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OpenMP 4.0 Device Constructs
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OpenMP 4.0
#pragma omp target
void vec_mult ()
{

double p[N], v1[N], v2[N];

init (v1, v2);

#pragma omp target
{

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

p[i] = v1[i] * v2[i];
}

output (p);
}
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OpenMP 4.0
#pragma omp target

 Initialize target device

 Offload target image

 Allocate memory for p[N], v1[N], v2[N]

 Copy p[N], v1[N], v2[N] from host

 Copy p[N], v1[N], v2[N] to host

 Free memory on target

void vec_mult ()
{

double p[N], v1[N], v2[N];

init (v1, v2);

#pragma omp target
{

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

p[i] = v1[i] * v2[i];
}

output (p);
}

Execution on host

Execution on target

Communication between host and target
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OpenMP 4.0
#pragma omp target
void vec_mult ()
{

double p[N], v1[N], v2[N];

init (v1, v2);

#pragma omp target if(1) device(0) map(to: v1[0:N], v2[0:N]) map(from:p[0:N])
{

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

p[i] = v1[i] * v2[i];
}

output (p);
}



Copyright ©  2015, Intel Corporation. All rights reserved. *Other names and brands may be claimed as the property of others. Optimization Notice

Implementation in GCC. Compilation
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Implementation in GCC
Building host and target compilers

Intel MIC target (accel/offload/offloading) compiler:

$ configure --prefix=/install/prefix/ --target=x86_64-intelmic-linux-gnu \
--enable-as-accelerator-for=x86_64-unknown-linux-gnu

$ make && make install

Host compiler:

$ configure --prefix=/install/prefix/ --target=x86_64-unknown-linux-gnu \
--enable-offload-targets=x86_64-intelmic-linux-gnu

$ make && make install

More info: https://gcc.gnu.org/wiki/Offloading

https://gcc.gnu.org/wiki/Offloading
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$ gcc –fopenmp –c test1.c –o test1.o
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Implementation in GCC
test1.c
int foo ()
{

int myvar = 1;
int myarray[1000];

#pragma omp target device(0) map(tofrom: myvar)
{ myvar *= 10; }

#pragma omp target device(0) map(to: myvar) map(from: myarray)
{ myarray[42] = myvar; }

return myarray[42];
}

int main ()
{

return foo ();
}
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Implementation in GCC
test1.c.004t.gimple
int foo ()
{

int myvar = 1;
int myarray[1000];

#pragma omp target device(0) map(tofrom: myvar[len:4])
{ myvar *= 10; }

#pragma omp target device(0) map(to: myvar[len:4]) map(from: myarray[len:4000])
{ myarray[42] = myvar; }

return myarray[42];
}

foo._omp_fn.0 (struct .omp_data_t.3 & restrict .omp_data_i)
{

int *D.1873 = .omp_data_i->myvar;
*D.1873 = *D.1873 * 10;

}

foo._omp_fn.1 (struct .omp_data_t.4 & restrict .omp_data_i)
{

int *D.1868 = .omp_data_i->myvar;
int *D.1870 = .omp_data_i->myarray;
*D.1870[42] = *D.1868;

}
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Implementation in GCC
test1.c.012t.ompexp
int foo ()
{

.omp_data_arr.myvar = &myvar;

.omp_data_sizes[1] = { 4 };

.omp_data_kinds[1] = { GOMP_MAP_TOFROM };

__builtin_GOMP_target (0, foo._omp_fn.0, 1, &.omp_data_arr, &.omp_data_sizes,
&.omp_data_kinds);

.omp_data_arr.myvar = &myvar;

.omp_data_arr.myarray = &myarray;

.omp_data_sizes[2] = { 4, 4000 };

.omp_data_kinds[2] = { GOMP_MAP_TO, GOMP_MAP_FROM };

__builtin_GOMP_target (0, foo._omp_fn.1, 2, &.omp_data_arr, &.omp_data_sizes,
&.omp_data_kinds);

}

foo._omp_fn.0 (struct .omp_data_t.3 & restrict .omp_data_i)
{

int *D.1873 = .omp_data_i->myvar;
*D.1873 = *D.1873 * 10;

}

foo._omp_fn.1 (struct .omp_data_t.4 & restrict .omp_data_i)
{

int *D.1868 = .omp_data_i->myvar;
int *D.1870 = .omp_data_i->myarray;
*D.1870[42] = *D.1868;

}
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Implementation in GCC
test1.o
$ gcc –fopenmp –c test1.c –o test1.o

Fat object, similar to general LTO (https://gcc.gnu.org/onlinedocs/gccint/LTO-object-file-layout.html)

.text

{ .data, .bss, etc. }

.gnu.offload_vars

.gnu.offload_funcs

.gnu.offload_lto_foo._omp_fn.0

.gnu.offload_lto_foo._omp_fn.1

.gnu.offload_lto_.{decls, refs, etc.}

https://gcc.gnu.org/onlinedocs/gccint/LTO-object-file-layout.html
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Implementation in GCC
test1.o
$ gcc –fopenmp –c test1.c –o test1.o

.text

{ .data, .bss, etc. }

.gnu.offload_vars

.gnu.offload_funcs

.gnu.offload_lto_foo._omp_fn.0

.gnu.offload_lto_foo._omp_fn.1

.gnu.offload_lto_.{decls, refs, etc.}

<main>:
55 48 89 e5 b8 00 00 00
...

<foo>:
55 48 89 e5 48 81 ec d0
...

<foo._omp_fn.0>:
55 48 89 e5 48 89 7d f8
...

<foo._omp_fn.1>:
55 48 89 e5 48 89 7d f8
...

&foo._omp_fn.0

&foo._omp_fn.1
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$ gcc –fopenmp –c test1.c –o test1.o

$ gcc –fopenmp –c test2.c –o test2.o
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Implementation in GCC
test1.o and test2.o

.text

{ .data, .bss, etc. }

.gnu.offload_vars

.gnu.offload_funcs

.gnu.offload_lto_foo._omp_fn.0

.gnu.offload_lto_foo._omp_fn.1

.gnu.offload_lto_.{decls, refs, etc.}

&bar._omp_fn.0

&bar._omp_fn.1

.text

{ .data, .bss, etc. }

.gnu.offload_vars

.gnu.offload_funcs

.gnu.offload_lto_bar._omp_fn.0

.gnu.offload_lto_bar._omp_fn.1

.gnu.offload_lto_.{decls, refs, etc.}

&foo._omp_fn.0

&foo._omp_fn.1
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Implementation in GCC
Link-time compilation
$ gcc –fopenmp test1.o test2.o –o a.out

collect2

collect-ld

ld

liblto_plugin.so

lto-wrapper

intelmic-mkoffload

intelmic-gcc

.text

{ .data, .bss, etc. }

.gnu.offload_vars

.gnu.offload_funcs

.text

{ .data, .bss, etc. }

.gnu.offload_vars

.gnu.offload_funcs

.gnu.offload_lto_foo._omp_fn.0

.gnu.offload_lto_foo._omp_fn.1

.gnu.offload_lto_.{decls, refs, etc.}

.gnu.offload_lto_bar._omp_fn.0

.gnu.offload_lto_bar._omp_fn.1

.gnu.offload_lto_.{decls, refs, etc.}
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Implementation in GCC
Link-time compilation
$ gcc –fopenmp test1.o test2.o –o a.out

collect2

collect-ld

ld

liblto_plugin.so

lto-wrapper

intelmic-mkoffload

intelmic-gcc

.text

{ .data, .bss, etc. }

.gnu.offload_vars

.gnu.offload_funcs

.text

{ .data, .bss, etc. }

.gnu.offload_vars

.gnu.offload_funcs

.gnu.offload_lto_foo._omp_fn.0

.gnu.offload_lto_foo._omp_fn.1

.gnu.offload_lto_.{decls, refs, etc.}

.gnu.offload_lto_bar._omp_fn.0

.gnu.offload_lto_bar._omp_fn.1

.gnu.offload_lto_.{decls, refs, etc.}

.text

{ .data, .bss, etc. }

.gnu.offload_vars

.gnu.offload_funcs

Target image (DSO)



Copyright ©  2015, Intel Corporation. All rights reserved. *Other names and brands may be claimed as the property of others. Optimization Notice

17

Implementation in GCC
Link-time compilation
$ gcc –fopenmp test1.o test2.o –o a.out

collect2

collect-ld

ld

liblto_plugin.so

lto-wrapper

intelmic-mkoffload

intelmic-gcc

.text

{ .data, .bss, etc. }

.gnu.offload_vars

.gnu.offload_funcs

.text

{ .data, .bss, etc. }

.gnu.offload_vars

.gnu.offload_funcs

.gnu.offload_lto_foo._omp_fn.0

.gnu.offload_lto_foo._omp_fn.1

.gnu.offload_lto_.{decls, refs, etc.}

.gnu.offload_lto_bar._omp_fn.0

.gnu.offload_lto_bar._omp_fn.1

.gnu.offload_lto_.{decls, refs, etc.}

.text

{ .data, .bss, etc. }

.gnu.offload_vars

.gnu.offload_funcs

Target image (DSO)

.text

{ .data, .bss, etc. }

.gnu.offload_vars

.gnu.offload_funcs

<foo._omp_fn.0>:
55 48 89 e5 48 89 7d f8
...

<foo._omp_fn.1>:
55 48 89 e5 48 89 7d f8
...

<bar._omp_fn.0>:
55 48 89 e5 48 89 7d f8
...

<bar._omp_fn.1>:
55 48 89 e5 48 89 7d f8
...

&foo._omp_fn.0

&foo._omp_fn.1

&bar._omp_fn.0

&bar._omp_fn.1

(
R
_
X
8
6
_
6
4
_
R
E
L
A
T
I
V
E
)
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.gnu.offload_images
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Implementation in GCC
Link-time compilation
$ gcc –fopenmp test1.o test2.o –o a.out

collect2

collect-ld

ld

liblto_plugin.so

lto-wrapper

intelmic-mkoffload

intelmic-gcc

.text

{ .data, .bss, etc. }

.gnu.offload_vars

.gnu.offload_funcs

.text

{ .data, .bss, etc. }

.gnu.offload_vars

.gnu.offload_funcs

.text

{ .data, .bss, etc. }

.gnu.offload_vars

.gnu.offload_funcs
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.text

{ .data, .bss, etc. }

.gnu.offload_vars

.gnu.offload_funcs

.gnu.offload_images

19

Implementation in GCC
Linking
$ gcc –fopenmp test1.o test2.o –o a.out

collect2

collect-ld

ld

liblto_plugin.so

lto-wrapper

intelmic-mkoffload

intelmic-gcc

.text

{ .data, .bss, etc. }

.gnu.offload_vars

.gnu.offload_funcs

<init>
<fini>
<main>
<foo>
<foo._omp_fn.0>
<foo._omp_fn.1>
<bar>
<bar._omp_fn.0>
<bar._omp_fn.1>

<init>
<foo._omp_fn.0>
<foo._omp_fn.1>
<bar._omp_fn.0>
<bar._omp_fn.1>

Final a.out (fat binary)
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Implementation in GCC. Execution

20
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Implementation in GCC
Startup
$ ./a.out

init

&foo._omp_fn.0

&foo._omp_fn.1

&bar._omp_fn.0

&bar._omp_fn.1

&foo._omp_fn.0

&foo._omp_fn.1

&bar._omp_fn.0

&bar._omp_fn.1

foo

foo._omp_fn.0

...

foo._omp_fn.0

...
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Implementation in GCC
Startup
$ ./a.out

init

&foo._omp_fn.0

&foo._omp_fn.1

&bar._omp_fn.0

&bar._omp_fn.1

&foo._omp_fn.0

&foo._omp_fn.1

&bar._omp_fn.0

&bar._omp_fn.1

foo

foo._omp_fn.0

...

foo._omp_fn.0

...

GOMP_offload_reg
ister

GOMP_target

GOMP_target_data

GOMP_target_end_
data

GOMP_target_upda
te

...

libgomp.so
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Implementation in GCC
Startup
$ ./a.out

init

&foo._omp_fn.0

&foo._omp_fn.1

&bar._omp_fn.0

&bar._omp_fn.1

&foo._omp_fn.0

&foo._omp_fn.1

&bar._omp_fn.0

&bar._omp_fn.1

foo

foo._omp_fn.0

...

foo._omp_fn.0

...

GOMP_offload_reg
ister

GOMP_target

GOMP_target_data

GOMP_target_end_
data

GOMP_target_upda
te

...

libgomp.so

get_num_devices

init_device

load_image

unload_image

alloc

free

host2dev

dev2host

run

offload_target
_main

libgomp-plugin-
intelmic.so
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Implementation in GCC
Startup
$ ./a.out

init

&foo._omp_fn.0

&foo._omp_fn.1

&bar._omp_fn.0

&bar._omp_fn.1

&foo._omp_fn.0

&foo._omp_fn.1

&bar._omp_fn.0

&bar._omp_fn.1

foo

foo._omp_fn.0

...

foo._omp_fn.0

...

GOMP_offload_reg
ister

GOMP_target

GOMP_target_data

GOMP_target_end_
data

GOMP_target_upda
te

...

libgomp.so

get_num_devices

init_device

load_image

unload_image

alloc

free

host2dev

dev2host

run

offload_target
_main

libgomp-plugin-
intelmic.so

offload_images[0]
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offload_target
_main

foo._omp_fn.0

...

&foo._omp_fn.0

&foo._omp_fn.1

&bar._omp_fn.0

&bar._omp_fn.1

25

Implementation in GCC
Offload initialization
$ ./a.out

GOMP_offload_reg
ister

GOMP_target

GOMP_target_data

GOMP_target_end_
data

GOMP_target_upda
te

...

libgomp.so

get_num_devices

init_device

load_image

unload_image

alloc

free

host2dev

dev2host

run

libgomp-plugin-
intelmic.so

offload_images[0]

init

&foo._omp_fn.0

&foo._omp_fn.1

&bar._omp_fn.0

&bar._omp_fn.1

foo

foo._omp_fn.0

...
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foo._omp_fn.0

...

&foo._omp_fn.0

&foo._omp_fn.1

&bar._omp_fn.0

&bar._omp_fn.1
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Implementation in GCC
Offload initialization
$ ./a.out

GOMP_offload_reg
ister

GOMP_target

GOMP_target_data

GOMP_target_end_
data

GOMP_target_upda
te

...

libgomp.so

get_num_devices

init_device

load_image

unload_image

alloc

free

host2dev

dev2host

run

libgomp-plugin-
intelmic.so

offload_images[0]

init

&foo._omp_fn.0

&foo._omp_fn.1

&bar._omp_fn.0

&bar._omp_fn.1

foo

foo._omp_fn.0

...

offload_target
_main
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foo._omp_fn.0

...

&foo._omp_fn.0

&foo._omp_fn.1

&bar._omp_fn.0

&bar._omp_fn.1
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Implementation in GCC
Offload initialization
$ ./a.out

GOMP_offload_reg
ister

GOMP_target

GOMP_target_data

GOMP_target_end_
data

GOMP_target_upda
te

...

libgomp.so

get_num_devices

init_device

load_image

unload_image

alloc

free

host2dev

dev2host

run

libgomp-plugin-
intelmic.so

init

&foo._omp_fn.0

&foo._omp_fn.1

&bar._omp_fn.0

&bar._omp_fn.1

foo

foo._omp_fn.0

...

offload_target
_main
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foo._omp_fn.0

...

&foo._omp_fn.0

&foo._omp_fn.1

&bar._omp_fn.0

&bar._omp_fn.1

28

Implementation in GCC
Matching tables
$ ./a.out

GOMP_offload_reg
ister

GOMP_target

GOMP_target_data

GOMP_target_end_
data

GOMP_target_upda
te

...

libgomp.so

get_num_devices

init_device

load_image

unload_image

alloc

free

host2dev

dev2host

run

libgomp-plugin-
intelmic.so

init

&foo._omp_fn.0

&foo._omp_fn.1

&bar._omp_fn.0

&bar._omp_fn.1

foo

foo._omp_fn.0

...

offload_target
_main
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foo._omp_fn.0

...
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Implementation in GCC
Matching tables
$ ./a.out

GOMP_offload_reg
ister

GOMP_target

GOMP_target_data

GOMP_target_end_
data

GOMP_target_upda
te

...

libgomp.so

get_num_devices

init_device

load_image

unload_image

alloc

free

host2dev

dev2host

run

libgomp-plugin-
intelmic.so

init

foo

foo._omp_fn.0

...

offload_target
_main

&foo._omp_fn.0

&foo._omp_fn.1

&bar._omp_fn.0

&bar._omp_fn.1

&foo._omp_fn.0

&foo._omp_fn.1

&bar._omp_fn.0

&bar._omp_fn.1
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foo._omp_fn.0

...

30

Implementation in GCC
Matching tables
$ ./a.out

GOMP_offload_reg
ister

GOMP_target

GOMP_target_data

GOMP_target_end_
data

GOMP_target_upda
te

...

libgomp.so

get_num_devices

init_device

load_image

unload_image

alloc

free

host2dev

dev2host

run

libgomp-plugin-
intelmic.so

init

foo

foo._omp_fn.0

...

offload_target
_main

&foo._omp_fn.0

&foo._omp_fn.1

&bar._omp_fn.0

&bar._omp_fn.1

&foo._omp_fn.0

&foo._omp_fn.1

&bar._omp_fn.0

&bar._omp_fn.1
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foo._omp_fn.0

...

31

Implementation in GCC
Data transfer
$ ./a.out

GOMP_offload_reg
ister

GOMP_target

GOMP_target_data

GOMP_target_end_
data

GOMP_target_upda
te

...

libgomp.so

get_num_devices

init_device

load_image

unload_image

alloc

free

host2dev

dev2host

run

libgomp-plugin-
intelmic.so

init

foo

foo._omp_fn.0

...

offload_target
_main

&foo._omp_fn.0

&foo._omp_fn.1

&bar._omp_fn.0

&bar._omp_fn.1

&foo._omp_fn.0

&foo._omp_fn.1

&bar._omp_fn.0

&bar._omp_fn.1

( 1
, &

m
y

v
a

r, 4
 b

y
te

s, to
fro

m
 )

&myvar
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foo._omp_fn.0

...

32

Implementation in GCC
Data transfer
$ ./a.out

GOMP_offload_reg
ister

GOMP_target

GOMP_target_data

GOMP_target_end_
data

GOMP_target_upda
te

...

libgomp.so

get_num_devices

init_device

load_image

unload_image

alloc

free

host2dev

dev2host

run

libgomp-plugin-
intelmic.so

init

foo

foo._omp_fn.0

...

offload_target
_main

&foo._omp_fn.0

&foo._omp_fn.1

&bar._omp_fn.0

&bar._omp_fn.1

&foo._omp_fn.0

&foo._omp_fn.1

&bar._omp_fn.0

&bar._omp_fn.1

( 1
, &

m
y

v
a

r, 4
 b

y
te

s, to
fro

m
 )

&myvar

(4 bytes for 
myvar)
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foo._omp_fn.0

...
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Implementation in GCC
Data transfer
$ ./a.out

GOMP_offload_reg
ister

GOMP_target

GOMP_target_data

GOMP_target_end_
data

GOMP_target_upda
te

...

libgomp.so

get_num_devices

init_device

load_image

unload_image

alloc

free

host2dev

dev2host

run

libgomp-plugin-
intelmic.so

init

foo

foo._omp_fn.0

...

offload_target
_main

&foo._omp_fn.0

&foo._omp_fn.1

&bar._omp_fn.0

&bar._omp_fn.1

&foo._omp_fn.0

&foo._omp_fn.1

&bar._omp_fn.0

&bar._omp_fn.1

( 1
, &

m
y

v
a

r, 4
 b

y
te

s, to
fro

m
 )

&myvar

42

&myvar
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foo._omp_fn.0

...

34

Implementation in GCC
Running target funcs
$ ./a.out

GOMP_offload_reg
ister

GOMP_target

GOMP_target_data

GOMP_target_end_
data

GOMP_target_upda
te

...

libgomp.so

get_num_devices

init_device

load_image

unload_image

alloc

free

host2dev

dev2host

run

libgomp-plugin-
intelmic.so

init

foo

foo._omp_fn.0

...

offload_target
_main

&foo._omp_fn.0

&foo._omp_fn.1

&bar._omp_fn.0

&bar._omp_fn.1

&foo._omp_fn.0

&foo._omp_fn.1

&bar._omp_fn.0

&bar._omp_fn.1

&myvar

42

&myvar

( &
fo

o
._

o
m

p
_

fn
.0

 )
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foo._omp_fn.0

...
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Implementation in GCC
Running target funcs
$ ./a.out

GOMP_offload_reg
ister

GOMP_target

GOMP_target_data

GOMP_target_end_
data

GOMP_target_upda
te

...

libgomp.so

get_num_devices

init_device

load_image

unload_image

alloc

free

host2dev

dev2host

run

libgomp-plugin-
intelmic.so

init

foo

foo._omp_fn.0

...

offload_target
_main

&foo._omp_fn.0

&foo._omp_fn.1

&bar._omp_fn.0

&bar._omp_fn.1

&foo._omp_fn.0

&foo._omp_fn.1

&bar._omp_fn.0

&bar._omp_fn.1

&myvar

42

&myvar

( &
fo

o
._

o
m

p
_

fn
.0

 )
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target_image0.so

offload_target_main

a.out

libgomp.so

libgomp-plugin-intelmic.so

liboffloadmic_host.so

libcoi_host.so

libscif.so

Kernel module

36

Implementation in GCC
Execution on Intel MIC

libscif.so

Kernel moduleH
o

st
 L

in
u

x

X
e

o
n

 P
h

i L
in

u
x

PCIe Bus

coi_daemon
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target_image0.so

offload_target_main

a.out

libgomp.so

libgomp-plugin-intelmic.so

liboffloadmic_host.so

libcoi_host.so

libscif.so

Kernel module
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Implementation in GCC
Execution on Intel MIC

libscif.so

Kernel moduleH
o

st
 L

in
u

x

X
e

o
n

 P
h

i L
in

u
x

PCIe Bus

coi_daemon

liboffloadmic_target.so

libcoi_device.so

fo
rk

-e
xe

c

offload_target_main



Copyright ©  2015, Intel Corporation. All rights reserved. *Other names and brands may be claimed as the property of others. Optimization Notice

target_image0.so

offload_target_main

a.out

libgomp.so

libgomp-plugin-intelmic.so

liboffloadmic_host.so

libcoi_host.so

libscif.so

Kernel module
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Implementation in GCC
Execution on Intel MIC

libscif.so

Kernel moduleH
o

st
 L

in
u

x

X
e

o
n

 P
h

i L
in

u
x

PCIe Bus

coi_daemon

liboffloadmic_target.so

libcoi_device.so

offload_target_main

libgomp.so

target_image0.so
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Manycore Platform
Software Stack

target_image0.so

offload_target_main

a.out

libgomp.so

libgomp-plugin-intelmic.so

liboffloadmic_host.so

libcoi_host.so

libscif.so

Kernel module
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Implementation in GCC
Execution on Intel MIC

libscif.so

Kernel moduleH
o

st
 L

in
u

x

X
e

o
n

 P
h

i L
in

u
x

PCIe Bus

coi_daemon

liboffloadmic_target.so

libcoi_device.so

offload_target_main

libgomp.so

target_image0.so
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libgomp.so

libgomp-plugin-intelmic.so

liboffloadmic_host.so

libcoi_host.so

libscif.so

Kernel module
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Implementation in GCC
Offloading from DSO

liboffloadmic_target.so

libcoi_device.so

libscif.so

Kernel moduleH
o

st
 L

in
u

x

X
e

o
n

 P
h

i L
in

u
x

PCIe Bus

coi_daemon

offload_target_main

image0.soa.out
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libgomp.so

libgomp-plugin-intelmic.so

liboffloadmic_host.so

libcoi_host.so

libscif.so

Kernel module
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Implementation in GCC
Offloading from DSO

liboffloadmic_target.so

libcoi_device.so

libscif.so

Kernel moduleH
o

st
 L

in
u

x

X
e

o
n

 P
h

i L
in

u
x

PCIe Bus

coi_daemon

offload_target_main

image0.so image2.soimage1.soa.out lib2.solib1.so
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target_image0.so

offload_target_main

a.out

libgomp.so

libgomp-plugin-intelmic.so

liboffloadmic_host.so

libcoi_host.so
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Implementation in GCC
Intel MIC emulation

libgomp.so

liboffloadmic_target.so

libcoi_device.so

H
o

st
 L

in
u

x

offload_target_main

target_image0.so

fork-exec
on the host
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target_image0.so

offload_target_main

a.out

libgomp.so

libgomp-plugin-intelmic.so

liboffloadmic_host.so

libcoi_host.so
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Implementation in GCC
Intel MIC emulation

libgomp.so

liboffloadmic_target.so

libcoi_device.so

H
o

st
 L

in
u

x

offload_target_main

target_image0.so

COI emulator
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OpenMP 4.0 offloading support introduced in GCC v5

• Intel Xeon Phi (a.k.a. KNL) is supported as back-end

• Work is needed in PTX

OpenMP 4.1 development is in progress

• Main offloading features: asynchronous execution, 
unstructured data mapping

• Target is GCC v6

44

Current Status
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46

OpenMP 4.0
#pragma omp target data
int foo (int *input, int N)
{

int res;
int *tmp = (int *) malloc (N * sizeof (int));

#pragma omp target data map(alloc: tmp[0:N]) map(to: input[0:N]) map(from: res)
{

#pragma omp target
{

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

tmp[i] = input[i] * i;
}

do_something_on_host ();

#pragma omp target
{

res = 0;

#pragma omp parallel for reduction(+:res)
for (int i = 0; i < N; i++)

res += tmp[i];
}

}

free (tmp);
return res;

}
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47

OpenMP 4.0
#pragma omp target data
int foo (int *input, int N)
{

int res;
int *tmp = (int *) malloc (N * sizeof (int));

#pragma omp target data map(alloc: tmp[0:N]) map(to: input[0:N]) map(from: res)
{

#pragma omp target
{

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

tmp[i] = input[i] * i;
}

do_something_on_host ();

#pragma omp target
{

res = 0;

#pragma omp parallel for reduction(+:res)
for (int i = 0; i < N; i++)

res += tmp[i];
}

}

free (tmp);
return res;

}
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OpenMP 4.0
#pragma omp target update
int foo (int *input, int N)
{

int res;
int *tmp = (int *) malloc (N * sizeof (int));

#pragma omp target data map(alloc: tmp[0:N]) map(to: input[0:N]) map(from: res)
{

#pragma omp target
{

for (int i = 0; i < N; i++)
tmp[i] = input[i] * i;

}

update_input_array_on_the_host (input);

#pragma omp target update to(input[0:N])

#pragma omp target
{

res = 0;

for (int i = 0; i < N; i++)
res += tmp[i] * input[i];

}
}

free (tmp);
return res;

}
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49

OpenMP 4.0
#pragma omp target update
int foo (int *input, int N)
{

int res;
int *tmp = (int *) malloc (N * sizeof (int));

#pragma omp target data map(alloc: tmp[0:N]) map(to: input[0:N]) map(from: res)
{

#pragma omp target
{

for (int i = 0; i < N; i++)
tmp[i] = input[i] * i;

}

update_input_array_on_the_host (input);

#pragma omp target update to(input[0:N])

#pragma omp target
{

res = 0;

for (int i = 0; i < N; i++)
res += tmp[i] * input[i];

}
}

free (tmp);
return res;

}
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50

OpenMP 4.0
#pragma omp {,end} declare target
#pragma omp declare target
float Q[N][N];

float foo (const int i, const int j)
{

return Q[i][j] * Q[j][i];
}
#pragma omp end declare target

float accum ()
{

float res;

#pragma omp target map(from:res)
{

res = 0.0;

#pragma omp parallel for reduction(+:res)
for (int i = 0; i < N; i++)

{
float tmp = 0.0;

for (int j = 0; j < N; j++)
tmp += foo (i, j);

res += tmp;
}

}

return res;
}
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51

OpenMP 4.0
#pragma omp {,end} declare target
#pragma omp declare target
float Q[N][N];

float foo (const int i, const int j)
{

return Q[i][j] * Q[j][i];
}
#pragma omp end declare target

float accum ()
{

float res;

#pragma omp target map(from:res)
{

res = 0.0;

#pragma omp parallel for reduction(+:res)
for (int i = 0; i < N; i++)

{
float tmp = 0.0;

for (int j = 0; j < N; j++)
tmp += foo (i, j);

res += tmp;
}

}

return res;
}
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OpenMP 4.1
#pragma omp target {enter,exit} data
void init_data (int *input)
{

#pragma omp target enter data map(to: input[0:N])
}

void fini_data (int *input)
{

#pragma omp target exit data map(delete: input[0:N])
}

int foo (int *input)
{

int res;

init_data (input);

#pragma omp target map(from: res)
{

res = 0;

for (int i = 0; i < N; i++)
res += input[i];

}

fini_data (input);

return res;
}

int foo (int *input)
{

int res;

#pragma omp target data map(to: input[0:N])
{

#pragma omp target map(from: res)
{

res = 0;

for (int i = 0; i < N; i++)
res += input[i];

}

}

return res;
}
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OpenMP 4.1
Asynchronous execution: depend clause
void foo (double *myarray)
{

int d1, d2, d3;

/* Target task 1 */
#pragma omp target nowait depend(out: d1)

{
do_something_on_target_1 (myarray);

}

/* Target task 2 */
#pragma omp target nowait depend(in: d1) depend(out: d2)

{
do_something_on_target_2 (myarray);

}

/* Target task 3 */
#pragma omp target nowait depend(in: d1) depend(out: d3)

{
do_something_on_target_3 (myarray);

}

/* Target task 4 */
#pragma omp target exit data \

map(from: myarray[0:N]) depend(in: d2, d3)
}

Has to be completed 
before Task 2 and Task 3 
can be executed

Can be executed in parallel


