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#pragma omp construct [clauses] 
structured-block

!$omp construct [clauses]
code-block

!$omp end construct

#pragma acc construct [clauses] 
structured-block

!$acc construct [clauses]
code-block

!$acc end construct



•

•

•

•





#pragma omp parallel for
for (int i = 0; i < n; ++i) {

y[i] = a * x[i] + y[i];
}

!$omp parallel do
do i = 1,n

y(i) = a * x(i) + y(i)
end do
!$omp end parallel do

saxpy

• parallel

• for/do



target

#pragma omp target
structured-block

!$omp target
code-block

!$omp end target

#pragma omp target parallel for
for (int i = 0; i < n; ++i) {

y[i] = a * x[i] + y[i];
}

!$omp target parallel do
do i = 1,n

y(i) = a * x(i) + y(i)
end do
!$omp end target parallel do



omp_get_num_devices

0
ndevice-1

target
device

omp_is_initial_device
true

false

int on_host;
int ndev = omp_get_num_devices();

printf("Number of devices: %d\n", ndev);

for (int i = 0; i < ndev; i++) {
#pragma omp target device(i) map(from:on_host)
{
on_host = omp_is_initial_device();

}

printf("Is initial device when on device %d: %d\n", 
i, on_host);

}

printf("Is initial device when on host: %d\n", 
omp_is_initial_device());



•

•

#pragma omp target map(type:list)
structured-block

!$omp target map(type:list)
code-block

!$omp end target

alloc

to

from

tofrom to from



double a = 1234;
double *b = (double*)malloc(sizeof(double)*n);

#pragma omp target map(tofrom:a) \
map(to:b[0:n]) 

{
// Code using a and b on the GPU

}

real(kind=real64)              :: a
real(kind=real64), allocatable :: b(:)

allocate(b(n))

!$omp target map(tofrom:a) map(to:b)
! Code using a and b on the GPU

!$omp end target

•

•

#pragma omp target map(to:b[10:4])

!$omp target map(to:b[10:13])

[start:length]

[start:end]



#pragma omp target parallel for map(to:x[0:n]) map(tofrom:y[0:n])
for (int i = 0; i < n; ++i) {

y[i] = a * x[i] + y[i];
}

!$omp target parallel do map(to:x) map(tofrom:y)
do i = 1,n

y(i) = a * x(i) + y(i)
end do
!$omp end target parallel do

• map(to:x): 

• map(tofrom:y): 

map
firstprivate

a



clang -fopenmp -fopenmp-target=amdgcn-amd-amdhsa
-Xopenmp-target=amdgcn-amd-amdhsa –march=gfx<XXX> <source>

clang -fopenmp -fopenmp-targets=nvptx64-nvidia-cuda
-Xopenmp-target=nvptx64-nvidia-cuda -march=<sm_XY> <source>

nvc/nvfortran –mp=gpu –Minfo=mp –gpu=<ccXY> <source>

gcc/gfortran –fopenmp -foffload=nvptx-none <source>
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•

•



•

•



#pragma omp target parallel for
for (int i = 0; i < n; ++i) {
y[i] = a * x[i] + y[i];

}



•

•

•

•

team

•

• parallel

•



#pragma omp teams
structured-block

!$omp teams
structured-block 

!$omp end teams

#pragma omp distribute
for-loops

!$omp distribute
do-loops 

!$omp end distribute

distribute

teams



num_teams
thread_limit

#pragma omp teams num_teams(nteams) \ !$omp teams num_teams(nteams) &
thread_limit(nthreads)               !$omp&       thread_limits(nthreads)

• omp_get_num_teams()
• omp_get_team_num() 0 nteams-1
• omp_get_thread_limit()



#pragma omp target teams distribute parallel for \
map(to:x[0:n]) map(tofrom:y[0:n])

for (int i = 0; i < n; ++i) {
y[i] = a * x[i] + y[i];

}

!$omp target teams distribute parallel do map(to:x) map(tofrom:y)
do i = 1,n

y(i) = a * x(i) + y(i)
end do
!$omp end target teams distribute parallel do

• target • team distribute • parallel for/do



𝑢𝑖,𝑗
𝑁+1 =

1

4
𝑢𝑖+1,𝑗
𝑁 + 𝑢𝑖−1,𝑗

𝑁 + 𝑢𝑖,𝑗+1
𝑁 + 𝑢𝑖,𝑗−1

𝑁

while (err > tol && iter < iter_max) { 
err = 0.0;

#pragma omp parallel for reduction(max:err)
for (int j = 1; j < n-1; j++) {
for (int i = 1; i < m-1; i++) {
unew[j*m + i] = 0.25 * (uold[j*m     + (i+1)] + uold[j*m     + (i-1)]

+ uold[(j-1)*m + i] + uold[(j+1)*m + i]);

err = fmax(err, fabs(unew[j*m + i] - uold[j*m + i]));
}

}

// Swap values, uold <- unew
}



𝑢𝑖,𝑗
𝑁+1 =

1

4
𝑢𝑖+1,𝑗
𝑁 + 𝑢𝑖−1,𝑗

𝑁 + 𝑢𝑖,𝑗+1
𝑁 + 𝑢𝑖,𝑗−1

𝑁

while (err > tol && iter < iter_max) { 
err = 0.0;

#pragma omp teams distribute parallel for reduction(max:err) \
map(tofrom:uold[0:n*m]) map(from:unew[0:n*m])

for (int j = 1; j < n-1; j++) {
for (int i = 1; i < m-1; i++) {
unew[j*m + i] = 0.25 * (uold[j*m     + (i+1)] + uold[j*m     + (i-1)]

+ uold[(j-1)*m + i] + uold[(j+1)*m + i]);

err = fmax(err, fabs(unew[j*m + i] - uold[j*m + i]));
}

}

// Swap values, uold <- unew
}



•

•

•



__tgt_rtl_data_alloc:                64us
__tgt_rtl_data_alloc:                53us
__tgt_rtl_data_submit_async:      33674us
__tgt_rtl_data_alloc:                 3us
__tgt_rtl_data_submit_async:        135us
__tgt_rtl_run_target_team_region:  4879us
__tgt_rtl_data_retrieve_async:       93us
__tgt_rtl_data_retrieve_async:    32358us
__tgt_rtl_data_retrieve_async:    32632us
__tgt_rtl_synchronize:                0us
__tgt_rtl_data_delete:                4us
__tgt_rtl_data_delete:               26us
__tgt_rtl_data_delete:               17us

nvprof

LIBOMPTARGET_KERNEL_TRACE
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#pragma omp target data map(type:list)
structured-block

!$omp target data map(type:list)
structured-block 

!$omp end target data



#pragma omp target data map(tofrom:uold[0:n*m]) map(alloc:unew[0:n*m])
while (err > tol && iter < iter_max) { 
err = 0.0;

#pragma omp teams distribute parallel for reduction(max:err)
for (int j = 1; j < n-1; j++) {
for (int i = 1; i < m-1; i++) {
unew[j*m + i] = 0.25 * (uold[j*m     + (i+1)] + uold[j*m     + (i-1)]

+ uold[(j-1)*m + i] + uold[(j+1)*m + i]);

err = fmax(err, fabs(unew[j*m + i] - uold[j*m + i]));
}

}

// swap values, uold <- unew
} // end of the data region



•

•

enter data

•

exit 
data

•

target update

#pragma omp target enter data map(type:list)

#pragma omp target update to|from(list)

#pragma omp target exit data map(type:list)

!$omp target enter data map(type:list)

!$omp target update to|from(list)

!$omp end target exit data map(type:list)



•

target 

update

• from:

• to:

•

#pragma omp target data map(tofrom:a[0:n])
{

// do something with a on the device
#pragma omp target update from(a[0:n])
// do something with a on the host
#pragma omp target update to(a[0:n])
// do something with a on the device

}

!$omp target data map(tofrom:a)
! do something with a on the device
!$omp target update from(a)
! do something with a on the host
!$omp target update to(a)
! do something with a on the device

!$omp end target data



#pragma omp target enter data map(to:uold[0:n*m]) map(alloc:unew[0:n*m])

while (err > tol && iter < iter_max) { 
err = 0.0;

#pragma omp teams distribute parallel for reduction(max:err)
for (int j = 1; j < n-1; j++) {
for (int i = 1; i < m-1; i++) {
unew[j*m + i] = 0.25 * (uold[j*m     + (i+1)] + uold[j*m     + (i-1)]

+ uold[(j-1)*m + i] + uold[(j+1)*m + i]);

err = fmax(err, fabs(unew[j*m + i] - uold[j*m + i]));
}

}

// swap values, uold <- unew
}

#pragma omp target exit data map(from:uold[0:n*m]) map(delete:unew[0:n*m])



•

•



#pragma omp target data map(tofrom:uold[0:n*m]) map(alloc:unew[0:n*m])
while (err > tol && iter < iter_max) { 
err = 0.0;

#pragma omp teams distribute reduction(max:err)
for (int j = 1; j < n-1; j++) {
#pragma omp parallel for reduction(max:err)
for (int i = 1; i < m-1; i++) {
unew[j*m + i] = 0.25 * (uold[j*m     + (i+1)] + uold[j*m     + (i-1)]

+ uold[(j-1)*m + i] + uold[(j+1)*m + i]);

err = fmax(err, fabs(unew[j*m + i] - uold[j*m + i]));
}

}

// swap values, uold <- unew
} // end of the data region

•

•



•

•

•



#pragma omp target data map(tofrom:uold[0:n*m]) map(alloc:unew[0:n*m])
while (err > tol && iter < iter_max) { 
err = 0.0;

#pragma omp target teams distribute parallel for collapse(2) reduction(max:err)
for (int j = 1; j < n-1; j++) {
for (int i = 1; i < m-1; i++) {
unew[j*m + i] = 0.25 * (uold[j*m     + (i+1)] + uold[j*m     + (i-1)]

+ uold[(j-1)*m + i] + uold[(j+1)*m + i]);

err = fmax(err, fabs(unew[j*m + i] - uold[j*m + i]));
}

}

// swap values, uold <- unew
} // end of the data region

for distribute
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struct point {
float x;
float y;
float z;

};
struct point points[n];

struct points_list {
float x[n];
float y[n];
float z[n];

};
struct points_list points;



•

•

•

• target data target enter/exit data

•

•

•


