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OmkKyQa 8bl 3Haeme, 4mo, Koada 8bl 0Omeopadyleaemecs,
CMoJibl 3a saWlUMU criuHamu He ripespaw,aromcsi 8 KeHaypy?

BepTpaH Paccen



JTa Npe3eHTaunsa otobpa)kaeTcst KaKou-To nporpamMmmon



JTa Npe3eHTaunsa otobpa)kaeTcst KaKou-To nporpamMmmon

A cenyac oHa XOEeT, Koraa s HaXXMy KHOMKY NepeknioyeHns Ha crieqyrowmin cnamng



JTa Npe3eHTaunsa otobpa)kaeTcst KaKou-To nporpamMmmon

A cenyac oHa XOEeT, Koraa s HaXXMy KHOMKY NepeknioyeHns Ha crieqyrowmin cnamng

YTto-TO TMINAa scanf unu cin >>



JTa Npe3eHTaunsa otobpa)kaeTcst KaKou-To nporpamMmmon

A cenyac oHa XOEeT, Koraa s HaXXMy KHOMKY NepeknioyeHns Ha crieqyrowmin cnamng

YTto-TO TMINAa scanf unu cin >>

int action = waitButtonClick();



int action = waitButtonClick(); // user input
if (action == 42) { // computing

}...

OTO OencTBUE BbINOMHAT NepudepuinHbie YCTPOUCTBaA



int action = waitButtonClick(); // user input
if (action == 42) { // computing

}...

OTO OencTBUE BbINOMHAT NepudepuinHbie YCTPOUCTBaA

A npoLeccop CTOUT Ha MecCTe, MNoKa s He HaXKMY Ha KHOMKY



int action = waitButtonClick(); // user input
if (action == 42) { // computing

}...

OTO OencTBUE BbINOMHAT NepudepuinHbie YCTPOUCTBaA
A npoueccop CToMT Ha MecCTe, NMoKa A HE HaXXMy Ha KHOIKY

Tak naBanTe Harpysum ero apyrumm sagadyamu!



MHorosagayHocCTb

O,D,HOBpeMeHHOG BbIMOJIHEHNE KOMIbOTEPOM HECKOJIbKMX 3aau
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MHorosagayHocCTb

KyCKOB KOAQ
OnHOBpPEMEHHOE BbINOMHEHNE KOMMBIOTEPOM HECKOINbKMX Saaat
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MHorosagayHocCTb

KyCKOB KOAQ

O,EI,HOBpeMeHHOG BbIMOJTHEHNE KOMIMBbIOTEPOM HECKOJIbKUX 3aha

[1Ba crnocoba:

1) Heckonbko npoueccopos (aaep) B 04HOM KOMMbIOTEPE
(MHOronNpPOLECCOPHOCTD)

2) £Appo perynspHo nepeksrovaeTca Mexay Kyckamu koga
(Nepekso4YeHne KOHTEKCTa)
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[lepekntoyeHne KOHTEKCTa

[lepexon aapa OT O4HOW 3a4auu K Apyrou

CocTosiHMe TeKyllen 3aaayn (PerucTpbl, ykasaTternb Ha CTeK, ykasaTenb Ha
TEKYLLYHO KOMaHAY, ...) COXpaHsieTcs

CocTosiHNe crneayioLLelt 3aga4m 3arpy>kaeTcs
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[1pnYnHBbI NepeknYeHns

1) Kog oxugaet BBoAa AaHHbIX

2) Kopg nobpoBonbHO OTOAET A4p0
(yxoouT nocnatb)

KoonepartusBHas
MHOro3aga4yHocCTb

14



[1pnYnHBbI NepeknYeHns

1) Kog oxugaet BBoAa AaHHbIX

2) Kopg nobpoBonbHO OTOAET A4p0
(yxoouT nocnatb)

3) OC npuHUMaeT pelleHue 3abpatb
A4p0 Y Koaa

KoonepartusBHas
MHOro3aga4yHocCTb

BbiTecHsoLwas
MHOro3aga4yHocTb
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KoonepaTtmBHasi MHOro3aga4HocCTb

TpebyeT cnaxeHHOW paboTbl BCEX NporpaMmmMm = HeNpuUMEHMMa B CUCTEMAX
oOLero HazHa4yeHna (NepcoHanbHbIN KOMIMbIOTEP)
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BbiTecHAOWas MHOro3agavyHoCTb

OC onpepgensieT KBaHT BPeMeHU (HECKOSTbKO MUSTIIUCEKYHL)

Mo ncteveHne atoro kBaHTa OC npuHyaUTENbHO OCTaHaBNUBAET Ko, 3abupaet
PO N MEHSIET EMY KOHTEKCT Ha Apyron kop,

an/IMeHFIeTCFl BO BCEX COBPEMEHHbIX CUCTEMAaX
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KTo nenaet Bcto paboTty?

OC B cBA3Ke C NpPOLECCOPOM

lMNepekntovYeHne KOHTEKCTOB, onpeaeneHne nNnpuopuTeToB, pacnpeaeneHme nepugepumnHbliX YCTPOUCTB, ...

B NPOCTbIX CJTyHadax Asnd nporpamMmmMmmncta MHOrosaga4yHoCTb HE3aMeETHa

Mocne npobyxaeHus ko npogokaeT paboTaTtb, Kak paHbLLe
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OKpyXaroLmn nporpaMmmy Mup

MHorocromHbin
- NIoKarnbHbIE NEPEMEHHbIE
- rnobanbHble NepeMeHHbIe
- AMHaMM4yeckasi NnaMaTb
- hannebl

- npoyne obbekTol OC (CokeThl, ...)
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OKpyXaroLmn nporpaMmmy Mup

MHOrocrnomHbIn

- JIOKallbHblE€ NepeMeHHbIE

JlnyHoEe npocTpaHCcTBO
o
nporpamMmbil

- rnobanbHble nepemMeHHbIEe

- ANHaMM4yeckasi NaMATb
- hannebl

- npoyne obbekTol OC (CokeThl, ...)
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OKpyXaroLmn nporpaMmmy Mup

MHOrocrnomHbIn

- NNOKalribHbl€ NnepemMeHHbIe

JlnyHoEe npocTpaHCcTBO
o
nporpamMmbil

- rnobanbHble nepemMeHHbIEe

- AMHaMN4YeCKad NMNaMdaTb

- (panrbl MpocTpaHcTBO, paspensiemoe

- npoune o6bekTbl OC (CoKeThl, ...) Mexay nporpammamu
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[1poKnNATbE MHOro3agavyHoCTu

B npocTpaHcTBe, KOTOpOe ofHa nporpamma pasgensiet ¢ ApYrmmMmu, MOXeT
MPOUCXOANTb YTO YrofHO
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[1poKnNATbE MHOro3agavyHoCTu

B npocTpaHcTBe, KOTOpOe ofHa nporpamma pasgensiet ¢ ApYrmmMmu, MOXeT
MPOMCXOANTb YTO YroiHO

saveSomethingInFile(“foo.txt”);

loadSomethingFromFile(“foo.txt”);
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[1poKnNATbE MHOro3agavyHoCTu

B npocTpaHcTBe, KOTOpOe ofHa nporpamma pasgensiet ¢ ApYrmmMmu, MOXeT
MPOMCXOANTb YTO YroiHO

saveSomethingInFile(“foo.txt”);
[pyras nporpamma npuwina

N nepenuncarna coaepxnmoe ‘

tpanna foo. txt loadSomethingFromFile(“foo.txt”);
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CTOUT MOPrHYTb
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CTOUT MOPrHYTb
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[1poKnNATbE MHOro3agavyHoCTu

A naxe mopratb Heobsi3aTeNbHO - B MHOIMOMPOLECCOPHON CUCTEME 3TO MOXET
Npon3onTn 6e3 OCTaHOBKM BaLLEro Koaa
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[1poknaTbEe N gap MHOro3agayYHoCTH
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[1poknaTbEe N gap MHOro3agayYHoCTH

Pa3 B pasgenseMoM NpoCcTPpaHCTBE MOXET NPOUCXOAUTb YTO YroaHO

3HaYMT TaM MOXET NPOUCXOANTb N KOHTpoONupyemoe B3anmogencreme!
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[Mpumep

OpgHa nporpamma (worker) 4To-TO HEnpepbIBHO CHNUTAET U NULLET
NPOMEXYTOYHbIE pe3ynbTaThl B hann

BTopasi nporpamma (printer) perynsapHo BbIBOAUT coaepXumoe anna
nofb3oBartersto
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3ayem Tak?

[na adodpekTMBHOCTHU

[Mporpamma worker He TpaTUT BpeMS Ha BbIBOA, AAHHbIX

[1ns npocTOThbl peanu3auun Kaxxaon U3 H1UX

Printer MoxeT 6bITb pasHbiM (KOHCOSbHbIN, rpadduyecknii, CETEBOM, ...

[Mepenenka printer He TpebyeT nepenenkn worker
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[Mpumep

worker & printer

:
:
:

worker

printer

Bpemsi

AV
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[Mpumep

" " "

worker & printer work print work print work print
. >
BpeEMS
worker work work work o
OHOBpPEMEHHO!
N x x (Ha [BYXSAEPHOI
printer wait print print print mMaLmHe)
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Uto ynyctmunun?

" " "

worker & printer work print work print work print
. >
BpeEMS
worker work work work o
OHOBpPEMEHHO!
N x x (Ha [BYXSAEPHOI
printer wait print print print mMaLmHe)
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dannosble onepaunmn

" " "

worker & printer

work print work

print

work

print

worker

printer

Bpemsi

work . work . work

AV

N

wait . print . print . print

35



OPDEKTUBHO NN 3TO?
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OPDEKTUBHO NN 3TO?

Ha ogoHosoepHOW MalnHE - HET

HaknagHble pacxogbl Ha NepekntoyYeHne KOHTEKCTOB U Ha hannoBble onepauum

A Ha MHorosiaepHon?
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OPPEKTUBHO NN 3TO?

Ha ogoHosoepHOW MalnHE - HET

HaknagHble pacxogbl Ha NepekntoyYeHne KOHTEKCTOB U Ha hannoBble onepauum

A Ha MHorosiaepHon?

3aBUCUT OT COOTHOLLEHMS BPEMEH, 3aTpaymBaeMbliX Ha paboTy, BbIBOA4 1 hannoBble onepaumm
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OPPEKTUBHO NN 3TO?

dannbl - 3TO O4EHb MeaSIeHHO, 06BbEM work formkeH ObiTb AEUCTBUTENBHO
BonbLnM Ang Toro, YTobbl 3T0 6bIN0 3PHEKTUBHO

Ectb u gpyrue, bonee adpeKTUBHLIE MEXAaHU3Mbl B3aUMOAENCTBUS NMPOrpamMmm

CwurHanbl, COKeTbI, KaHansil, ...

Tem He meHee, Bce OHU paboTatoT Yepes OC, 4TO CO30aET CYLLECTBEHHbIE
HaknagHble pacxoabl
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A 41O ecnn?

- NaMATb NPorpamMmb
- hannbi

- npoyne ob6bLekTbl OC (cokeThl, ...)

[1pocTpaHCTBO, pasgensemoe
MeXay rnporpammamm

40



A 41O ecnn?

- NaMATb NPorpamMmb
- hannbi

- npoyne ob6bLekTbl OC (cokeThl, ...)

[1pocTpaHCTBO, pasgensemoe
MEXAY FROFpaivtvait
KyCKamu Koaa
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A 41O ecnn?

- NaMATb NPOrpamMmmbl
- hannbi

- npoyne ob6bLekTbl OC (cokeThl, ...)

-

[1pocTpaHCTBO, pasgensemoe
MEXAY FROFpaivtvait
KyCKamu Koaa
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MHOIMONOTOYHOCTb

CyIJ.I,eCTBOBaHVIe B OO4HOM npouecce HECKOJIbKMX KYCKOB KOAa, KOTOPblE MOTYT
NCNOJIHATBCA OAHOBPEMEHHO - MOTOKOB
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#include <iostream>
#include <thread>
#include <chrono>
using namespace std; .
B Since C++11
void speaker(string word) {
while (true) {
cout << word << endl;
this thread::sleep for(chrono::milliseconds(1000));

}

void main() {
thread ping(speaker, "ping");
thread pong(speaker, "pong");

cout << "my job here is done" << endl;
while (true) {}
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##tinclude <iostream>
##tinclude <thread>

_ [lo6poBonbHasa oTaada aapa apyromy

. noTtoky Ha 1000 munnucekyHg (MMHUMYM)
using namespace std;

void speaker(string word) {
while (true) {
cout << word << endl;

this_thread::sleep_for(chrono::milliseconds(1000));
}

void main() {
thread ping(speaker, "ping");
thread pong(speaker, "pong");

cout << "my job here is done" << endl;
while (true) {}
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##tinclude <iostream>
##tinclude <thread>

_ [lo6poBonbHasa oTaada aapa apyromy

. noTtoky Ha 1000 munnucekyHg (MMHUMYM)
using namespace std;

void speaker(string word) {
while (tr‘ue) { Ecnun aToro He caenartb, NOTOK YCreeT CKa3aTb
O4YeHb MHOrIO CJ10B 3a KBaHT BPEMEHN
cout << word << endl;

this_thread::sleep_for(chrono::milliseconds(1000));
}

void main() {
thread ping(speaker, "ping");
thread pong(speaker, "pong");

cout << "my job here is done" << endl;
while (true) {}
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#include <iostream>
#include <thread>
#include <chrono>
using namespace std;

void speaker(string word) {
while (true) {
cout << word << endl;
this _thread::sleep for(...);

}

void main() {
thread ping(speaker, "ping");
thread pong(speaker, "pong");

cout << "my job here is done" << endl;
while (true) {}

Co3sfaHue 1 3anyck HOBOro NoToKa,
accouMmMpoBaHHOro ¢ 06bEKTOM ping
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##tinclude <iostream>

#tinclude <thread> c
#include <chr'ono> o340aHne 1 3anyCckK HOBOIO MNMOTOKa,

) acCoLMNPOBAHHOIO C 0GLEKTOM ping
using namespace std;

void speaker(string word) { §
while (true) { Ykasatenb Ha PyHKLUMIO, C KOTOPOW
Ha4YNHaEeTCA CTEK BbI3OBOB HOBOIO NMOTOKaA
cout << word << endl;

this _thread::sleep for(...);

}

void main() {
thread ping(speaker, "ping");
thread pong(speaker, "pong");

cout << "my job here is done" << endl;
while (true) {}
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#include <iostream>
#include <thread>
#include <chrono>
using namespace std;

void speaker(string word) {
while (true) {
cout << word << endl;
this _thread::sleep for(...);

}

void main() {
thread ping(speaker, "ping");
thread pong(speaker, "pong");

cout << "my job here is done" << endl;
while (true) {}

Co3sfaHue 1 3anyck HOBOro NoToKa,
accouMmMpoBaHHOro ¢ 06bEKTOM ping

Ykasatenb Ha PyHKLUMIO, C KOTOPOW
Ha4YMHaETCs CTEK BbI3OBOB HOBOrO MNOTOKA

3HayeHuns napamMeTpoB, NepegaBaeMbix B
dyHKUnIo speaker
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#include <iostream>
#include <thread>
#include <chrono>
using namespace std;

void speaker(string word) {
while (true) {
cout << word << endl;
this _thread::sleep for(...);

}

void main() {
thread ping(speaker, "ping");
thread pong(speaker, "pong");

cout << "my job here is done" << endl;
while (true) {}

AHarnornyHo cosgaém u 3anyckaem
BTOPOM NOTOK
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##tinclude <iostream>

#tinclude <thread> A .
#include <chronos HanornM4yHo co3aaém U 3anyckaem

. BTOPOM NOTOK
using namespace std;

void speaker(string word) { .
while (true) { OTO Aenaet OCHOBHOW MOTOK NporpaMmmbl

Ha4YaBLUUMCSA C PYHKUMKM main
cout << word << endl; ( by )

this _thread::sleep for(...); OAHOBPEMEHHO

} C TemMm, KaK NOTOK ping Yy»Xe Hayarn CBOK XW3Hb

void main() {
thread ping(speaker, "ping");
thread pong(speaker, "pong");

cout << "my job here is done" << endl;
while (true) {}
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#include <iostream>
#include <thread>
#include <chrono>
using namespace std;

void speaker(string word) {
while (true) {
cout << word << endl;
this _thread::sleep for(...);

}

void main() {
thread ping(speaker, "ping");
thread pong(speaker, "pong");

while (true) {}

Penoptyem 06 oKoH4YaHU1 paboThl
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#include <iostream>
#include <thread>
#include <chrono>
using namespace std;

void speaker(string word) {
while (true) {
cout << word << endl;
this _thread::sleep for(...);

}

void main() {
thread ping(speaker, "ping");
thread pong(speaker, "pong");

cout << "my job here is done" << endl;
while (true) {}

Ecnun ocHOBHOM NOTOK BbINAET U3 (PYHKLNN
main, 3TO NPUBEOET K BbI30OBY
AECTPYKTOPOB Ana 00BLEKTOB ping 1 pong,
KOTOpbl€ accoLMnMpOBaHbI C
NCNOMNHALWNMUCS NOTOKaMU

Tak genatb Henb3s (apyrme cnocobbl
peLleHnsa npobnemMbl - NO3xe)
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#include <iostream>
#include <thread>
#include <chrono>
using namespace std;

void speaker(string word) {
while (true) {
cout << word << endl;
this _thread::sleep for(...);

}

void main() {
thread ping(speaker, "ping");
thread pong(speaker, "pong");

cout << "my job here is done" << endl;
while (true) {}

KoHconb otnaaku Microsoft Visual Studio

y job here is done
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Kak Tak 107!

KoHcone otnaaku Microsoft Visual Studio

y job here is done
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Hanpumep, BOT Tak

pong

main

cout << pong

sleep(1000)

cout << pong

sleep(1000)

while (true)

while (true)

while (true)

while (true)
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Hanpumep, BOT Tak

Bpemsi
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Hanpumep, BOT Tak

Bpemsi

cout << pong
sleep(1000)

58



Hanpumep, BOT Tak

OTOT KOO MOXET BbINOMHATLCSA
MeHbLue 1 CeKyHbl

1

Bpemsi

cout << pong
sleep(1000)
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Hanpumep, BOT Tak

OTOT KOO MOXET BbINOMHATLCSA
MeHbLue 1 CeKyHbl

1

Bpemsi

cout << pong
sleep(1000)

—

MoTok ping ewé cnut, OC
OTOAaET A4pOo NOTOKY main

60



Hanpumep, BOT Tak

OTOT KOO MOXET BbINOMHATLCSA
MeHbLue 1 CeKyHbl

{

Bpemsi

cout << pong
sleep(1000)

while (true)

while (true)

while (true)

while (true)

—

MoTok ping ewé cnut, OC
OTOAaET A4pOo NOTOKY main
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Hanpumep, BOT Tak

OTOT KOO MOXET BbINOMHATLCSA
MeHbLue 1 CeKyHbl

OTOT KOO MOXET BbIMOMHATLCA
bonbLue 1 cekyHAabl

—_—

Bpemsi

cout << pong
sleep(1000)

while (true)

while (true)

while (true)

while (true)

—

MoTok ping ewé cnut, OC
OTOAaET A4pOo NOTOKY main
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Hanpumep, BOT Tak

OTOT KOO, MOXET BbINOMHATLCS cout << pong
MeHbLUue 1 ceKyHabl )
- sleep(1000) MoTok ping ewé crut, OC
while (true) OTAAET a4pOo MOTOKY main
OTOT KOA MOXET BBINOMHATLCA | while (true)
bonbLue 1 cekyHAabl while (true)
while (true) MoTokm ping 1 pong oba BbICMaNnCh
— - 1 rotoBbl pabotatb, OC oTaaéT aapo

KOMY-TO

Bpemsi
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Hanpumep, BOT Tak

OTOT KO, MOXET BbINOMHATLCS cout << pong
MeHbLUe 1 ceKyHAbl )
- sleep(1000) MoTok ping ewé crut, OC
while (true) OTAAET a4pOo MOTOKY main
OTOT KOA MOXET BBINOMHATLCA | while (true)
bonbLue 1 cekyHAabl while (true)
while (true) MoTokm ping 1 pong oba BbICMaNnCh
— - 1 rotoBbl pabotatb, OC oTaaéT aapo
cout << pong KoMy-To (pong)

Bpemsi
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nun Kak-To nHade

OTOT KOZ, MOXET BbIMOMHATLCA cout << pong
MeHbLe 1 cekyHabl R
- sleep(1000) - MoTok ping ewwé cnut, OC
while (true) OTAAET a4pOo MOTOKY main
OTOT KOAL MOXET BBINOMHATLCA | while (true)
donbuie 1 cekyHabl while (true)
while (true) MoTokm ping 1 pong oba BbICMaNnCh
— - 1 rotoBbl pabotatb, OC oTaaéT aapo
cout << pong KOMY-TO (pong)

Bpemsi
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[anblie xyxe

Koncone otnaaku Microsoft Visual Studio

my~jUu=here 1s done
‘pingpong

OpuH pas Ha ABaaLaTh 3anycKoB
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[anblie xyxe

void speaker(string word) {
while (true) {
cout << word << endl;
this_thread::sleep for(...);
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[anblie xyxe

void speaker(string word) {
while (true) {
cout << word;
cout << endl;
this_thread::sleep for(...);
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[anblie xyxe

void speaker(string word) { oTOK MOXET Gare

while (true) { npepBaH B 3TON TOYKe
cout << word;
cout << endl;

this_thread::sleep for(...);
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Lanblue xyxe

pong

cout << pong

cout << end|

sleep(1000)
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[anblie xyxe

A0po

Bpemsl
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[anblie xyxe

aapo Net

Bpemsl

aapo Ne2
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Lanblue xyxe

BpeMs

saapo Ne1i

aapo Ne2

cout << pong

cout << endl

sleep(1000)
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Lanblue xyxe

BpeMs

saapo Ne1i aapo Ne2

cout << pong

cout << endl

sleep(1000)

cout - o6wmn!

BbIBOJ, Heonpeaenex
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Bpema HeNOAKOHTPOSIbHO

I'IepeKmoquvle KOHTEKCTa MOXET MNMPOonCXoanTb B NMPOU3BOJIbHbLIX TOYKax Koaa

Ecnn nporpaMMUCT XOYeT, YTOObl YaCcTU €ro NOTOKOB UCMOMHANUCH B
onpeaenéHHoM Nopsiake - 3T0 ero NpPoodnemsl

KoHCTpyKUun Ha oxngaHusx (sleep) He paboTatoT!
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A NpoCTpaHCTBO?
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A NpoOCTpaHCTBO?

[lap MHOroszagadHocTn ycunmeaeTcd

MamaTb eguHas 4ns BCEro npouecca, To ecTb 06Las Anst BCEX NOTOKOB

Baanmogencrtemne moxet OCYLLECTBITIATbCA Yepe3 NaMATb
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A NpoOCTpaHCTBO?

[lap MHOroszagadHocTn ycunmeaeTcd

MamaTb eguHas 4ns BCEro npouecca, To ecTb 06Las Anst BCEX NOTOKOB

Baanmogencrtemne moxet OCYLLECTBITIATbCA Yepe3 NaMATb

[l POKINATUNE TOXE YCUIMNBAETCAH

HeoxngaHHble n3MeHeHus Tenepb MoryT I'IpOI/I3OI7ITVI B Balnx o6beKkTax, MaccmBax, rnobarnbHbIX nepeMeHHsbIXx, ...
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Kak ¢ 3TUM XuUtb?
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Kak ¢ 3TUM XUTtb?

1) KoHTponupoBaTb pa3gaensaemMocTb NaMATH
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Kak ¢ 3TUM XUTtb?

1) KoHTponupoBaTb pa3gaensaemMocTb NaMATH

TeopeTuyecku, BcA NaMsiTb NpoLecca pasgerneHa Mexay notokamm, Ho eCnm UCKNIYUTb A0CTYN Mo
crny4anHbiM agpecaM, TO MOXHO ynpaBnsaTb JOCTYNHOCTbLIO KaXaoro oobekta U3 Kaxaoro notoka
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Kak ¢ 3TUM XUTtb?

1) KoHTponupoBaTb pa3gaensaemMocTb NaMATH

2) KoHTponupoBaTtb NpoLecCc N3MEHEHUI pa3gene€HHON NamMATn
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Kak ¢ 3TUM XUTtb?

1) KoHTponupoBaTb pa3gaensaemMocTb NaMATH

2) KoHTponuposaTb npouecc NM3sMeHeHNN pasgeneHHoOn NamMaTu

npOTeKa}OU.lMVI BO BpeMeEHN, C HenpeackasyemMbiMn MOMEHTaMKN NepeKINNto4EeHNA KOHTEKCTOB

84



KoHTponb pa3gensaemMocT
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JlokanbHble NEpPEMEHHbIE

Y Kaxkgoro noToka - CBOW CTeK BbI30BOB, (OpeNMBbI U NIOKarbHbIE NEePEMEHHbIE
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JlokanbHble NepeMeHHbIe

Y Kaxkgoro noToka - CBOW CTeK BbI30BOB, (OpeNMBbI U NIOKarbHbIE NEePEMEHHbIE

HanmeHee p83ﬂ,eﬂéHHaﬂ NnamMsaTb - B 0ObIYHOM pexnme 3Ha4eHUA JTOKalrbHbIX
NnepemMeHHbIX NMOTOKa HE NSMEHAKTCA MeXAYy KBaHTaM BpEMEHU
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JlokanbHble NepeMeHHbIe

Y Kaxkgoro noToka - CBOW CTeK BbI30BOB, (OpeNMBbI U NIOKarbHbIE NEePEMEHHbIE

HanmeHee pasgenéHHasa namsitb - B 00bIMHOM PEXMME 3HAYEHUSA NTOKanbHbIX
NepeMEHHbIX MOTOKA HE N3MEHSAITCA MexXay KBaHTaMW BPEMEHMU
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void foo(int* ptr) {
while (true) {
(*ptr)++;
}
}

void main() {
int x = 0;
thread thr(foo, &x);

while (true) {
cout << X << endl;

this_thread::sleep_for(..

)

C:\Users\tc\source\repos\exp\Debug\exp.exe
%
946920796
1914301575
-1412124171

-451903148
515276400
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[nobanbHble NepeMeHHbIe

Mo YMOJIHaHUMIO pa3aesieHbl Mexay noTokamMmm
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Thread-local storage

thread_local int foo;

[lNns KaXkgoro noToka co3gaeTcsl CBOSI BEPCUSI ATOU NEPEMEHHON

B 06bI4HOM pexunme AOCTYN K HEN eCTb TOMbKO Y €€ NoToKa
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int x;

void foo() {
while (true) {
X++;

}
}

void main() {
thread thr(foo);

while (true) {
cout << x << endl;

this thread::sleep for(..

)

C:\Users\tc\source\repos\exp\Debug\exp.exe
%
629250992
1262226600
1890445119

-1780019858
-1152798717
-527557491
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thread_local int x;

void foo() {
while (true) {
X++;

}
}

void main() {
thread thr(foo);

while (true) {
cout << x << endl;

this thread::sleep for(..

)

KoHconb otnaakn Microsoft Visual Studio
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[InHamunyeckasi namsitb

O6beKkT co3gaeTca B orneparope new, 1 eANHCTBEHHLIN yKa3aTernb BO3BpaLlaeTCs
Bbl3BaBLUEMY KOAOY

[lanbHenwee pacnpocTpaHeHNe 3aBUCUT OT NporpamMmMmncTa
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[locTMXXKMMOCTb 0OBbEKTa K3 MNOoTOoKAa

MHOXeCTBO 0OBHEKTOB, JOCTUXKNUMBbIX M3 NMOTOKA, BbIYUCNSIETCA:

1) [MapameTpbl, NepegaHHbIe B NOTOK
2) [nobarnbHble NnepeMeHHble

3) O6bekTbl, Ha KOTOpPble eCTb YKa3aTernu Unun CCbiSiku N3 ApYyrnx JOCTUXKUMbIX
00bLEKTOB
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KOHTpoOsb pasgensaemMocTu

MeHbLue rnobarnbHbIX NepeMeHHbIX, N0 BO3MOXHOCTU - thread _local

AKKypaTHasi nepegaya napamMmeTpamMm B MOTOK TONbKO HEOOXOAMMbIX OOBHEKTOB

HenameHaemble 00bEeKTbI
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HenameHsemble 0ObeKThbl

npOKﬂﬂTI/Ie MHOro3aga4yHoCTU - B HernpeackKkaldyeMbliX USMEHEHUAX

Ecnn oObekT HE MOXET UBMEHUTLCSA - NPOBbNeMbl HET
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Ok, 1 MakCcMMarbHO YMEHbLUUIT pa3aensemMyto namsaTb. Tenepb Bcé 6e3onacHo?
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KOHTpOSb NpoLiecca N3MEHEHNN

Ok, 1 MakCcMMarbHO YMEHbLUUIT pa3aensemMyto namsaTb. Tenepb Bcé 6e3onacHo?

HeT. Tenepb Hy>XHO onpegenuTb NpPouecc N3MEHEHNN 3TOU NaMATK.
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Lanblue xyxe

BpeMs

saapo Ne1i aapo Ne2

cout << pong

cout << endl

sleep(1000)

cout - o6wmn!

BbIBOJ, Heonpeaenex
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worker & printer

struct Point {

int x;
int y;
}s
void worker() { Point result;
while (...) {
int x = ...
inty = ...;
result.x = Xx;
result.y = y;
}

void printer() {

while (...) {
int x = result.x;
int y = result.y;

cout & sleep
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worker & printer

void worker() {

while (...) {

int x =

result.x
result.y

inty = ...

struct Point {
int x;
int y;

}s

Point result;

1

pasgensiemas
nepemMeHHast

void printer() {
while (...) {
int x = result.x;
int y result.y;

cout & sleep
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worker & printer

void worker() {

while (...) {
intX=--~;
inty = ...;

struct Point {

int Xx;
int y;
}s
Point result; void printer() {
while (...) {
int x = result.x;
int y = result.y;
pasgensemas
nepemeHHas cout & sleep
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worker & printer

worker

—)

write

Point result;

1

pasgensiemas
nepeMeHHas

(==

read

int x
int y

printer

result.x;
result.y;
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Bce xopouwo

Bpemst
105



[lone3nn 0eMoHbI

Bpemst
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Kputndeckue cekuumm

YyacTku Koga, rae npoucxoguT YTeHMe Ui 3anucb pasgenaemMblX NepeMeHHbIX,
obpalleHmne K pasgensiemMblM pecypcam (Hanpumep, cout) n npoyme oenucTeums,
KOTOpPbI€ HYXXHO 3aluuLaTb Apyr oT gpyra
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Kputndeckue cekuumm

YyacTku Koga, rae npoucxoguT YTeHMe Ui 3anucb pasgenaemMblX NepeMeHHbIX,
obpalleHmne K pasgensiemMblM pecypcam (Hanpumep, cout) n npoyme oenucTeums,
KOTOpPbI€ HYXXHO 3aluuLaTb Apyr oT gpyra

worker printer
_ int x = result.x;
_ KPpUtnyeckme cekKumm int y = result.y;
= Y3
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Kputndeckue cekuumm

dakTopm3yloTCs No pasaensemMbiM NepeMeHHbIM

Cekuun, moanduumpyoLLiMe pasHble NepeMeHHble, Yalle BCero He HyXXHO 3aluuLiaTth Apyr oT apyra

Onpepnenexnne, Kakue y4acTku - KpUTUYECKUE, NEXUT Ha NporpaMmMucTe

[MpocTenumnin cnocod 3alnTbl - B OANH MOMEHT BPEMEHM (pearbHoro, a He

EPHOro) TONMbKO OAMH MOTOK MOXET HaXOAUTCS B KPUTUYECKON CEKLINK
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Kputndeckue cekuumm

dakTopm3yloTCs No pasaensemMbiM NepeMeHHbIM

Cekuun, moanduumpyoLLiMe pasHble NepeMeHHble, Yalle BCero He HyXXHO 3aluuLiaTth Apyr oT apyra

Onpepnenexnne, Kakue y4acTku - KpUTUYECKUE, NEXUT Ha NporpaMmMucTe

[MpocTenwmnim cnocodb 3alnTbl - B OANH MOMEHT BPEMEHU (peanbHoro, a He

EPHOro) TONMbKO OAMH MOTOK MOXET HaXOAUTCS B KPUTUYECKON CEKLINK
110



MbloTekcbl (mutex, mutually exclusive)

O6bekT, HaxoaALWKMNCA NOCTOSAHHO B OAHOM U3 ABYX COCTOSIHUWM - CBOOOAHbLIN
(Ha4YanbHOE COCTOSAHME) UNK 3abNOKUPOBAHHLIN

JTtobom NOTOK MOXKET y3HaTb, 3abfIOKMPOBAH MbIOTEKC, NN HET

JTtobon NOToK MOXKET 3abnoknpoBaTb MbIOTEKC, ecnn TOT cBoboAdeH, 1 ocBOBOAUTD,
ecnun OH 3abnoknpoBaH
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MbloTekcbl (mutex, mutually exclusive)

C Kaxxgom rpynnon KpUTUYECKUX CEKLUIM aCcCOLMNPYETCA MbIOTEKC

[Mepen BXOOOM B KPUTUYECKYIO CEKLIMIO MOTOK XKAET, MOKa MbIOTEKC HE CTaHeT
cBOOOOHbIM, A0XAABLLUNCL, ONOKMPYET €ro 1 3axXoauT B KPUTUYECKYHO CEKLIMIO

Mepen BbIXOOOM U3 KPUTUYECKOW CEKLIMM MOTOK OCBODOXKAAET MbIOTEKC
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[NaBainte nonpodbyem!
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[NaBainte nonpodbyem!

Ha nepBbI B3rNag MblOTEKCOM MOXET
paboTtatb 0bbIYHas normyeckas nepeMeHHas
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worker

result.x
result.y

Y

Point result;

int X
int y

printer

result.x;
result.y;
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MbloTEKC

worker

result.x
result.y

Y

Point result;
boolean resultlLock;

int X
int y

printer

result.x;
result.y;
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Bxoabl B KpUTUYECKNE CEKL MU

Point result;

worker printer
result.x = x; int x = result.x;
result.y = vy; int y = result.y;
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Bbixoabl U3 KPUTUYECKNX CEKLUM

Point result;

worker printer
result.x = x; int x = result.x;
result.y = vy; int y = result.y;
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Hy 4yTo, Bpoae HopmManbLHO?

Point result;

worker printer
result.x = x; int x = result.x;
result.y = vy; int y = result.y;
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Bce xopouwo

Bpemsi
120



Hea

Bpemsi
121



Hea

while (resultlock);
while (resultLock);
resultlock = true;

resultlock = true;

oba notoka 3anayT B

v KPUTUYECKYHO CEKLIMIO
Bpemsi

122



.~y here

we go again.



YTo penatb?

3aWnNTUTb MbIOTEKC eLLEé OAHUM MbIOTEKCOM?

[MoaceinaTb Kaknx-HNMOyaOb sleep’oB?
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YTo penatb?

3alWUTUTb MbIOTEKC eLLE OAHMM MbIOTEKCOM?

[Moackinatb Kaknx-HMbyab sleep’oB?
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XBaTUT 3TO TepneTb

ATOMapHaFI ornepauund - orepaund, KoTopasa BbINMOJIHAETCA LUENTMKOM UITN HE
BbIMOJIHAETCA BOBCE

126



XBaTUT 3TO TepneTb

ATOMapHaFI ornepauund - orepaund, KoTopasa BbINMOJIHAETCA LUENTMKOM UITN HE
BbIMOJIHAETCA BOBCE

Bce coBpemMeHHble npoueccopbl 06LWero HasHa4YeHns NPeaocTaBnAoT HEKOTOPbIN
Habop aTtoMapHbIX ornepauunm
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compare & swap (CAS)

ATOMapHoe cpaBHEHME NEPEMEHHOM C NpeanonaraemMblM 3Ha4YeHNEM U (B Criyyae
paBEHCTBA) 3aM€EHa e€ 3Ha4YeHnsa Ha HOBOE

PacnpocTpaHEHHbIN BapuaHT (Hanpsimyto nogaepxaH intel x86 & x64)

,D,pyrl/le npoueccopbl MOryT NpegocTtaBliATb 3KBUBAJIEHTHbLIE Onepaunn
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He pabotaet

worker

result.x = x;
result.y = vy;

Point result;

printer

int x
int y

result.x;
result.y;
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[IpoBepKa  BXo4 B KPUTUYECKYIO CEKLIUIO aTOMapeEH

Point result;

worker printer
result.x = x; int X = result.x;
result.y = vy; int y = result.y;
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EcTb B cTaHgapTHOU bubnunoTteke C++11

Defined in header <atomic>

template< class T >

bool atomic_compare_exchange_weak( std::atomic<T>* obj,

template< class T >
bool atomic_compare_exchange_weak(

template< class T >

typename
typename

volatile
typename
typename

std
std:

std:
std:
std:

bool atomic_compare_exchange_strong( std::atomic<T>* obj,
typename std
typename std

template< class T >

bool atomic_compare_exchange_strong( volatile std
typename std
typename std

template< class T >

::atomic<T>::
:ratomic<T>::

rratomic<T>*
rratomic<T>:
rratomic<T>:

ratomic<T>* obj,
ratomic<T>::value_type* expected,
ratomic<T>::value_type desired ) noexcept;

ratomic<T>::value_type* expected,
ratomic<T>::value_type desired ) noexcept;

(1)

value_type* expected,

value_type desired ) noexcept

obj,

bool atomic_compare_exchange_weak_explicit( std::atomic<T>* obj,

template< class T >

bool atomic_compare_exchange_weak_explicit(

template< class T >

typename std::atomic<T>:
typename std::atomic<T>::

std: :memory_order succ,

std: :memory_order fail )

volatile std::atomic<T>*
typename std::atomic<T>:
typename std::atomic<T=>::

std: :memory_order succ,

std: :memory_order fail )

bool atomic_compare_exchange_strong_explicit( std::atomic<T>* obj,
typename std::atomic<T>::value_type* expected,
typename std::atomic<T>::value_type desired,

std: :memory_order succ,

(2

:value_type* expected,
:value_type desired ) noexcept;

:value_type* expected,

value_type desired,

noexcept;

obj,

:value_type* expected,

value_type desired,

noexcept;

(since
C++11)

(since
C++11)

(since
C++11)
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Ho npolle Bocnonb3oBaTbCA BCTPOEHHBbIMU mMutex

worker

resultLock.lock();

result.x
result.y

X
Yy

resultLock.unlock();

Point result;
mutex resultLock;

printer

resultLock.lock();

result.x;
result.y;

int Xx
int y

resultLock.unlock();
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NHTepdenc mutex

void lock() - aTomapHO npoBepsieT, cBOO6OAEH NN MbIOTEKC, U, ecnn Aa, bnoknpyet
ero, MHaude XaeT, Noka MbTEKC pa3broknpyeTcs Apyrmm NoTOKOM

bool try lock() - atTomapHO npoBepsieT, cBOOOAEH NN MBIOTEKC, U, eCnNu Aa,
BrokMpyeT ero u Bo3spawlaert true, nHade Bo3Bpauwlaert false

void unlock() - pa3bnokupyeT MblOTEKC
133



NHTepdenc mutex

void lock() - aTomapHO npoBepsieT, cBOO6OAEH NN MbIOTEKC, U, ecnn Aa, bnoknpyet
ero, MHade XAOET, NoKa MbITEKC pas3bnokmpyeTca pyrMM NoTOKOM

OTO OXMAaHWe Ha3biBaeTCqd GNMOKMPOBKOM NOTOKA, Bbi3BasLUero lock()
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NHTepdenc mutex

Ecnn oguH 1 TOT e NoToK nonpobyeTt 3abnokMpoBaTb OAWH U TOT XKe MbHTEKC
OBaxabl:

1) MbloTekc 3abrnokupyeTcs Ha NepBon MomnbITKe
2) Ha BTOpOM NnonbITKe 3abroknpyeTca cam noToK
3) W MblOTEKC HUKTO He ocBoboanT
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recursive_mutex

XpaHuTt B cebe ngeHtTndmnkaTop NnoToka, 3abnokMpoBaBLUErO ero, U KOrm4ecTBO
BXOJOB B KPUTUYECKME CEKLIM

OyeBnOHO Aopoxe 0bbIYHOro mutex

Mcnonb3oBaTtb Npy HEO6X0OMMOCTH
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mutex + MHKancynauus

Pasgenaembin 0ObekT BKMNOYaET B ced0SA NofiemMm MbHOTEKC

Kputnyeckue cekumm odoopmnaTcss MeTogamu, Bbi3biBa€MbIMU OT 0ObeKTa
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mutex + MHKancynauus

Pasgenaembin 0ObekT BKMNOYaET B ced0SA NofiemMm MbHOTEKC

Kputnyeckue cekumm odoopmnaTcss MeTogamu, Bbi3biBa€MbIMU OT 0ObeKTa

He paboTaert, ecnu B KpUTUHECKON CEKLIUM 3aTparnBatoTCs HECKOMNBbKO Pa3HbIX
pasgensemMblX 0ObEKTOB
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BaanmHas bnoknposka (deadlock)

mutex lockl;
mutex lock2;

thread 1 thread 2
lock®.lock(); lock2.lock();
ié;kz.lock(); ié;kl.lock();
ié;kz.unlock(); iéékl.unlock();

lockl.unlock(); lock2.unlock();
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BaanmHas bnoknposka (deadlock)

MoxkeT ObITb HE Takon ABHON

Hanpumep, ObiTb padMma3aHHOM MO CTEKY BbI30BOB

YnayHoun otnagku!
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Pesiome

1)
2)
3)

4)

MuHuMn3npymnTe pasgensaemMyro namdaTb, gaBanTe 4OCTYN NOTOKaM K
obbekTamMm co3HaTENbHO U C YETKO onpeaeneéHHON LEenbLo

OnpepensanTte KpUTUYECKNE CeKLUM, NO BO3MOXHOCTU MHKANCYNUPYyuUTe UX C
MblOTEKCAMM

N3berante NnWHNMX BNOKMPOBOK - 3TO SOPOro 1 BEAET K B3aUMHbIM
BriokmpoBKam

He ucnonb3ynte sleep 1 camonarnbHble MbIOTEKCbI 419 CUHXPOHU3aL MK
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Pesome

MHoOrosaga4yHocCTb - MOLLHbIA U ONAaCHbIM MHCTPYMEHT

N orpomHas Tema B IT (Ha nopsagok 6onbLIe pacCMOTPEHHOIO B JTIEKLINN)

HeobxoaMmocTb €ro ncnonb3oBaTtb ABUraeT Nporpecc B si3bikax n Gubnmotekax

Tak, Hanpumep, crneacTBue - NONYNSPHOCTb PYHKUMOHANbHBIX S3bIKOB
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He moprau!
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Q&A



