Jlekuua 8
CraHpapt OpenMP
(npoponkeHune

KypHocoB Muxaun leopruesmny

E-mail: mkurnosov@gmail.com
WWW: www.mkurnosov.net

Kypc «BbicokonponssoguTenbHble BbIYUCIUTENbHbBIE CUCTEMbI»
CnBUpPCKUIA rocyaapCTBEHHbIN YHUBEPCUTET TEIEKOMMYHUKALMUN U MHGOpMaTMKKM (HoBOCMBUMpPCK)
OceHHuM cemecTp, 2015



MapannenbHoe pekypcnusHoe cymmumpoBaHue (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); MepeknioyeHune Ha
#pragma omp parallel num_threads(2) M LCAIS AL e Bepcmov
{ npumn 0oCtnxXeHnnm npeaesibHou
#pragma omp sections rNYyOUHbI BNOXKEHHbIX
{ . napananesibHblX permMoHoB
#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;
}

omp_set nested(1);
omp_set _max_active_levels(ilog2(nthreads));
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Mapannennam 3agay (task parallelism, >= OpenMP 3.0)

int fib(int n)

{
if (n < 2)
return n;
return fib(n - 1) + fib(n - 2);
}

» JlnpekTtmea task co3paeT 3apa4uy (nerkoBecHbIn NOTOK)
" 3371341 U3 Nyaa AMHAMMNYECKN BbINOJHAKOTCA rPynnon noToKoB

* JIMHamKnyecKoe pacnpegeneHmne 3agaya no noTokam OCyLLECTBAAETCA a/IT0PUTMaMM
nnaHMpoBaHMA TUNa work stealing

= 33aa4 MOXKeT b6bITb HaMHOTO 6o/1blle KO/IMYecTBa NOTOKOB



Mapannennam 3agay (task parallelism, >= OpenMP 3.0)

int fib(int n)

{ Kaxkabli
int x, y; PEKYPCUBHbIN
, BbI3OB — 3TO 3a/4a4a
if (n < 2) A
return n;

#pragma omp task shared(x, n) <4

x = fib(n - 1);

#pragma omp task shared(y, n)

y = fib(n - 2);

#pragma omp taskwait <= -

return x + y; OXunaoaem
} 3aBepLlieHune

loYepHUX 3a4a4

#pragma omp parallel
#pragma omp single
val = fib(n);



Mapannennam 3agay (task parallelism, >= OpenMP 3.0)

—> Spawn
—> Sync

JlerKkoBecHble
3a4a4m
(tasks)

Ouepepm (pekun) 3agau . - .

+ —

My/ NOTOKOB
onepaLyUOoHHOM CUCTEMDI 0 1 2 3

Need
tasks




Mapannennsm 3agau (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; 1 < 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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Mapannennsm 3agau (task parallelism, >= OpenMP 3.0)

MapannenbHasa 06paboTKa AUHAMUUYECKUX CTPYKTYP AaHHbIX
(cBA3HbIE cNUCKK, pepesbs, ...)

// Tlpoxoa Mo CBA3HOMY CMUCKY // 06xon pepeBa
#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);



PeKypCcnMBHOE CyMMUpOBaHue

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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[MapannenbHoe pekypcnusHoe cymmumnpoBaHue (tasks v1)

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;
OTtaenbHas 3a4a4va A8 Kaxkaoro
#pragma omp task shared(sum_left)
sum_left = sum_omp tasks(v, low, mid); PERYPCUBHONO BbI30Ba
#pragma omp task shared(sum_right)
sum_right = sum_omp_tasks(v, mid + 1, high);
#pragma omp taskwait OKuAaHue 3aBepLUeHNs
return sum_left + sum_right;
} A04YepPHUX 3a4a4

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

{
double s = 0;

#pragma omp parallel

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

}

return s;



[MapannenbHoe pekypcuBHoe cymmmnposaHme (tasks vl)

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

{
if (low == high) return v[low];
vio.e] | 5 [10 [ 15 (20|25 | 30 | 35
double sum_left, sum_right;
int mid = (low + high) / 2;
Team | Thread0 | Thread 1 Thread N - 1
#pragma omp task shared(sum_left) of threads
sum_left = sum omp tasks(v, low, mid); Iimplicit
fasks Task Task Task
#pragma omp task shared(sum_right)
sum_right = sum omp tasks(v, mid + 1, high); ‘////////////A\\\\\\\\\\\\\\\*
#pragma omp taskwait e o Explicit
return sum_left + sum_right; Azl vi4..6] tasks
double sum_omp(double *v, int low, int high) v[0..1] v[2..3] v[4..5] v[6..6]
{
double s = 0; K//”\\‘ ///N\\x x//ﬁ\\x
?pragma omp parallel v[0.0] | |v[1.1]| |v[2.2]| |v[3.3]| |v[4.4] | v[5.5]
#pragma omp single nowait
s = sum_omp_tasks(v, low, high);
} Co3paeTtca 6onbluOe KoAnyecTso 3aaau

return s;
} ’ 3HauyuTebHble HaK/lagHble pacxoAabl



[MapannenbHoe pekypcuBHOe cymmupoBaHme (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)
return sum(v, low, high);
double sum_left, sum_right; lNepekniouenne Ha
int mid = (low + high) / 2; nocnepoBate/ibHYO BEpPCUIO
npu AOCTUXKEHUU npeae/ibHOro
#pragma omp task shared(sum_left) pa3mepa nogmaccumsea
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); Task
#pragma omp taskwait v[0..6]
return sum_left + sum_right;
}
double sum_omp(double *v, int low, int high) v[0..3]
{
double S = e; /\ m -----
#pragma omp parallel v[0.1] v[2.3] V[4..5] :
{ . . . .
#pragma omp sj_ng]_e nowait threshold ====== i .................... l. .................. t ........... ,
s = sum_omp_ tasks threshold(v, low, high);
} v[0..1] v[2..3] v[4..5]
return s;



MapannenbHoe pekypcnusHoe cymmmpoBaHume (tasks v3)

double sum_omp tasks maxthreads(double *v, int low, int high, int nthreads)

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

if (nthreads <= 1) return sum(v, low, high);

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

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

MNepekntoyeHue Ha
nocneaoBaTesibHYIO BEpPCUIO
NpPU AOCTUNKEHUN NPeaenbHOro
4ymcna 3anyLeHHbIX 3a4au

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 nHTerpuposaHme (metoa Tpaneumm)

f(x)
1 f(b)
f((a + b) / 2)
f(a)
Sr
S,
2 o 8 » X
a m=(a+b)/2 b

Q TTnowaab neson Tpaneumwm:

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

Q TTnowaab npasou Tpaneuuu:

Sp=(f(m)+f(b))* (b-m)/2
S5=5, +5,



YncneHHoe nHTerpuposaHme (metoa Tpaneumm)

const double eps = 1E-24;

double f(double x)
{

}

return 4.0 / (1.0 + x * x);

double integrate(double left, double right, double f_left,
double f right, double leftright area)

{
double mid = (left + right) / 2;
double f mid = f(mid);
double left area = (f_left + f mid) * (mid - 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, right, f mid, f _right, right _area);
}
return left_area + right_area;
}

double run_serial()

{
}

double pi = integrate(©0.0, 1.0, f(0), f(1), (f(©) + (1)) / 2);

f(x)
.ﬂ@x+Elij2____4§h)
f(a) 1
a m=(a+h)/2 b *
left_area right_area




{

}

YnucneHHoe nHTerpuposaHme (metoa Tpaneumm)

const double threshold = 0.05;
double integrate omp(double left, double right, double f_left,

double f right, double leftright_area)

double mid = (left + right) / 2;
double f mid = f(mid);
double left _area = (f_left + f mid) * (mid - 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(©0.0, 1.0, (@), f(1), (f(©) + f(1)) / 2);

f(x)
f(b)
,ﬂ&!+Elijl_._——~
f(a) 1
a m=(+h)/2 b
left_area right_area




BobicTpaa coptnposKka (QuickSort)

int partition(double *v, int low, int high)
{
double pivot = v[high];
int 1 = low - 1;
for (int j = low; j < high; j++) {
if (v[j] <= pivot) {
i++;
swap(v, i, 3j);
}

}
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);



MHoronoTto4yHas bbicTpaa coptuposKka (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);
}



Bnoknposku (locks)

#include <omp.h>

int main()

{

std: :vector<int> vec(1000);

std::fill(vec.begin(), vec.end(), 1);
int counter = 0;

omp_lock t lock;

omp_init lock(&lock);

#pragma omp parallel for
for (std::vector<int>::size type i = 0; 1 < vec.size(); i++) {
if (vec[i] > @) {
omp_set lock(&lock);
counter++;
omp_unset_lock(&lock);

}

}
omp_destroy_lock(&lock);

std: :cout << "Counter =
return 0;

<< counter << std::endl;



OpenMP 4.0: NoapeprkKa yckoputenen (GPU)

sum = 0;
#pragma omp target device(accO®) in(B,C)
#pragma omp parallel for reduction(+:sum)
for (1 = 0; i < N; i++)

sum += B[i] * C[1i]

= omp_set _default device()
= omp_get default device()

= omp_get num_devices()



OpenMP 4.0: SIMD-KOHCTpYKLUUNHK

= SIMD-KOHCTpYKUUK Ana BekTopusaumm umknos (SSE, AVX2, AVX-512, AltiVec, ...)

void minex(float *a, float *b, float *c, float *d)
{

#pragma omp parallel for simd

for (1 = 0; 1 < N; i++)
d[i] = min(distsq(a[1], b[i]), c[1]);



OpenMP 4.0: Thread Affinity

Thread affinity — npuBA3Ka NOTOKOB K NpoueccopHbIM aapam

#pragma omp parallel proc_bind(master | close | spread)
omp _proc_bind t omp get proc bind(void)

Env. variable OMP_PLACES

export OMP_NUM THREADS=16
export OMP_PLACES=0,8,1,9,2,10,3,11,4,12,5,13,6,14,7,15
export OMP_PROC BIND=spread,close

23



OpenMP 4.0: user defined reductions

#pragma omp declare reduction (reduction-identifier :
typename-1list : combiner) [identity(identity-expr)]

#pragma omp declare reduction (merge : std::vector<int> :
omp_out.insert(omp out.end(),
omp_in.begin(), omp_in.end()

))

void schedule(std::vector<int> &v, std::vector<int> &filtered) {
#pragma omp parallel for reduction (merge : filtered)
for (std:vector<int>::iterator it = v.begin();
it < v.end(); it++)
{
if (filter(*it))
filtered.push back(*it);
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