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OpenMP

Ïðàãìû è API äëÿ ïàðàëëåëèçìà íà îáùåé ïàìÿòè

Ïðèìåð

#pragma omp parallel for reduction(+:sum)

for (i = 0; i < n; i++)

sum += x[i] * y[i];

Ïðàãìû

parallel

for, sections, task

critical, barrier, atomic

simd, . . .

Êëàóçû

shared, private, default

reduction, lastprivate

schedule, nowait

if, . . .

API

omp_get_thread_num, omp_set_lock, omp_get_wtime, . . .
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OpenMP Lowering

Ïðèìåð

#pragma omp parallel

{

int i;

#pragma omp for reduction(+:sum)

for (i = 0; i < n; i++)

sum += x[i] * y[i];

}

struct omp_ds_s {

double *sum;

int n;

double *x, *y;

} omp_ds_o = {&sum, n, x, y};

GOMP_parallel(omp_fn_1, omp_ds_o);

void omp_fn_1(void *data)

{

struct omp_ds_s *omp_ds_i = data;

int i;

double sum;

int thrI = omp_get_thread_num();

int thrN = omp_get_num_threads();

int n0 = ..., n1 = ...;

for (i = n0; i < n1; i++)

sum += x[i] * y[i];

omp_ds_i->sum /*atomic*/+= sum;

}
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OpenMP â GCC

Ïîääåðæêà íà ýòàïå êîìïèëÿöèè:

ßçûêîâûå ôðîíò-ýíäû:
ïîääåðæêà ïðàãì â C, C++, Fortran

ßäðî êîìïèëÿòîðà:
òðàíñëÿöèÿ ïðàãì èç AST â GIMPLE

Ïîääåðæêà âðåìåíè âûïîëíåíèÿ (libgomp):

OpenMP API:
omp_get_thread_num(), . . .

GOMP API:
GOMP_parallel, . . .
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OpenMP 4.0

Â OpenMP 4.0 äîáàâëåíà ïîääåðæêà àêñåëåðàòîðîâ

Îòëè÷èÿ àêñåëåðàòîðîâ

Ñâîå ïðîñòðàíñòâî ïàìÿòè

Îòäåëüíàÿ òðàíñëÿöèÿ êîäà

3 óðîâíÿ ïàðàëëåëèçìà
â àðõèòåêòóðå

Íîâûå ïðàãìû/êëàóçû

omp target data

omp target

... map(from/to:...)

omp teams distribute
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Óðîâíè ïàðàëëåëèçìà â NVIDIA GPU

Èåðàðõèÿ íèòåé âûïîëíåíèÿ ôóíêöèé-ÿäåð íà GPU:

Ñèíõðîííûå ãðóïïû (32 êîíòåêñòà, warp)
âåêòîðíûé ïàðàëëåëèçì

Áëîêè íèòåé (1-32 warp'à, CTA)
áûñòðàÿ ñèíõðîíèçàöèÿ, îáùàÿ ïàìÿòü

Ñåòêè áëîêîâ (1. . .N CTA, grid)

Îãðàíè÷åíèÿ:

Ìåæäó áëîêàìè íåâîçìîæíà ãëîáàëüíàÿ ñèíõðîíèçàöèÿ

Â ñèíõðîííûõ ãðóïïàõ âîçìîæíû âçàèìîáëîêèðîâêè
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Ïàðàëëåëèçì GPU â OpenMP

Óðîâíè ïàðàëëåëèçìà GPU ìîòèâèðóþò ñòðàòåãèþ îòîáðàæåíèÿ
íèòåé â OpenMP:

Áëîêè: OpenMP teams

Ñèíõðîííûå ãðóïïû: OpenMP threads

Êîíòåêñòû âûïîëíåíèÿ: OpenMP SIMD lanes

Âíå SIMD-ðåãèîíîâ îäíà ¾ëîãè÷åñêàÿ¿ íèòü � 32 GPU-íèòè

Íóæíî îáåñïå÷èòü ñîãëàñîâàííîñòü ñîñòîÿíèé

Íóæíî îðãàíèçîâàòü îáùèå ñòåêè

Íàáëþäàåìûå ýôôåêòû äîëæíû íàñòóïàòü 1 ðàç (íå 32)
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Uniform SIMT

Â ñèíõðîííîé ãðóïïå íóæíî ïîääåðæèâàòü:

Ñîãëàñîâàííîñòü: ñîäåðæèìîå ðåãèñòðîâ îäèíàêîâî

Êîððåêòíîñòü: íàáëþäàåìûå ýôôåêòû íàñòóïàþò 1 ðàç

Ïî÷òè âñå èíñòðóêöèè ïîääåðæèâàþò ýòè ñâîéñòâà; èñêëþ÷åíèÿ:

Àòîìàðíûå îïåðàöèè

Âíåøíèå âûçîâû (malloc, free, printf)

atom.op.s32 dest, ...

@p atom.op.s32 Rdst, ...

shfl.idx.b32 Rdst, Rdst, Rm

Ïîñòðîèì p, Rm òàê:
Rm = laneIdx & unisimt_mask;

p = (laneIdx == Rm)
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General Design

Âíå SIMD-ðåãèîíîâ èñïîëüçóþòñÿ ñóùåñòâóþùèå ñòðàòåãèè
îðãàíèçàöèè ïàðàëëåëüíîãî ñ÷åòà:

Ïîääåðæêà âñåãî ìíîãîîáðàçèÿ OpenMP

Òðåáóåòñÿ ïîðò libgomp íà àðõèòåêòóðó GPU

Äëÿ SIMD-ðåãèîíîâ íóæíû ñïåöèàëüíûå ñòðàòåãèè:

Îòîáðàæåíèå íà SIMT-ïàðàëëåëèçì

Æåëàòåëüíà ñîâìåñòèìîñòü ñ êëàññè÷åñêèì ïîäõîäîì
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Ïðèìåð � ïðîñòîé OpenMP-SIMD öèêë

#pragma omp simd

for (i = START; i < END; i += STEP)

BODY;

for (i = START + STEP * SIMT_LANE();

i < END;

i += STEP * SIMT_VF())

BODY;

ompdevlow äëÿ CPU:

SIMT_LANE() → 0

SIMT_VF() → 1
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Ïðèìåð � safelen

#pragma omp simd safelen(SAFE)

for (i = START; i < END; i += STEP)

BODY;

if (SIMT_LANE() < SAFE)

for (i = START + STEP * SIMT_LANE();

i < END;

i += STEP * MIN(SAFE, SIMT_VF()))

BODY;
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Ïðèìåð � lastprivate

#pragma omp simd lastprivate(v)

for (i = START; i < END; i += STEP)

BODY;

for (i = START + STEP * SIMT_LANE();

i < END;

i += STEP * SIMT_VF())

BODY;

i -= STEP * (SIMT_VF() - 1);

cond = !(i < END);

if (GOMP_SIMT_VOTE_ANY(cond)) {

lane = GOMP_SIMT_LAST_LANE(cond);

v = GOMP_SIMT_XCHG_IDX(v, lane);

}
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Ïðèìåð � reduction

#pragma omp simd reduction(+:v)

for (i = START; i < END; i += STEP)

BODY;

for (i = START + STEP * SIMT_LANE();

i < END;

i += STEP * SIMT_VF())

BODY;

for (t = 1; t < SIMT_VF(); t <<= 1)

v += GOMP_SIMT_XCHG_BFLY(v, t);

Òðåáóåòñÿ êîììóòàòèâíîñòü äëÿ îïåðàöèè ðåäóêöèè

Êîïèðîâàíèå NaN payloads

if (v != v) v = GOMP_SIMT_XCHG_IDX(v, 0);
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Ïðèìåð � ordered SIMD

#pragma omp simd

...

#pragma omp ordered

STMT;

for (t = SIMT_LANE();

GOMP_SIMT_VOTE_ANY(t >= 0);

t--)

if (GOMP_SIMT_ORDERED_PRED(t))

STMT;
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Ðåçóëüòàòû è ïëàíû

Òåêóùèé ñòàòóñ:

Êîä âêëþ÷åí â îñíîâíóþ âåòêó GCC

Áûëà âàæíà êîððåêòíîñòü è
ïîääåðæêà âñåõ êîíñòðóêöèé OpenMP

Èçâåñòíû íåäî÷åòû â ïðîèçâîäèòåëüíîñòè

Áóäóùèå ðàáîòû:

Ðàáîòà ñ ñîîáùåñòâîì

Ïîääåðæêà OpenMP 4.5

Óëó÷øåíèå ïðîèçâîäèòåëüíîñòè
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