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#define 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 - BbinoriHeHUe 3aga4m nocrie NPpUMOCTaHOBKU MOXET ObITb
NPOAOIMKEeHO NO6ON HUTLIO rpynnbl

18 okTabps
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#prgma omp taskwait int main () {

int res;
int fibonacci(int n) { #pragma omp parallel
inti, 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(res)
#pragma omp task shared(j) res = fibonacci(n);
j=fibonacci (n-2); }
#pragma omp taskwait }
return i+j; printf ("Finonacci number = %d\n", res);
} }
}
18 okTabps
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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);

18 okTabps
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Knay3a depend(dependence-type : list)
20e dependence-type:
din
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);

}

18 okTabps
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O AN\

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

{
inti, 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++)
Clii][j]1 = C[ii][j] + Aliil[kk] * B[kK]Ljl;

18 okTabps
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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);

18 okTabps
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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
}
18 okTabps
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#pragma omp taskloop [clause][,]clause]...]
Structured-block

20e clause — o0Ha u3:

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

18 okTabps
Mocksa, 2021
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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 (ji=i; ii<UB; ii++) {
A[ii]=Alii]*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]*Blii]*S;

)

}

18 okTabps
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~ for (i = 0; i<SIZE; i++) {
A[i]=A[]"BIi]*S;

}

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

)

}

18 okTabps

#pragma omp taskloop grainsize(TS)

for (i = 0; i<SIZE; i+=1) {
AliI=ANBII]™S;

}
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U TeHaeHUMKM pasBUTNS COBPEMEHHBIX BbIYUCITUTESIbHbLIX CUCTEM
d OpenMP — mogenb napannenuama ro ynpasrieHuUto

O KoHcTpyKuum pacnpegeneHus padboThbl

1 KoHCTpyKUMKM ONA CUHXPOHU3ALMN HUTEN

O Cucrtema nogaepxkn soinonHeHns OpenMP-nporpamm

1 Hosble Bo3amoxxHocTn OpenMP

18 okTabps
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d OupektnBa master

 OupekTtuea critical

d OupekTtnBa atomic

1 Cemadpopel

d Oupektuea barrier

 OupekTtnea taskyield

d OupekTtnea taskwait

4 OupektuBa taskgroup // OpenMP 4.0

18 okTabps
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/ B me - \

T —

#pragma omp master
CmMpyKmypHbIU 6510k

/*CmpykmypHbIlU 6510k 6ydem ebinosiHeH MASTER-Humbtro epynnesl. 1o

3aeepweHuU 8bIMOJIHEHUSI CMPYKMYPHO20 6s10ka 6apbepHasi CUHXPOHU3auyusi
Humeu He ebInosiHaemcs™/

#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);

}

} 18 okTa0ps
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TUUYECKOMN CeKLunmn

#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;
#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;
} 18 okTa0ps
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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)
iXx_next = next_from_queue(0);
work(ix_next);

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

18 okTabps
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Qe senie

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

#pragma omp atomic capture
structured-block

Ecnu ykasaHa knaysa read:
V = X;

Ecnu ykaszaHa knaysa write:
X = expr;

Ecnu yka3aHa knay3a update nnu knaysbl HeT, TO expression-stmt:

X binop= expr:
P PT; X — CKansipHas nepeMeHHas, expr — BbipaxeHue, B

X = x binop expr; KOTOPOM He NPUCYTCTBYET NepeMeHHas X.
X++; binop - He neperpyxeHHbIX oneparop:
++X; L AN e (R | TSR o S

X==; binop=:

==X18 okTs6ps ++, -
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e

V. C

~ Ecnu yka3aHa 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;v=x;}
{x--; v=x;}
{ --X; V = x;} TexHomorus napannensHoro nporpammuposaHus OpenMP 200 13 280
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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

18 okTabps
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eKTusbl atomic

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;
#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;

}

18 okTabps
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int atomic_read(const int *p)
{
int value;
[* 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)
{
[* 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;

}

18 okTabps
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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

18 okTabps
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KoHuenuuio cemacpopoB onucan feunkcrtpa (Dijkstra) B 1965

Cemadbop - HeoTpuLaTenbHas Lenas nepeMeHHas, KoTopasi MOXeT U3MEHATbLCS U
NpPoBepATbLCS TONbLKO NOCPeaAcTBOM ABYX PYHKLUNN:

P - dyHKUuMA 3anpoca cemadpopa
P(s): [if (s == 0) <sabnokupoBaTb TeKywuin npouecc>; else s = s-1;]

V - ¢pyHKUMA ocBOOOXaeHUA cemadhopa
V(s): [if (s == 0) <pa3bnokupoBaTb 0OAVNH U3 3a0NMOKMPOBaAHHbLIX NPOLIECCOB>; S =
s+1;]

18 okTabps
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o]eo 3
«V » »

CocTtosiHusa cemadchopa:
Quninitialized
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); /*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);

18 okTabps
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in ()

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 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(&Ick);
}
pi = h * sum;
printf("pi is approximately %.16f", pi);
omp_destroy_lock(&Ick);

return 0;

8 okTAbpS
ockBa, 2021 TexHonorus napannensHoro nporpammmposaHna OpenMP
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#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(&Ick);
#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(&lck)) {
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(&lck);
}
omp_destroy_lock(&lck);
return 0;

}

18 okTabps
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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);
}
18 okTabps

Mocksa, 2021 TexHonorus napannensHoro nporpammmposaHna OpenMP

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>

void incorrect_example(pair *p)

typedef struct {
int a,b; {
omp_nest_lock_t Ick; #pragma omp parallel sections
} pair; {
}IOid incr_a(pair *p, int a) #pragma omp section
- incr_pair(p,1,2); .
} #pragma omp section
void incr_b(pair *p, int b) incr_b(p,3);
{ }
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);
}
18 okTabps
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Touka B nporpamme, AOCTUXUMAs BCEMU HUTSIMW TPyMbl, B KOTOPOW BbINOSIHEHWE NPOrpamMmbl
NMPUOCTaHaBNMBAETCH A0 TEX NMOP Moka BCE HUTW rpynmbl He JOCTUIHYT AaHHOW TOYKM U BCe 3adauu,
BbIMNOMHSIEMbIE rPyNMnon HATeN ByayT 3aBepLUEHbI.

#pragma omp barrier
[To ymonyaHunio bapbepHaa CUHXPOHU3ALMA HUTEN BbIMONHAETCS:
Uno 3aBepLueHnto KOHCTpyKuumn parallel;

Unpwu BbIxOAEe 13 KOHCTPYKUMI pacnpeaeneHuns paobor (for, single, sections, workshare) , ecnu
He yKka3aHa kray3a 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

} 8 okTAbpS
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#include <omp.h>
void something_useful ( void );
void something_critical ( void );
void foo ( omp_lock t * lock, int n)
{
int i;
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);

}

18 okTabps
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o \
rc: SYVC ——— .

#prgma omp taskwait int main () {

int res;
int fibonacci(int n) { #pragma omp parallel
inti, 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(res)
#pragma omp task shared(j) res = fibonacci(n);
j=fibonacci (n-2); }
#pragma omp taskwait }
return i+j; printf ("Finonacci number = %d\n", res);
} }
}
18 okTabps
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#pragma omp task {} // Task1
#pragma omp task // Task2

{
#pragma omp task {} // Task3

}
#pragma omp task {} // Task4

#pragma omp taskwait
/| FTapaHTUpyeTcAa 4TO B AaHHOM To4Ke 3aBeplartca Task1 && Task2 && Task4

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

{
#pragma omp task // Task2

{
#pragma omp task {} // Task3

}
#pragma omp task {} // Task4

}

/| TapaHTUpyeTCcAa 4YTO B AaHHOM Touke 3aBeplaTtcHa Task2 && Task3 && Task4

18 okTabps
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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);

} 18 okTabps

Mocksa, 2021 TexHonorus napannensHoro nporpammmposaHna OpenMP

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 ();
} /I only now background work is required
} /I to be complete
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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 Cuctema nogaepxkn soinonHeHns OpenMP-nporpamm

1 Hosble Bo3amoxxHocTn OpenMP

18 okTabps
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senMP- nporpaMMbl (ICV Internal Control Variables)

Ana napannenbHbIX obrnacren:
O nthreads-var

Q thread-limit-var

0 dyn-var

O nest-var

O max-active-levels-var

onsa umknos:
O run-sched-var
U def-sched-var

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

cancel-var
place-partition-var

cCooO0D0

18 okTabps
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void work();

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

omp_set num_threads(omp_get thread num ()+2);
#pragma omp parallel
work();

CyuwecTByeT ogHa KONMus 3TOU NnepeMeHHOMU OIS KaXa0u
3agaum

18 okTabps
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OnpenensieT MakcMmMmanbHO BO3MOXHOE KONMMYECTBO HUTEN B CO30aBaeMOMU
napannensHon obnacTu.

HavarnbHoe 3Ha4vyeHue: 3aBUCUT OT peanusauun.
CyuwiecTByeT oflHa KOnunsi 3TON NepeMeHHON ONA KaXX40W 3adauu.

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);

18 okTabps
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Onpen,en;leT MaKCcumMarbHOE KOSIMYECTBO HUTEN, KOTOPblE MOT'YT ObITb
NCMNonb30BaHbl OS5 BbINOSTHEHUSI BCEW nporpamMmsbl.

HavarnbHoe 3Ha4vyeHue: 3aBUCUT OT peanusauun.
CyuwiecTByeT oflHa Konnsi 3TON nepemMeHHOn anga BCcen rnporpammui.

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 nepeMeHHoOn MOXHO:
int omp_get_thread_limit(void)

18 okTabps
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Bkritovaet/oTknovaet peXnM, B KOTOPOM KOJINYECTBO CO3aBaEeMbIX HUTEN npn
BXoAde B NaparuieribHyr 0brnacTb MOXeT MEHATbLCS AMHAMUYECKM.

HauanbHoe 3Ha4vyeHune: Ecnn KoMnunaTop He NoaaepKMBaeT AaHHbIM PEXUM,
TO false.

CyLwiecTByeT oflHa KOMnsi 3TON NepeMeHHON ONA KaXX40W 3adauun.
3Ha4YeHne nepeMeHHON 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 nepemMeHHom MOXHO:

int omp_get_dynamic(void);

18 okTabps
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Bkntoyaet/oTknoYaeT pexxum NogaepKkn BIIOXKEHHOro napannenmama.
HavanbHoe 3Ha4yeHue: false.
CyLwiecTByeT oflHa KONnsi 3TON NepeMeHHON ONA KaXX40oW 3aaauun.

3Ha4YeHMe 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 nepeMeHHoOn MOXHO:
int omp_get_nested(void);

18 okTabps
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3agaeT MakcumMmarnbHO BO3MOXHOE KONMMYECTBO akKTUBHbLIX BNOXEHHbIX NapannesibHbIX
obnacrten.

HavarnbHoe 3Ha4vyeHue: 3aBUCUT OT peanusauun.
CyuwiecTByeT oflHa KOnnsi 3TON NnepeMeHHON A9 KaXX40W 3adauun.

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 nepemMeHHON MOXHO:
int omp_get_max_active_levels(void);

18 okTabps
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krnaysa schedule(runtime).
HadanbHoe 3Ha4yeHue: 3aBUCUT OT peanusaumnu.

3Ha4yeHne NepeMeHHON MOXHO U3MEHUTD:
C shell:

setenv OMP_SCHEDULE "guided,4"
Korn shell:

export OMP_SCHEDULE "dynamic,5"
Windows:

set OMP_SCHEDULE=static

Y3HaTb 3Ha4YeHne nepemMeHHON MOXHO:

18 okTabps

3apgaet crnocob pacnpeneneHns BUTKOB LMKIa Mexay HATSIMU, eCcrin yKasaHa

CyuwiecTByeT oflHa KOnnsi 3TON NepeMeHHON ONA KaXX40W 3adauun.

typedef enum omp_sched t{
omp_sched_static =1,
omp_sched_dynamic = 2,
omp_sched_guided = 3,
omp_sched _auto =4

} omp_sched t;

Mocksa, 2021 TexHonorus napannensHoro nporpammmposaHna OpenMP

void omp_set_schedule(omp_sched_t kind, int modifier);

void omp_get_schedule(omp_sched_t * kind, int * modifier );
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3agaet cnocob pacnpeneneHns BUTKOB LnKna Mexgy HUTAMU Mo YMOSTHaHuUIo.
HavanbHOe 3Ha4YyeHue: 3aBUCUT OT peanusauun,
CyLLeCTBYET Of1Ha KONMUa 3ToON NepeMeHHOW A BCen nporpamMmbi.

void work(int i);

int main () {
#pragma omp parallel
{
#pragma omp for
for (int i=0;i<N;i++) work (i);

18 okTabps
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Kaxxgasa HUTb npeactaBnseTr cobon HeE3aBUCMMO BbINOMHAOLLMNCA MOTOK
ynpasBrieHns1 CO CBOMM CYETYMKOM KOMaHA, PEMMCTPOBbIM KOHTEKCTOM U
CTEKOM.

[lepemeHHasn stack-size-var 3apgaeT pasmMmep CTeka.
HavanbHOe 3Ha4yeHune: 3aBUCUT OT peanusauun.
CyLLecCTBYET OflHa KONMua 3ToON NepeMeHHOW Ans BCen nporpamMmbi.

3Ha4yeHne nepeMeHHON MOXHO N3MEHUTb:

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

18 okTabps
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int main () { icl /Qopenmp test.cpp
int a[1024][1024]; —=Program Exception — stack overflow
: Linux: ulimit -a
fpragma omp parallel 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>
alilbl=i+s; setenv KMP_STACKSIZE 10m
} setenv GOMP_STACKSIZE 10000
}
setenv OMP_STACKSIZE 10M
18 okTa0ps
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[Toackaska OpenMP-KkoMnnnaTopy o0 XKenaeMmoMm NoBeaeHnn HATEN BO BPEMSA OXUOAHUA.
HavanbHOe 3Ha4YyeHune: 3aBUCUT OT peanusauun.
CyLLecTBYyeT Of1Ha Konma 3TouM NepeMeHHOU s BCeN NporpamMmbl.

3Ha4yeHne nepeMeHHON MOXKHO N3MEHUTD:

setenv OMP_WAIT POLICY ACTIVE IBM AIX

setenv OMP_WAIT_POLICY active 2
setenv OMP_WAIT_POLICY PASSIVE 325‘6883;#&5123333
setenv OMP_WAIT_POLICY passive

18 okTabps
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Pacnpegenenne OpenMP-HuTen no sgpam.
HavanbHOe 3Ha4yeHue: 3aBUCUT OT peanusauun.
CyLLeCTBYeT Of1Ha KOMnUa 3TON NepeMeHHOW A BCen nporpamMmbi.

node 0
socket 0 socket 1
core 0 core 1 core 2 core 3 core 4 core 5 core b core 7
t0 | [t t2 | | t3 t4 | [t5 te | [t7 t8 | | t9 t10] [t11 t12| [t13 t14 ]| [t15

18 okTabps
Mocksa, 2021

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"

TexHonorus napannensHoro nporpammmposaHna OpenMP
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%trol Vari

Krnay3a BbI30OB (pyHKLUU nepeMeHHasi OKpyXeHus 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
e S B 0 g e e i a0 g R o i el e S By e e
18 OKTSGPS
Mocksa, 2021 TexHONOrMs NapanmnensbHoro nporpaMmmnposaHis OpenMP 231 13 280




int omp_get_num_threads(void);
-BO3BpaLlaeT KOfiM4eCTBO HUTEU B TEeKyLUeN naparnsienHom obnacTtu

#include <omp.h>

void work(int i);

void test()

{
int np;
np = omp_get num_threads(); /* np == 17/
#pragma omp parallel private (np)

{

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

work(i);

}

18 okTabps
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int omp_get_thread _num(void);
-BO3BpaLlaeT 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);
}
}
18 okTabps
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int omp_get_num_procs(void);
-BO3BpaLlaeT KOIM4eCcTBO NpoLeccopoB, HA KOTOPbIX MPOrpaMmmMa BbINOSTHAETCA

#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);
}
}
18 okTabps
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Pacnpegenenne OpenMP-HuTen no sgpam.

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);
}
}
18 okTabps
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Pacnpegenenne OpenMP-HuTen no sgpam.

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_ num,omp_get_thread num() );

void omp_get_place_proc_ids(int place_num, int *ids);

18 okTabps
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int omp_get_level(void)

- BO3BpaLlaeT ypoBeHb BIIOXXeHHOCTU AJ1A TeKyLlen napannernbHoOn obnacTu.

#include <omp.h>
void work(int i) {
#pragma omp parallel
{
int ilevel = omp_get_level ();
}
}
void test()
{
int ilevel = omp_get_level (); Filevel==0*/
#pragma omp parallel private (ilevel)
{
ilevel = omp_get_level ();
int iam = omp_get_thread_num();
work(iam);
}
}

18 okTabps
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int omp_get_active level(void)

- BO3BpallaeT KOoJin4eCTBO aKTUBHbLIX napaninesfibHbIX obnacrtemn
(BbINONHSIEMbIX 2-MSA UNKU 6oree HUTAMM).
#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 (); *ilevel==0*/
scanf("%d",&size);
#pragma omp parallel if (size>10)
{
intiam = omp_get_thread_num();
work(iam, size);

}

} 18 okTa0ps
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int omp_get_ancestor_thread _num (int level)

- ANS1 HUTN, Bbi3BaBLUEX AAaHHYO (hyHKLUIO, BO3BpaLLaeTCA HOMep HUTU-
poauTensi, KoTopasi co3gana yKkasaHHyIo napannenbHylo obnacTb.

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;

}

18 okTabps
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int omp_get_team_size(int level);
- KONN4YeCcTBO HUTEN B YKa3aHHOM nNapannesibHOu 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;

}

18 okTabps
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PYHKLMU pabOTbl CO BpemeHeM

double omp_get wtime(void);

BO3BpawaeT and HUTN aCTpoHOMNYECKOE BPEMA B CeKyH,EI,aX npowegLiee C
HeKOTOpOFO MOMEHTa B MNMpoLUsioMm. Ecnu HeKOTOprI/I yqaCTOK OKPYXUTb Bbl30OBaMu
OaHHOW beHKLI,I/II/I TO Pa3HOCTb BO3Bpalla€eMbIX 3HAYEHUWN NOKaXeT BpeMFI pa6OTbI
AaHHOro y4yacTtKa. FapaHTMpyeTc:ﬂ YTO MOMEHT BPEMEHMN, I/ICI'IOJ'Ib3yeMbII/1 B
KaydyeCcTBe TOYKUN OTCHETAa, HE 6yp,eT N3MEHEH 3a BpPpEMA BbINOJTHEHNA NMPOrpamMmMsbil.

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);

- BO3BpaLLaEeT paspeLleHne Tanmepa B cekyHaax (KOrmm4ecTBO CEKYHO Mexay
nocriegoBartefibHbIMU UMIMybCaMu Taumepa).

18 okTabps
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