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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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[TapannenbHoe pekypcmBHoe cyMMunpoBaHue (nested sections)

double sum_omp(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(v, low, mid); .

#pragma omp parallel num_threads(2)

#tpragma omp sections MepeknioyeHue Ha
. nocriegoBatesibHYIO BEpPCUto
#pragma omp section Npun AOCTMXXEHUN NPeaesbHOM
sum_left = sum_omp(v, low, mid); [Ny6VHbI BNOXEHHbIX

NapasiiesibHbIX PErTMOHOB

#pragma omp section

sum_right = sum _omp(v, mid + 1, high);
}
) .
return sum_left + sum_right;

}

omp_set nested(1l);
omp_set _max_active levels(ilog2(nthreads));



[Mapannenn3m 3anay (task parallelism, >= OpenMP 3.0)

void fun()

int a, b;
#pragma omp parallel num_threads(2) shared(a) private(b)

#pragma omp single nowait

for (int 1 = 0; i < 3; i++) {
#pragma omp task default(firstprivate)

int c;
// A — shared, B — firstprivate, C - private
}
}
}
}
}
int main(int argc, char **argv)
fun();
return 0;
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[Mapannenn3m 3anay (task parallelism, >= OpenMP 3.0)

MapannenbHas oOpaboTKa AMHAMMUYECKUX CTPYKTYP OaHHbIX
(cBA3HbIE CNUCKU, AepeBbA, ...)

#pragma omp parallel void postorder(node *p)

if (p->left) {
#pragma omp single nowait #pragma omp task
postorder(p->left);
for (; list != NULL; list = list->next) {
#pragma omp task firstprivate(list)
if (p->right) {
process_node(list); #pragma omp task
} postorder(p->right);

} #pragma omp taskwait
process(p->data);



[TapannenbHoe pekypcmBHoe cymmmnpoBaHue (tasks vl)

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

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

double sum _left, sum_right;
int mid = (low + high) / 2 OTaenbHas 3aga4va ons Kaxaoro

PEKYPCNBHOIO Bbi30OBa
#pragma omp task shared(sum_left)

sum_left = sum_omp_tasks(v, low, mid);

#pragma omp task shared(sum_right)
sum_right = sum_omp_tasks(v, mid + 1, high); OXMaaHne 3aBepLLeHIs

#pragma omp taskwait Ao4yepHnx 3agad
return sum_left + sum_right;

}

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

double s = 0;
#pragma omp parallel

#pragma omp single nowait Myn n3 N notokos + N 3agau (implicit tasks)
s = sum_omp_tasks(v, low, high);

}

return s;



[TapannenbHoe pekypcmBHoe cymmmnpoBaHue (tasks vl)

double sum_omp_tasks(double *v, int low, int high)
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if (low == high)

return v[low];

Team ]
double sum_left, sum_right; of threads Thread 0 Thread 1 Thread N -1
int mid = (low + high) / 2;
Implicit
#pragma omp task shared(sum_left) tasks Task Task Task

sum_left = sum_omp tasks(v, low, mid);
#pragma omp task shared(sum_right) ‘A//////////\\\\\\\\\\\\\\A;

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

Explicit
v[0..3] V4.6] e
#pragma omp taskwait
return sum_left + sum_right; ‘r////A\\\\\‘k ‘k////A\\\\\‘k
} v[0..1] v[2..3] V[4..5] v[6..6]
double sum _omp(double *v, int low, int high)
{ PN PN PR
double s = 0;
#pragma omp parallel v[0..0] Vv[1..1] v[2.2] Vv[3..3] v[4.4] v[5..5]
#pragma omp single nowait
s = sum_omp_ tasks(v, low, high);
} Co3naetcs 60nbLIOEe KOMMYeCcTBO 3aaad
return s; 3HauuTeNbHbIE HaKNagHble pacxoabl



[TapannenbHoe pekypcmBHoe cyMmmmnpoBaHue (tasks v2)

double sum_omp_tasks_ threshold(double *v, int low, int high)

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

if (high - low < SUM_OMP_ARRAY_MIN_SIZE) -»::,:::fuw,f”,wj
return sum(v, low, high); T

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

MepeknoyeHue Ha
nocrsiegoBaTtesibHYI0O BEPCUIo
Npu AOCTMXKEHUN NpeaenibHOro

pasmepa nogmaccuea

#pragma omp task shared(sum_left)
sum_left = sum_omp_ tasks threshold(v, low, mid);

#pragma omp task shared(sum_right)
sum_right = sum omp_ tasks_ threshold(v, mid + 1, high);

#pragma omp taskwait
return sum_left + sum right;

}

double s = 0; v[0..1]
#pragma omp parallel N

#pragma omp single nowait

s = sum_omp_tasks_threshold(v, low, high);
} v[0..1]

return s;
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[lapannenbHoe pekypcmBHoe cyMmmmnpoBaHue (tasks v3)

double sum_omp_tasks maxthreads(double *v, int low, int high, int nthreads)

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

if (nthreads <= 1) B N

return sum(v, low, high); MepeknoyeHne Ha
doubl lof ot | nocnepoBaTeNbHYIO BEpcuUio
ouble sum_lert, sum right; NP JOCTVXKEHUN NPEeaEnbHOTo

int mid = (low + high) / 2;
UncC/ia 3alnyLleHHbIX 3a4a4

#pragma omp task shared(sum_left)
sum_left = sum_omp_ tasks maxthreads(v, low, mid, nthreads / 2);

#pragma omp task shared(sum_right)
sum_right = sum _omp tasks maxthreads(v, mid + 1, high, nthreads - nthreads / 2);

#pragma omp taskwait
return sum_left + sum_right;

}

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

double s = 0;
#pragma omp parallel

#pragma omp single nowait
s = sum_omp_tasks maxthreads(v, low, high, omp_get num_procs());

}

return s;



YncneHHoe nHTerpupoBaHue (MeToA Tpaneuui)

f(x)
A
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f(b)

d TTnowaab nesou Tpaneumwm:

S.=(f(a)+ f(m) * (m-a)/ 2

d TTnowaab npasou Tpaneuuu:

Se=(f(m) + f(b))* (b-m)/ 2
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YncneHHoe nHTerpupoBaHue (MeToA Tpaneuui)

const double eps = 1E-24;

double f(double x)
{

}

double integrate(double left, double right, double f_ left,
double f rlght double leftright_area)

return 4.0 / (1.0 + x * X);

{
double mid = (left + right) / 2;
double f mid = f(mid);
double left_area = (f left + f mid) * (m1d - left) / 2;
double right_area = (f_mid + f _right) * (right - mid) / 2;
if (fabs((left_area + right_area) - leftright_area) > eps) {
left area = integrate(left, mid, f left, f mid, left area);
right_area = integrate(mid, rlght f m1d f rlght, right_area);
return left_area + right area;
}

double run_serial()

double pi = integrate(@.0, 1.0, f(0), f(1), (f(©) + (1)) / 2);
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YncneHHoe nHTerpupoBaHue (MeToA Tpaneuui)

const double threshold = 0.05;

double integrate_omp(double left, double right, double f_left,

{

}

double f rlght double leftright_area)

double mid = (left + right) / 2;
double f mid = f(mid);
double left area = (f left + f mid) * (m1d - left) / 2;
double right_area = (f_mid + f_right) * (right - mid) / 2;
if (fabs((left_area + right_area) - leftright_area) > eps) {
if (right - left < threshold) {
return integrate(left, right, f_left, f _right, leftright_area);
}

#pragma omp task shared(left_area)
left area = integrate _omp(left, mid, f left, f mid, left area);

right _area = integrate omp(mid, right, f mid, f_right, right _area);
#pragma omp taskwait

return left_area + right _area;

double run_parallel()

{

double pi;
#pragma omp parallel

#pragma omp single nowait
pi = integrate omp(@.0, 1.0, f(0), f(1), (f(©) + (1)) / 2);
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beicTpas coptupoBka (QuickSort)

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

double pivot = v[high];
int i = low - 1;
for (int j = low; j < high; j++) {
if (v[j] <= pivot) {
i++;
swap(v, i, J);

}
swap(v, i + 1, high);
return 1 + 1;

}
void quicksort(double *v, int low, int high)
if (low < high) {
int k = partition(v, low, high);

quicksort(v, low, k - 1);
quicksort(v, k + 1, high);

}

double run_serial()

quicksort(v, @, N - 1);



MHoronoTo4Has 6bicTpas coptupoBka (QuickSort)

const int threshold = 1000;

void quicksort _omp_tasks(double *v, int low, int high)

if (low < high) {
if (high - low < threshold) {
quicksort(v, low, high);
} else {
int k = partition(v, low, high);

#pragma omp task
quicksort _omp tasks(v, low, k - 1);

quicksort omp tasks(v, k + 1, high);

}
}
}
double run_parallel()
{

#pragma omp parallel

#pragma omp single nowait
quicksort omp tasks(v, @, N - 1);
}



3afaHune

Pa3paboTaTb Ha OpenMP MHOroNOTOYHY BEPCUIO DYHKLINK BBLICTPON COPTUPOBKUN —
HanuncaTb Ko yHKuUMKM quicksort omp tasks

MpoBeCcTN aHaAN3 MaclTabupyemMocT napannensHon NporpaMmsi

LLIabnoH nporpaMMbl HaxoAUTCS B KaTanore _task
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