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#pragma omp sections

#pragma omp parallel
{ MopoxxaaeT nyn noTokKoB (team of threads) n Habop 3apau (set of tasks)

#pragma omp sections

{

#pragma omp section 5

{ Koo Ka>Xaon Cekummn BbINMOJIHAGTCA OAHMM NOTOKOM (B KOHTEKCTe 3ada4n)
// Section 1

b NSECTIONS > NTHREADS

#pragma omp section He rapaHTUpyeTcs, 4TO BCe ceKummn ByayT BbINONHATHCA Pa3HbIMK NOTOKaMu

{ OOWNH NOTOK MOXXET BbIMOJIHUTb HECKOJIbKO CeKL Ui
// Section 2

}

#pragma omp section

{
// Section 3

}

} // barrier



#pragma omp sections

#pragma omp parallel num_threads(3)
3 NOTOKa, 4 ceKuyuun
#pragma omp sections

// Section directive is optional for the first structured block

{
sleep _rand ns(100000, 200000);

printf("Section 0: thread %d / %d\n", omp_get thread num(), omp get num threads());
#pragma omp section

sleep rand ns(100000, 200000);

printf("Section 1: thread %d / %d\n", omp_get thread num(), omp get num threads());
#pragma omp section

sleep rand ns(100000, 200000);

printf(“Section 2: thread %d / %d\n", omp_get thread num(), omp get num threads());

#pragma omp section

sleep rand ns(100000, 200000);
printf("“Section 3: thread %d / %d\n", omp_get thread num(), omp_get num threads());



#pragma omp sections

#pragma omp parallel num_threads(3) 3 4
NMNOTOKa, 4 CeKunun

#pragma omp sections

// Section directive is optional for the first structured block

{
sleep _rand ns(100000, 200000);

printf("Section 0: thread %d / %d\n", omp_get thread num(), omp get num threads());

#pragma omp section

sleep rand ns(100000, 200000);
printf("Section 1: thread %d / %d\n", omp_get thread num(), omp get num threads());

#pragma omp section

sleep rand ns(100000, 200000);
printf("“Section 2: thread %d / %d\n", omp_get thread num(),

$ ./sections

#pragma omp section Section 1:

Section
sleep_rand_ns (100000, 200000); Section

printf("Section 3: thread %d / %d\n", omp_get_thread num(), [RSEENES




PyyHoe pacnpepe’sieHue 3aaa4 No NOTOKaMm

#pragma omp parallel num_threads(3)

{ 3 NnoTokKa, 3 6/10Ka

int tid = omp_get_thread_num();
switch (tid) {

case O:
sleep_rand_ns(100000, 200000);
printf("Section 0: thread %d / %d\n", omp_get_thread_num(), omp_get_num_threads());

break;

case 1:
sleep_rand_ns(100000, 200000);
printf("Section 1: thread %d / %d\n", omp_get_thread_num(), omp_get_num_threads());

break:

case 2:
sleep_rand_ns(100000, 200000);
printf("Section 3: thread %d / %d\n", omp_get_thread_n

break;

$ ./sections

Section 3: thread 2
default: Section 1: thread 1
fprintf(stderr, "Error: TID > 2\n"); Section 0: thread O




Bro)KeHHble napanenbHble pernoHbl (nested parallelism)

void level2(int parent)

{
#pragma omp parallel num_threads(3)
#pragma omp critical
printf("L2: parent %d, thread %d / %d, level %d (nested regions %d)\n",
parent, omp_get thread num(), omp get num threads(), omp get active level(), omp get level());
}
}

void levell()
#pragma omp parallel num_threads(2)
#pragma omp critical
printf("L1: thread %d / %d, level %d (nested regions %d)\n",
omp_get thread _num(), omp_get num_threads(), omp _get active level(), omp_get level());

level2(omp _get thread num());

}
}
int main(int argc, char **argv)
{
omp_set nested(1);
levell();
return 0;



Bro)KeHHble napanenbHble pernoHbl (nested parallelism)

void level2(int parent) 0: levell 0: level2 0
{
#pragma omp parallel num threads(3)
#pragma omp critical
printf("L2: parent %d, thread %d / %d, level %d (nested
parent, omp_get thread num(), omp get num threads
}
} 1: level2 0

void levell()

#pragma omp parallel num threads(2) omp_set_nested(l)

#pragma omp critical 6 noTokoB

printf("L1: thread %d / %d, level %d (nested regions %d)\n",
omp_get thread _num(), omp_get num_threads(), omp _get active level(), omp_get level());

level2(omp _get thread num()); $ ./nested

} L1: thread

} / 2, level 1 (nested regions 1)
L1: thread

/ 2, level 1 (nested regions 1)

int main(int argc, char **argv)

{
omp_set _nested(1);

levell();

return 0;
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Bro)KeHHble napanenbHble pernoHbl (nested parallelism)

void level2(int parent) 0: levell O:level2 — > 0

{

#pragma omp parallel num_threads(3)

#pragma omp critical
printf("L2: parent %d, thread %d / %d, level %d (nested
parent, omp_get thread num(), omp get num threads

} l:level2 ~  » 0

void levell()

#pragma omp parallel num threads(2) omp_set_nested(O)
{

#pragma omp critical 2 NMOTOKa

printf("L1: thread %d / %d, level %d (nested regions %d)\n",
omp_get thread _num(), omp_get num_threads(), omp _get active level(), omp_get level());

level2(omp _get thread num());

}
}
?nt main(int argc, char argv) $  /nested
omp_set_nested(0); L1: thread 0 / 2, level 1 (nested regions 1)
levell(); L1: thread 1 / 2, level 1 (nested regions 1)
return 0; L2: parent 0, thread 0 / 1, level 1 (nested regions 2)

} L2: parent 1, thread 0 / 1, level 1 (nested regions 2)




OrpaHnyeHne rnybuHbl BJIO)XXEHHOIO NMapasienn3ma

void level3(int parent)

¢ #pragma omp parallel num_threads(2)
// omp_get_active level() == 2, omp_get level() ==
}
void level2(int parent)
¢ #pragma omp parallel num_threads(3)
// omp_get active level() == 2
level3(omp_get thread num());
y }

void levell()
#pragma omp parallel num_threads(2)

// omp_get_active_level() ==
level2(omp_get_thread_num());

}

int main(int argc, char **argv)

{
omp_set nested(1l);
omp_set _max_active levels(2);
levell();

Mpy co3paHnn NapannenbHOro pernoHa
runtime-cucrtema npoBepseT rnyobuHy
BJI0OXKEHHOCTW NapasifefbHbliX PErMOHOB

omp_set max_active levels(N)

Ecnv rnybuHa npeBbllleHa, TO
napannenbHbln pernoH byneT cogep)xaTb OAUH MOTOK



OrpaHnyeHne rnybuHbl BJIO)XXEHHOIO NMapasienn3ma

void level3(int parent)

¢ #pragma omp parallel num_threads(2)
// omp_get_active level() == 2, omp_get level() ==
}
void level2(int parent)
¢ #pragma omp parallel num_threads(3)
// omp_get active level() == 2
level3(omp_get thread num());
y }

void levell()
#pragma omp parallel num_threads(2)

// omp_get_active_level() ==
level2(omp_get_thread_num());

}

int main(int argc, char **argv)

{
omp_set nested(1l);
omp_set _max_active levels(2);
levell();

MakCnuMabHa4 I'J'Iy6I/IHa BJIOXXEHHOCTW MapaJiJieJibHbIX

PErnoHOB paBHa 2

omp_set max_active levels(2)

B napannenbHOM pernoHe 1 noToK —
NMOTOK, KOTOPbLIW Bbi3Ban yHKLUMIO level 3

Bcero notokoeB 2 *3 =6



OnpepeneHne 4yncsaa NOTOKOB

#pragma omp parallel num_threads(n)

// code

OMP_THREAD_LIMIT —
MaKCUMaJIbHOE Y1C/I0 MOTOKOB B Nporpamme

OMP_NESTED — pa3pellaeT/3anpeLaeT
BJIOXKEHHbIN Mapanfennsm

OMP_DYNAMIC — pa3peluaeT/3anpeLiaeT
ONHaMN4eCKOoeE yripaBJieHne Y1NCJoM NOTOKOB
B NapasifiesIbHOM pernoHe

ActiveParRegions — 41C/10 aKTUBHbIX
BJIOXKEHHbIX MapasifieNlbHblIX PernoHoOB

ThreadsBusy — 41C10 y>Ke BbIMNOJIHAOLLNXCS
NMOTOKOB

ThreadRequested = num_threads
nn6o OMP_NUM_THREADS

AnropuTtm

ThreadsAvailable = OMP_THREAD_LIMIT — ThreadsBusy + 1

if ActiveParRegions >= 1 and OMP_NESTED = false then
nthreads = 1

else if ActiveParRegions == OMP_MAX_ACTIVE_LEVELS then
nthreads = 1

else if OMP_DYNAMIC and ThreadsRequested <= ThreadsAvailable then
nthreads = [1

else if OMP_DYNAMIC and ThreadsRequested > ThreadsAvailable then
nthreads = [1

else if OMP_DYNAMIC = false and ThreadsRequested <= ThreadsAvailable then
nthreads = ThreadsRequested

else if OMP_DYNAMIC = false and ThreadsRequested > ThreadsAvailable then

// 4ncno NOTOKOB ornpejenseTcs peanusaumen

: ThreadsRequested] // BblbMpaeTcs runtime-cumcTemol

: ThreadsAvailable] // BbibupaeTca runtime-cucTemol

end if



PekKypcnBHOe CyMMUNPOBaHNE

double sum(double *v, int low, int high)

if (low == high)
return v[low];

int mid = (low + high) / 2;

return sum(v, low, mid) + sum(v, mid + 1, high);
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[lapannenbHoe peKypCcuBHoe CyMMNPOBaHMeE

double sum(double *v, int low, int high)

if (low == high)
return v[low];

int mid = (low + high) / 2;
return sum(v, low, mid) + sum(v, mid + 1, high);
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PelweHune «B 10O»

double sum_omp(double *v, int low, int high)

if (low == high)
return v[low];

double sum_left, sum_right;
#pragma omp parallel num_threads(2)

int mid = (low + high) / 2;
#pragma omp sections

#pragma omp section

sum_left = sum_omp(v, low, mid);

}

#pragma omp section

sum_right = sum_omp(v, mid + 1, high);

}
}
}
return sum_left + sum_right;
}
double run_parallel()
{

omp_set _nested(1);
double res = sum_omp(v, @, N - 1);



PelweHune «B 10O»

double sum_omp(double *v, int low, int high)

if (low == high)
return v[low];
I'ny6V|Ha B/10XKE€HHbIX NMapavi/ieJ/ibHbIX PErmoHOB

double sum_left, sum_right;
#pragna omp parallel num threads(2) He orpaHu4yeHa (co3gaeTcs o4eHb MHOIO NMOTOKOB)

int mid = (low + high) / 2; Ha xBaTtaeT pecypcoB /15 NMoaaepXaHus nyna noTokos
#pragma omp sections pecyp A AOeEP Yy

#pragma omp section

sum_left = sum_omp(v, low, mid);

}

#pragma omp section

sum_right = sum_omp(v, mid + 1, high);

}
}
return sum_left + sum_right; # N = 100000
} $ ./sum
libgomp: Thread creation failed: Resource temporarily unavailable

double run_parallel()

{
omp_set nested(1l);

double res = sum_omp(v, @, N - 1);



OrpaHnyeHune raybuHbl BNOXKEHHOIO Napajienmsma

double sum_omp(double *v, int low, int high)

if (low == high)
return v[low];

double sum_left, sum_right;
#pragma omp parallel num_threads(2)

int mid = (low + high) / 2;
#pragma omp sections

#pragma omp section

sum_left = sum_omp(v, low, mid);

}

#pragma omp section

sum_right = sum_omp(v, mid + 1, high);

}
}
}
return sum_left + sum_right;
}
double run_parallel()
{

omp_set nested(1);
omp_set_max_active_levels(ilog2(4)); // 2 ypoBHA
double res = sum_omp(v, @, N - 1);

MpuBsHkeM rnyouHyY BIOXKEHHbIX
napaiieNIbHbIX PErMOHOB
K YNC/ly AOCTYNHbIX NPOLECCOPHbIX Aaep

2 noTtoka (npoweccopa) — rnyouHa 1
4 notoka — rny6buHa 2
8 noTtokoB — rnyouHa 3

n NOoTokoB — rny6uHa log_2(n)



OrpaHnyeHune raybuHbl BNOXKEHHOIO Napajienmsma

double sum_omp(double *v, int low, int high)

if (low == high) MpuBsHxeMm rnyounHy BIOXXEHHbIX
return v[low]; napasinesnibHbIX PerMoHoB
double sum left, sum_right; K4Uucny AoCTynHbIX NPoUECCOPHbIX AAep
#pragma omp parallel num_threads(2)
int mid = (low + high) / 2; 2 noTtoka (npoueccopa) — ryéuHa 1
#pragma omp sections 4 notoka — rnybuHa 2
{ 8 notokoB — rnybuHa 3

#pragma omp section

) sum_left = sum_omp(v, low, mid); N NMOTOKOB — rny6MHa |Og_2(n)

#pragma omp section

sum_right = sum_omp(v, mid + 1, high);

}
} } Recursive summation N = 100000000
U R R a i U ety Result (serial): 5000000050000000.0000; error 0.000000000000
} Parallel version: max_threads = 8, max_levels = 3
double run_parallel() Result_(pargllel): 5000000050000000.0000; error 0.000000000000
{ Execution time (serial): 0.798292
omp_set_nested(1); | Execution time (parallel): 20.302973

omp_set _max_active levels( .
double res = sum_omp(v, O, Speedup: 0.04

}



CoKpalleHne aKTUBaLMin NapannesbHbIX PErMOHOB

double sum omp fixed depth(double *v, int low, int high)

if (low == high)
return v[low];

double sum_left, sum _right;
int mid = (low + high) / 2;

if (omp_get active_level() >= omp_get max_active_levels())
return sum_omp fixed depth(v, low, mid) + sum omp fixed depth(v, mid + 1, high);

#pragma omp parallel num_threads(2) \\\‘\\\ |
PyuyHasa npoBepka rnyounHbl

[Mpy 4OCTMXKEHMUW NPEAENbHON TNYOUHbI

#pragma omp section n3beraem axktmsaLmm

sum_left = sum_omp fixed depth(v, low, mid); napasienIbHOro pernoHa

#pragma omp sections

#pragma omp section
sum_right = sum_omp fixed depth(v, mid + 1, high);
}
}

return sum_left + sum_right;



CoKpalleHne aKTUBaLMin NapannesbHbIX PErMOHOB

double sum omp fixed depth(double *v, int low, int high)

if (low == high)
return v[low];

double sum_left, sum _right;
int mid = (low + high) / 2;

if (omp_get active_level() >= omp_get max_active_levels())
return sum_omp fixed depth(v, low, mid) + sum omp fixed depth(v, mid + 1, high);

#pragma omp parallel num_threads(2)
CEKLI.I/II/I MOTYT BbIMNOJIHATbLCA

f#pragma omp sections OAHVNM 1 TE€M XXe NOTOKOM

#pragma omp section -

#pragma omp section
sum_right = sum_omp fixed depth(v, mid + 1, high);
}
}

return sum_left + sum_right;



PeKypCrBHbIE BbI30BbI B PA3HbIX MOTOKAX

double sum_omp fixed depth static(double *v, int low, int high)

if (low == high)
return v[low];

double sum_left, sum right;
int mid = (low + high) / 2;

if (omp get active level() >= omp_get max_active levels())
return sum_omp_fixed depth static(v, low, mid) + 1. OrpaHnunan rnyoeunny

sum_omp fixed depth static(v, mid + 1, high); PEKYPCUBHBIX BbI30BOB

#pragma omp parallel num_threads(2) 5
. MpuBsA3anu «cekunmn»

int tid = omp_get thread num(); K pa3HbIM NMOTOKaM
if (tid == 0) { ‘
sum_left = sum_omp fixed depth static(v, low, mid);

} else if (tid 1) {
sum_right = sum_omp fixed depth static(v, mid + 1, high);
}
}

return sum_left + sum right;
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3afaHune

Pa3paboTaTb Ha OpenMP napannenbHyo BepCUo QyHKLUN sum —
HanucaTb Ko (PYHKLMM sum_omp

MpoBeCcTN aHaAN3 MaclTabupyemMocT napannensHon NporpaMmsi

LLIabnoH nporpaMMbl HaxoAUTCS B KaTanore _task
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