool gui_shutdown_message_received();

void get_and_process_gui_message();



[lopmep NCNoNb30BaHUA
packaged task

void gui_thread()
{
while(!gui_shutdown_message_received())

{

get_and_process_gui_message();

std::packaged_task<void()> task;

{
std::lock_guard<std::mutex> Ik(m);
if(tasks.empty())

continue;
task=std::move(tasks.front());
tasks.pop_front();

}
task();

}



[lopmep NCNoNb30BaHUA
packaged task

template<typename Func>
std::future<void> post_task_for_gui_thread(Func f)
{
std::packaged_task<void()> task(f);
std::future<void> res=task.get_future();
std::lock_guard<std::mutex> lk(m);
tasks.push_back(std::move(task));
return res;

}



std::promise

[Mo3BoAAET ABHbIM 0OpPa30M COXPaHATb B pa3aensieMbii 0O beKT
(shared state) 3Ha4yeHUeE UM UCKNOYEHNE, KOTOPOE B
AanbHeNWeM MOXKET bbITb nony4yeHo ¢ nomoulbio std::future.



KoHCcTpyKTOp®bI std::promise

* KOHCTpYKTOPDI

— promise(); co3paeT 06BEKT C NYCTbIM pa3aensiembimM
COCTOAHUEM;

— template< class Alloc > promise( std::allocator_arg_t, const
Alloc& alloc ); co3paet 06beKT ¢ nomoLbo 3a4aHHOTO
aN/IoKaTopa;

— promise( promise&& other ); - KOHCTPYKTOP
nepemeLlleHus;

— promise( const promise& other ) = delete; KoHcTpyKTOP
KONMPOBAHMA 3aMNpeLLeH.



MeToabl! std::promise

std::future<T> get_future(); - Bo3BpawaeT pbloyepc, COOTBETCTBYHOLLNIMA
M3MEHAEMOMY COCTOAHMUIO

YCTaHOBKA 3HAYeHUA:
void set_value( const R& value );

void set_value( R&& value );

void set_value( R& value ); - ana promise<R&>

void set_value(); - Ana promise<void>

MOXET BbI3bIBaTbCA TO/IbKO OANH pPa3 (Npu NOBTOPHOM BbI30BE BO3HUKAET
NCK/ItoYeHne)

YCTaHOBKA 3HaYeHUA NOo BbIXOAY U3 NOTOKa:
void set_value_at_thread exit( const R& value );
void set_value_at_thread exit( R&& value );
void set_value at_thread_exit( R& value );

void set_value at_thread_exit()



[lopmep NCNoNb30BaHUA
std::promise

#include <vector>
#include <thread>
#include <future>
#include <numeric>
#include <iostream>
#include <chrono>

void accumulate(std::vector<int>::iterator first,
std::vector<int>::iterator last,
std::promise<int> accumulate_promise)
{
int sum = std::accumulate(first, last, 0);
accumulate_promise.set_value(sum); // Notify future

}



[lopmep NCNoNb30BaHUA
std::promise

int main()

{

std::vector<int> numbers={1, 2,3,4,5, 6 };

std::promise<int> accumulate_promise;

std::future<int> accumulate_future = accumulate_promise.get_future();

std::thread work_thread(accumulate, numbers.begin(), numbers.end(),
std::move(accumulate_promise));

accumulate_future.wait();

std::cout << "result=" << accumulate_future.get() << "\n’;

work_thread.join(); }



BTopou npnmep Mcnonb3oBaHUA
std::promise::set_value

#include <iostream>
#include <future>
#include <thread>
#include <chrono>

int main()
{
std::promise<int> p;
std::future<int> f = p.get_future();
std::chrono::time_point<std::chrono::system_clock> start, end;
start = std::chrono::system_clock::now();
std::thread([&p] {
p.set_value(9);
std::this_thread::sleep_for(std::chrono::seconds(3));
}).detach();



BTopou npnmep Mcnonb3oBaHUA
std::promise::set_value

std::cout << "Waiting..." << std::flush;

std::cout << "Done!\nResult is: " << f.get() << '\n';

end = std::chrono::system_clock::now();

std::cout << "Elapsed " << std::chrono::duration_cast<std::chrono::seconds>
(end-start).count() << " seconds\n";

}

posypkin@mikhail:~/exp/sandbox/c11/promise$ ./promisel
Waiting...Done!

Result is: 9
Elapsed 0 seconds




[Tpmep Ncnoanb3oBaHUA
set value at thread exit

#include <iostream>
#include <future>
#include <thread>
#include <chrono>

int main()
{
std::promise<int> p;
std::future<int> f = p.get_future();
std::chrono::time_point<std::chrono::system_clock> start, end;
start = std::chrono::system_clock::now();
std::thread([&p] {
p.set_value_at_thread_exit(9);
std::this_thread::sleep_for(std::chrono::seconds(3));
}).detach();



[Tpmep Ncnoanb3oBaHUA
set value at thread exit

std::cout << "Waiting..." << std::flush;

std::cout << "Done!\nResult is: " << f.get() << '\n';

end = std::chrono::system_clock::now();

std::cout << "Elapsed " << std::chrono::duration_cast<std::chrono::seconds>
(end-start).count() << " seconds\n";

}

posypKin@mi :~/exp/sandbox/cll/promiseS ./promisel
Waiting...Done!

Result i1s: 9
Elapsed 3 seconds




CNACHNB0 3A BHUMAHMWE!
BOMPOCbHI?



YMHOXeHne matpul

#Hinclude <stdlib.h>
#include <iostream>
#include <thread>
#include <vector>
#include <chrono>

// Number of matrix rows and
colums
int n;

// Number of threads
int nt;

double *a, *b, *c;

// Thread-firendly matrix multiply
// tn - thread number
void mmul(int tn) {
for(inti=tn;i<n;i+=nt){
for(intj=0;j<n;j++){
double v=0;
for(int k=0; k < n; k ++)
v+=ali*n + k] * b[k*n +j];
c[i*n+j]=v;
}
}
}



// Fill in matrix
void init_matr()
{

a = new double[n * n];
b = new double[n * n];
c = new double[n * n];
for(inti=0;i<n;i++){
for(intj=0;j<n;j++){
ali*n+j]=1;
b[i*n +j] = 2;
}
}
}

// Check result
void check() {
int check_step=n/8;
for(inti=0;i<n;i+=
check_step) {
for(intj=0;j<n;j+=
check_step) {
if(c[i*n+j] =2 *n){
std::cerr << "Error
detected\n";
exit(-1);
}
}
}
}



main(int argc, char* argv|[]) {
if(argc 1= 3) {
std::cerr << "usage: mmul matrix_dim
num_of_thread\n";
exit(-1);
}
n = atoi(argv[1]);
nt = atoi(argv[2]);
init_matr();
std::vector< std::thread > thy;

std::chrono::time_point<std::chrono::sy
stem_clock> start, end;
start =
std::chrono::system_clock::now();
for(inti=0;i<nt;i++){
std::thread th(mmul, i);
thv.push_back(std::move(th));
}
for(auto& t : thv) {
t.join();
}
end =
std::chrono::system_clock::now();
std::chrono::duration<double> dur =
end - start;
std::cout << "Matrix multiply took " <<
dur.count() << "\n";
check();

}



