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https://l.wzm.me/_coder/custom/parallel.programming/main.htm

OnpeodernieHust

MHoronotouyHocTb (Multithreading) — cBoicTBO nnatopmbl
(Hanpumep, ornepaunoHHON CUCTEMbI, BUPTYalribHON MaLIMHbI U T. 4.)
NN NPUNOXEHUS, COCTOsILLIEee B TOM, YTO NpoLEeCC, NOPOXAEHHbLIN B
onepaunoHHOWU CUCTEME, MOXET COCTOATb U3 HECKONbKNX MOMOKOeE,
BbIMOSTHAIOLWNXCS «napanreribHo», To ecTb be3 npedrnucaHHO20
rnopsioka 8o gpemeHu. I'lpn BbINONTHEHUN HEKOTOPLIX 3a4a4y Takoe
pasgeneHne MoXeT OoCTnYb bonee adPEKTUBHOIO NCMNOMb30BaHUS
PECYpPCOB BbIYUCIIUTENIBHOW MaLUUHBI.

[MoToKM Ha3biBaOT Takke momokamu ebinosiHeHus (thread of
execution), «<tHumsiMmu» (6ykeasnbHbIl nepeeod aHan. thread) vinu
HedopmarnbHO «mpedamuy.



Process

OnpedesnieHus

MoTtok BbinonHeHus (thread — HUTL, NB) —
HanMeHbLlasa eanHuLa obpaboTKu, UCNOMHEHUE KOTOPOU
MOXET ObITb HAa3Ha4YeHo S4pPOM onepaLMOHHON CUCTEMBI.

Peanusauusa B n npoueccoB B pa3Hbix OC oTnnyaeTtcy,
HO B bonbLUMHCTBE criyydaeB 1B HaxoauTcs BHYTpuU
npouecca. Heckonbko 1B MoryT cyulectBoBaTh B
pamMKax O4HOro M TOro e npouecca U COBMECTHO
MCNOSMb30BaTh PECYpPChbl, Takne Kak namsaTtb, Toraa Kak
NpoLEeCChl He pa3fenarT 3TUX PecypCcoB.

AHarnoaus: HECKoJibKo emecme pabomarouwium rnosapos. Bee
OHU 20moesim 00HO 6511000, Yumarom OOHY U my xe
KYIIUHaPHYo KHU2y ¢ OOHUM U MeM Xe peuermom u criedyrom
ea20 yKa3aHUSIM, NMpu4ém He obsi3ameribHO 8ce OHU Yumarom
Ha OOHOU U mou e cmpaHuue.

Time




OnpedesnieHus

Mpouecc — BbINONMHEHNE NAaCCUBHBLIX MHCTPYKLINA
KOMMNbIOTEPHON NpPOrpamMmmMbl Ha NPOLLECCOpE.

Ctangapt ISO 9000:2000 Definitions onpeaengaet
npoLuecc Kak COBOKYNMHOCTb B3aMMOCBSA3aHHbIX U
B3aMMOAENCTBYHOLLMNX OENCTBUN, Npeobpasyonx
BXoAsLWme daHHble B ucxogdLime.

KomMmnbroTepHasa nporpamma cama no cede — nuilb
naccmBHas nocriegoBaTenbHOCTb MHCTPYKUMA. B TO
BPEMS KaK npouecc — HENnocpeacTBEHHOE
BbIMOSTHEHNE 3TUX UHCTPYKLIUN.

Takke, npoueccoM Ha3blBalOT BbIMOSTHAOLLYHOCHA

nporpamMmy 1 BCce e€ 3reMeHTbl: aJpecHoe

NPOCTPAaHCTBO, rnodanbHble NepPeMEHHbLIE, PETNCTPHI,

CTEK, OTKpbITblEe dbannbl U T.4. (KOHMeKcm

npouecca). 6

roToe

B OXWAaAH
(3a6 0K pu aH )

anOCTaHOBneH
roToB

anDCTaHOBneH
B 0XKnAa

COHEC




OnpeodernieHust

Omnu4ue nomokoe om rnpouyeccoes.

NnpoueccChbl, Kak rnpasnio, He3aBUCMMbI, TOlIda KaK NOTOKU BbINMOJIHEHUA
CyLLeCTBYHOT KaK COCTaBHbl€ 3JlieMEeHTbI MNMpoLecCcoB

NPoLEecChl HECYT 3HAYUTENbHO 6orblLle MHopMaLKMM O COCTOSIHUN, Toraa
KaK HECKOITbKO NMOTOKOB BbINOMHEHUsI BHYTPWU NnpoLiecca COBMECTHO
MCnonb3yT MHOPMAaLMIO O COCTOSIHUN, a Takke naMmsaTb U apyrue
BblYMUCITUTENbHbIE PECYPChI

npoueccbl UMEKOT OTAEJIbHbIE alpEeCHbIE MNMPOCTPAHCTBA, TOrAa Kak NnoToKu
BbINOJIHEHNA COBMECTHO NCMOJIb3YHT UX agpecHOe MNMpPpoCTpaHCTBO

npoLecchl B3anMOAENCTBYIOT TONbKO Yepes NpeaocTaBnsieMble CUCTEMON
MeXaHM3Mbl CBSA3E MeXay npoLeccamm

NepekntYeHne KOHTEKCTa MeXxay NoTokamMmu BbIMOMHEHUS B O4HOM
npouecce, Kak npaBuno, ObicTpee, YeM NEPEKITIOYEHNE KOHTEKCTa MEXay
npoueccamu.



Bu6bniuomeka POSIX Threads

POSIX Threads — ctaHaapt POSIX-peanu3aunmn noTokoB
(HUTEen) BbINOMNHEHUS.

CtaHpapt POSIX.1c, Threads extensions (IEEE Std 1003.1c-
1995) onpepnenset APl gnsa ynpaBneHns notokamm, nx
CUHXPOHU3ALNN U NMITaHUPOBAHMUSI.

Peanunsaunu cyuectsytoT ans 6onbioro yncna UNIX-
nogobHbix OC (GNU/Linux, Solaris, FreeBSD, OpenBSD,
NetBSD, OS X), a takke ans Microsoft Windows n gpyrux
OC.

bubnuomeku, peanu3yrouwue amom cmaHoapm (U gyHKuuUU
amozao cmaHdoapma), obbi4HO Ha3biearomcsi Pthreads
(byHKUUU umerom ripucmasky «pthread »).



Bu6bniuomeka POSIX Threads

#include <pthread. h>

int pthread create(
pthread t *thread,
const pthread attr t *attr,
void *(*start routine) (void *),
volid *arg

) ;



https://reposcope.com/man/ru/3/pthread create

pthread create(3) - Russkiy

English Francais Japanese Russkiy

;€f§-04-30 man-pages-ru
Russian man pages from the Linux Documentation Project
manpages-dev
Manual pages about using GNU/Linux for development
man-pages
Linux kernel and C library user-space interface documentation
MMH
pthread create - co30aéT HOBYIO HUTL
OB30P

#include <pthread.h>

int pthread_create(pthread_t *thread, const pthread_attr_t *attr,
vold *(*start_routine) (void *), wvoid *arg);

KoMnunupyeTca 1 KOMNoOHYeTCcA BMecTe ¢ -pthread.

OMNCAHME

dyHKUWA pthread_create() 3anyckaeT HOBYIO HATE B Bbi3BaBLUeM MNpouecce. HoBaA HATb HAa4MHaeT BhINOJHeHWe Bbi3oBoM start routine(); 3Ha-
YeHWe arg fBnaeTcA eAWHCTBEeHHLIM apryMeHToM start routine().

Hoean HWTL 3aBepluaeT DEIEIDTY B OOHOM W3 Cnefyrwlwmnx cny4aes:

10


https://reposcope.com/man/ru/3/pthread_create

Bu6bniuomeka POSIX Threads

#include <pthread.h>

int pthread join(
pthread t thread,
void **retval);

https://reposcope.com/man/ru/3/pthread join §


https://reposcope.com/man/ru/3/pthread_join

lTleyamb cumeosioe ¢ ucnosib3oeaHuemM nomokoes (C-cmusb)

// OYHKUMS main co3paéT OoOuH HOBbLIM MOTOK

// ona nedatum “ABCD...",

// a OCHOBHOMW MOTOK ne4yaTtaeTt “abcd...

#include
#include
#include
#include

<stdio.h>
<stdlib.h>
<time.h>
<pthread.h>

vold walt thread (void);

void* thread func (void*);

12



lTleyamb cumeosioe ¢ ucnosib3oeaHuemMm nomokoes (C-cmusb)

int main () {
pthread t thread;
1f (pthread create(&thread, NULL,
thread func,NULL))

return EXIT FAILURE;

for (unsigned int 1 = 0; 1 < 20; 1++) {
puts("abcdefghijklmnoprstuvwxyz");
wait thread();

}

if (pthread join(thread,NULL))
return EXIT FAILURE;

return EXIT SUCCESS;

} 13



lTleyamb cumeosioe ¢ ucnosib3oeaHuemMm nomokoes (C-cmusb)

void walit thread (void) {
time t start time = time(NULL);
while(time(NULL) == start time) {}
}

void* thread func (void* vptr args) {
for (unsigned int 1 = 0; 1 < 20; i++) {
fputs(
"ABCDEFGHIJKLMNOPRSTUVWXYZ\n" ,stderr);
walt thread();

}
return NULL;



sum(a[1]”2) — HenocpepcTBeHHbIM BO3BpaT pe3ynbTaTta

/>|<

* [laHa nocnepoBaTeslbHOCTb HaTypalbHbIX 4ucen ao,

* Co3maTb MHOronoTo4yHoe npuioxeHue ONgd NOUCKa CYMMb
KBagpaTtoB sum(al[1]”2).

* B NPUIOXEHUN BbIYUCIIEHUA OO0JIXHbB He3aBWUCUMO
BLINOSTHATL 4eThipe NOoTOKa.

*/

#include
#include
#include
#include
#include

<jostream>
<iomanip>
<limits>
<ctime>

<pthread.h>
15



sum(a[1]”2) — HenocpepcTBeHHbIM BO3BpaT pe3ysibTaTta

double *A ; //nocnepoBaTenbHOCTb 4yucen aod...
const unsigned int arrSize = 10000000;
const int threadNumber = 4; // KonunyectBOo NOTOKOB

//cTapTtoBasd QyHKUMA ON9 OOYEPHUX MNOTOKOB
void *func(void *param) { //BbluuCrieHMe CyMMbl KBaOpaTOB B MNOTOKe
// CMelleHne B NOTOKe [OJi1 Hayanla MaccuBa
unsigned int shift = arrSize / threadNumber;
int p = (*(int*)param )*shift;
double *sum = new double;
*sum = 0;
for(unsigned int i = p ; 1 < p+shift ; i++) {
*sum+=A[1]*A[1];
}

return (void*)sum ;



sum(a[1]”2) — HenocpepcTBeHHbIM BO3BpaT pe3ysibTaTta

int main() {
double rez = 0.0 ; //ons 3anncu OKOHYaTEeNIbHOro pe3ynbTarTta

// 3anonHeHunme MaccuBa A
A new doublel[arrSize];
if(A == nullptr) {
std::cout <<
"Incorrect size of vector = " << arrSize << "\n";
return 1;

}

for(int i = 0; i < arrSize; ++i) {
A[1] = double(i);
}

17



sum(a[1]”2) — HenocpepcTBeHHbIM BO3BpaT pe3ysibTaTta

pthread t thread[threadNumber];
int number[threadNumber] ;

clock t start time = <clock(); // Ha4anbHoe Bpems

//Cco30aHne 4yeTbipex Oo4YepHUX MNOTOKOB
for (int 1=0 ; i<threadNumber ; i++) {
number[i]=1 ; //png nepepayn napaMeTpa MNOTOKY
pthread create(&thread[i], nullptr,
func, (void*) (number+1i)) :

18



sum(a[1]”2) — HenocpepcTBeHHbIM BO3BpaT pe3yibTaTta

double *sum ;

for (int 1 = 0 ; 1 < threadNumber; i++)
pthread join(thread[i], (void **)&sum) ;
rez += *sum :
delete sum ;

}
clock t end time = clock(); // KoHe4yHOe Bpemsd
std::cout << "Cymma kBapgpaTtoB = " << rez << "\n" ;

std::cout << "BpeMa cyeTa n cOOpKM =
<< end time - start time << "\n";

delete[] A;

return 0;

19



sum(a[i]”2) — Bo3BpaT pe3ysbTaTa 4Yepe3 aprymeHT

struct Package {
// YKa3aTtenb Ha Hadano obnactun obpaboTkwu
double* array;
int threadNum; // HoMmep noTokKa
double sum; // ®opMupyeMas 4yacCcTuU4Has CyMMa

|

double *A : //nocfiepoBaTenbHOCTb yucen ao...
const unsigned int arrSize = 10000000;

const i1nt threadNumber = 4; // Konu4yecTtBO MNOTOKOB

20



sum(a[i]"2) — Bo3BpaT pe3ysbTaTa 4Yepe3 aprymeHT

//CcTapToBas OYHKUMS ONS OOYEPHUX MOTOKOB

void *func(void *param) {//Bbl4MClieHNEe CYMMbl KBagpaToOB
// BOoCTaHOBNEeHUe CTPYKTYypsl

Package* p = (Package*)param;
p->sum = 0.0;
for(unsigned int 1 = p->threadNum ;
1 < arrSize; i+=threadNumber) {
p->sum += p->array[i] * p->array[1l];

}

return nullptr;

21



sum(a[i]”2) — Bo3BpaT pe3ynbTaTa 4Yepe3 aprymeHT

int main() {
double rez = 0.0 ;

// 3anoJiIHeHne MaccuBa A
A = new double[arrSize];
if(A == nullptr) {
std::cout << "Incorrect size of vector = "
<< arrSize << "\n";
return 1;
}
for(int 1 = 0; 1 < arrSize; ++1) {
A[i] = double(1);
}

22



sum(a[i]”2) — Bo3BpaT pe3ynbTaTa 4Yepe3 aprymeHT

pthread t thread[threadNumber];
Package pack[threadNumber];

clock t start time = clock(); // HayanbHoe BpeMs

//C030aHNne pJOoYepHUX MNOTOKOB
for (int 1=0 ; i<threadNumber ; i++) {
// ©OopMUpOBaHME CTPYKTYpbLl ONd nepepaydnm MNOTOKY
pack[i].array = A;
pack[1].threadNum = 1;
pthread create(&thread[1],
nullptr, func, (void*)&pack[1i]) ;

23



sum(a[i]”2) — Bo3BpaT pe3ynbTaTa 4Yepe3 aprymeHT

for (int 1 = 0 ; 1 < threadNumber; i++) {
pthread join(thread[i], nullptr) ;
rez += pack[1].sum;

}

clock t end time

clock(); // KoHe4yHOe BpeMf

//BblBOL, pe3ynbTaTa
std::cout << "Cymma kBapgpaTtoB = "
<< rez << "\n" ;
std::cout << "BpeMs c4yeta KU cbopku = "
<< end time - start time << "\n";
delete[] A;
return 0;

24



Ob6epmka u3 Knaccoe Hao pthread

// Co3OaHne 4yeTbipex NOTOKOB C UCMONIb30BaHUEM
// 00epToK M3 KNaccoB

#include <cstdlib>
#include <jiostream>
#include <memory>
#include <unistd.h>
#include <pthread.h>



Ob6epmka u3 knaccoe Hao pthread

class Thread {
public:
virtual ~Thread () {}
virtual void run () = 0;
int start () {
return pthread create(& ThreadId, nullptr,
Thread: :thread func, this );
}
int wait () {return pthread join( ThreadId, NULL );}
protected:
pthread t ThreadId;
static void* thread func(void* d) {
(static cast <Thread*>(d))->run();
return nullptr;

26



Ob6epmka u3 knaccoe Hao pthread

class TestingThread : public Thread {
public:
TestingThread (const char* pcszText)
~pcszText( pcszText ) {}
virtual void run () {
for (unsigned int i = 0; 1 < 30; i++) {
std::cout << pcszText << "\n";
sleep(1);
}
}
protected:
const char* pcszText;
s

27



Ob6epmka u3 knaccoe Hao pthread

int main (int argc, char *argv[], char *envp[]) {
TestingThread Thread a("abcdefghijklmnoprstuvwxyz");
TestingThread Thread A("ABCDEFGHIJKLMNOPRSTUVWXYZ");

TestingThread
Thread 0("012345678901234567890123456789") ;

TestingThread
Thread 9("987654321098765432109876543210") ;

return
Thread a.start() Thread A.start(
Thread 0.start() Thread 9.start(
Thread a.wait() Thread A.wait()
) )

Thread 0.wait( Thread 9.wait(
? EXIT FAILURE : EXIT SUCCESS;

)
)

28



MHo2ornmomoyHocmb 6 C++

#include <iostream>
#include <thread>

void hello() {
std: :cout << "Hello Concurrent World\n":
}

int main() {

std::thread t(hello);
t.join();

29



sum(a[i]72) - C++: ucnonb3oBaHue <thread>

#include <iostream>
#include <iomanip>
#include <limits>
#include <ctime>
#include <thread>

double *A ; //nocnepmoBaTenbHOCTb 4ucen ao...
const unsigned int arrSize = 10000000;
const i1nt threadNumber = 4; // Konu4yecTBO MOTOKOB

30



sum(a[i]"2) - C++ ucnonb3oBaHue <thread>

//CcTaptoBas QyHKUMA ONS OO0YEPHUX MOTOKOB
//void sqgsum(int iTread, int iTN,
// double *arr, int size, double *sum) {
volid sqgsum(int 1iTread, int 1TN,
double *arr, int size, double &sum) {
for(int 1 = 1iTread; 1 < size; 1+=1TN) {
//*sum += arr[1] * arr[i];
sum += arr[1] * arr[1];

31



sum(a[i]"2) - C++ ucnonb3oBaHue <thread>

int main() {

// 3anoJiIHeHne MaccuBa A

A = new double[arrSize];

1f(A == nullptr) {
std::cout << "Incorrect size of vector =

<< arrSize << "\n";

return 1;

}

for(int 1 = 0; 1 < arrSize; ++1) {
A[1] = double(1);

}

32



sum(a[i]”2) - C++ ucnonb3oBaHue <thread>

std::thread *thr[threadNumber];
double sum[threadNumber]:

clock t start time = clock(); // HayanbHoe BpeMs

// Co3paHne NOTOKOB
for (int 1=0 ; i<threadNumber ; i++) {

//thr[1] = new std::thread{sqgsum, 1,
// threadNumber, A, arrSize, (sum+1)};
thr[i] = new std::thread{sqsum, 1i,

threadNumber, A, arrSize,
std::ref(sum[1])};

33



sum(a[i]"2) - C++ ucnonb3oBaHue <thread>

double rez = 0.0 ; //pona pe3ynbTaTa
// 3aBeplieHne MNoTOKOB
for (int 1=0 ; i<threadNumber ; i++) {
thr[i]->join();
rez += sumf[1i];
delete thr[i];
}
clock t end time = clock(); // KoHe4dHOe Bpewms
std::cout << "Cymma kBapgpatoB = "
<< rez << "\n" ;
std::cout << "Bpemsa cuyeta u cbopku = "
<< end time - start time << "\n";
delete[] A;
return 0;

34



Pa36ueHue rnpouecca Ha He3asuUcuUuMbie NMNomokKu

(NaBHbIN NOTOK

Co3faHne YyeTbipex MoTok 1 MoToK 2 MoToK 3 MoTok 4
[IOYEPHWX NOTOKOB - = = =
A S o S S o
s 2F|s Fa|= Fm|=s Te
s o |t o< | o< |g o<
SO 1 © O 1 © - O 35 © - O3 © -
OXxuaaHne 3asepLieHns 8. Ssg&n |55 (5w
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BbiBOA pe3ynbTara
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Nepapxudyeckoe ebInosiHeHUe rnomokKoe

["NaBHbINA NOTOK MepBblii NOTOK

Co3faHue nepsoro notoka | Bblumcnuts a,” i=1,2...99 _
BTopou NoTokK

Co3aaHne BTOPOro noToka

Bblucmtb Ya,” i=1,2...99

OxxnaaHne nepeoro notoka | OxnagaHne BTOPOro noToka

___________ Y _ _ N

BbIBO/ pe3ynbTaTta
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[Tapannenu3m — parallelism

[MTapannenu3m - concurrency

37



Modesiu MHO20MOMOYHbIX NMPUIIOXKEeHUU

UTepaTuBHbLIN Napannennsm

cnonb3yeTtca ang peanusaunm HECKOSTbKNX MOTOKOB (4aCTO MOAEHTUYHLIX),
KaXObl N3 KOTOPbIX COAEPXUT LMKIbl. [TOTOKM nporpamMmbl, ONUCLIBAKOTCS
nTepaTnBHbIMN PYHKUNAMU U paboTaroT COBMECTHO Ha peLleHneM OgHOM
3agayn.

PekypcuBHbIN napannenusm

cnonb3yeTtca B nporpamMmax ¢ OA4HOW UM HECKOMNBbKUMMN PEKYPCUBHBIMU
npoueaypamm, Bbl30B KOTOPbIX HE3ABUCUM. OTO TEXHOMOIMMA «pasgensn-un-
BNacTBYW» Unn «nepebop-c-Bo3BpaTamMmmy.
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Modesiu MHO20MOMOYHbLIX MPUJIOKEHUU

MpousBoguTenu u noTpedutenu

[Tapagurma B3anMogencTBYIOLWNX HeEpaBHOMPAaBHbIX NOTOKOB. OgHN 13
NOTOKOB «MPOM3BOASAT» AAHHbIE, ApYrve UX «noTpebnsaoT». Hacto Takve
NOTOKM OPraHn3ytoTCcs B KOHBeuep, Yepes KOTopbIN NpoXoanT
nHpopmauns. Kaxxagbl NOTOK KOHBeENepa noTpebrsaeT BbIXoq CBOEro
npealwecTBeHHNKa N Nponu3BoaAMNT BXOAHbIE AaHHble A5 CBOEro
nocnegoBatens. [pyron pacrnpocTpaHeHHbIW cnocob opraHu3auum rnoToKoB
— OpeBOBUOHAA CTPYKTYypa UMK CETU CNIUSAHUA, HA 3TOM OCHOBaH, B
YaCTHOCTM, NPUHLMN ANXOTOMUMN.

KnuneHTbl n cepBepbl

Ewe oanH cnocob B3anmMogencTBusi HepaBHOMPAaBHbLIX MOTOKOB.
KnneHTCKMM NOTOK 3anpalunBaeT cepBep u xKaeT otBeTa. CepBEPHbIN NMOTOK
oXugaet 3anpoca OT KNnueHTa, 3ateM AENUCTBYET B COOTBETCTBUN C

MOCTYNUBLLUUM 3anpOCOM.
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Modesiu MHO20MOMOYHbLIX MPUJIOKEHUU

Ynpasnsawwun un padboume
Mogenb opraHmsaunm BblHUCIIEHNN, MPU KOTOPOW CYLLIECTBYET MOTOK,
KOOPAMHMPYIOLLM paboTy BCeX OCTalnbHbIX NOTOKOB. Kak npasuno,

yrpaBhsoLWLNN NOTOK pacnpedensieT JaHHble, cobupaeT n aHannanpyet
pe3ynbTaThl.

B3aumopeuncreyouime paBHble

Mogenb, B KOTOPOW UCKIMOYEH HE 3aHMMaIOLLMNCA HENOCPEOACTBEHHLIMU
BblYMCIEHNSIMM YNpaBnaloLWKMn NoToK. PacnpeneneHne paboTt B Takom
npunoXxeHnn Nndo dnKcnMpoBaHo 3apaHee, NMMdo ANHaAMUNYECKN
onpenenaeTcd BO BpeMs BbINOfHEHMSA. OOHMM U3 pacnpoCTPaHEHHbIX
cnocoboB AMHaAMUYECKOro pacrpegeneHus paboT aBnaeTcs «noptdernb
3agay». [loptdens 3agay, Kak npasuro, peannsyeTca ¢ NOMOLLbIO
pasgendaemMomn nepemMeHHon, 4OCTyN K KOTOpOM B OAUH MOMEHT BPEMEHMU
NMeET TONbKO OA4WNH npouecc.
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MexaHu3mMbI cuHxpoHu3ayuu. Mbromekcnbi

ABounyHble cemadopbl (MbIOTEKCbI) MOTrYT HAXOAUTBLCS B ABYX
COCTOSIHUSIX, OTKPbITOM U 3aKPbITOM.

[TOTOK MOXET 3aKpbITb TOJTIbKO OTKPbITbIN MbHOTEKC

Ecnun noToK nbiTaeTcs 3aKPbITb YXe 3aKprTbIl7I MbIHOTEKC, TO €Io

BbIMOJIHEHNE MNMPUNOCTaHaBIIMBAETC A0 TEX MNop, NoKa MbKOTEKC HE CTAHET
OTKPbITbIM.

Taknm ob6pasom, oBonYHbIe cemacpopbl OFTIOKUPYIOT BbIMNONTHEHUE
APYrux NoToKOB, Korga 3To Heob6xoaAnMO
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BexkmopHoe npou3esedeHue mampuy: C=A*B

HainTtun pesynstaT npoussegeHns matpuuy A*B, rae An B —
MaTpuubl 3x3.

3anucaTtb B 06LLYy0 odepenb NPOMEXYTOYHbIE pPe3ynbTaThl
BbIYUCIMEHUN NOTOKOB, C YKasaHneM nageHtudukaropa notoka
UNn NHONBMAyanbLHOro HoMepa rnoToka, nNnpuceanBaemMoro
NOTOKY Nonb3oBaTenem.

3alnTUTb onepauunn ¢ obLien ovepebto NOCPeACcTBOM
aBounyHoro cemadoopa. BeiBectn obuyto odepenb, nocne
3aBepLUEeHNS OCHOBHbIX BblMMCNEHUN.
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BexkmopHoe npou3esedeHue mampuy: C=A*B

Ob6cyxodeHue

[TOoCKONbKY KaXabl NOTOK 3anncbiBaeT pe3ynbraThl
BblYMCIIEHMN B OOLLYIO ovepeb, TO OQHOBPEMEHHasd 3arnunch B
oyepenb HECKOMbKMMW NOTOKaMW UNK Nepegadva ynpaesneHnsa K
OpYyromy noToKYy, Korga onepauunsa 3anucu He 3aKoH4YeHa, MoryT
NPUBECTU, HANPUMep, K NoTepe 3arnncu HECKOMNbKNX
pe3ynLTaToB UMK paspyLLEHUIO CBA3EN MeXOY aneMeHTamu
oyepeu.

[ns npenoTBpalleHns NogoOHbIX CUTYaLMn BOCNONb3YEMCH
deouYHbIM cemaghopom, C NMOMOLLbIO KOToporo byaet
3alluLleHa onepawlus 3anucu B odepesb.
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BexkmopHoe npou3sedeHue mampuuy: C=A *B

#include <stdio.h>

#include <pthread.h>

pthread mutex t mutex ; //O0BOWYHbBIN ceMadop
int A[3][3] = {

1, -2, 0,
4, 6, 2,
-3, 4, -2
}i
int B[3][3] = {
0, 2, 0,
1, 1, 1,
5, -3, 10
}i

int C[3][3]; //pe3ynbTupynuasas Matpuua

44



BexkmopHoe npou3sedeHue mampuuy: C=A *B

struct result { //CTPYKTypa o4yepenu
char str[100]; //pns 3anucu pe3ynbTaTa BblYUCIEHUU

result *next; //yKa3aTeslb Ha Clieaywlnn 3J1EMEHT
}o
result *head ; //yKa3aTeflb Ha NepBbIN SN1EMEHT Oo4epeau
result *newrez ; //ykKa3aTesb 3/IEMEHTOB o4yepenu
result *rez ; //yKa3aTesfib Ha NnocnegHun 3/1eEMEHT o4yepeau
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BexkmopHoe npou3sedeHue mampuuy: C=A *B

//CcTaptoBas QYHKUMA 0N OO0YEPHUX MNOTOKOB
void* func(void *param) {
//HOMEpP CTPOKK, 3anoJSIHIEMOU MNOTOKOM
int p=*(1int *)param ;
//BblYUCIIEHNE 3JIEMEHTOB MaTpuubl, CTOAWMX B CTPOKe P
for (1nt 1=0 ; 1i<3 ; 1++) {
Clplli]=0 ;
for (int 3=0 ; j<3 ; jJ++) {
} Clpl[il+=Alpl[jI*B[]][1] ;

//npoTtokon Bxoga B KC: 3akpbiTb ABOWYHLIN CceMadop
pthread mutex lock(&mutex) ;
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BexkmopHoe npou3sedeHue mampuuy: C=A *B

//Ha4vyano KPUTUYECKOU CeKL UK

// — 3anucb pe3ynbTaTa B o4Yepenb

newrez = new result ;

sprintf(newrez->str,

"TMToTOK %d: BblyMCNEeH 3neMeHT [%d][%d] = %d\0",
) p, p, 1, Clpl[i]

//KOHel KPUTUYECKOWN CeKLuu
//npoTokon Bbixoga n3 KC:
pthread mutex unlock(&mutex) ;
//OTKPbITb OBOWYHLIN CceMadop

}

return nullptr;



BexkmopHoe npou3sedeHue mampuuy: C=A *B

int main() {
head = new result ;
rez = head ; //co3pgaHue nepBoro 3J5IeMeHTa o4epenu
//VHuUnanu3auma OBOMYHOro ceMadopa
pthread mutex init(&mutex, NULL) ;
//VNOEHTNPUKATOPLl OS89 OOYEPHUX MOTOKOB
pthread t mythreadl, mythread2 ;
int num[3] ;
for (int 1=0 ; i<3 ; 1i++) {

num[i]=1 ; //HOMepa CTPOK O MOTOKOB

}
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BexkmopHoe npou3sedeHue mampuuy: C=A *B

//Co30aHne Oo4YepHUX MNOTOKOB
pthread create(&mythreadl, NULL, func,
(void *) (num+1)) ;
pthread create(&mythread2, NULL, func,
(void *)(num+2)) ;
//3arnofiIHeHne NepBou CTPOKWU Pe3ybTUPYLIEN MATpPULbI
func((void *)num) ;
//0XnpgaHne 3aBepleHna govYepHUX MOTOKOB
pthread join(mythreadl,NULL) ;
pthread join(mythread2,NULL) ;
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BexkmopHoe npou3esedeHue mampuy: C=A*B

rez = head->next ;

while (rez!=NULL) { //BbiBOO o4epenwu
printf("\n%s", rez->str) ;
rez = rez->next ;

}

// BbIBOO pe3ynbTaTa BbIMUCNEHUUM BCEX MOTOKOB
printf("\n") ;
for (int 1=0 ; 1<3 ; 1i++) {
for (int j=0 ; j<3 ; j++) {
printf( "sd ",C[1][]]) ;

}

printf("\n") ;
}
return 0;
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MexaHu3mbl cuHxpoHu3ayuu. Cemagopsil.
3awjuma Kpumu4ecKux ceKyuu, ycs108Hasi CUHXPOHU3ayusi

Cemadpop
CogepXuT HeoTpuLaTenbHOE LEenoe 3Ha4YeHune.

JTtobon NOTOK MOXET U3MEHSATL 3HadeHne cemadopa. Korga notok
NblTaeTca YMEeHbLUUTb 3Ha4YeHne cemadoopa, NpPoncxoauT crieayroLlee:

- eCNnu 3Ha4YeHmne bonbLUue HYIA, TO OHO YMEHbLUAETCS;

- €CN 3Ha4YeHne paBHO HyM, NOTOK NPUOCTaHaBINMBAETCA OO0 TOro
MOMEHTa, Korga 3HayeHue cemadoopa CTaHeT MOoSIOXKUTENbHbLIM.

[Tpy NONOXUTENTbHOM 3HAaYEHUN MOTOK NPOAOIMKAET paboTy.

Onepauymna yBenmyeHus 3HadeHnsa cemadoopa sABMseTcs HeONTOKUPYHOLLEW.
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MexaHu3mbIl cuHxpoHu3ayuu. Cemagopsil.
3awjuma Kpumu4ecKux ceKyuu, ycs108Hasi CUHXPOHU3ayus

Kputnyeckom cekumem MHOronoTOMHOro anropmMtmMma Yalle BCero siBfAaTCS
onepaumm 3anmcu B obLime aaHHble, KOTOpbie MOTYT ObiTb UBMEHEHbI UMK
OTKPbITbI AN YTEHUSI HECKOINTbKMMM NOTOKaMW.

[ns 3amTbl KPUTUYECKUX CEKLMA MOTYT ObITb MCMOMNb30BaHbl MbHTEKCHI

nnn cemadopbil.

CuHXpoHU3ayus nomoKog Hocum uHoz20a boriee CrIoXHbIU xapakmep.
Hanpumep, npu HacmyrnneHuu Kako2o-mo ycrsioeusi Heobxo0umMo
rnpuocmaHo8uUMb MOMoK 00 U3MEHeHUS cumyauyuu (Opyaum rnpoueccom)
unu, Haobopom, ripu HacmyrieHuUU Kako2o-mo ycriogus credyem

3arnycmuma MOMOK.

OQHNM 13 MexaHNU3MOB YCJ/TI08HOU CUHXPOHU3auuu NPoLLEeCCOB TaKxXe
ABNAITCA ceMadhopbl.



3adaya o Kosibyesom bychepe

[ToToKkM npou3zeodumesiu 1 nompebumesiu pasgenstoT
KonbLeBoun bydep, coctosawmm n3s N sueek.
[TponsBogmTeEnn nepegaroT coodLeHne noTpebutensm,
rnomeulas ero B KoHel, odepenu bydepa. lNotpedbutenu
coobLLleHne n3BnekarT U3 Hadana ovyepean dydepa.
Co3aaTb MHOMOMNOTOYHOE MNPUNOXEHUE C MOTOKaMWU
nucatensMn n yntatensamu. lNpegoTBpaTtuTb Takme
CUTyaUnmn Kak, N3baTme coobLLeHNAa N3 NyCcTon oyepean
NN NOMeLLeHmne coobLLEHNS B NOMNHbIN Dydep.

lMpu peweHuu 3adayu ucrnob308ambs cemMagbophi.
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3adaya o KosibuesomM bychepe

ObcyxgeHune. [yctb bydep — 3TO LENOYUCTIEHHbLIN MaCcCuB
n3 N anemeHTOB. B 3agaye 2 KpUTUYECKUX CEKLUMN.
lMepBaa cBA3aHa c onepaymnsaMm YTeHUA-3anmMcu
HECKOINbKMX MOTOKOB B 00LWLKn bydoep.

BTopasa kputnyeckasa cekuua onpegensieTcs Tem, 4to
bydoep ABNAOTCA KOHEYHbBIM.

3anunucbh OOoMmKHa NPonU3BOANTLCA TOSbKO B TE€ AYEUKH,
KOTOpble ABNAKTCA CBOOOAHLIMU UMK YXKe MPOoYnTaHbI
noTokaMm-yntaTenamu (ycrroeHas 83auMHas
CUHXPOHU3auus).
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3adaya o KosibuesomM bychepe

[1na 3aWmTbl NepBON KPUTUYECKOU CEKLIMN BOCMNOSb3yeMCH
OBYMA MbHOTEKCAMMW.

[MepBbIN caenaeT BO3MOXXHbIM 3arnncb B Oydep TonbKo AN
OQHOro noTtoka-nucareng.

BTopoun caoenaet BO3MOXHbIM YTEHUE U3 Bydoepa TONbKO A5
OAHOro NoToKa-yntaTeng.

Onepauns 4YTeHns OormkHa ObiTb 3aliuLeHa, T. K. OHa
OCYLLICTBIMSAET 3annUcb AaHHbIX 00 0CBODOXOEHUN SYENKM.
MHa4e onepauuna 3anmcu MOXeT cTaTb HEBO3MOXHOWN UMK
HEKOPPEKTHOU U3-3a nepenonHeHusa oydepa. YUteHue un
3anmcb MOryT NPOxXoanTb napannensHo, T.K.Bcerga

MCMOJIb3YIOT pa3Hblie A4YenKN. -



3adaya o KoJsibuesoM byghepe

[1na ycnoBHOW CUHXPOHM3aLUMM Ucnonb3yem 2 cemadoopa.
[MepBbIN NoKa3bIBaET, CKOSIbKO sA4Yeek B bydepe cBob6OgHO.
Adyenka cBoboaHA, Korga B HEE elle HE OCYLECTBNANAach
3anncb nn oHa dblna npoymnTaHa.
BTopon cemadop nokasblBa€eT, CKONbKO A4eek B dydepe
3aHATO. 3anncb HE MOXET ObITb BbIMOMHEHA, NOKA YMCIO
3aHATbIX g4eek = N (nnun 4yncrno ceoboaHbix aveek = 0).
Onepauns YTEHNSA HE MOXET ObITb BbINOSIHEHA, NOKA YNCIIO
cBoOoaHbIX syeek = N (Unu Yncro 3aHATbIX g4eek = 0).
Llris 6r1oKupoeKU 80CrosIb3yEMCS yCIr108USMU,
3aK/o4YeHHbIMU 8 CKOBKU, ucxo0s1 u3 ocobeHHocmeu

rnogedeHuUs cemMagopos. s



3adaya o Kosnibyesom b6yghepe. Cxema pewieHusi

['NaBHbIN NOTOK | NoTok-npon3sogunTens ‘ MoTok-noTpedbutens
Co3aaHne NOTOKOB- BecKoHeYHbIN LMK BecKoHeuYHbIn UMK
npoussoanTenei 1 { cozpnate anemeHT Ans Oychepa; | { 3aKpbliTb(MBHOTEKCZ);
NOTOKOB-NOTPebUTENeil 3aKPbITb (MbIOTEKCL); ceMapop3aHaTo --;
cemachopCBobOAHO --; uTenue n3 dydepa;
3anyck cTapToBOW 3anucek B Oydep; cemapopCBoOOAHO ++;
hyHKUMK NOTOKa- cemachop3aHATo ++; OTKPLITb(MbHTEKCZ);
notpeduTens OTKPbITh(MbIOTEKCL); obpaboTka NpoYUTaHHOrO;
} }
V V V

57



3adaya o KosnbuyesomMm b6ychepe. Cemaghopni

#include <pthread.h>
#1include <semaphore.h>
#include <stdlib.h>
#include <stdio.h>
#include <unistd.h>

const int bufSize = 10;

int buf[bufSize] ; //6ydep

int front = 0 ; //VHOEeKC ong 4teHua mn3 bydepa
int rear = 0 ; //VHOEeKC Ong 3anucu B Bydep



3adaya o Kosnbuyesom b6ychepe. Cemaghopni

sem t empty ; //cemMapop, oTobpaxawwmmn
sem t full ; //cemagop, oTobpaxawumn

pthread mutex t mutexD ; //MbloTekc pns
pthread mutex t mutexF ; //MbloTekC gns

Kak bydpep nycT
Kak O0ydep nosioH

onepauun 3anucu
onepaunun 4YTeHus

unsigned int seed = 101; // wHuumanusatop CY
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3adaya o Kosnbuyesom b6ychepe. Cemaghopni

//CcTapToBas OYHKUMS NOTOKOB — npou3BoguTenenm (nucarteneu)
vold *Producer(void *param) {
int pNum = *((int*)param);
while (1) {
//co30aTb 3neMeHT gnsa bydepa
int data = rand() % 11 - 5 ;
//NOMeCcTUTb 351eMeHT B bydep
pthread mutex lock(&mutexD) ; //3awuMTa onepauuum 3anucu
sem wait(&empty) ; // cBobOopgHbIX fiYeeK yMeHbWWUTb Ha 1
buf[rear] = data ;
rear = (rear+1)%bufSize ; //Kputuyeckasa cekuus
sem post(&full) ; //3aHATHIX fi4eeK yBenuuumnocb Ha 1
pthread mutex unlock(&mutexD) ;
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3adaya o Kosnbuyesom b6ychepe. Cemaghopni

Printf(
"Producer %d: Writes value = %d to cell [%d]\n",
pNum, data, rear) ;
sleep(2);
}

return nullptr;
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3adaya o Kosnbuyesom b6ychepe. Cemaghopni

//cTapToBas (YHKUMSA MOTOKOB — notpebutenem (4mtateneun)
void *Consumer(void *param) {
int cNum = *((int*)param);
int result ;
while (1) {
//V3BJievyb 35ieMeHT un3 bydepa
pthread mutex lock(&mutexF) ; //3awnMTa uTeHus
//KONNYeCTBO 3aHATHIX A4YeeK YMeHbWUTb Ha eguHuuy
sem wait(&full) ;
result = buf[front] ;
front = (front+l)%bufSize ; //Kpuntnyeckaa cekuus
//KONnn4yecTBo CBOOOOHLIX fA4YeeK YyBenuuyunocb Ha 1
sem post(&empty) ;
pthread mutex unlock(&mutexF) ;



3adaya o Kosnbuyesom b6ychepe. Cemaghopni

//00paboTaTb MNOMYYEHHbIN SIEMEHT
Printf(
"Consumer %d: Reads value = %d from cell [%d]\n",
cNum, result, front) ;
sleep(5);
}

return nullptr;
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3adaya o Kosnbuyesom b6ychepe. Cemaghopni

int main() {
srand(seed);
int 1 ;
//VHuUnanu3auma MyTekcoB U cemMapopoB
pthread mutex init(&mutexD, nullptr) ;
pthread mutex init(&mutexF, nullptr) ;
//Konn4yecTtBo cBOOOOHLIX A4YeeK paBHO bufSize
sem init(&empty, 0, bufSize) ;
//KONN4eCcTBO 3aHATHIX A4eeK paBHO 0O
sem init(&full, 0, 0) ;

64



3adaya o Kosnbuyesom b6ychepe. Cemaghopni

//3anycK npou3BoguTeneu
pthread t threadP[3]
int producers[3];
for (i=0 ; i<3 ; 1i++) {
producers[i] =1 + 1;
pthread create(&threadP[1],nullptr,Producer,
(void*) (producers+i)) ;

[}
’
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3adaya o Kosnbuyesom b6ychepe. Cemaghopni

//3anycK notpebutenen
pthread t threadC[4] ;
int consumers[4];
for (i=0 ; 1 < 4 ; i++) {
consumers[i] = 1 + 1;
pthread create(&threadC[i],nullptr,Consumer,
(void*) (consumers+1i)) ;
}
//NyCTb FNaBHbLIM NOTOK TOoXe bypeT noTpebutenem
int mNum = 0O;
Consumer((void*)&mNum) ;
return 0;
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YcroeHbIe nepeMeHHble

[1pn yCnoBHOW CUHXPOHU3aL MM MOTOKOB BMECTO cemadpopoB
€CTECTBEHHO MUCMNOJSIb30BaTb YCIIOBHbLIE NepeMeHHbIe,
KOTOpble, Kak U cemadoopbl, OCYLLECTBNSAOT BITOKMPOBKY
MOTOKOB N NX NPodyXaeHue.
YCrioBHbIE MEepPEMEHHbIE, MOMYT NpUocTaHaBnmMBaTb paboTy
NOTOKA, 3aCTaBlAA €ro oXkmaaTb CuUrHan K npobyXaeHuio.
MO>XHO pa3dyanTb OAMH UNKN BCE MOTOKU, oXXnaatoLme
CurHana ot 4aHHOW YCINOBHOWU nNepemMeHHOMW.
YcnoBHble NepeMeHHbIe, B OTNMYMe OT ceMadopoB, He
obnagaroT BHYTPEHHUMU COCTOSHUAMM.

OnucaHue ycrioguu briokuposaHus unu rpobyxoeHus

[TOMOKa 803/1a2aemcs Ha rpoz2pamMmMucma. .



YcnoeHble nepeMeHHbIe. Cxema nomoKos

noTpebutens

V

[ NaBHbLIN NOTOK

Co3gaHne NOTOKOB-
NPOW3BOANTENEN U
NOTOKOB-NOTpebuTenen

3anyck cTapToBOWM
(DYHKLMW NOTOKa-

| MoTok-npoussoguTens

BecKoHeuHbIN LUK
{ co3nath anemeHT ana dbydepa
3aKPbITb(MbHTEKC);
noka (count=100)
oxuAaars(ycn. nepem. 1. MbHTEKC):
3annce B dydep;
count++;
pa3dyauTtb Bcex(ycn. nepem. 2);

}

\

| Motok-noTpebutens

BecKoHeuYHbIn LK

{ 3aKpbITb(MbHTEKC);
noka (count=0)

oXKAaTh(ycn. nepem. 2. MbKITEKC):

uTeHne 13 bydepa;
count--;
OTKPbITh(MBHTEKC);
pa3dyaunTb BCex(ycn. nepem. 1);
obOpaboTKa NpPoYNTaHHOrO;

/ }

Cemadoopebl full 1 empty, oTobpaxatowme HacKobLKO NYCT UM MOSIOH
bydoep, MoryT 6bITb 3aMeHEHbLI YCNOBHbIMU NEPEMEHHBIMM.

[1na onncaHna ycrnoBumn K BbidoBaM (PYHKLMW YCITOBHbIX NEePEMEHHbIX
BOCIMOJSIb3yeMCS rnobanbHOM nepemMeHHon count, NoKasbIBalOLLEN,
CKOIbKO siveek bydpepa 3aHATHI.
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3ada4ya o KosnbuyesomM bychepe. YcrioeHbIe nepemMeHHbIe

#include <pthread.h>
#include <semaphore.h>
#include <stdlib.h>
#include <stdio.h>
#include <unistd.h>

const int bufSize = 10;

int buf[bufSize] ; //6ydep

int front = 0 ; //vHpekc pna 4yTteHnsa u3 bydepa

int rear = 0 ; //vwHoekKc onsa 3anucu B byodep

int count = 0 ; //KONM4YeCTBO 3aHATHIX sfiyeek bydepa
unsigned int seed = 101; // wHuumanusatop CY



3ada4ya o KosnbuesomM bychepe. YcrioeHbIe nepeMeHHbIe
pthread mutex t mutex; // MblTeKC O/ YCJ/IOBHbIX MepeMeHHbIX

// NOoTOK-nucaTtenb 6nokupyetcss 3TON YC/IOBHOW MEPEMEHHOMU,
// KOrpga KOJINYeCTBO 3aHATHIX fiYeeK CcTaHoBUTCA = bufSize
pthread cond t not full ;

// NOTOK-yuTaTenb 6NoKMpyetcss 3TOU YCOBHOW MEPEMEHHOMU,
// KOrpga KOJIMYEeCTBO 3aHATHIX fiYeeK CTaHOBUTCH paBHO 0O
pthread cond t not empty ;
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3ada4ya o KosnbuesomM bychepe. YcrioeHbIe nepeMeHHbIe

//cTapToBas (YHKUMSA MOTOKOB — MNpou3BoauTenen (nucatenen)
void *Producer(void *param) {
int pNum = *((int*)param);
int data, 1 ;
while (1) {
//Cco30aTb 3NeMeHT gnsa bydepa
data = rand() % 11 - 5 ;
//NOMeCcTUTb 3N1eMeHT B bydep
pthread mutex lock(&mutex) ; //3awuTa 3anucu

//3aCHYTb, €C&IM KONIM4eCcTBO 3aHAThIX d4yeek = N

while (count == bufSize ) {
pthread cond wait(&not full, &mutex) ;

}
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3ada4ya o KosnbuesomM bychepe. YcrioeHbIe nepeMeHHbIe

}

//3anucb B o0bwun bydep

buf[rear] = data ;

rear = (rear+1)%bufSize ;

count++ ; //nosfABunacb 3aHATadA A4Yenka

//KOHEL, KPUTUYECKON CeKunu

pthread mutex unlock(&mutex) ;

//pa3byouTtb yntaTtenen nocne pobasneHns B bydep

pthread cond broadcast(&not empty) ;

Printf(

"Producer %d: Writes value = %d to cell [%d]\n"
pNum, data, rear) ;

sleep(2);

return NULL;
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3ada4ya o KosnbuesomM bychepe. YcrioeHbIe nepeMeHHbIe

//cTapToBas QYHKUMSA MOTOKOB — notpebutenen (4ntaTtenen)
void *Consumer(void *param) {
int cNum = *((int*)param);
int result ;
while (1) {
//V3BJievyb 35ieMeHT un3 bydepa
pthread mutex lock(&mutex) ; //3awmTa 4YTeHuUsd
//3aCHYTb, €C/IM KOJINYEeCTBO 3aHATbHIX A4YeeK = HYJI
while (count == 0) {
pthread cond wait(&not empty, &mutex) ;
}

//n3baATne n3 bypepa — Hayano KPUTUYECKOU CeKuuu
result = buf[front] ;

front = (front+l)%bufSize ; //Kputnyeckaa cekuus
count-- ; //3aHfaTas a4erKka cTasna cBoboOpHOM



3ada4ya o KosnbuesomM bychepe. YcrioeHbIe nepeMeHHbIe

// KOHEeL KPUTUYECKOU CeKLUU
pthread mutex unlock(&mutex) ;

// pa3dyouTb NOTOKWU-NUCATENN

// nocne nonyvyeHusa sneMeHTa un3 bydepa
pthread cond broadcast(&not full) ;

//00paboTaTb MONYYEHHbIN SNEMEHT
Printf(

"Consumer %d: Reads value = %d from cell [%d]\n",

cNum, result, front) ;
sleep(5);

}
return NULL;
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3ada4ya o KosnbuesomM bychepe. YcrioeHbIe nepeMeHHbIe

int main() {
srand(seed) ;
int 1 ;
//VHUUnanm3auma MbloTEKCOB U ceMapopoB
pthread mutex init(&mutex, NULL) ;
pthread cond init(&not full, NULL) ;
pthread cond init(&not empty, NULL) ;
//3anyCcK nNpou3BoauTeneun
pthread t threadP[3] ;
int producers[3];
for (1i=0 ; i<3 ; i++) {
producers[i] =1 + 1;
pthread create(&threadP[1],NULL,Producer,
(void*) (producers+i))

]
’
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3ada4ya o KosnbuesomM bychepe. YcrioeHbIe nepeMeHHbIe

//3anyck nortpebutenen
pthread t threadC[4] ;
int consumers[4];
for (i=0 ; i < 4 ; i++) {
consumers[i] = 1 + 1;
pthread create(&threadC[1],NULL,
Consumer, (void*) (consumers+i))

}

//NYyCTb rflaBHbIA MNOTOK TOoxXe byneT notpebutenem
int mNum = 0;

Consumer((void*)&mNum) ;

return 0;

[}
’
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briokupoeku umeHusi-3anucu

BroknpoBka YTEHUSA-3aNUCKU, KaK U MbIOTEKC, MOXET
HaxoOuUTbCA NN B OTKPbLITOM UM B 3aKPbITOM COCTOAHUMN,
OTnunumne: 6roKMpoBKa MOXET ObITb 3aKpbITa A9 3anucu
MNKn 3aKpbiTa ANga YTeHUS.

Ecnun bnoknpoBKa 3aKkpbiTa Ang 3anucu, To HUKakowu apyrou
NOTOK HE MOXET 3aKPbITb OSTOKNPOBKY.

Ecnu bnokmpoBKa 3aKkpbiTa a1 YTEHUS, TO HUKAKOW MOTOK He
MOXET 3aKpbITb OITOKMPOBKY A119 3arucu.

Ecnu 3akpbiTne BNOKMpoOBKM B AaHHbIK MOMEHT HEBO3MOXXHO,
NOTOK OCTaHaBNMBAETCHA 40 TOro MOMEHTA, Korga OnokupoBka
CTaAHET OTKPbLITOMN.
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briokupoeku ymeHusi-3anucu

BNoKMpoBKKM YTeHNA-3anncKm NpegocTaBnaoT BO3MOXHOCTb
ynTaTb ObOLUME AaHHbIe, cpa3y MHOIMMM MOTOKaM, UK
N3MEHATb 0bOLLME OaHHble TONMbKO OOAHOMY MOTOKY, NPY 3TOM
onepaunn YTeHUs1 U ornepauuns 3annucm He MoryT BbiTb
BbIMNOMHEHbLI O4HOBPEMEHHO.

Wcrionb3osaHue 6r10KUPOBOK YmeHUS-3arnucu akmyaribHOo,
Ko20a 00HospeMeHHO pabomaem HeCKO/TIbKO MOMOKO08 —
yumamerneu. B npomusHom criy4ae, ripasuribHee
r10J/1b308aMbCs 0BOUYHbLIMU ceMagopamu, makK Kak
oriepauuu 3aKkpbimusi U OmMKpbImus 080U4YHO20 ceMaghopa
rnpoucxoosim bbicmpee, Y4eM aHasrloau4Hble orepauuu

6/10KUpPOBKU YmeHusi-3arucul. -
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Yumamenu-nucamesnu ¢ obuw,um oOHOMEePHbLIM MaccUu8oM

[(naBHbLIN NOTOK

Co3naHve NnoTokoBs-
nucarenem v NOTOKOB-
yutarenen

3anyck CTapToBOW
dYHKUMN NOTOKA-
nucarens

\

MoTok-nucarens

beckoHe4YHbIn UnKn
3aKpbITh ANA 3anucu(bnok.);
M3MEHUTL 3NEMEHT MaccuBa,
OTKPbITL(BNOK. );

}

MoTok-ynTarens

BeckoHeYHbIn ymkn
{
3aKkpbITh ANA YTeHna(Bnok. )
npoYnuTaTh 3NEeMEeHT Maccuea,
OTKPbLITL(6NO0K.);
BbIYUCNUTL hakTopuan
NPOYUTAHHOIO 3HAYEHUSR;

&

MHOronoTo4HOE NPUNoXeHne ¢ NoTokamMmu-nucaTenaMmm n NOToKamm-
yutaTensamMmu, paboTtaromMmMmm ¢ obLLKMM OAHOMEPHBIM MaCCUBOM.
[lncatenn nameHaT NPon3BOSbHbLIM 3NIeMeHT Maccuea. HutaTtenu
nony4yatroT 3Ha4yeHne NpPom3BONbLHOIO afieMeHTa MaccmBa U HaxoOAaT
doakTopuan npovYnTaHHoro aHadeHuda. [nsa sawmTbl onepauun c

O6LLI,I/IMI/I AadHHbIMU UCMOJ1b30BaAHDbI 6J'IOKI/IpOBKI/I YTEHUNA-3AlTNUCN.



Yumamenu-nucamesnu ¢ obuw,um oOHOMePHbLIM MaccUu8oM

[1na 3aWunTbl KPUTUYECKUX CEKUMN — onepaLnm ¢ ooLLnm
MacCUBOM BBeOEM OITOKMPOBKY YTEHUSI-3aMUCK.

lMomoku-nucamenu nepen N3AMeEHEHNEM 3NIEMEHTA MaccuBa
BbyayT 3aKkpbieamb 65710KUPOBKY OJis1 3arnucu.

lTomoku-yumamesu nepeq nosiy4eHNeEM 3Ha4YeHNs N3 maccuea
bynyT 3akpbieamb 6/710KUPOBKY OJist YMEHUs.

briazoOapsi amomy, nomoKu-4umamersiu cmo2ym pabomame
naparnesibHo, MNoMmMokKu-rnucamersiu cMoaym U3MeHsImb OaHHbIe
MOJIbKO riocrie0ogamersibHO, U oriepauuu YmeHus u orepauuu
3arnucu He byoym npoucxooumbs 0OHO8PEMEHHO. 30



Yumamenu-nucamesnu ¢ obuw,um oOHOMEePHbLIM MaccUu8oM

#include <stdlib.h>
#include <stdio.h>

#include <unistd.h>
#include <pthread.h>

const int arrSize = 10;
int A[arrSize] ; //obuwun Maccus
pthread_rwlock t rwlock ; //6nokupoBka 4TeHUd-3anucu



Yumamenu-nucamesnu ¢ obuw,um oOHOMePHbLIM MaccUu8oM

//CcTapToBas QYHKUMUSA MOTOKOB-4YUTaTeNeun
void *funcRead(void *param) {

int rNum = *((int*)param);

while (1) {

}

int number = random() % arrSize; //noay4nTb CAy4YauHbIM UHOEKC
//3aKpbiTb OIOKMPOBKY ONS 4YTEHUS

pthread rwlock rdlock(&rwlock) ;

//NpoynTaTb OaHHble u3 obwero Maccuea — KpUTMYECKas CeKuuS
int a = A[number] ;

//OTKPbITb BMOKUPOBKY

pthread rwlock unlock(&rwlock) ;

unsigned int F =1 ; //BbUUCNUTbL QaKTOpUan

for (int 1 =2 ; i <= a ; i++) F=F*i ;

printf("Yntatenb %d: InemMeHT[%d] -> %d! = %u\n",
rNum, number , a, F) ;

sleep(3);

return nullptr;
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Yumamenu-nucamesnu ¢ obuw,um oOHOMePHbLIM MaccUu8oM

//CcTapToBas QYHKUMUSA MOTOKOB-NUCaTeENen
void *funcWrite(void *param) {

int wNum = *((int*)param);

while (1) {

}

//NONYy4YNTb CNYy4YaWHbIN WUHAOEKC

int number = random() % arrSize;

//3aKpbiTb OIOKMPOBKY ONS 3anucu

pthread rwlock wrlock(&rwlock) ;

//VW3MeHUTb 3N1eMeHT obwero MaccuBa — KpuUTuYeckKas CeKuus
A[number] = random() % 10 + 1;

//OTKpPbITb OMOKMPOBKY
pthread rwlock unlock(&rwlock) ;
fprintf(stdout, "Mucatenb %d: InemeHT[%d] = % d\n",
wNum, number, A[number]) ;
sleep(4);

return nullptr;
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Yumamenu-nucamesnu ¢ obuw,um oOHOMePHbLIM MaccUu8oM

int main() {
// HadanbHad WHUWUWMaANU3auugd MaccuBa
for(int 1 = 0; 1 < arrSize; 1i++) {
Al[1] = 1;
}

//VHUUMann3auma OJTOKUPOBKKU YTEHUS -3alunucu
pthread rwlock init(&rwlock, NULL) ;
//3anonHeHne obuwero MaccuBa
for (int i=0 : i<arrSize ; i++) {

A[1] = random()/(RAND MAX/10) ;
}
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Yumamenu-nucamesnu ¢ obuw,um oOHOMePHbLIM MaccUu8oM

//co30aHue 4yeTbipex MOTOKOB-4YuTaTenen
pthread t threadR[4] ;
int readers[4];
for (int 1=0 ; 1 < 4 ; 1++) {
readers[1] = 1+1;
pthread create(&threadR[1], NULL, funcRead,
(void*) (readers+1)) ;

}

//co30aHue Tpex MOTOKOB-MNucCaTenen
pthread t threadW[3] ;
int writers[3];
for (int 1=0 ; 1 < 3 ; 1++) {

writers[i] = 1+1;

pthread create(&threadW[1i], NULL, funcWrite,

(void*) (writers+1)) ;

} 85



Yumamenu-nucamesnu ¢ obuw,um oOHOMePHbLIM MaccUu8oM

//NYyCTb rNaBHbIN NOTOK OyageT NOTOKOM-NUcCaTesieM
int mNum = 0;
funcWrite((void*)&mNum)
return 0;

u
’
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bapbepbi

bapbep — MmexaHn3M CUHXPOHM3aLUKX, NO3BONMAKOLLINA
OCTaHaBNMBaTb BbINOSIHEHME IPYMMbl NOTOKOB, MOKa BCE MOTOKU
N3 3TOU rpynnbl He AonayT 40 onpeaenieHHOW TOYKU BbIMOMNHEHUS,
nomMevyaeMon BbI3OBOM (PYHKUMK oxXnaaHusa bapbepa.
[Tpn co3gaHum bapbep Nony4aeT uenoe NosfioKNTenbHOe YUCHo,
KOTOPOE MNOoKa3bIBAET KOSIMYECTBO MNOTOKOB B 3TOW rpynrie.
[ToToK, oxknagarLwmm Ha bapbepe, ocTaHaBNMBAETCH, NOKa obLee
KONMMYECTBO MNOTOKOB, OXKNAAKOLWNX HA 3TOM XKe bapbepe, He
cmaHem pasHO 4Yucisly, yKazaHHOMY fIpu uHuyuanulayuu
6apbepa.
Kak moribKo, 4yucrio nomokos, oxxuodaruwiux Ha bapbepe,
cmaHo8UMbCS 00CMamoYHbIM, 8Ce 3Mu MoMoKU 8038palliaromcs
K pabome, u bapbep Moxem bbimb UCMN0/1b308aH CHOBA. g



bapbepsbl. [IpumeHeHUe

CNaBHbIN NOTOK

MHuumanuazaums 6apoepa(2) ;

Co3anaHue 4oNepHero NoToka | Alo4epHniA NoTOK

ObbsaBneHne maccmea ; ObbsBneHne maccmea |

Linkniot 0 go 99 LvknioTr 0 go 99

{ {
M1 = Maccwus(i) ; MO = Maccue(i) ;
oxuaarte Ha Gapeepe ; | oxugaTte Ha bapbepe ;
ecnm (MO=M1) ecnu (MO=M1)

Maccwme(i) =0 ; Maccus(i) =0 ;
oxugaTtb Ha bapbepe ; oxuaaTe Ha bapbepe ;
Vy s A4 B

Co3pgaTtb MHOronoTo4YHOE NPUIoXeHUe, B KOTOPOM paboTatoT ABa NoTokKa,
obnagatowme cobCcTBEHHbIMU MaccuBaMm OAUHAKOBOW pasMepHOCTU. Kaxabin
NOTOK OOMKEH 3aMeHUTb HYNsMMU, Te 3fieMEeHTblI CBOEro MaccmBa, KOTopble
PaBHbl COOTBETCTBEHHbLIM 3f1IeMeHTaM MaccuBa Apyroro noToka.

Mpu peweHnn 3apgayum He NOSIbL30BaTbLCH OOLLMMUM MacCUBaMM. 88



bapbepsbl. [IpumeHeHUe

B onncaHHoM cxeme bapbep CNyXuT Kak anst CUHXPOHU3aLUun, Tak
N ona npegoTBpaLlleHns nornyeckmnx owmbok. CUHXpOHU3aUns
NMOTOKOB OCYLLIECTBIIAETCS OXMUaaHMeM Ha Dapbepe Ha KaXXaom
Llare uukna. OTo No3BOSIAET NOTOKAM CPpaBHUBATb 3NEMEHTDI
MaCCMBOB C COOTBETCTBEHHbIMU MHOEKcaMn. [ns
npenoTBpaLleHnst NOSIBIEHUA NOrMYecKux omnbok Heobxoammo
OBOWHOE OXmaaHne Ha Dapbepe Ha KaXXgoMm Luare uukna.
PaccmMoTpuM, K 4HeMy MOXET NPUBECTU CHATUE OOQHOro U3
OXVaaHuwn.
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bapbepsbl. [IpumeHeHUe

#include <iostream>
#include <ctime>
#include <pthread.h>

int const arrSize =

10;

//0na obMeHa uMHbopMaLuMen Mexay NOoTOKaMu
//NepBbIN NMOTOK 3anuceiBaeT pe3ynbTaT B MO, BTOpouM B M1

int MO;
int M1;

pthread barrier t barr ; //6apbep

pthread t mythread ;

//VoeHTUpnKaTop OSid OO0YepHero noToka
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bapbepsbl. [IpumeHeHUe

// TeHepaTop MaccuBa
void RndArray (int *A, int size) {
for(int 1 = 0; i1 < size; i++) {
A[i] = rand() % 3 + 1;
}

}

// BblBOO MaccuBa
void OutArray (int *A, int size) {
for(int 1 = 0; 1 < size; i++) {
std::cout << A[1] << " "
}

std:: cout << "\n";
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bapbepsbl. [IpumeHeHUe

//cTapTtoBas QyHKUMS

void* func(void *param) {
int p = *((int*)param);
int Arrayl[arrSize] ; //cobCcTBeHHbIM MaCCUB MOTOKA
RndArray(Array, arrSize); // vHuumanusauud ot 1 po 3

// CornacosaHune BbiBOOA OaHHbLIX
pthread mutex lock(&mutex) ; //3awuTa onepaunu 3anucu
// BbiBOO pe3ynbTaToB

std::cout << "Source array. Thread " << p << ": ";
OutArray(Array, arrSize);

//KOHel, KPpUTUYEeCKOU CeKuuu

pthread mutex unlock(&mutex);
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bapbepsbl. [IpumeHeHUe

for (int i=0 ; i<arrSize ; i++) {

}

//NepBbin MOTOK 3anuchiBaeT 35eMeHT B MO, BTOpou B M1
if (p == 0 ) { MO=Array[i] ; }

if (p =1 ) { Ml=Array[1i] ; }

pthread barrier wait(&barr) ; //oxupaHune Ha bapbepe
//eCnn 3NeMeHTbl MaCCUBOB ==, 3aMeHUM UX HYyJAMU

if (MO == M1) { Array[i]=0 ; }

pthread barrier wait(&barr) ; //oxupaHue Ha Oapbepe

// CornacosaHue BbiBOOA OaHHbLIX
pthread mutex lock(&mutex) ; //3awuTa onepauuun 3anucu
// BbiBOO pe3ynbTaToB

std::cout << "Result array. Thread " << p << ": ";

OutArray(Array, arrSize);
//KOHEel, KPUTUYECKOU CeKLuu
pthread mutex unlock(&mutex);
return nullptr;
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bapbepsbl. [IpumeHeHUe

int main() {
int zero
int one ;
auto seed = clock();
srand(seed);

O,
1.

pthread mutex init(&mutex, nullptr) ;

//vHnumMann3auna bapbepa CO 3HayeHueMm 2
pthread barrier init(&barr, nullptr, 2)
//Cco30aHne po4dyepHero noToKa

pthread create(&mythread, nullptr, func,
func((void *)&one) ;

pthread join(mythread, nullptr);
return 0;

[}
’

(void *)&zero)

L]
’
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Open Multi-Processing (OpenMP)

OmkpbIimbIl cmaHOapm 0sis1 pacnapasisiesiueaHus npo2pamMm
Ha si3bikax Cu, Cu++ u dopmpa-H.

[1aeT onncaHne COBOKYMHOCTN AUPEKTUB KOMMNUNATOPA,
BMBNMoTeYHbIX Npoueayp N nepeMeHHbIX OKPYXKEHUA, KOTOpbIe
npegHasHadeHbl 4ns nporpaMMmMpoBaHUA MHOMOMOTOYHbIX
NPUIIOXEHNW HAa MHOIOMPOLIECCOPHbIX CUCTEMAaX C ObLLEeN
NamsTblO.

[lepeas sepcusi nosisunackb 8 1997 200y, npedHa3HadYanack 0515 a3bika Fortran.
Lna C/C++ eepcus paspabomaHa e 1998 200y.
B 2008 200y ebiwina sepcusi OpenMP 3.0. B utone 2014-20 ebiwna eepcus 4.0
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Open Multi-Processing (OpenMP)

OpenMP peannasyet napannernbHble BblYUCIIEHUSA C MOMOLLbIO
MHOronoTto4YHocTu. [maBHbIM (master) NoTok co3gaet Habop
noavYnHeEHHbIX (Slave) NOTOKOB U 3agadva pacrnpenensaercsa Mexay HUMMN.
[TpegnonaraeTrcs, YTo NOTOKN BbINMOMHAKTCA napannenbHo Ha MallnHe
C HeCKonbkummn npoueccopamn. KonmyuectBo NpoLeccopoB He
obasatenibHO AOMKHO ObITh DOnNbLUE UMM PaBHO KOSIMYECTBY MOTOKOB).

3agayu, BbiNonHAeMble NOTOKaMM napansensHO, TakK Xe, Kak U

OaHHble, Tpebyemble ANs BbIMNOMIHEHUA 3TUX 3a4a4, ONUCbLIBAKOTCA C
NOMOLLbIO CcreuunanbHbIX AMPEKTUB Npenpoueccopa COOTBETCTBYHOLLEO
A3blka — nparmMm. Konn4yectBo co3gaBaeMblX MOTOKOB MOXET
perynmupoBaTtbCa Kak caMmon nporpamMmmoun npu NoMoLLM BbIi3oBa
BMbnNMoTeYHbIX Npoleayp, Tak U U3BHE, NPM MOMOLLM NEePEMEHHbIX
OKPYKEHUA. 96



Open Multi-Processing (OpenMP)

Kriroyesbie arnemeHmsbl:

* KOHCTPYKUWUN Anga co3gaHms noTtokos (parallel);

* KOHCTPYKUMK pacnpenenenmnsa pabotel mexagy notokamm (DO/for
n section);

* KOHCTPYKUUN Angd ynpasneHns gaHHbIMuU (shared, private...);

* KOHCTPYKUMK ONA CUHXPOHU3aLU MM NoTokos (critical, atomic,
barrier...);

* npoueaypbl OUBNMMOTEKMN BPEMEHMN BbINONMHEHUS
(omp_get thread num...),

NepPEMEHHbLIE OKPYXXEHUS
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Open Multi-Processing (OpenMP)

#include "omp.h"

int main() {

// A - single thread
#pragma omp parallel

i

// B - many thrcads

¥

/{ C - single thread
#pragma omp parallel

{

// D - many threads
¥
// E - single threcad

[(m] (o] [o] [=]

(=]
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Hello, OpenMP!

#include <iostream>
#include <omp.h>

int main(int argc, char** argv)

omp _get thread num();

omp _get num threads();

"Hello, OpenMP! I am "

count << " of " << ItsMe << "\n";:

{
#pragma omp parallel
{
auto count =
auto ItsMe =
std::cout <<
<<
}
return 0;
}
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1) value++;

// C++ main.cpp -fopenmp

#include <omp.h>
#include <iostream>

int main() {
int value = 10;
#pragma omp parallel

{

aut