CynepKkoMnblOTEpPLI U

napanneribHas oopaboTKka AaHHbIX

BaxmuH Bnadumup AnekcaHoposu4

K.gb.-M.H., 8edywull Hay4HbIl compyOHUK

glfé-\llc_lmumyma npuknadHou mamemamuku um M.B.Kendbiwa
Kaghedpa cucmemMHo20 rpoepaMmMupO8aHuUs

akyrnbmem ebi4yuc/iumeribHolU MamemMamuKku U KubepHemuku
Mockoeckozo yHusepcumema um. M.B. JlomoHocoea




#pragma omp sections [knay3al[,] knayza] ...]
{

[#pragma omp section]

CTPYKTYPHbIN ONOK

[#pragma omp section

CTPYKTYPHbIN ONOK ]

roe Knaysa ogHa v3 :
private(list)
firstprivate(list)
lastprivate(list)
reduction(operator: list)
nowait

27 oxTsa06ps

void XAXIS();
void YAXIS();
void ZAXIS();
void example()

{

#pragma omp parallel

{

#pragma omp sections

{

#pragma omp section
XAXIS();
#pragma omp section
YAXIS();
#pragma omp section
ZAXIS();

Mocksa, 2022 Texnonorus napamiensHoro nporpamvuposanus OpenMP 187 u3 292




BbiNoAHEHMe CTPYKTYpHOrQ 6/10Ka OfHOI HUTBIO (A}

#pragma omp single [knay3all[,] knaysaj .
cmpyKkmypHbIU 6510k

20e Kray3a o0Ha us3 :
private(/ist)
firstprivate(/ist)
copyprivate(/ist)
nowait

CTPYKTYpPHbIU ONOK OyAeT BbINOJSIHEH
OA4HOU U3 HUTEeU. Bce ocTanbHbIe HUTHU
oyayT AoXxuaaTbCA pe3ynbraTtoB
BbIMNOJSIHEHUA ONOKa, ecrin He yKa3aHa
knay3za NOWAIT.

27 oxTsa06ps
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] #include <stdio.h>

static float x, y;
#pragma omp threadprivate(x, y)
void init(float *a, float *b ) {
#pragma omp single copyprivate(a,b,x,y)
scanf("%f %f %f %f", a, b, &x, &y);
}
int main () {
#pragma omp parallel
{
float x1,y1;
init (&x1,&y1);
parallel_work ();
}
}
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KAy HUTAMM (aupektmsa WORKSHARE)

SUBROUTINE EXAMPLE (AA, BB, CC, DD, EE, FF, GG, HH, N)

INTEGER N
REAL AA(N,N), BB(N,N), CC(N,N)
REAL DD(N,N), EE(N,N), FF(N,N)
REAL GG(N,N), HH(N,N)
REAL SHR

ISOMP PARALLEL SHARED(SHR)

ISOMP WORKSHARE
AA = BB
CC =DD
WHERE (EE .ne. 0) FF =1/ EE
SHR = 1.0
GG (1:50,1) = HH(11:60,1)
HH(1:10,1) = SHR

ISOMP END WORKSHARE

ISOMP END PARALLEL
END SUBROUTINE EXAMPLE

PacnpegeneHue onepatopoB OAHOIO CTPYKTYPHOrO jnoﬂ/

27 oxTsa06ps
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MoHATHMe 3apaumn T —

3agaum nosasunucb B OpenMP 3.0

Kaxpasa 3apgava:

O lMpeactaBnsetr cobomn nocrieaoBaTtesfibHOCTbL ONEepPaTopoB, KOTOpbIe
Heo0xoaAMMO BbINOJSTHUTD.

U BknroyaeT B cebs AaHHble, KOTOPbI€ UCMONb3YHTCA NMPU BbIMOMIHEHUU 3TUX
onepaTtopos.

U BbINOMHAETCA HEKOTOPOU HUTLIO.

B OpenMP 3.0 kaxxabiu onepaTop nporpamMmbl ABNAETCA YaCTbiO O4HOU U3
3apau.

O lMpwu Bxoae B napansnenbHy 06nacTb co34aroTcA HesiBHbIe 3aaadm (implicit

task), no ogHoun 3agayve AnNA KaXXOoU HATW.

Co3paeTtcs rpynna HUTeMW.

Kaxpasa HUTb 13 rpynnbl BbINOMHAET O4HY M3 3a4au.

lNo 3aBepLeHNN BbINOMTHEHUA NapannernbHOU obnacTtn, master-HUTb

OXuaaeT, NoKa He OyayT 3aBepLUeHbl BCe HesIBHbIe 3agaudM.

DOO
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PSP 3a4auu~AuperTiEd To RS- R——

fBHbIe 3agaum (explicit tasks) 3agaroTca npu nomMoLmM AUPEKTUBDI:
#pragma omp task [knay3al[,] knaysa] ...]

CTPYKTYPHbIN OFIOK

rae Knaysa ogHa u3 :

if (scalar-expression)

O final(scalar-expression) //OpenMP 3.1
U untied

0 mergeable //OpenMP 3.1
O shared (list)

O private (list)
|
|
H
B

U

firstprivate (list)
default (shared | none )
depend (dependence-type: list) //OpenMP 4.0

pe3ynkTaTte BbiNONIHEHUA AUpPeKTUBLI task cosgaeTca HoBas 3agada, KoTopas
COCTOUT U3 ONepaTopoB CTPYKTYPHOro 6510Ka; BCe UCnosib3yemMbie B
onepartopax nepemMeHHble MOryT ObITb JIOKaniM3oBaHbl BHYTPU 3aaum npum
NOMOLLM COOTBETCTBYHOLMNX Knay3. Co3naHHaa 3agada OyaeTt BbINOSIHEHa
OO4HOW HUTbLIO U3 rPpynnbl.

27 oxTsa06ps
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----------
=

lonaTue 3apaun.-AupektuBa task™ v s

— M

#pragma omp for schedule(dynamic)
for (i=0; i<n; i++) {
func(i);

}

#pragma omp single
{
for (i=0; i<n; i++) {
#pragma omp task firstprivate(i)
func(i);

27 oxTsa06ps
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~— typedef struct node node;
struct node {

int data;
node * next;
¥
void increment_list_items(node * head)
{
#pragma omp parallel
{
#pragma omp single
{
node * p = head;
while (p) {
#pragma omp task
process(p);
p = p->next;
}
}
}
}
27 oxTsa06ps
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Ucnonb3osanue anpektusbl task. Knaysa if

— double *item;
int main() {
#pragma omp parallel shared (item)
{
#pragma omp single
{
int size;
scanf("%d",&size);
item = (double*)malloc(sizeof(double)*size);
for (int i=0; i<size; i++)
#pragma omp task if (size > 10)
process(item[i]);

}
}

Ecnu HaknagHble pacxoabl Ha OpraHu3aumio 3aga4y NPeBoOCXOAAT BpeMs,
HeobOxoaumoe Ans BbINOSIHEHUA OrioOKa onepaTropoB 3TOM 3a4a4vun, To 65nokK

orneparopoB OyaeT HeMeANeHHO BbINOSIHEH HUTbLIO, BbINOMHUBLLEN
anpekTusy task

27 oxTsa06ps
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Ucnonb3oBaHue AnpeKTUBhI task

~#define LARGE_NUMBER 10000000
double item[LARGE_NUMBER];
extern void process(double);
int main() {

#pragma omp parallel shared (item)
{
#pragma omp single
{
for (int i=0; i<LARGE_NUMBER; i++)
#pragma omp task
process(item[i]);

}
}

Kak npaBuno, B KOMNMAATOpPaxX CyLeCcTBYIOT OrpaHM4YeHUs Ha KONIM4ecTBO
co3faBaeMbIix 3agad. BbinonHeHMe LUMKNa, B KOTOPOM CO34al0TCA 3a4aum,
OyaeT npMocTtaHoBrieHO. HUTb, BbiNonHsiBLIAs 3TOT UMKN, OyoeT
ucrnonb3oBaHa AnNA BbINONMHEHUA oA4HOW U3 3agay

27 oxTsa06ps
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WUcnonb3oBaHue aupektusbl task. Knaysa untied

"'“""””#défine LARGE_NUMBER 10000000
double item[LARGE_NUMBER];
extern void process(double);

int main() {
#pragma omp parallel
{
#pragma omp single
{
#pragma omp task untied
{
for (int i=0; i<LARGE_NUMBER; i++)
#pragma omp task
process(item[i]);
}
}
}
}

Knaysa untied - BbiInonnHeHue 3aaaym nocrie NPUOCTAaHOBKU MOXET ObITb
NPOAOMKEHO NTIOGOW HUTBLIO FPyNMbI

27 oxTsa06ps
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Ucnonb3oBaHue 3aaa , exmgﬁgmtaskwait —

~— #pragma omp taskwait

int fibonacci(int n) {
inti, j;
if (N<2)
return n;
else {
#pragma omp task shared(i)
i=fibonacci (n-1);
#pragma omp task shared(j)
j=fibonacci (n-2);
#pragma omp taskwait
return i+j;
}
}

27 oxTsa06ps

int main () {
int res;
#pragma omp parallel
{
#pragma omp single
{
int n;
scanf("%d",&n);
#pragma omp task shared(res)
res = fibonacci(n);
}
}

printf ("Finonacci number = %d\n", res);

}

Mocksa, 2022 Texnonorus napamiensHoro nporpamvuposanus OpenMP 197 u3 292




~—int fib (int n, int d) {
int x, y;
if (n <2) return 1;
#pragma omp task final (d > LIMIT) mergeable
x= fib(n-1,d +1);
#pragma omp task final (d > LIMIT) mergeable
y= fib(n-2,d+1);
#pragma omp taskwait
return x +vy;

}

int omp_in_final (void);

27 oxTsa06ps
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3aBu

o’

el

Knay3a depend(dependence-type : list)
20e dependence-type:

Uin

Uout

Uinout

inti, y, a[100];
#pragma omp task depend(out : a)

} for (i=0;i<100; i++) a[i] =i + 1;
#pragma omp task depend(in : a[0:50]) depend(out : y)
y=0;

} for (i=0;i<50; i++) y += a[i];

#pragma omp task depend(in : y) {
printf(“%d\n”, y);

27 oxTsa06ps
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BAOYHOE YyMHOXKEeHMe-MmaTpuy,
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i
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bIOYHOE yMHOXeHue-maTpul,

e

void matmul (int N, int BS, float A[N][N], float B[N][N], float C[N][N] )
{

int i, j, k, ii, jj, kk;

for (i=0; i <N; i+=BS) {

for (j =0; j < N; j+=BS) {
for (k = 0; k < N; k+=BS) {
for (ii = i; ii < i+BS; ii++)
for (jj = J; ji <j+BS; jj++)
for (kk = k; kk < k+BS; kk++)
Cliillj1 = Cliilhj] + Alii][kk] * B[kK]Lijl;
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3aBUCMOCTU MeKAY 3aaadamn (OpenMiP 4.0)

void matmul_depend (int N, int BS, float A[N][N], float B[N][N], float C[N][N] )
{
int i, j, k, ii, jj, kk;
for (i=0; i < N; i+=BS) {
for (j =0; j < N; j+=BS) {
for (k = 0; k < N; k+=BS) {

#pragma omp task private(ii, jj, kk) firstprivate(i, j, k) \
depend ( in: A[i:BS][k:BS], B[k:BS][j:BS] ) \
depend ( inout: C[i:BS][j:BS] )
for (ii = i; ii < i+BS; ii++)

for (jj =J; jj < j*+BS; jj++)
for (kk = k; kk < k+BS; kk++)
CTii][jjl = C[ii]0j] + Aliil[kk] * B[kk]jjl;
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3aBUCMOCTU MeKAY 3aaadamn (OpenMiP 4.0)

" void matmul_depend (int N, int BS, float A[N][N], float B[N][N], float C[N][N] )

{
int i, j, k, ii, jj, kk;
#pragma omp parallel
#pragma omp single
for (i=0; i < N; i+=BS) {
for (j = 0; j < N; j+=BS) {
for (k = 0; k < N; k+=BS) {

#pragma omp task private(ii, jj, kk) firstprivate(i, j, k) \
depend ( in: A[i:BS][k:BS], B[k:BS][}:BS] ) \
depend ( inout: C[i:BS][j:BS] )
for (ii = i; ii < i+BS; ii++)

for (jj = j; ji < j*BS; jj++)
for (kk = k; kk < k+BS; kk++)
Cliillij] = CIiilbj] + Aliil[kk] * BIkK][jl;
}
}
}
}
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Npuo

~ void compute_array (float *“node, int M);

void compute_matrix (float *array, int N, int M)
{
int i;
#pragma omp parallel private(i)
#pragma omp single
{
for (i=0;i<N; i++) {
#pragma omp task priority(i)
compute_array(&array[i*M], M);
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Task Affinity (OpenMP-5.0) =

" double * alloc_init_B(double *A, int N):
void compute_on_B(double *B, int N);

void task_affinity(double *A, int N)

{
double * B;
#pragma omp task depend(out:B) shared(B) affinity(A[0:N])
{
B = alloc_init_B(A,N);
}
#pragma omp task depend( in:B) shared(B) affinity(A[0:N])
{
compute_on_B(B,N);
}
#pragma omp taskwait
}
27 oxTsa06ps
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ﬂ,upexmsa taskloop (OpenMP 4.5) "=

#pragma omp taskloop [clause][[,]Jclause]...]
Structured-block

20e clause — o0Ha u3:

27 oxTsa06ps
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if([ taskloop :]scalar-expr)
shared(list)
private(list)
firstprivate(list)
lastprivate(list)
default(shared | none)
grainsize(grain-size)
num_tasks(num-tasks)
collapse(n)
final(scalar-expr)
priority(priority-value)
untied

mergeable

nogroup

Texnonorus napamiensHoro nporpamvuposanus OpenMP
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AnpekTiea taskloop (OpenMP AB)

for (i = 0; i<SIZE; i++) {
A[i]=A[i]*B[i]*S;
}

for (i = 0; i<SIZE; i+=TS) {
UB = SIZE < (i+TS) ? SIZE : i+TS:
for (ii=i; ii<UB: ii++) {
Alii]=A[ii]*BIii]*S:
}
}

for (i = 0; i<SIZE; i+=TS) {
UB = SIZE < (i+TS) ? SIZE : i+TS;
#pragma omp task private(ii) \

firstprivate(i,UB) shared(S,A,B)
for (ii=i; ii<UB; ii++) {
Alii]=A[ii]*BIii]*S;

}

}
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ﬂ.u peKTiBa taskloop-(OpenMP 4.5) = f/

#pragma omp taskloop gra|n3|ze(TS)
for (i = 0; i<SIZE; i++) { for (i = 0; i<SIZE; i+=1) {
: AlII=ALT*B[I]*S; A[i]=A[i]*B[i]*S;
}

for (i = 0; i<SIZE; i+=TS) {
UB = SIZE < (i+TS) ? SIZE : i+TS:
for (ii=i; ii<UB: ii++) {
Alii]=Al[ii]*B[ii]*S;
}
}

for (i = 0; i<SIZE; i+=TS) {
UB = SIZE < (i+TS) ? SIZE : i+TS;
#pragma omp task private(ii) \

firstprivate(i,UB) shared(S,A,B)
for (ii=i; ii<UB; ii++) {
Alii]=A[ii]*BIii]*S;

}

}
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Cope pXaHue e

O TeHaeHUUN pa3BUTUA COBPEMEHHbBIX BbIYMUCINUTENBHbBIX CUCTEM
d OpenMP — mogenb napannenuama no ynpasneHuto

O KoHcTpyKkumn pacnpenenenmnsa pabdboTol

U KoHCTpyKUunn ans CUHXpoOHM3auUnun HUTeun

d Cuctema nogaepxku BbinoniHeHna OpenMP-nporpamm

1 HoBsble Bo3moxxHocTn OpenMP
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4 Oupektnea master

4 OupekTtunea critical

d Oupektnea atomic

L Cemadopbl

d OupekTtnea barrier

 OupekTtnea taskyield

d Oupektnea taskwait

O OupektuBa taskgroup // OpenMP 4.0

27 oxTsa06ps
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OupextMBamaster 0w —

'""#B}agma omp master
CMpPYKmMypHbIl 6510k

/*CmpykmypHbIlU 6510k 6ydem ebinosiHeH MASTER-Humbro e2pynnebl. 1o
3aeepuweHuUU 8bINnoJsIHeHUs1 cmpykmypHo20 6s10ka 6apbepHasi CUHXPOHU3ayus
Humeu He ebinosiHsemcs*/

#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);

}

} 21 oxts16ps
Mocksa, 2022 Texnonorus napamiensHoro nporpamvuposanus OpenMP
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BbluncneHue yucaa-n-Ha- OpenMP c ucnos b3OBa__!1l;1y_e;t\//

MMMMMMM KPWTUYECKOM CeKLMM

#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 nowait
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;
} 21 oxts16ps
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Ucno

o

int *next_from_queue(int type);
void work(int *val);

void critical_example()

{

#pragma omp parallel
{
int *ix_next, *iy_next;
#pragma omp critical (xaxis)
ix_next = next_from_queue(0);
work(ix_next);

#pragma omp critical (yaxis)
iy_next = next_from_queue(1);
work(iy_next);

}
}
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Avpektusa atomic——

'#'bragma omp atomic [ read | write | update | capture ] [seq_cst]
expression-stmt

#pragma omp atomic capture
structured-block

Ecnu yka3aHa knay3sa read:
V = X;

Ecnu yka3aHa knaysa write:
X = expr;

Ecnu ykasaHa knay3a update nnu knay3sbl HeT, TO expression-stmt:

X binop= expr:
P Pr; X — CKansipHaa nepemMeHHas, expr — BbipaxxeHue, B

X = x binop expr; KOTOPOM He NPUCYTCTBYeT NepeMeHHas X.
X++; binop - He neperpyxeHHbIN onepartop:
++X; +!*!-!I!&!A!|!<<!>>
X-=; binop=:

++ , ==

==X,27 oxrs6ps
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AupeKkTtuBa atomic——

e

Ecnu ykasaHa knay3a capture, To expression-stmt:

V = X++;
V = X--;

V = ++X;
V = -- X;

v = X binop= expr;
Ecnu ykasaHa knay3a capture, To structured-block:
{ v = x; x binop= expr;}
{v=x; x= xbinop expr;}
{v=x; x++;}
{v=x; ++x;}
{v=x; x--;}
{v=x; --x;}
{ x binop= expr; v = x;}
{ x = x binop expr; v =Xx;}
{ v = x; x binop= expr;}
{ x++; v =x;}
{++X;Vv=x)
{ x--; v =x;}
{ --X; V = x,} TexHonorus napasuensHoro nporpamvuposanst OPenMP 215 u3 292




BcTpoeHHble pyHKUMKU-ANA aTOMAPHOr0 40CTYNA K Nam ' B

type _sync _fetch_and_add (type *ptr, type value, ...)

type _sync_fetch_and_sub (type *ptr, type value, ...)

type sync _fetch_and_or (type *ptr, type value, ...)

type _sync_fetch_and_and (type *ptr, type value, ...)

type _sync_fetch_and_xor (type *ptr, type value, ...)

type _sync _fetch_and_nand (type *ptr, type value, ...)

type _sync_add_and_fetch (type *ptr, type value, ...)

type _sync_sub_and_fetch (type *ptr, type value, ...)

type sync_or_and_fetch (type *ptr, type value, ...)

type _sync_and_and_fetch (type *ptr, type value, ...)

type _sync_xor_and_fetch (type *ptr, type value, ...)

type __sync_nand_and_fetch (type *ptr, type value, ...)

bool _sync _bool compare_and_swap (type *ptr, type oldval type newval, ...)
type _sync_val compare_and_swap (type *ptr, type oldval type newval, ...)

http://gcc.gnu.org/onlinedocs/gcc-4.1.2/gcc/Atomic-Builtins.html
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BbluncneHue yucaa-n-Ha- OpenMP c ucnos b3OBa__!1l;1y_e;t\//

PEeKTUBbI atomic

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 nowait
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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int atomic_read(const int *p)
{
int value;
I* Guarantee that the entire value of *p is read atomically. No part of
* *p can change during the read operation.
*
#pragma omp atomic read
value = *p;
return value;

}

void atomic_write(int *p, int value)
{
I* Guarantee that value is stored atomically into *p. No part of *p can change
* until after the entire write operation is completed.
*/
#pragma omp atomic write
*p = value;

}
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Wcnonb3osaHue AupeKTUBDLL atomic

o

int fetch_and_add(int *p)
{
[* Atomically read the value of *p and then increment it. The previous value is
* returned. */
int old;
#pragma omp atomic capture
{ old ="*p; (*p)*++; }
return old;

seq_cst - sequentially consistent atomic construct, the operation to have the same meaning

as a memory_order_seq_cst atomic operation in C++11/C11

#pragma omp atomic capture seq_cst // OpenMP 4.0
{--x; v = x;} /| capture final value of x in v and flush all variables

27 oxTsa06ps
Mocksa, 2022 Texnonorus napamiensHoro nporpamvuposanus OpenMP

219 u3 292




Cemagopbl .

| KoHuenuuto cemadopoB onucan [enkcrtpa (Dijkstra) B 1965

Cemadchop - HeoTpuuLaTenbHas Lenasa nepeMeHHasi, KoTopass MOXeT N3MEHATLCA U
NPOBepPATLCA TONLKO NOCPeAcTBOM ABYX (DYHKLUK:

P - hyHKUMA 3anpoca cemacpopa
P(s): [if (s == 0) <sabnokupoBaTb TeKywun npouecc>; else s = s-1;]

V - byHKUMA ocBoOOXAeHUA cemachopa
V(s): [if (s == 0) <pa3bnokupoBaTb OAUH U3 3aO6NTOKUPOBaAHHbLIX MPOLLECCOB>; S =
s+1;]
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Cemadopbl 8 OpenMP—___ — S

CocTtosiHuAa cemacpopa:
Uuninitialized
Uunlocked

Ulocked

void omp_init_lock(omp_lock_t *lock); /* uninitialized to unlocked*/

void omp_destroy lock(omp_lock _t *lock); /* unlocked to uninitialized */
void omp_set_lock(omp_lock_t *lock); /*P(lock)*/

void omp_unset_lock(omp_lock_t *lock); I*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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e s
i

BbluncneHnume yncaa r-c-UCNob3oBaHnem cema_qggggsw-f-/

~_intma = ()

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

return 0;
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#include <stdio.h>
#include <omp.h>
int main()
{
omp_lock_t Ick;
int id;
omp_init_lock(&lck);

#pragma omp parallel shared(lck) private(id)

{

id = omp_get_thread_num();

omp_set_lock(&lck);

void skip(int i) {}
void work(int i) {}

printf("My thread id is %d.\n", id); /* only one thread at a time can execute this printf */

omp_unset_lock(&Ick);

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(&Ick);
return 0;

}
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#include <omp.h>
typedef struct {
int a,b;
omp_lock_t Ick;
} pair;
void incr_a(pair *p, int a)
{
p->a += a;
}
void incr_b(pair *p, int b)
{
omp_set_lock(&p->Ick);
p->b += b;
omp_unset_lock(&p->Ick);
}
void incr_pair(pair *p, int a, int b)
{
omp_set_lock(&p->Ick);
incr_a(p, a);
incr_b(p, b);
omp_unset_lock(&p->Ick);

}
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void incorrect_example(pair *p)

{

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

Deadlock!
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#include <omp.h>

typedef struct {
int a,b;
omp_nest_lock_t Ick;
} pair;
void incr_a(pair *p, int a)
{
p->a += 3;
}
void incr_b(pair *p, int b)
{
omp_set_nest_lock(&p->Ick);
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);
}
27 oxTsa06ps
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void incorrect_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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AvpektusBa barrier —

Touka B nporpamme, JoCTnxmMmasd BCEMU HUTAMMU Tpynnbl, B KOTOpOI7I BblINOJTIHEHUE TMPOrpamMmmbl
NPUOCTaHaBIINBAETCA OO0 TEX MNOP NOKa BCE HATU rpyrnnbl HE AOCTUTHYT AJaHHOU TOYKMU U BCE 3adaul,
BbIMOJIHAEMbIE TPYyMNrnon HATEN 6y,D,yT 3aBepLUueHbl.

#pragma omp barrier
[Mo ymonyaHuio GapbepHas CUHXPOHU3aLMS HUTEN BbINOSTHAETCSA:
Uno 3aBepLueHmnto KOHCTpyKumnn parallel;

Unpu Bbixoae 13 KOHCTPYKUUK pacnpenenenust pador (for, single, sections, workshare) , ecnu
He yKasaHa Knaysa 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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AunpekTnBa taskyield—

o

#include <omp.h>
void something_useful ( void );
void something_critical ( void );
void foo (omp_lock_t * lock, int n)
{
inti;
for(i=0;i<n;i++)
#pragma omp task
{
something_useful();
while ( 'lomp_test_lock(lock) ) {
#pragma omp taskyield
}
something_critical();
omp_unset_lock(lock);

}
}
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AnpekTnBa taskwait

~#pragma omp taskwait int main () {
int res;
int fibonacci(int n) { #pragma omp parallel

int i, j; {

if (n<2) #pragma omp single
return n; {

else { int n;
#pragma omp task shared(i) scanf("%d",&n);

i=fibonacci (n-1);
#pragma omp task shared(j)
j=fibonacci (n-2);
#pragma omp taskwait
return i+j;
}
}
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}

#pragma omp task shared(res)
res = fibonacci(n);
}
}

printf ("Finonacci number = %d\n", res);

Mocksa, 2022 Texnonorus napamiensHoro nporpamvuposanus OpenMP 228 u3 292




AnpekTnBa taskwait

#pragma omp task {} // Task1
#pragma omp task // Task2

{
#pragma omp task {} // Task3

}
#pragma omp task {} // Task4

#pragma omp taskwait

/| TapaHTHUpyeTcAa 4TO B AaHHOM TouKe 3aBepwaTtca Task1 && Task2 && Task4
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DOupexTvga taskgroup—

#pragma omp task {} // Task1
#pragma omp taskgroup

{
#pragma omp task // Task2

{
#pragma omp task {} // Task3

}
#pragma omp task {} // Task4

}

/| TapaHTUpyeTcAa 4TO B AaHHOM TouKe 3aBepwaTtca Task2 && Task3 && Task4
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Wcnonb3osaHue aupeKkTUBbl taskgroup:

“struct tree_node
{
struct tree_node *left, *right;
float *data;
};
typedef struct tree_node* tree_type;
void compute_tree(tree_type tree)

{
if (tree->left)

{
#pragma omp task
compute_tree(tree->left);
}
if (tree->right)
{
#pragma omp task
compute_tree(tree->right);
}
#pragma omp task
compute_something(tree->data);

} 21 oxts16ps

int main()
{
tree_type tree;
init_tree(tree);
#pragma omp parallel
#pragma omp single
{
#pragma omp task
start_background_work();
#pragma omp taskgroup
{
#pragma omp task
compute_tree(tree);
}
print_something ();
} Il only now background work is required
} I/ to be complete
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Cope pXaHue e

O TeHaeHUUN pa3BUTUA COBPEMEHHbBIX BbIYMUCINUTENBHbBIX CUCTEM
d OpenMP — mogenb napannenuama no ynpasneHuto

O KoHcTpyKkumn pacnpenenenmnsa pabdboTol

L KoHCTpyKUunn ans CUHXpOHM3aunun HUTeun

d Cucrtema nogaepxku BbinoniHeHna OpenMP-nporpamm

1 HoBsble Bo3moxxHocTn OpenMP
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BHyTpeHHUe nepemeHHbIe, YIPaBAAIOWUE Bbln»gw

enMP-nporpammbl (ICV-Internal Control Variables)

Ona napannenbHbIX obnacren:
nthreads-var
thread-limit-var

dyn-var

nest-var
max-active-levels-var

DOoO00 0

Ons uMKnoB:
O run-sched-var
U def-sched-var

Ona Bcen nporpamMmmbl:
stacksize-var
wait-policy-var
bind-var

cancel-var
place-partition-var

DOoO00 0
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o

Internal Control Variables. nthreads-var /

void work();

int main () { He koppektHo B OpenMP 2.5
omp_set_num_threads(3);
#pragma omp parallel KoppekTtHo B OpenMP 3.0
{

omp_set_num_threads(omp_get_thread _num ()+2);
#pragma omp parallel
work();

CyuwiecTByeT ogHa KONus 3TOMN NepeMeHHOU ANs KaXaoun
3agaum
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Internal Control-Variables. nthreads-var

-

OnpepensieT MmakcumMarnbHO BO3MOXHOE KONMMYECTBO HUTEN B CO30aBaEMOMU
napannensHou obnacTu.

HadanbHOe 3Ha4yeHue: 3aBUCUT OT peanusauunn.
CyLuecTByeT ofHa KONusi 3TON NepeMeHHON ONS KaXaon 3agaumn.

3Ha4YeHne nepeMeHHON MOXHO U3MEHUTD:
C shell:

setenv OMP_NUM_THREADS 4,3,2
Korn shell:

export OMP_NUM_THREADS=16
Windows:

set OMP_NUM_THREADS=16

void omp_set_num_threads(int num_threads);
Y3HaTb 3Ha4YeHne nepeMeHHON MOXHO:
int omp_get_max_threads(void);
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Internal Control- Variables. thread-limit=var

o

Onpeuen;leT MaKCcuMarbHOE KONMMYECTBO HUTEN, KOTOpPblE MOT'yT ObITb
NCroib30BaHbl AJ151 BbINONMHEHUS BCEWN nporpamMmmMmesbil.

HadanbHOe 3Ha4yeHue: 3aBUCUT OT peanusauunn.
CyLuecTByeT ofHa Konusi 3To NnepeMeHHOW ANnsi BCEN NporpamMmmel.

3Ha4YeHne nepeMeHHON MOXHO U3MEHUTD:
C shell:

setenv OMP_THREAD LIMIT 16

Korn shell:

export OMP_THREAD_ LIMIT=16
Windows:

set OMP_THREAD LIMIT=16

Y3HaTb 3Ha4YeHne NepeMeHHON MOXHO:
int omp_get_thread_limit(void)
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Internal Control-Varia dyn-var-

Bknitovaet/oTkntovaet peXUM, B KOTOPOM KOJIMYECTBO CO3aBaeMblIX HUTEN npun
BXOo4de B napanmnesibHyro obnacTb MOXET MEHATbLCA ANHAMUYECKM.

HadanbHOe 3HayeHue: Ecnn komnunatop He noanepXuBaeT AaHHbIN PEXNM,
TO false.

CyLuecTBYyeT 0fHa KONusi 3TO NepeMeHHON ONS KaXXaon 3agaumn.
3Ha4yeHne NnepeMeHHON MOXHO U3MEHUTD:

C shell:

setenv OMP_DYNAMIC true

Korn shell:

export OMP_DYNAMIC=true

Windows:

set OMP_DYNAMIC=true

void omp_set_dynamic(int dynamic_threads);

Y3HaTb 3Ha4YeHne nepeMeHHoOM MOXHO:

int omp_get_dynamic(void);
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Internal Control-Varia nest-var

o

BkntoyaeT/oTkNovaeT pexnum nogaep Kk BNOXeHHOro napannennama.
HauyanbHoe 3HayeHue: false.
CyLuecTBYyeT ofHa KOnusi 3TO NepeMeHHON ONS KaXXaon 3agaumn.

3Ha4yeHne nepeMeHHON MOXHO U3MEHUTD:
C shell:

setenv OMP_NESTED true

Korn shell:

export OMP_NESTED=false

Windows:

set OMP_NESTED=true

void omp_set_nested(int nested);

Y3HaTb 3Ha4YeHne nepeMeHHON MOXHO:
int omp_get_nested(void);
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Internal Control Variables. max-active=levels-var

o

3agaeT MakcMmarbHO BO3MOXXHOE KONMMYECTBO aKTUBHbLIX BMOXEHHbIX napanfienbHbIX
obnacten.

HadanbHOe 3Ha4yeHue: 3aBUCUT OT peanusauunn.
CyLuecTByeT ofHa KONusi 3TON NepeMeHHON ONS KaXaon 3agaumn.

3Ha4YeHne nepeMeHHON MOXHO U3MEHUTD:
C shell:

setenv OMP_MAX_ACTIVE_LEVELS 2
Korn shell:

export OMP_MAX ACTIVE_LEVELS=3
Windows:

set OMP_MAX_ACTIVE_LEVELS=4

void omp_set _max_active_levels (int max_levels);
Y3HaTb 3Ha4YeHne nepeMeHHON MOXHO:
int omp_get_max_active _levels(void);
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Internal Control Variables. run-sched-var

3apgaet crnocob pacnpeneneHns BUTKOB LKKNa Mexay HUTSMU, eCcrin ykasaHa
krnay3a schedule(runtime).

HadanbHOe 3Ha4yeHue: 3aBUCUT OT peanusauunn.
CyLuecTByeT ofHa KONusi 3TON NepeMeHHON ONS KaXaon 3agaumn.

3HayeHne nepemMeHHON MOXHO U3MEHUTb:

C shell: typedef enum omp_sched _t {

setenv OMP_SCHEDULE "guided,4" omp_sched_static =1,

Korn shell: omp_sched_guided = 3,

export OMP_SCHEDULE "dynamic,5" omp_sched_auto = 4

Windows: } omp_sched_t;

set OMP_SCHEDULE=static

omp_sched_dynamic = 2,

void omp_set_schedule(omp_sched_t kind, int modifier);
Y3HaTb 3Ha4YeHne nepeMeHHON MOXHO:
void omp_get_schedule(omp_sched_t * kind, int * modifier );
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e

3apgaet crnocob pacnpeneneHns BUTKOB LnKNa Mexay HUTSMU No YMOSTYaHUIO.
HadanbHOe 3Ha4yeHue: 3aBUCUT OT peanusauun.
CyLuecTByeT ofHa Konusi 3To NnepeMeHHOW ANnsi BCeN NporpamMmmel.

void work(int i);

int main () {
#pragma omp parallel
{
#pragma omp for
for (int i=0;i<N;i++) work (i);
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Internal Control-Varia stack-size-var

Kaxkxgast HUTb npeacraBnsaeT cobon HeE3aBUCUMO BbIMOSTHSAOLWMNCS NOTOK
ynpasSieHNA CO CBOMM CYETYMKOM KOMaHL, PErMCTPOBbLIM KOHTEKCTOM U
CTEKOM.

[lepemeHHas stack-size-var 3agaet pasMep cTeka.
HauyanbHoe 3HayeHune: 3aBUCUT OT peanusaunu.
CyLuecTByeT ofHa Konusi 3To NnepeMeHHON ANnsi BCEN NPOrpamMmebl.

3HayeHne nepemMeHHON MOXHO U3MEHUTD:

setenv OMP_STACKSIZE 2000500B

setenv OMP_STACKSIZE "3000 k"

setenv OMP_STACKSIZE 10M

setenv OMP_STACKSIZE "10 M"

setenv OMP_STACKSIZE "20 m"

setenv OMP_STACKSIZE "1G"

setenv OMP_STACKSIZE 20000 # Size in Kilobytes
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Internal Control-Varia stack-size-var

int main () { icl /Qopenmp test.cpp
int a[1024][1024]; —=Program Exception — stack overflow
: Linux: ulimit -a
llel
fpragma omp pardllel private (a) ulimit -s <stacksize in Kbytes>
for (int i=0;i<1024;i++) Windows: /F<stacksize in bytes>
for (int j=0;j<1024;j++) -WI,--stack, <stacksize in bytes>
alilb]=i+s; setenv KMP_STACKSIZE 10m
} setenv GOMP_STACKSIZE 10000
}
setenv OMP_STACKSIZE 10M
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Internal Control-Variables. wait-policy-var

e

[Moackaska OpenMP-KOMNUATOPY O XXeflaemMoM NOBEAEHUN HUTEN BO BPEMS OXMUOAHUA.

HayanbHoe 3Ha4yeHune: 3aBUCUT OT peann3aunin.

CyLiecTBYyeT 0flHa KOnusi 3To NepeMeHHoON anst BCEN NporpamMmbi.

3HayeHne nepemMeHHOM MOXXHO U3MEHUT:

setenv OMP_WAIT_POLICY ACTIVE IBM AIX
setenv OMP_WAIT POLICY active

- - PINLOOPTIME=1
setenv OMP_WAIT_POLICY PASSIVE 3IELDS§OPTIME=ggggg
setenv OMP_WAIT POLICY passive
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Internal Control Varia

MA,Q,_V;MW

PacnpeneneHne OpenMP-HuTen no aapam.
HadanbHOe 3Ha4YeHue: 3aBUCUT OT peanusauunn.
CyLlecTBYyeT oflHa KOnus 3ToOM NepeMeHHON Anst BCEN nNporpamMmmbi.

artition-var

/’7/”
[ —

node 0
socket 0 socket 1
core 0 core 1 core 2 core 3 core 4 core 5 core 6 core 7
to || t1 t2 | | t3 t4 || t5 te | | t7 t8 | | t9 t10| |t11 t12| t13 t14| t15

setenv OMP_PLACES "threads(2)"
setenv OMP_PLACES "{0,1},{2,3},{4,5},{6,7},{8,9},{10,11},{12,13},{14,15}"
setenv OMP_PLACES "{0:2},{2:2},{4:2} ,{6:2},{8:2},{10:2},{12:2},{14:2}"

setenv OMP_PLACES "{0:2}:8:2"
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Internal Control-Varia

LIpHOPUTETSI

Knaysa BbI30B (pYHKLUMU nepemMeHHasi OKpyXeHuA ICV
omp_set_dynamic() OMP_DYNAMIC dyn-var
omp_set_nested() OMP_NESTED nest-var

num_threads

omp_set_num_threads|)

OMP_NUM_THREADS

nthreads-var

schedule omp_set_schedule() OMP_SCHEDULE run-sched-var
schedule def-sched-var
OMP_STACKSIZE stacksize-var
OMP_WAIT_POLICY wait-policy-var
OMP_THREAD_LIMIT thread-limit-var
omp_set_max_active _ OMP_MAX ACTIVE S
levels() LEVELS
R R e R T R e s
27 oxTaGps

Mocksa, 2022

Texnonorus napamiensHoro nporpamvuposanus OpenMP

246 13 292




int omp_get_num_threads(void);
-BO3BpaLlaeT KONM4ecTBO HUTEN B TEKyLUeN napanrenbHon obnactu

#include <omp.h>

void work(int i);

void test()

{
int np;
np = omp_get _num_threads(); /* np == 1%/
#pragma omp parallel private (np)

{

np = omp_get num_threads();
#pragma omp for schedule(static)
for (int i=0; i < np; i++)

work(i);

}
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Cuctema noaaepxku-Boino/IHEHWA OpenMP-nporpamm=="

il

int omp_get_thread _num(void);
-BO3BpaLwjaetT Homep HUTU B rpynne [0: omp_get num_threads()-1]

#include <omp.h>
void work(int i);
void test()

{
int iam;
iam = omp_get_thread _num(); /* iam == 0%/
#pragma omp parallel private (iam)
{
iam = omp_get_thread _num();
work(iam);
}
}
27 oxTsa06ps
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int omp_get_num_procs(void);
-BO3BpaLlaeT KOSIM4ecTBO NPOLLEeCCOPOB, HA KOTOPbLIX NMPOorpaMmmMa BbINOJSIHAETCA

#include <omp.h>
void work(int i);
void test()
{
int nproc;
nproc = omp_get_num_ procs();
#pragma omp parallel num_threads(nproc)

{
int iam = omp_get_thread _num();
work(iam);
}
}
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Cucrema noapeprku-sbinonHenna OpenViP-nporpam.

s

Pacnpenenenne OpenMP-HuTen no aapam.

int omp_get_num_places(void);
int omp_get_place_num(void);

int main()
{
int n_sockets, socket num;
omp_set nested(1); Il or export OMP_NESTED=true
omp_set _max_active _levels(2); // or export OMP_MAX ACTIVE LEVELS=2
n_sockets = omp_get num_places();
#pragma omp parallel num_threads(n_sockets) private(socket_num)
{
socket_ num = omp_get place_num();
socket _init(socket num);
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Cucrema nogaepku-sbinonHenna OpenMP-nporpam

=l

Pacnpenenenne OpenMP-HuTen no aapam.
int omp_get_place_num_procs(int place_num);

void socket_init(int socket_num)

{

int n_procs;
n_procs = omp_get place_num_procs(socket _num);
#pragma omp parallel num_threads(n_procs) proc_bind(close)

{

printf("Reporting in from socket num, thread num: %d %d\n",
socket nhum,omp_get thread num() );

void omp_get _place _proc_ids(int place_num, int *ids);
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int omp_get_level(void)
- BO3BpalwaeT yYpoBeHb BIIOXXEHHOCTU ANA TeKylen napannesibHom obnacru.
#include <omp.h>
void work(int i) {
#pragma omp parallel

{

int ilevel = omp_get_level ();

}
}
void test()

{

int ilevel = omp_get_level (); /*ilevel==0*/
#pragma omp parallel private (ilevel)
{
ilevel = omp_get_level ();
int iam = omp_get_thread_num();
work(iam);

}
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CUCTema NoAAep KU BbiNONHEHNA OpenMP-nporpamm==

- il

int omp_get_active_level(void)

- BO3BpallaeT KONM4YeCTBO aKTUBHbIX NapanrenbHbIX obnacren
(BbINONHAEMbBIX 2-MSA LN 6onee HUTAMMN).
#include <omp.h>
void work(int iam, int size) {

#pragma omp parallel

{
int ilevel = omp_get_active_level ();
}
}
void test()
{
int size = 0;
int ilevel = omp_get_active_level (); I*ilevel==0*/
scanf("%d",&size);
#pragma omp parallel if (size>10)
{
int iam = omp_get_thread_num();
work(iam, size);
}
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Cucrema nogaepku-sbinonHenna OpenMP-nporpam

=l

int omp_get_ancestor_thread _num (int level)

- ANsi HATW, Bbi3BaBLUEeW AaHHYK (byHKLUIO, BO3BpaLLaeTcss HOMep HUTH-
poauTens, KoTtopasi co3garna yKkasaHHYI napannesnbHy oo6nacTb.

omp_get_ancestor_thread num (0) =0

If (level==omp_get_level()) {
omp_get_ancestor_thread num (level) == omp_get _thread _num ();

}

If ((level<0)||(level>omp_get_level())) {
omp_get_ancestor_thread_num (level) == -1;

}
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"
o

o

Cuctema noaaepxku-Boino/IHEHWA OpenMP-nporpamm=="

il

int omp_get_team_size(int level);
- KONIN4YEeCTBO HUTEU B YKa3aHHOM napannesfibHon obnacTu.

omp_get team_size (0) =1

If (level==omp_get level()) {
omp_get _team_size (level) == omp_get _num _threads ();

}

If ((level<0)||(level>omp_get_level())) {
omp_get_team_size (level) == -1;

}

27 oxTsa06ps
Mocksa, 2022 Texnonorus napamiensHoro nporpamvuposanus OpenMP 255 u3 292




CMCTema noapaepxku-soinonHeHna OpenVP-nporpam
JHKUMM paboTbl CO BpemeHeMm

double omp_get_wtime(void);

BO3BpaLLaeT ANA HUTU aCTPOHOMMYECKOE BpeMs B CEKyHaaXx, NpoLleLlee C
HEKOTOPOro MOMeHTa B MPOLLUOM. ECIM HEKOTOPBLIN Y4aCTOK OKPYXKUTb BbI30BaMM
[aHHOM (PYHKLMW, TO Pa3HOCTb BO3BPALLI@EMbIX 3HAYEHMIN NOKaXeT Bpems paboThl
NaHHOro yyacTtka. [apaHTupyeTcsi, YTO MOMEHT BPEMEHW, UCMOMb3yeEMbIN B
Ka4yecTBe TOYKM OTcyeTa, He OyAeT N3MEHEH 3a BPEMS! BbINOMTHEHUSA NPOrpaMMbil.

double start;

double end;

start = omp_get_wtime();

/*... work to be timed ...”/

end = omp_get wtime();

printf("Work took %f seconds\n”, end - start);

double omp_get_wtick(void);

- BO3BpaLLIaeT pa3pelleHne TanmMmepa B cekyHaax (KOnm4yecTBO CEKyHO Mexay
nocnegoBaTenbHbIMU UMMYNbCaMU TarMepa).
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Cope pXaHue e

O TeHaeHUUN pa3BUTUA COBPEMEHHbBIX BbIYMUCINUTENBHbBIX CUCTEM
d OpenMP — mogenb napannenuama no ynpasneHuto

O KoHcTpyKkumn pacnpenenenmnsa pabdboTol

L KoHCTpyKUunn ans CUHXpOHM3aunun HUTeun

d Cuctema nogaepxku BbinoniHeHna OpenMP-nporpamm

1 HoBsble Bo3moxxHocTn OpenMP
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J BekTopusauusa koga
1 ObpaboTka ncknoumnTenbHbIX cutyauun / cancellation constructs
4 MNogpaepkka yckoputenen/conpoLeccopos
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/
Mcnc’)}ﬂg?gp BaHue BeKTopusaumn P

o

| —

void add_float (float *a, float *b, float *c, float *d, float *e, int n)

{
for (int i=0; i<n; i++)
a[i] = a[i] + b[i] + c[i] + d[i] + e[i];
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Wcnonb3oBaHue BekTopuzalumn s

e i

void add_float (float *restrict a, float *restrict b, float *restrict c,
float *restrict d, float *restrict e, int n) // C99
{
for (int i=0; i<n; i++)
a[i] = a[i] + b[i] + c[i] + d[i] + e[i];
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Ucno

e

o’

#pragma omp simd [clause[[,] clause]..]
for-loops

#pragma omp for simd [clause[[,] clause]..]
for-loops

rae Knaysa ogHa u3:

safelen (length)

linear (list[:linear-step])

aligned (list[:alignment])

private (list)

lastprivate (list)

reduction (reduction-identifier: list)

collapse (n)

COoopooDp
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Acnonb3oBaHue BekTopusalmn =

void add_float (float *a, float *b, float *c, float *d, float *e, int n)
{
#pragma omp simd
for (int i=0; i<n; i++)
a[i] = a[i] + b[i] + c[i] + d[i] + e[i];

void add_float (float *restrict a, float *restrict b, float *restrict c,
float *restrict d, float *restrict e, int n) // C99
{
for (int i=0; i<n; i++)
a[i] = a[i] + b[i] + c[i] + d[i] + e[i];
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Wcnonb3osaHue BeKropusauun. Cneundukauua decla

s

#pragma omp declare simd [clause[[,] clause]..]
function definition or declaration

rae Kraysa ogHa ms:

O simdlen (length)
the largest size for a vector that the compiler is free to assume

O linear (argument-list[:constant-linear-step])
in serial execution parameters are incremented by steps (induction variables with
constant stride)

O aligned (argument-list[:alignment])
all arguments in the argument-list are aligned on a known boundary not less than the
specified alignment

0 uniform (argument-list)

shared, scalar parameters are broadcasted to all iterations

inbranch

notinbranch

DO
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Acnonb3oBaHue BekTopuzalmm

=l

#pragma omp declare simd notinbranch
float min(float a, float b) {
returna<b ?a:b;

}

#pragma omp declare simd inbranch
float distance (float x, float y) {
return (x -y) * (x - y);

}

#pragma omp parallel for simd
for (i=0; i<N; i++)
d[i] = min (distance (a[i], b[i]), c[i]);
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Cancellation Constructs—___

[npekTmBa

#Dpragma omp cancel c/ausefl,/ clause /
20e Clalse oona u3:

O parallel

(] sections

d for

U taskgroup

Q if (scalar-expression)

[npekTnBa

#pragma omp cancellation point ¢/ausefl,/ claiise /
a20e Clallse oona u3:

 parallel

U sections

 for

U taskgroup

HoBas chyHKUMA cuctembl noaaepxKu:
1 omp_get_cancellation

HoBasa nepemeHHas oKpyXeHus:
0 OMP_CANCELLATION
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06paboTka UCKAIOUMTENLHDIX CUTYaLUMA

i

void example() {
std::exception *ex = NULL,;
#pragma omp parallel shared(ex)
{
#pragma omp for schedule(runtime)
for (inti=0;i<N; i++) {
try {
causes_an_exception();
} catch (std::exception *e) {
#pragma omp atomic write
ex = e; // still must remember exception for later handling
#pragma omp cancel for // cancel worksharing construct

}
}

if (ex) { // if an exception has been raised, cancel parallel region
#pragma omp cancel parallel

}
}

if (ex) { // handle exception stored in ex
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typedef struct binary_tree_s {

int value;

struct binary_tree_s *left, *right;
} binary_tree_t;

binary_tree_t *search_tree_parallel (binary_tree_t *tree, int value) {
binary_tree_t *found = NULL;
#pragma omp parallel shared(found, tree, value)

{

#pragma omp taskgroup

{

#pragma omp master

{
found = search_tree(tree, value, 0);
}
}
}

return found;
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binary_tree_t *found = NULL;
if (tree) {
if (tree->value == value) {
found = tree;
} else {
#pragma omp task shared(found) if(level < 10)
{
binary_tree_t *found_left = NULL,;
found_left = search_tree(tree->left, value, level + 1);
if (found_left) {
#pragma omp atomic write
found = found_left;
#pragma omp cancel taskgroup

}
}
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#pragma omp task shared(found) if(level < 10)
{
binary_tree_t *found_right = NULL;
found_right = search_tree(tree->right, value, level + 1);
if (found_right) {
#pragma omp atomic write
found = found_right;
#pragma omp cancel taskgroup

}
}
#pragma omp taskwait
}
}

return found;

}
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