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Mparmel n APl ana napannenusma Ha obuwieii namsTtu
[Nprmep
#pragma omp parallel for reduction(+:sum)
for (i = 0; i < n; i++)
sum += x[i] * y[i];

[Mparmel Knaysel

o parallel @ shared, private, default

o for, sections, task o reduction, lastprivate

@ critical, barrier, atomic @ schedule, nowait

e simd, ... ) o if, ... )
API
omp_get_thread_num, omp_set_lock, omp_get_wtime, ... J
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OpenMP Lowering

[Npumep
#pragma omp parallel
{
int 1i;
#pragma omp for reduction(+:sum) b
for (1 = 0; 1 < n; i++)
sum += x[i] * y[il;
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OpenMP Lowering

struct omp_ds_s {
double *sum;
int n;
double *x, *y;
} omp_ds_o = {&sum, n, x, y};

[Mpumep
GOMP_parallel (omp_fn_1, omp_ds_o);
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OpenMP Lowering

[Mpumep

void omp_fn_1(void *data)

{
struct omp_ds_s *omp_ds_i = data;
int i;
double sum = 0;
int thrI = omp_get_thread_num() ;
int thrN = omp_get_num_threads();
int nO ..., nl = ...;
for (1 = n0; i < nl; i++)

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

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

}
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OpenMP B GCC

[Noaaepxka Ha 3aTane KOMMWASALWN:

@ S13bikoBblE PPOHT-IHABI:
nogaepxka nparm B C, C++, FORTRAN

e fppo komnunsaTopa:
TpaHcnauma nparm us AST 8 GIMPLE

Mopnepxka Bpemenn BoinonHenus (libgomp):

@ OpenMP API:
omp_get_thread_num(), ...

o GOMP API:
GOMP_parallel, ...
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OpenMP 4.0

B OpenMP 4.0 gobasnena noafepxka akcenepaTopos

Otnnumns akcenepaTopos Hogble nparmbl/knay3si
o CBoe nMpocTpaHCTBO NamMsaTu @ omp target data
o OTpenbHas TpaHCAsLMA Koaa @ omp target
@ 3 ypoBHs Napannennsma o ... map(from/to:...)
B apXUTEKType ) @ omp teams distribute )
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VposHu napanneansma B NVIDIA GPU

WNepapxusi HuTeli BoinonHeHus pyHKumii-sgep Ha GPU:

@ Cunxpontbie rpynnel (32 KoHTekcTa, warp)
BEKTOPHbIA Napannennsm

o bnokn Hureii (1-32 warp'a, CTA)
BbiCcTpas CMHXpOHM3auus, obuias naMaTb

o Cetku bnokoe (1... N CTA, grid)
OrpaHunyenns:
o Mexay bnokamu HeBO3MOXHa ra0basibHasi CUHXPOHW3aLMS

@ B cuHXpoHHBIX rpynnax BO3MOXHbI B3arMODI0KMPOBKN
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[Tapannennsam GPU B OpenMP

VposHu napannennsma GPU motusmpytot ctpaternto otobpaxeHus
Hutein B8 OpenMP:

@ bnokn: OpenMP teams
@ Cunxponnbie rpynnbi: OpenMP threads

o KonTtekcTbl BbinonHenuns: OpenMP SIMD lanes

Bue SIMD-pervnonos ogHa «norudeckassy Hutbe — 32 GPU-Hutn
@ HyxHo obecneunTb COrnacoBaHHOCTb COCTOSIHMIA
@ HyxHo opraHnsoBatb obuime cTeku

o Habntogaemble achbdekTbl foKHBI HacTynaTb 1 pa3 (He 32)
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Uniform SIMT

B cUHXPOHHOIA rpynne HYXXHO NOAAEPKUBATH:
o CornacoBaHHOCTb: COAEPXKNMOE PEFMCTPOB OAVHAKOBO
o KoppekTHocTb: Habntogaemble acbdekThl HacTynatoT 1 pas
MouTn BCE MHCTPYKLMM NOAAEPXKUBAKOT 3TN CBOWCTBA; UCKOHYEHUS:
@ AtomapHble onepauun

@ BhewnHne Bbizoebl (malloc, free, printf)

atom.op.s32 dest, ... J
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Uniform SIMT

B cUHXPOHHOIA rpynne HYXXHO NOAAEPKUBATH:
o CornacoBaHHOCTb: COAEPXKNMOE PEFMCTPOB OAVHAKOBO
o KoppekTHocTb: Habntogaemble acbdekThl HacTynatoT 1 pas

[Mo4Tn BCE MHCTPYKUMM NOAAEPKMNBAIOT 3TU CBOWCTBA; UCKNOYEHNS:
@ AtomapHble onepauun

@ BhewnHne Bbizoebl (malloc, free, printf)

O@p atom.op.s32 Rdst,
atom.op.s32 dest, ... J shfl.idx.b32 Rdst, Rdst, R

[ocTpoum p, Rm Tak:
Rm = laneldx & unisimt_mask;

p = (laneldx == Rm)
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General Design

Bue SIMD-pernoHoB ncnonb3ytoTcst CyLecTByOLWmMe CTpaTernm
OpraHu3auun napannesbHOro cHeTa:

o [Nopaepxka Bcero mHoroobpasus OpenMP

o Tpebyercsa nopt libgomp Ha apxutektypy GPU
[Ons SIMD-pernoHoB Hy>Hbl cneynanbHble CTpaTerum:

o Otobpaxenue Ha SIMT-napannennsm

@ XenaTtenbHa COBMECTUMOCTL C KJAaCCUYECKUM MOAXOA0M
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[Toumep — npocTtoit OpenMP-SIMD uukn

#pragma omp simd
for (i = START; i < END; i += STEP)
BODY;
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[Toumep — npocTtoit OpenMP-SIMD uukn

#pragma omp simd
for (i = START; i < END; i += STEP)
BODY;

for (i = START + STEP x SIMT_LANE();
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i += STEP * SIMT_VFQ))
BODY;
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[Toumep — npocTtoit OpenMP-SIMD uukn

#pragma omp simd
for (i = START; i < END; i += STEP)
BODY;

for (i = START + STEP x SIMT_LANE();
i < END;
i += STEP * SIMT_VFQ))
BODY;

ompdevlow gnsa CPU:
@ SIMT_LANE() — 0
@ SIMT_VF() — 1
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[Mpnmep — safelen

#pragma omp simd safelen(SAFE)
for (i = START; i < END; i += STEP)
BODY;

if (SIMT_LANE() < SAFE)
for (i = START + STEP * SIMT_LANEQ);
i < END;
i += STEP * MIN(SAFE, SIMT_VF()))
BODY;

Anekcangp Monakos (NCI PAH) OpenMP na NVPTX PAC'17 13 / 17



[Mpumep — 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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[Mpumep — 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);
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TpebyeTcs KOMMYTaTUBHOCTL AJIS1 ONepauun peayKuum
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[Mpumep — reduction
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TpebyeTcs KOMMYTaTUBHOCTL AJIS1 ONepauun peayKuum

Konuposanue NaN payloads
if (v '= v) v = GOMP_SIMT_XCHG_IDX(v, 0);

e HCHHCGGCUGU4Aatiti’nc 8 - i éiiiE ©FIk] PR BB
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[Mpumep — ordered SIMD

#pragma omp simd

#pragma omp ordered
STMT;

for (t = SIMT_LANEQ);
GOMP_SIMT_VOTE_ANY(t >= 0);
t--)
if (GOMP_SIMT_ORDERED_PRED(t))
STMT;
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P83yﬂ bTaTbl N MNJIaHbI

Tekywnii cTaTyc:
o Kog BkatoyeH B ocHoeHyto BeTky GCC

@ bbina BaxHa KOPPEKTHOCTL 1
nogaepxka Bcex koHcTpykuuii OpenMP

@ /I3BecTHbI HegOYETHI B NPON3BOANTENBHOCTH
Byayuwive pabotsi:

@ Pabota ¢ coobuecteom

o lMopaepxka OpenMP 4.5

@ VYnyuileHne npous3BOANTENBHOCTU
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