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CPU
programming 

model

GPU
programming 

model

FPGA
programming 

model

Other accel.
programming 

models
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Visit software.intel.com/oneapi for more details
Some capabilities may differ per architecture and custom-tuning will still be required. Other accelerators to be supported in the future.

...

Available Now

file:///E:/IHI Creative Dropbox/Jay Jaime/Intel/OneAPI/Gold Deck/Assets/Copy Assets/software.intel.com/oneapi
software.intel.com/oneapi


A core set of high-performance tools for building C++, Data Parallel C++ applications & oneAPI library-based applications

Intel® oneAPI Rendering 
Toolkit
Create performant, high-fidelity 
visualization applications

Intel® oneAPI Tools for HPC
Deliver fast Fortran, OpenMP & MPI 
applications that scale

Intel® oneAPI Tools for IoT
Build efficient, reliable solutions that 
run at network’s edge

Intel® oneAPI AI Analytics Toolkit
Accelerate machine learning & data science 
pipelines with optimized DL frameworks & 
high-performing Python libraries

Intel® Distribution of OpenVINO™Toolkit
Deploy high performance inference & applications 
from edge to cloud



▪

▪

▪ ™

▪

Learn More: intel.com/oneAPI-HPCKit

™

https://software.intel.com/content/www/us/en/develop/tools/oneapi/hpc-toolkit.html
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▪ parallel

#include <omp.h>

void saxpy()
{

float a, x[ARRAY_SZ], y[ARRAY_SZ];
#pragma omp parallel
{

int id=omp_get_thread_num();
int nthrs=omp_get_num_threads();
for (int i=id; i < ARRAY_SZ; i+=nthrs) {

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

}
} 



▪

#include <omp.h>

void saxpy()
{

float a, x[ARRAY_SZ], y[ARRAY_SZ];
#pragma omp parallel
{
#pragma omp for

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

}
}
} 



#include <omp.h>

…
#pragma omp parallel for reduction (+:sum)
{

for (int i=0; i<ARRAY_SZ; i++) {
sum += x[i];

}
}
…

program main
use omp_lib
…
!$omp parallel do reduction (+:total)
do i=0,ARRAY_SZ

total = total + x(i)
end do
!$omp end parallel do

…
end program main
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icx –fiopenmp –fopenmp-targets=spir64 <source>.c

ifx –fiopenmp –fopenmp-targets=spir64 <source>.f90

icpx –fiopenmp –fopenmp-targets=spir64 <source>.cpp



▪

▪

#pragma omp target [clause[[,] clause],…] 
structured-block

▪

!$omp target [clause[[,] clause],…] 
structured-block
!$omp end target

▪

device(scalar-integer-expression)         
map([{alloc | to | from | tofrom}:] list)  
if(scalar-expr)



▪ target 

▪

▪

▪



void saxpy() {
float a, x[ARRAY_SZ], y[ARRAY_SZ];
double t = 0.0;
double tb, te;
tb = omp_get_wtime();

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

y[i] = a * x[i] + y[i];
}
te = omp_get_wtime();
t = te - tb;
printf("Time of kernel: %lf\n", t);

}

h
o
s
t

ta
rg

e
t

h
o
s
t

icx -fiopenmp -fopenmp-targets=spir64 -o saxpy saxpy.c
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▪ target, target data, target enter/exit data, target 
update 

#pragma omp target device(i)



▪ declare target 

▪

#pragma omp declare target
int devicefunc(){
…
}
#pragma omp end declare target

#pragma omp target 
{

result = devicefunc();
}

subroutine devicefunc()
!$omp declare target device_type(device)
…
end subroutine

program main
!$omp target

call devicefunc()
!$omp end target
end program
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void saxpy() {
float a, x[ARRAY_SZ], y[ARRAY_SZ];
double t = 0.0;
double tb, te;
tb = omp_get_wtime();

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

y[i] = a * x[i] + y[i];
}
te = omp_get_wtime();
t = te - tb;
printf("Time of kernel: %lf\n", t);

}
h
o
s
t

ta
rg

e
t

h
o
s
t

a
x[0:ARRAY_SZ]
y[0:ARRAY_SZ]

x[0:ARRAY_SZ]
y[0:ARRAY_SZ]

icx -fiopenmp -fopenmp-targets=spir64 -o saxpy saxpy.c

x

target



subroutine saxpy(a, x, y, n)
use iso_fortran_env
integer :: n, i
real(kind=real32) :: a
real(kind=real32), dimension(n) :: x
real(kind=real32), dimension(n) :: y

!$omp target
do i=1,n

y(i) = a * x(i) + y(i)
end do

!$omp end target
end subroutine

h
o
s
t

ta
rg

e
t

h
o
s
t

a
x(1:n)
y(1:n)

x(1:n)
y(1:n)

ifx –fiopenmp –fopenmp-targets=spir64 –o saxpy saxpy.f90

x

target



▪ map

▪ omp target map (map-type: list) 

▪

▪

▪

▪

▪



▪ map

Host Device

#pragma omp target \

alloc

1

from

to

map(alloc:...) \

map(to:...) \

{ ... }

map(from:...) 



void saxpy() {
double a, x[ARRAY_SZ], y[ARRAY_SZ];
double t = 0.0;
double tb, te;
tb = omp_get_wtime();

#pragma omp target map(to:x) \
map(tofrom:y)

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

}
te = omp_get_wtime();
t = te - tb;
printf("Time of kernel: %lf\n", t);

}
h
o
s
t

ta
rg

e
t

h
o
s
t

a
x[0:ARRAY_SZ]
y[0:ARRAY_SZ]

y[0:ARRAY_SZ]

icx -fiopenmp -fopenmp-targets=spir64 -o saxpy saxpy.c



▪

#pragma omp target map(to:array[start:length])

!$omp target map(to:array(start:end))

▪

▪



void saxpy(float a, float* x, float* y, 
int sz) {

double t = 0.0;
double tb, te;
tb = omp_get_wtime();

#pragma omp target map(to:x[0:sz]) \
map(tofrom:y[0:sz])

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

}
te = omp_get_wtime();
t = te - tb;
printf("Time of kernel: %lf\n", t);

}
h
o
s
t

ta
rg

e
t

h
o
s
t

a
x[0:sz]
y[0:sz]

y[0:sz]

icx -fiopenmp -fopenmp-targets=spir64 -o saxpy saxpy.c



▪ target data target enter data target exit data 

▪

▪

▪ target update 



target data

▪

▪

#pragma omp target data [clause[[,] clause],…] 
structured-block

▪

!$omp target data [clause[[,] clause],…] 
structured-block
!$omp end target data

▪

device(scalar-integer-expression)         
map([{alloc | to | from | tofrom | release | delete}:] list)  
if(scalar-expr)



▪

#pragma omp target data map(tofrom: x) 
{

#pragma omp target map(to: y)
{ 

...//1st target region, device operations on x and y
}
host_update(y);
#pragma omp target map(to: y)
{

...//2nd target region, device operations on x and y
}

}



target update

▪

▪

#pragma omp target update [clause[[,] clause],…] 

!$omp target update [clause[[,] clause],…] 

device(scalar-integer-expression)
to(list)
from(list)
if(scalar-expr)



▪ target enter/exit data 

▪ target update 

#pragma omp target enter data map(to: y) map(alloc: x)
#pragma omp target 
{ ...//1st target region, device operations on x and y
}
#pragma omp target update from(y) 
host_update(y);
#pragma omp target update to(y) 

#pragma omp target
{ ...//2nd target region, device operations on x and y
}
#pragma omp target exit data map(from:x) 



▪ declare target 

#pragma omp declare target
int a[N]
#pragma omp end declare target
…
init(a);
#pragma omp target update to(a)
…
#pragma omp target teams\
distribute parallel for
for (int i=0; i<N; i++){

result[i] = process(a[i]);
}

module my_arrays
!$omp declare target (a)
integer :: a(N)
end module
…
use my_arrays
integer :: i
call init(a);
!$omp target update to(a)
…
!$omp target teams distribute & 
!$omp&       parallel do
do i=1,N

result(i) = 
process(a(i));
end do



▪
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omp_target_alloc_host(size, device_num) 

omp_target_alloc_device(size, device_num)

omp_target_alloc_shared(size, device_num)



#include <stdio.h>

#include <stdlib.h>

#include <omp.h>

#define SIZE 1024

#pragma omp requires unified_shared_memory
int main() {

int deviceId = (omp_get_num_devices() > 0) ? 

omp_get_default_device() : omp_get_initial_device();

int *a = (int *)omp_target_alloc_shared(SIZE * sizeof(int) , deviceId);

int *b = (int *)omp_target_alloc_shared(SIZE * sizeof(int) , deviceId);
for (int i = 0; i < SIZE; i++) {

a[i] = i;     b[i] = SIZE - i;

}

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

a[i] += b[i];

}

for (int i = 0; i < SIZE; i++) {

if (a[i] != SIZE) {

printf("%s failed\n", __func__);  

return EXIT_FAILURE;

}

}

omp_target_free(a, deviceId);

omp_target_free(b, deviceId);
printf("%s passed\n", __func__);

return EXIT_SUCCESS;

}



…

int main() {

int deviceId = (omp_get_num_devices() > 0) ? omp_get_default_device() : omp_get_initial_device();

int *a = (int *)malloc(SIZE * sizeof(int));  int *b = (int *)malloc(SIZE * sizeof(int));

for (int i = 0; i < SIZE; i++) {

a[i] = i;     b[i] = SIZE - i;

}

int *a_dev = (int *)omp_target_alloc_device(SIZE * sizeof(int) , deviceId);

int *b_dev = (int *)omp_target_alloc_device(SIZE * sizeof(int) , deviceId);

int error=omp_target_memcpy(a_dev, a, SIZE*sizeof(int), 0, 0, deviceId, 0);

error=omp_target_memcpy(b_dev, b, SIZE*sizeof(int), 0, 0, deviceId, 0);

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

a[i] += b[i];

}

error=omp_target_memcpy(a, a_dev, SIZE*sizeof(int), 0, 0, 0, deviceId);

error=omp_target_memcpy(b, b_dev, SIZE*sizeof(int), 0, 0, 0, deviceId);

for (int i = 0; i < SIZE; i++) {

if (a[i] != SIZE) { printf("%s failed\n", __func__);  return EXIT_FAILURE; }}

omp_target_free(a_dev, deviceId);

omp_target_free(b_dev, deviceId);
free(a);  free(b);

printf("%s passed\n", __func__);

return EXIT_SUCCESS;

}





▪ target construct 

▪

▪

▪

▪

▪
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▪ parallel

void saxpy(float a, float* x, float* y, 
int sz) {

#pragma omp target map(to:x[0:sz]) \
map(tofrom(y[0:sz])

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

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

}
h
o
s
t

ta
rg

e
t

h
o
s
t

icx -fiopenmp -fopenmp-targets=spir64 -o saxpy saxpy.c
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▪

omp target

omp teams

omp parallel



Teams

▪

▪

#pragma omp teams [clause[[,] clause],…] 
structured-block

▪

!$omp teams [clause[[,] clause],…] 

structured-block

▪

num_teams(integer-expression), thread_limit(integer-expression)

default(shared | firstprivate | private none)
private(list), firstprivate(list), shared(list), reduction(operator:list)



▪ distribute

▪

▪ teams

▪

▪

▪

▪ #pragma omp distribute [clause[[,] clause]…]

▪ !$omp distribute [clause[[,] clause]…]



omp target

omp teams
omp distribute

omp parallel
omp for/do

omp simd



void saxpy(float a, float* x, float* y, int sz) {
#pragma omp target map(to:x[0:sz]) map(tofrom(y[0:sz])
{

{

for (ib = 0; ib < sz; ib += num_blocks) {

for (int i = ib; i < ib + num_blocks; i++) {

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



void saxpy(float a, float* x, float* y, int sz) {
#pragma omp target map(to:x[0:sz]) map(tofrom(y[0:sz])
{

#pragma omp teams num_teams(num_blocks)
{

for (ib = 0; ib < sz; ib += num_blocks) {

for (int i = ib; i < ib + num_blocks; i++) {

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

all do the same



void saxpy(float a, float* x, float* y, int sz) {
#pragma omp target map(to:x[0:sz]) map(tofrom(y[0:sz])
{

#pragma omp teams num_teams(num_blocks)
{

#pragma omp distribute
for (ib = 0; ib < sz; ib += num_blocks) {

for (int i = ib; i < ib + num_blocks; i++) {

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

all do the same

workshare (w/o barrier)



void saxpy(float a, float* x, float* y, int sz) {
#pragma omp target map(to:x[0:sz]) map(tofrom(y[0:sz])
{

#pragma omp teams num_teams(num_blocks)
{

#pragma omp distribute
for (ib = 0; ib < sz; ib += num_blocks) {

#pragma omp parallel for simd
for (int i = ib; i < ib + num_blocks; i++) {

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

all do the same

workshare (w/o barrier)

workshare (w/ barrier)



▪

void saxpy(float a, float* x, float* y, int sz) {
#pragma omp target teams distribute parallel for simd \

num_teams(num_blocks) map(to:x[0:sz]) map(tofrom(y[0:sz])
for (int i = 0; i < sz; i++) {

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

}

subroutine saxpy(a, x, y, n)
! Declarations omitted

!$omp omp target teams distribute parallel do simd &
!$omp& num_teams(num_blocks) 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 simd
end subroutine



void example() {
float tmp[N], data_in[N], float data_out[N];

#pragma omp target data map(alloc:tmp[:N]) \
map(to:a[:N],b[:N]) \
map(tofrom:c[:N]) {

zeros(tmp, N);              
compute_kernel_1(tmp, a); // uses target
saxpy(2.0f, tmp, b);
compute_kernel_2(tmp, b); // uses target
saxpy(2.0f, c, tmp);

}   
}

void zeros(float* a, int n) {
#pragma omp target teams distribute parallel for

for (int i = 0; i < n; i++)
a[i] = 0.0f;

}

void saxpy(float a, float* y, float* x, int n) {
#pragma omp target teams distribute parallel for

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

}
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▪

▪ target

▪

▪

subroutine offl_t_d1_1(h3d,h2d,h1d,p6d,p5d,p4d,
1               h7d,triplesx,t2sub,v2sub)

c Declarations omitted.
double precision triplesx(h3d*h2d,h1d,p6d,p5d,p4d)
double precision t2sub(h7d,p4d,p5d,h1d)
double precision v2sub(h3d*h2d,p6d,h7d)

!$omp target
!$omp teams distribute parallel do private(p4,p5,p6,h2,h3,h1,h7)

do p4=1,p4d
do p5=1,p5d
do p6=1,p6d
do h1=1,h1d
do h7=1,h7d
do h2h3=1,h3d*h2d
triplesx(h2h3,h1,p6,p5,p4)=triplesx(h2h3,h1,p6,p5,p4)

1   - t2sub(h7,p4,p5,h1)*v2sub(h2h3,p6,h7)
end do
end do
end do
end do
end do
end do

!$omp end teams distribute parallel do
!$omp end target

end subroutine



▪ ▪

▪

▪

▪

▪

▪

▪

!$omp target enter data alloc(triplesx(1:tr_size))
c     for all tiles

do ...
call zero_triplesx(triplesx)
do ...

call comm_and_sort(t2sub, v2sub)
!$omp target data map(to:t2sub(t2_size)) map(to:v2sub(v2_size))

if (...) 
call sd_t_d1_1(h3d,h2d,h1d,p6d,p5d,p4d,h7,triplesx,t2sub,v2sub)

end if
c         same for sd_t_d1_2 until sd_t_d1_9
!$omp target end data

end do
do ...

c         Similar structure for sd_t_d2_1 until sd_t_d2_9, incl. target data
end do
call sum_energy(energy, triplesx)

end do
!$omp target exit data release(triplesx(1:size))





▪

▪ target

▪ map target, target data, target enter/exit data

▪ teams/distribute 

▪ parallel/for/do 

▪ simd



▪

▪

▪

▪



http://www.intel.com/benchmarks
https://software.intel.com/en-us/articles/optimization-notice



