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[npektnBa master

#pragma omp master
cCmMpyKmypHbIU 610K

/*CmpykmypHbIt 6riok 6ydem ebiroriHeH MAS TER-Humeto epynnel. o

3asepuweHuUU 8bIrNosIHeHUs cmpykmypHoz20 brioka bapbepHas
CUHXPOHU3auusi Humeu He 8bInonHaemcs’/

#include <stdio.h>

void init(float *a, float *b ) {
#pragma omp master

scanf("%f %f", a, b);

#pragma omp barrier

}

int main () {
float x,y;
#pragma omp parallel

{
init (&x,&y);
parallel_work (x,y);

}
}
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B3anmMHoe ncKnioYeHne KpUTUYEeCKnX
MHTEpPBAaroB

[Mpn B3anmogencTeum Yyepes o6y NamMsaTb HATU JOMMKHbI
CUHXPOHM30BaTb CBOE BbINOJTHEHME.

int i=0;
#pragma omp parallel {
I++:
}
Bpems ThreadO Thread1

1 load i (i = 0)
2 incri(i=1)
3 -> load i (i = 0)
4 incri(i=1)
5 storei (i=1)
6 storei(i=1) <-

Pe3ynbraT 3aBUCUT OT NopsiAka BbINOJIHEHUA KOMaHA. TpebyeTca
B3aUMHOE UCKJTIOYEeHNEe KPUTUYECKNX MHTEpPBarnoBs.
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B3anmMHoe ncKnioYeHne KpUTUYEeCKnX
MHTEpPBAaroB

PewweHne npobnembl B3aUMHOIO UCKIHOYEHNS OOMKHO YOOBNETBOPSATh
TpeboBaHUAM:

Q B Nobon MOMEHT BpEMEHWN TOJIbKO OJHA HUTb MOXET HaxXoANTbCA BHYTPU
KPNUTNHECKOIo MHTEpPBArlia,

Q €CNnu HX OJHA HUTb HE HaXOAUTCS B KPUTUYECKOM UHTepBane, To nobas
HUTb, XKenarwlLasi BOUTU B KPUTUYECKUIA MHTEPBAn, AOMKHA NOMNYy4YnUTb
paspeLlueHne 6e3 Kkakon NnMbo 3aaepKKu;

0 HW O04HAa HUTb He OoMmKHa BECKOHEYHO OO0 XOaTb paspeLleHns Ha
BXOA B KPUTUYECKUN MHTEpBan (ecnn H1 odHa HUTb He DyaeT
HaXoONTbCS BHYTPU KPUTUYECKOTO MHTepBaria beCKOHEYHO);

Q He [JOMKHO CYLLEecTBOBaTb HUKAKUX NPeanonoXXeHNn 0 CKOPOCTAX
NpoLEeCcCOpOB.
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BbluncneHne ymcna T
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BbluncneHue ymncna 11. ['locnenoBaTenbHas
nporpamMmma.

#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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BblumncneHue 4yucna m Ha OpenMP ¢
MCNoJSib30BaHNEM KPUTUYECKOU CEKL MU

#include <stdio.h>

#include <omp.h> #pragma omp critical [(name)]
'{"t main () CMpPyKMypHbiIt 610K
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,sum)
{

double local_sum = 0.0;
#pragma omp for

for(i=1;i<=n; i++){
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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| [npektunea critical

int from__ list(float *a, int type);
void work(int i, float *a);

void example ()

{

#pragma omp parallel
{
float *x;
int ix_next;
#pragma omp critical (list0)
ix_next = from__ list(x,0);
work(ix_next, x);
#pragma omp critical (list1)
ix_next = from__ list(x,1);
work(ix_next, x);
}
}
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Ounpektmea atomic

#pragma omp atomic
expression-stmt

roe expression-stmt:
x binop= expr

X++

+4+X

X==

--X

34ecb X — CKanspHas nepemMeHHas, expr — BbipaxxeHune co
CKanAaApHbIMMN TUNamum, B KOTOPOM He NPUCYyTCTBYeT NnepemMeHHan X.

rae binop - He neperpyxeHHbIN onepaTop:

ooo0o00

* 4

o000 00000O0
A= > Q0 1
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BbluncneHue yncna mm Ha OpenMP c
Mcnonb3oBaHNEM OUPEKTMBLI atomic

#include <stdio.h>
#include <omp.h>
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,sum)

{

double local_sum = 0.0;
#pragma omp for

for(i=1;i<=n; i++){
x = h * ((double)i - 0.5);
local_sum += (4.0 / (1.0 + x*x));

}

#pragma omp atomic
sum += local_sum;

}

pi = h * sum;
printf("pi is approximately %.16f”, pi);
return 0;
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| Cemadopbl

0 KoHuenuuio cemadopos onuncan deunkctpa (Dijkstra) B 1965

0 Cemagop - HeoTpuuaTenbHas Lernasa nepemMeHHas, Kotopast MOXeT
N3MEHATLCS N NPOBEPATLCA TONLKO NOCPEACTBOM ABYX OYHKLUMUNA:

QO P - dyHKumnsa sanpoca cemadoopa
P(s): [if (s == 0) <3abnokupoBaTtb TEKYLW N NpoLecc>; else s = s-1;]

Q V- dyHKuma ocsoboxaeHnsa cemadopa
V(s): [i}c (]s == 0) <pasbnokmpoBaTb OAMNH U3 3abNOKNPOBAHHbLIX MPOLIECCOB>;
S = s+1;
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Cemadhopbl B OpenMP

CocTtosaHusa cemadopa:
0 uninitialized

Q unlocked

o locked

void omp_init_lock(omp_lock t *lock); /* uninitialized to unlocked®/

void omp_destroy_lock(omp _lock t *lock); I* unlocked to uninitialized */
void omp_set lock(omp lock t *lock); /*P(lock)*/

void omp_unset_lock(omp_lock_t *lock); /*V(lock)*/

int omp_test_lock(omp lock t *lock);

void omp_init_nest_lock(omp_nest_lock_t *lock);
void omp_destroy _nest lock(omp_nest_lock t *lock);
void omp_set _nest lock(omp nest _lock t *lock);
void omp_unset_nest_lock(omp_nest_lock_t */lock);
int omp_test_nest_lock(omp_nest_lock t *lock);
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BbluncneHne yncna 1 Ha OpenMP ¢
Mcrnonb3oBaHMeM cemadopos

#include <omp.h>
int main ()
{
int n =100000, i;
double pi, h, sum, x;
omp_lock_t Ick;
h =1.0/(double) n;
sum = 0.0;
omp_init_lock(&Ick);
#pragma omp parallel default (none) private (i,x) shared (n,h,sum,lck)
{
double local_sum = 0.0;
#pragma omp for
for(i=1;i<=n; i++) {
x = h * ((double)i - 0.5);
local_sum += (4.0 / (1.0 + x*x));
}
omp_set_lock(&Ick);
sum += local_sum;
omp_unset_lock(&Ick);
}
pi =h * sum;
printf("pi is approximately %.16f”, pi);
omp_destroy_lock(&Ick);
return 0;
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icnonb3oBaHne cemadopoB

#include <stdio.h>
#include <omp.h>

int main()

{ void skip(int i) {}
omp_lock_t Ick; void work(int i) {}
int id;

omp_init_lock(&lck);
#pragma omp parallel shared(lck) private(id)
{
id = omp_get_thread_num();
omp_set_lock(&lck);
printf("My thread id is %d.\n", id); /* only one thread at a time can execute this printf */
omp_unset_lock(&lck);
while (! omp_test_lock(&Ick)) {
skip(id); /* we do not yet have the lock, so we must do something else*/
}
work(id); /* we now have the lock and can do the work */
omp_unset_lock(&Ick);
}
omp_destroy_lock(&lck);
return 0;
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icnonb3oBaHne cemadopoB

#include <omp.h>
typedef struct {
int a,b; {
omp_lock_t Ick; } pair; #pragma omp parallel sections
void incr_a(pair *p, int a) {

void incorrect_example(pair *p)

{ S #pragma omp section
} pP->a *= a; incr_pair(p,1,2);
void incr_b(pair *p, int b) #pragma omp section
{ incr_b(p,3);
omp_set_lock(&p->Ick); }
p->b += b; }
omp_unset_lock(&p->Ick);
}
void incr_pair(pair *p, int a, int b) Deadlock!
{
omp_set_lock(&p->Ick);
incr_a(p, a);
incr_b(p, b);
omp_unset_lock(&p->Ick);
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icnonb3oBaHne cemadopoB

#include <omp.h>

typedef struct {
int a,b;
omp_nest_lock_t Ick; } pair;

void incr_a(pair *p, int a)

{ [I* Called only from incr_pair, no need to lock. */
p->a += a;

}

void incr_b(pair *p, int b)
{
omp_set_nest_lock(&p->Ick);
[* Called both from incr_pair and elsewhere,
so need a nestable lock. */
p->b += b;
omp_unset_nest_lock(&p->Ick);
}
void incr_pair(pair *p, int a, int b)
{
omp_set_nest_lock(&p->Ick);
incr_a(p, a);
incr_b(p, b);
omp_unset_nest_lock(&p->Ick);

void correct_example(pair *p)

{

#pragma omp parallel sections
{
#pragma omp section
incr_pair(p,1,2);
#pragma omp section
incr_b(p,3);
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[npekTnea barrier

Touka B nporpamme, AOCTUXKMMAs BCEMU HUTSIMU TPYMIbl, B KOTOPOW BbINOSHEHME
nMporpamMmmbl NPUOCTaHaBIMBAETCSA OO0 TEX MOP NokKa BCE HUTU rpynnbl HE AOCTUTHYT
[OaHHOW TOYKUN N BCE SABHblE 3aayu, BbIMONMHAEMbIe Fpynnon HATen dyayT
3aBEpPLUEHbI.

#pragma omp barrier
Mo ymonyaHuio 6apbepHast CUHXPOHU3aUUs HUTEN BbINOSTHAETCS:
Q MO 3aBepLUeHunto KOHCTpyKunu parallel

O nNpuv BbIXO4E U3 KOHCTPYKUMK pacnpeneneHna pabort (for, single, sections,
workshare) , ecnn He ykasaHa Knay3a nowait.
#pragma omp parallel

{

#pragma omp master

{
int i, size;
scanf("%d",&size);
for (i=0; i<size; i++) {

#pragma omp task
process(i);

}

}

#pragma omp barrier

}
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[npekTnea barrier

void work(int i, int j) {}
void wrong(int n)

{

#pragma omp parallel default(shared)
{
int i;
#pragma omp for
for (i=0; i<n; i++) {
work(i, 0);
I* incorrect nesting of barrier region in a loop region */
#pragma omp barrier
work(i, 1);
}
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[npekTnea barrier

void work(int i, int j) {}
void wrong(int n)

{

#pragma omp parallel default(shared)
{
int i;
#pragma omp critical
{
work(i, 0);
I* incorrect nesting of barrier region in a critical region */
#pragma omp barrier
work(i, 1);
}
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[npekTnea barrier

void work(int i, int j) {}
void wrong(int n)

{

#pragma omp parallel default(shared)
{
int i;
#pragma omp single
{
work(i, 0);
I* incorrect nesting of barrier region in a single region */
#pragma omp barrier
work(i, 1);
}
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[NunpekTtmBa taskwait

#pragma omp taskwait

int main () {
int fibonacci(int n) { Int res;
inti, j; #pragma omp parallel
if (n<2) {
return n; #pragma omp single
else { {
#pragma omp task shared(i) : ]
i=fibonacci (n-1); int n;
#pragma omp task shared(j) scanf("%d",&n);
j=fibonacci (n-2); #pragma omp task shared(res)
#pragma omp taskwait res = fibonacci(n);
return i+j; }
} )
} printf (“Finonacci number = %d\n”, res);
}
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OunpekTnea flush

#pragma omp flush [(criucok nepemeHHbIX)]

1o ymonyaHuio Bce nepeMeHHble NMPUBOAATCA B KOHCUCTEHTHOE COCTOosiHME (#pragma
omp flush):

a [lpu 6apbepHON CUHXPOHM3ALMN
O [lpun Bxoge u Bbixoge 13 KoHcTpykumn parallel, critical n ordered.
d

[Mpun BbIXOAE N3 KOHCTPYKUMIA pacnpeaenenust pabort (for, single, sections,
workshare) , ecnu He ykasaHa knay3a nowait.

QO [lpu BbizoBe omp_set lock 1 omp_unset_lock.
O [lpu BbizoBe omp_test lock, omp _set _nest lock, omp unset_nest _lock
O wunomp_test nest lock, ecnu namenunnocb coctosgHmne cemadopa.

[Mpn BXoOe 1 BbIXoae U3 KOHCTPYKLUMM atomic BbinonHsietcs #pragma omp flush(x), roe
X — NepeMeHHas, UaMeHsieMasi B KOHCTPYKLUMn atomic.
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| Cnacunbo 3a BHMMaHue!

BonpocbI?
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Cnegywouwaa tema

O Cwuctema nogaepxku BbinonHeHnsa OpenMP-nporpamm.
[lepemeHHble OKpPYXeHUs, ynpasnsoLlwme BbiNOMHEHUEM
OpenMP-nporpammbil.
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