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OpenMP target

http://www.openmp.org/
First standard OpenMP 4.5 (11/2015)

Latest standard OpenMP 5.0 (11/2018)
Main compilers :

— Cray (for Cray hardware)
— GCC (since 7)
— CLANG

IBM XL

PGl support announced

OpenACC

e http://www.openacc.org/
Cray, NVidia, PGI, CAPS
First standard 1.0 (11/2011)

Latest standard 3.0 (11/2019)
Main compilers :
- Pl

— Cray (for Cray hardware)
— GCC (since 5.7)




Architecture of a converged node on Jean Zay (40 cores, 192 GB of memory, 4 GPU V100)

12.4 GB/s

25 GB/s .
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Processing
Element

Target
construct to

Compute Unit
Parallel for to run get or_wto a
each block of loop device

iterations on the Teams construct to create a
processing league of teams with one team of
elements threads on each compute unit.

Distribute clause to assign
blocks of loop iterations to teams.
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Typical usage ... let the compiler do what'’s best for the device:

/ | #pragma omp target
to get on the device

Processing
Element

Host

Target
Compute Unit construct to

Parallel for to run v getonto a

each block of loop device
iterations on the Teams construct to create a

pr CPQQin(] lanciin ~nf tanmme waith Aana teaam f

e #pragma omp teams distribute parallel for
to assign work to the device processing elements

Distribute clause to assign
blocks of loop iterations to teams.




#pragma omp target map(...)

int main(void) {
Int A[N] ;
int* B = (int*)malloc(sizeof(int)*N);
for(i=0;i<N;i++)
B[i] = i+1 ;

#pragma omp target
#pragma omp teams distribute parallel for
for(inti=0; 1 <N; ++i) {

. // O mivakag A n yeTaPANT i Kal o
5€ikTNG B TTapxoLY AANG eV EXxOLV
UETAPEPBEl Ta Sedoueva Touv B

}

#pragma omp target map(...)

int main(void) {
Int A[N] ;
int* B = (int*) malloc(sizeof(int)*N);
for(i=0;i<N;i++)
B[i] =i+1;

#pragma omp target map(B[O:N])
#pragma omp teams distribute parallel for
for(inti=0; 1 <N; ++i) {

. // O mivakag A n yetaPAnTn i kai o
&€ikTNG B vTTapxoLY AAAG Sev ExoLV
HUETAPEPBEl Ta Sedoueva Tov B

}




Obnyieg

#pragma omp target
#pragma omp target data
#pragma omp target update
#pragma omp declare target
#pragma omp teams
#pragma omp distribute
#pragma omp parallel for

#pragma omp target data
#pragma omp target enter data
#pragma omp target exit data
#pragma omp target simd
YNUAVTIKO

#pragma omp target nowait

#pragma omp target data map(to:c[0:N],
b[0:N],s) map(from: a[O:N])
#pragma omp target teams distribute parallel for
for (j=0; j<N; j++)

afj] = b[jl+s*c[i];

#pragma omp target data map (to: A[O:N*N],B[0:N*N])
map (tofrom: C[O:N*N])
#pragma omp target
#pragma omp teams distribute parallel for collapse(3)
for(int i=0;i<N;i++)
for(int j=0;j<N;j++)
for(int k=0;k<N;k++)
C[iI*N+j]+=A[I*N+k]*B[k*N+j];




MeTaPBANTES

Char
Unsigned char
INt

Unsigned int
Float

Double
_Complex

Operation

Effect

Language(s

Sum
Product
Maximum
Maximum
Bitwise and
Bitwise or
Logical and
Logical or

Fortran/C(++
Fortran/C(++
Fortran/C(++
Fortran/C(++

)
)
)
)




#pragma omp target map(...)

map (to:....) Aedopeva YeETaPEQLOVTAl ATTO TNV KLPIA pvNun (host memory) otnv pvnun tng GPU
map (from:....) I10 TEAOGC TV LTTOAOYIOU®Y TNG GPU, 6edouEva PeTapEOQOVTAl OTNY KLPIT UVAUN
map (tofrom:....) kai Ta VO TTPONYOLHEVA

Map (alloc:.....) Or yeTaPAnTeC SnuiovpyovvTal otNV pvnun tNG GPU povo

(

map(....) Icodvvapo pye map(tofrom:
Oi &¢ikteg oTnV pvnun NS GPU opidovTtal cav TTivaKES
map (to:p[0:N]), e N avBaipero 10Tl Sev €XEl PLOIKO VONUA

EmtpoémovTal TOAAG map TALTOXPova
#poragma omp target map(to: A[O:N],b,C[0:14]) map (tofrom: D[O:N]) map(alloc: S[0:N],q[0:14])




#pragma omp target map(tofrom:xnew[©@:Ndim],xold[@:Ndim]) \

map(to:A[©®:Ndim*Ndim], b[©:Ndim])
#pragma omp teams distribute parallel for Tt
for (int i=@; i<Ndim; i++){

xnew[i] = (TYPE) ©.90;

Each iteration, copy
(3*Ndim+Ndim?)*sizeof(TYPE)
bytes to device

for (int j=©; j<Ndim;j++){
if(il=j)
xnew[i]+= A[i*Ndim + j]*xold[j];
}
xnew[i] = (b[i]-xnew[i])/A[i*Ndim+i];

} 1 2*Ndim*sizeof(TYPE)

conv = 0.0;

#pragma omp target map(to:xnew[@:Ndim],xo0ld[©®:Ndim]) \
map(tofrom:conv)
#ipragma omp teams distribute parallel for reduction(+:conv§\
for (int i=@; i<Ndim; i++){
tmp = xnew[i]-xo0ld[i];
conv += tmp*tmp;
}
conv = sqrt((double)conv);
// Pointer swap..

Each iteration, copy

bytes from device

Each iteration, copy
2*Ndim*sizeof(TYPE)
bytes to device




#pragma omp target enter data map(to: A[O:N],B[@:N],C[O:N])

#pragma omp target

{do lots of stuff with A, B and C}
{do something on the host}

#pragma omp target

{do lots of stuff with A, B, and C}

#pragma omp target exit data map(from: C[O:N])




#pragma omp target enter data map(to: A[O:N],B[@:N],C[O:N])

#pragma omp target
{do lots of stuff with A, B and C}

Copy Aon the
device to A on the
host.

#pragma omp update from(A[@:N]) < |

{do something on the host}

#pragma omp update to(A[©:N])

Copy Aon the

#pragma omp target host to A on the
{do lots of stuff with A, B, and C} device.

#pragma omp target exit data map(from: C[O:N])




Branching

Conditional execution Selection and masking
/ Only evaluate expression| // Always evaluate expression

/ if condition is met // and mask result
temp = (a - b*c);
mask = (a >b ? 1.f :
acc += (a - b*c); acc += (mask * temp);




Intel began support for OpenMP 4.0 targeting their Intel Xeon Phi
coprocessors in 2013 (compiler version 15.0). Compiler version 17.0 and
later versions support OpenMP 4.5

Cray provided the first vendor supported implementation targeting NVIDIA
GPUs late 2015. The latest version of CCE now supports all of OpenMP 4.5.

IBM has recently completed a compiler implementation using Clang, that fully
supports OpenMP 4.5. This is being introduced into the Clang main trunk.

GCC 6.1 introduced support for OpenMP 4.5, and can target Intel Xeon Phi,
or HSA-enabled AMD GPUs. V7 added support for NVIDIA GPUs.

PGI compilers don’t currently support OpenMP on GPUs (but they do for
CPUs).




*CCE 8.4.3,I1CC 15.0.3, PGI 15.01, CUDA 7.0 on an NVIDIA® K20X, and
Intel® Xeon® Haswell 16 Core Processor (E5-2698 v3 @ 2.30GHz)
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#pragma acc parallel loop
for(int i=0;i<N;i++) {
Baoikég O8nyieg f\%({lig]r?g_gc.c atomic update read write

Ma apxapIovg
#pragma acc kernels ' '
AnAwaoeic const, restrict, _ restrict Metapopig Aedopevav

Ma TTOOXWPENHEVOLC #pragma acc data pcreate(A[0:N])
#pragma acc parallel loop pcopyout(B[O:N])

#pragma acc parallel loop private(...) {

#pragma acc parallel loop reduction(+:sum)) #Pragma acc parallel loop

#pragma acc parallel loop }

for(intj=0;]<N;j++) { .

#pragma acc loop #pragma acc parallel copy(...) copyin(...)
for(inti=1;i<m-1;i++) { copyout(...) create(...) present(...)

#pragma acc parallel default(none n present)




Vector

Avaviwon AeSopivev

CPU->GPU

#pragma acc update self(A[0:N])
GPU->CPU

#pragma acc update device(A[O:N])

Merapopic AeSopévav og avBaipero Xpovo
#pragma acc enter data create(...) copyin(...)
#pragma acc exit data delete(...) copyout(...)

#pragma acc parallel loop gang vector_length(128)
for (i=0; i<N; i++)
#pragma acc loop vector

for (j=0; <M j++)

#pragma acc parallel loop gang

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

#pragma acc loop worker vector(128)
for (j=0; j<M; j++)

#pragma acc parallel loop num_gangs(n),
num_workers(n), vector_length(n)




#pragma acc parallel loop
collapse(2)
for(int i=0; i<N; i++)

for(int j=0; j<M; j++)

BeATiIoTOTTOINON XPRONS HVAUNG
#pragma acc parallel loop device_type(nvidia) tile(16,8)

YuovapTtnoelig otny openACC
#pragma acc routine seq gang worker vector

#pragma acc loop tile(8,8) double f(int ) ;

for(inti=1;1<=N; i++)
for(infj=1;j<=M; jt+) :
ali]] = bli+1][i+b R L Ioop copvian

#pragma acc parallel loop async(1)

#pragma acc parallel loop async(1)
for(int i=0; i<N; i++)

#pragma acc wait(1)
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