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#pragma omp parallel [ knay3a[ [, | knay3sa] ...]
cmpyKkmypHbIU 6510k

20e Kray3a o0Ha U3 :

default(shared | none)

private(/ist)

firstprivate(/ist)

shared(/ist)

reduction(operator: list)

if(scalar-expression)

num_threads(integer-expression)

copyin(/ist)

proc_bind ( master | close | spread ) [/OpenMP 4.0
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#include <stdio.h>

int main ()

{
int n =100000, i;
double pi, h, sum, x;
h =1.0/(double) n;

sum = 0.0;
for(i=1;i<=n;i++)
{

x = h * ((double)i - 0.5);
sum += (4.0 / (1.0 + x*x));
}
pi = h * sum;
printf(*pi is approximately %.16f”, pi);
return 0;

}
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#include <omp.h>
int main ()
{
int n =100000, i;
double pi, h, sum, Xx;
h =1.0/(double) n;
sum = 0.0;
#pragma omp parallel default (none) private (i,x) shared (n,h,sum)
{
int id = omp_get_thread_num();
int numt = omp_get_num_threads();
for (i=id +1; i <= n; i=i+numt) {
x = h * ((double)i - 0.5);
sum += (4.0 / (1.0 + x*x));
}
}
pi = h * sum;
printf("pi is approximately %.16f”, pi);
return 0;
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an/I B3auMoaeucTBumn yepes O6LI.|,yI-O namMmATb HUTU AONTXKHbI CUHXPOHUN3OBATb
cBOe€ BbINOJIHEHUE.

Thread0: sum = sum + val; && Thread1: sum = sum + val;

Thread 0 Thread 1

1 LOAD R1,sum

2 LOAD R2,val

3 ADD R1,R2 LOAD R3,sum
4 STORE R1,sum LOAD R4,val

5 ADD R3,R4

6 STORE R3,sum

PesyanaT 3aBUCUT OT nopsigaKka BbiNOJIHEHUA KOMaHA. TpGGyGTCH B3auMMHOe
NMCKNK4YeHne KputTnieCKknx nHTtepBasnoB.
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#include <omp.h>
int main ()
{
int n =100000, i;
double pi, h, sum, Xx;
h =1.0/(double) n;
sum = 0.0;
#pragma omp parallel default (none) private (i,x) shared (n,h,sum)
{
int id = omp_get_thread_num();
int numt = omp_get_num_threads();
for (i=id +1; i <= n; i=i+numt) {
x = h * ((double)i - 0.5);
#pragma omp critical
sum += (4.0 / (1.0 + x*x));
}
}
pi = h* sum;
printf("pi is approximately %.16f”, pi);
return 0;
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#include <omp.h>

int main ()

{
int n =100000, i;
double pi, h, sum, Xx;
h =1.0/(double) n;

sum = 0.0;
#pragma omp parallel default (none) private (i,x) shared (n,h,sum)
{

double local_sum = 0.0;
int id = omp_get_thread_num();
int numt = omp_get_num_threads();
for (i=id + 1; i <= n; i=i+numt) {
x = h * ((double)i - 0.5);
local_sum += (4.0 / (1.0 + x*x));
}
#pragma omp critical
sum += |local_sum;
}
pi = h * sum;
printf("pi is approximately %.16f”, pi);
return 0;
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#include <stdio.h>
#include <omp.h>
int main ()
{
int n =100000, i;
double pi, h, sum, Xx;
h =1.0/(double) n;
sum = 0.0;
#pragma omp parallel default (none) private (i,x) shared (n,h) reduction(+:sum)
{
int id = omp_get_thread_num();
int numt = omp_get _num_threads();
for (i=id + 1; i <= n; i=i+numt)
{
x = h * ((double)i - 0.5);
sum += (4.0 / (1.0 + x*x));
}
}
pi = h * sum;
printf("pi is approximately %.16f”, pi);
return 0;

}
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reduction(operator:list)

le-ofnenallv \

1 BHyTpu napanenbHon obnacTu
NS KaKZ0M NepeMeHHoN 13 Onepatop HayanbHoe 3HaYeHue
cnucka list cosgaetca konusa aTou Z 0
nepemMeHHoW. OTa NnepemMeHHas
NHULMann3npyeTca B T 1
COOTBETCTBUM C ONepaTopom z 0
operator (Hanpumep, 0 ansa «+»).
& ~0
1 Onga kaxxgou HATU KOMMNUATopP | 0
3aMeHSEeT B nNapannensHou A 0
obnactn obpalleHmsa K
peayKUuMOHHON nepemMeHHON Ha && 1
obpalleHns K co3gaHHOW KOMUN. T 0
Least number in
1 TNo 3aBepLUEHMM BbINOMNHEHNS MRS reduction list item type
napannensHon obnacTtu : Largest number in
ocyLuecTBnseTcs o6beanHeHne e reduction list item type
NOMy4YEHHbIX PE3YNLTATOB.
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if(scalar-expression)

B 3aBUCMMOCTHU OT 3HaYeHUSA scalar-expression ona BbINOSIHEHUSA
CTPYKTYpPHOro 6rioka 6yaert cosgaHa rpynna HUTeUM Unm oH oyaer
BbIMOJIHATLECH OAHOU HUTLIO.

#include <omp.h>

int main()

{
intn =0;
printf("Enter the number of intervals: (0 quits) *);
scanf("%d",&n);

#pragma omp parallel if (n>10)

{
int id = omp_get_thread _num();
int numt = omp_get num_threads();
for (inti=id + 1; i <= n; i=i+numt)

func (i);
}
return 0;
}
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um_=tr

num_threads(integer-expression)

integer-expression 3agaeT MakCMMaribHO BO3MOXHO€ YUCIIO HUTEN, KOTopble
OyayT co3aaHbl AN BbINOSIHEHUA CTPYKTYPHOro 6rnoka

#include <omp.h>

int main()

{
int n =0;
printf("Enter the number of intervals: (0 quits) ");
scanf("%d",&n);

#pragma omp parallel num_threads(10)

{ intid = omp_get_thread num ();
func (n, id);
}
return 0;
}
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,/a”"ﬂﬁﬁﬂﬁg;_l

Uncno cosgaBaemMbixX HATEN 3aBUCUT OT:
* Knayasbl if
* Kknay3bl num_threads

® 3Ha4YeHUN NepeMEHHbIX, ynpasnawLwmx BoinonHeHnem OpenMP-
nporpamMmsi:

e dyn-var (BKIMHOYEHMNE/OTKITIOYEHNE PEXMMA, B KOTOPOM KONIMYECTBO
co3gaBaeMbIX HUTEU MOXET UBMEHATLCA AMHAMNYECKN:
OMP_DYNAMIC, omp_set_dynamic())

e nthreads-var (MakcMmanbHO BO3MOXHOE YMNCII0 HATEN, CO30aBaEMbIX
npu Bxoae B napannenbHyto oonacte: OMP_NUM_THREADS,
omp_set _num_threads())

e thread-limit-var (MakcumaribHO BO3MOXHOE YNCII0 HUTEWN,
co3gaBaeMsbix Ans BoinonHeHnsa scen OpenMP-nporpamMmmbl:
OMP_THREAD_LIMIT)

e nest-var (BKNOYEHNE/OTKITIOUEHME peEXMMA NOAAEPKKN BITOXKEHHOIO
napannenuama:OMP_NESTED, omp_set_nested())

e max-active-level-var (makcMmanbHO BO3MOXHOE KOSIN4YeCTBO
BINOXEHHbIX napasnnenbHbIX 0bnacteun:
OMP_MAX ACTIVE _LEVELS, omp_set_max_active levels())
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[lyctb ThreadsBusy - konudyecmeo OpenMP HUTEN, BLINOMHAEMbIX B
OAaHHbI MOMEHT;

[TlycTb ActiveParRegions - Koriudecmeo akmueHbIX naparsiniesibHbIX
obnacmedu:;

if B anpekTtuee parallel cywecTtByet knayaa if

then npuceoums nepemenHou IfClauseValue 3Ha4yeHue Bbipa)XeHUs B
knayse if;

else IfClauseValue = true;

if B anpekTtnee parallel cywectByet knaysa num_threads

then npuceoums nepemerHHolu ThreadsRequested 3HayeHUe BbipaXeHUSA B
Knayse num_threads;

else ThreadsRequested = nthreads-var;
ThreadsAvailable = (thread-limit-var - ThreadsBusy + 1);
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if ([fClauseValue == false)

then number of threads = 1;

else if (ActiveParRegions >= 1) and (nest-var == false)

then number of threads = 1;

else if (ActiveParRegions == max-active-levels-var)

then number of threads = 1;

else if (dyn-var == true) and (ThreadsRequested <= ThreadsAvailable)
then number of threads = [ 1 : ThreadsRequested |;

else if (dyn-var == true) and (ThreadsRequested > ThreadsAvailable)
then number of threads = [ 1 : ThreadsAvailable |,

else if (dyn-var == false) and (ThreadsRequested <= ThreadsAvailable)
then number of threads = ThreadsRequested,

else if (dyn-var == false) and (ThreadsRequested > ThreadsAvailable)
then number of threads 3aBUcKUT OT peanunsaunmn KOMNUMIATOPA;
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#include <stdio.h>
#include <omp.h>
int main (void)

{

omp_set nested(1);
omp_set_max_active_levels(8);
omp_set_dynamic(0);

omp_set _num_threads(2);
#pragma omp parallel

{

28 ceHTAbpPS
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omp_set_num_threads(3);
#pragma omp parallel

{
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copyin(list)
3Ha4yeHue kaxaoun threadprivate-nepemeHHoun U3 cnucka list,
yCTaHaBINIMBaeTCA PaBHbIM 3HA4Y€HUIO 3TOU NepeMeHHON B master-HuTu
float* work;
int size;
float val;
#pragma omp threadprivate(work,size,val)
void compute()
{
work = (float*)malloc( sizeof(float)*size);
for(inti = 0; i < size; ++i ) work([i] = val;
... [l computation with work array elements

}

int main()
{
printf("Enter the size of array and value\n");
scanf("%d",&size);
scanf("%f",&val);
#pragma omp parallel copyin(val,size)
compute();

}
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#pragma omp parallel proc_bind(spread) num_threads(4)

{

#pragma omp parallel proc_bind(close) num_threads(4)
work();
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U TeHaeHUMKM pasBUTNS COBPEMEHHBIX BbIYUCITUTESIbHbLIX CUCTEM
d OpenMP — mogenb napannenuama ro ynpasrieHuUto

O KoHcTpyKuum pacnpegeneHus padboThbl

U KOHCTpyKUMKM ONA CUHXPOHU3ALNN HUTEN

O Cucrtema nogaepxkn soinonHeHns OpenMP-nporpamm

1 Hosble Bo3amoxxHocTn OpenMP
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yenen€ llm

 PacnpegeneHne BUTKOB LMKOB (anpekTmaa for)

4 Lnknbel ¢ 3aBUCMMOCTBIO MO gaHHbIM. OpraHusauyms
KOHBEWEPHOro BbIMOSIHEHNA ONS LUKITOB C 3aBUCMMOCTbLIO MO
OAHHbIM.

1 PacnpeneneHne HeCKONbKMUX CTPYKTYPHbIX BSTOKOB MexXay
HUTamu (gnpektmea SECTION).

1 BbinornHeHne CTpyKTypHOro 6rnoka ogHou HUTbIO (AUPEKTMBa
single)

O PacnpegeneHune onepatopoB OAHOIO CTPYKTYPHOro broka
vexay Hutamm (aupektnea WORKSHARE)

d lNoHaTme 3apaun
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#include <stdio.h>
#include <omp.h>
int main ()
{
int n =100000, i;
double pi, h, sum, Xx;
h =1.0/(double) n;
sum = 0.0;
#pragma omp parallel default (none) private (i,x) shared (n,h) reduction(+:sum)
{
int id = omp_get_thread_num();
int numt = omp_get _num_threads();
for (i=id + 1; i <= n; i=i+numt)
{
x = h * ((double)i - 0.5);
sum += (4.0 / (1.0 + x*x));
}
}
pi = h * sum;
printf("pi is approximately %.16f”, pi);
return 0;

}
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#include <stdio.h>
#include <omp.h>
int main ()
{
int n =100000, i;
double pi, h, sum, Xx;
h =1.0/(double) n;
sum = 0.0;
#pragma omp parallel default (none) private (i,x) shared (n,h) reduction(+:sum)
{
#pragma omp for schedule (static,1)
for (i=1;i<=n; i++)
{
x = h * ((double)i - 0.5);
sum += (4.0 / (1.0 + x*x));
}
}
pi = h * sum;
printf("pi is approximately %.16f”, pi);
return 0;
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int main ()
{
int n =100000, i;
double pi, h, sum, x;
h =1.0/(double) n;
sum = 0.0;
#pragma omp parallel default (none) private (i,x) shared (n,h) reduction(+:sum)
{
int iam = omp_get_thread_num();
int numt = omp_get_num_threads();
int start=iam *n/ numt + 1;
intend = (iam + 1) * n/ numt;
if (lam == numt-1) end = n;
for (i = start; i <= end; i++)
{
x = h * ((double)i - 0.5);
sum += (4.0 / (1.0 + x*x));
}
}
pi =h* sum;
printf(“pi is approximately %.16f”, pi);
return 0;
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#include <stdio.h>
#include <omp.h>
int main ()
{
int n =100, i;
double pi, h, sum, x;
h =1.0/(double) n;
sum = 0.0;
#pragma omp parallel default (none) private (i,x) shared (n,h) reduction(+:sum)
{
#pragma omp for schedule (static)
for (i=1;i<=n; i++)
{
x = h * ((double)i - 0.5);
sum += (4.0 / (1.0 + x*x));
}
}
pi = h* sum;
printf(“pi is approximately %.16f”, pi);
return 0;

}
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#pragma omp for [knay3a[[,Jknay3a]j ... |
for (init-expr; test-expr; incr-expr) cmpykmypHbiU 6510K

20e Krnay3a O0OHa U3 :

private(/ist)

firstprivate(/ist)
lastprivate(/ist)
reduction(operator: list)
schedule(kind[, chunk_size])

collapse(n)
ordered(n)
nowait
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B A:

init-expr : var = loop-invariant-expr1

| integer-type var = loop-invariant-expr1

| random-access-iterator-type var = loop-invariant-expr1
| pointer-type var = loop-invariant-expr1

relational-op: <

test-expr: =
var relational-op loop-invariant-expr2 | >'
| loop-invariant-expr2 relational-op var : .

incr-expr: ++var

var++ _
S | random access iterator type
e | pointer type
var += loop-invariant-integer- expr
var -= loop-invariant-integer- expr
var = var + loop-invariant-integer- expr
var = loop-invariant-integer- expr + var
var = var - loop-invariant-integer- expr
28 ceHT4a6ps
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#include <vector>

void iterator_example()

{
std::vector<int> vec(23);
std::vector<int>::iterator it;

#pragma omp parallel for default(none) shared(vec)
for (it = vec.begin(); it < vec.end(); it++)
{

Il do work with *it //

}

}
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void pointer_example ()
{
char a[N];
#pragma omp for default (none) shared (a,N)
for (char *p = a; p < (a+N); p++)
{

use_char (p);

for (char *p = a; p |= (a+N); p++ ) - olunbka
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“eoltapse (OpenMP 3.0) =

void work(int i, int j) {}
void good_collapsing(int n)
{
inti, j;
#pragma omp parallel default(shared)
{
#pragma omp for collapse (2)
for (i=0; i<n; i++) {
for (j=0; j < n; j++)
work(i, j);
}
}
}

Knay3sa collapse:
collapse (monoxumenbHasn yesnass KOHCMaHmMa)
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“eoltapse (OpenMP 3.0) =

void work(int i, int j) {}
void error_collapsing(int n)
{
inti, j;
#pragma omp parallel default(shared)
{
#pragma omp for collapse (2)
for (i=0; i<n; i++) {
work_with_i (i); /I OwmnobKa
for (j=0; j < n; j++)
work(i, j);
}
}
}

Knay3a collapse MmoxeT ObITb UCNOSfIb30BaHa TONMLKO AJ1A pacnpeneneHus
BUTKOB TE€CHO-BNOXEHHbIX LLUKNOB.
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“eoltapse (OpenMP 3.0) =

void work(int i, int j) {}
void error_collapsing(int n)
{
inti, j;
#pragma omp parallel default(shared)
{
#pragma omp for collapse (2)
for (i=0; i<n; i++) {
for (j=0; j <1i; j++) /| Owmnbka
work(i, j);
}
}
}

Knay3a collapse moxeT ObITb UCNOSfIb30BaHa TONMLKO AJ1A pacnpeneneHus
BUTKOB LIUKITOB C MPSAMOYrofibHbIM MHAEKCHbLIM NPOCTPAHCTBOM.
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{

}

oid reduction (float *x, int *y, int n)

inti, b, c;
float a, d;
a=0.0;
b=0;

c = y[0];
d = x[0];

#pragma omp parallel for private(i) shared(x, y, n) \
reduction(+:a) reduction(*:b) \
reduction(min:c) reduction(max:d)

for (i=0; i<n; i++) {
a += x[i];
b A= y[i];
if (c > y[i]) ¢ = y[i];
d = fmaxf(d,x[i]);

}
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nclude <limits.h>
void reduction_by hand (float *x, int *y, int n)
{

inti,b,b_p, c,c_p;

floata, a_p, d, d_p;

a = 0.0f;

b=0;

c = y[0];

d = x[0];

#pragma omp parallel shared(a, b, ¢, d, x, y, n) private(a_p, b_p, c_p, d_p)
{

ap=0.0f; b p=0; c_p=INT_MAX; d_p=-HUGE_VALF;
#pragma omp for private(i) nowait
for (i=0; i<n; i++) {
a_p +=x[il; b_p *=yl[i]; if (c_p>yli]) c_p=yl[il; d_p =fmaxf(d_p,x[i]);

}
#pragma omp critical
{
at=a p; b?*=b p; if(fc>c_ p)c=c_p; d=fmaxf(d,d_p);
}
}

}
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ANOHHbIE-ORepalluy 'J-ll.'u';._ =N IO
©penMP 4.0)

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

Ureduction-identifier - HasaBaHMe peayKuMoHHOM onepauumn

Qtypename-list — Tun (Tunol)

Lcombiner — BbipaxeHne ana o6 bLeANMHEeHNUA YaCTUYHbIX pe3ynbLTaToB
Uinitializer — HayanbHOe 3HaYeHMe co3paBaeMbiX MPUBATHbLIX NepPeMeHHbIX
Uomp_out refers to private copy that holds combined value

Udomp_in refers to the other private copy

Uomp_priv represents the private element

Uomp_orig represents the original variable
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530BdHUE DPDEeAVKLUOHHD
Rrofib3oBatenem (OpenMP 4.0)

struct point
{
int x;
inty;
} points[N], minp = { MAX_INT, MAX_INT };

#pragma omp declare reduction (min : struct point : \
omp_out.x = omp_in.x > omp_out.x ? omp_out.x : omp_in.x, \
omp_out.y = omp_in.y > omp_out.y ? omp_out.y : omp_in.y )\
initializer (omp_priv ={ MAX_INT, MAX_INT })

#pragma omp parallel for reduction (min: minp)
for (inti=0;i <N; i++)
{
if (points[i].x < minp.x) minp.x = points[i].x;
if (points[i].y < minp.y) minp.y = points][i].y;
}
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{OpenMP 4.0)

#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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CHUE BU

Knay3a schedule:
schedule(anezopumm nnaHupoeaHusi[, 4ucno _umepauyuu])

ae anroputMm nnaHNpPoBaHUA OOUH U3:

* schedule(static/, yucno _umepayuu]) - ctatuyeckoe nyaHNpoBaHMUe;
schedule(dynamic/, yucno_umepayuu]) - anHamn4yeckoe nriaHMpPOBaHUeE;
schedule(guided/, yucno_umepauyuu]) - ynpaBnsiemoe nriaHMpoBaHUe;
schedule(runtime) - nnaHupoBaHue B nepuoa BbINOSIHEHUSA;
schedule(auto) - aBTomaTnyeckoe nnaHmpoBaHue (OpenMP 3.0).

#pragma omp parallel for private(tmp) shared (a) schedule (runtime)
for (int i=0; i<N-2; i++)
for (intj =i+1; j< N-1; j++) {
tmp = a[i][j];
a[i]lj]=abllil;
}a[i][i]=tmp;
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