
Experts in numerical software and
High Performance Computing

What's New In OpenMP

Edward Smyth

NAG

Technical Talk

ECMWF

2nd April 2019



2High Performance Computing  Consulting | Numerical Algorithms | Software Engineering Services | www.nag.com



3High Performance Computing  Consulting | Numerical Algorithms | Software Engineering Services | www.nag.com

OpenMP Basics
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Serial execution

Serial execution

Multithreading in
a parallel region.
These threads form a
“contention group”

Spawn threads

Destroy threads
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...

!$OMP PARALLEL PRIVATE (np,me)

np = omp_get_num_threads()

me = omp_get_thread_num()

if (me==0) then

...

!$OMP END PARALLEL

...
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!$OMP PARALLEL

!$OMP DO [clause...]

...

!$OMP END DO

!$OMP SECTIONS [clause...]

!$OMP SECTION

...

!$OMP SECTION

...

!$OMP END SECTIONS

!$OMP END PARALLEL

!$OMP PARALLEL

!$OMP WORKSHARE

Y(:) = Y(:) + A*X(:) 

!$OMP END WORKSHARE

!$OMP END PARALLEL
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https://www.openmp.org/wp-content/uploads/SC18-BoothTalks-Cownie.pdf
https://www.openmp.org/wp-content/uploads/SC18-BoothTalks-Cownie.pdf
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TASKS
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Tasks will complete in 

the (implicit) barrier.

Real :: a(n,big_num), b(n)

Integer :: I

!$omp parallel default(none) shared(a,b) private(I)

!$omp single

Do I = 1, big_num

!$omp task

Call process_it(a(:,I),b(:),n)

!$omp end task

End Do

!$omp end single

...

!$omp end parallel
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Data Environment

Code to execute

b(:)

dot_prod()

Task generating thread

(:,1), b(:)

dot_prod()
:,1), b(:)

dot_prod()
(:,1), b(:)

dot_prod()
(:,1), b(:)

dot_prod()
(:,1), b(:)

dot_prod()
(:,1), b(:)

dot_prod()
(:,1), b(:)

dot_prod()
(:,1), b(:)

dot_prod()
(:,1), b(:)

dot_prod()
(:,1), b(:)

dot_prod()
a(:,16), b(:)

process_it(..)

a(:,4), b(:)

process_it(..)
a(:,6), b(:)

process_it(..)

a(:,7), b(:)

process_it(..)

Remaining threads in team

thread 1                             thread 0                  thread 3                 thread 2

Task “pool”

Task
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!$omp task … depend(out: x)

#pragma omp task … depend(out: x)A

B

C

!$omp task … depend(in: x)

#pragma omp task … depend(in: x)

!$omp task … depend(in: x)

#pragma omp task … depend(in: x)
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#pragma omp single

{

printf("A ");

#pragma omp task

{printf("race ");}

#pragma omp task

{printf("car");}

#pragma omp taskwait

printf("is fun to watch.\n");

}
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!$omp taskgroup [clause...]

.. structured block ..

!$omp end taskgroup
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#pragma omp task

{background_work();}

#pragma omp taskgroup

{

#pragma omp task

some_work();

#pragma omp task

some_more_work();

}

even_more_work();

Group done, 

background_work() can 

continue beyond this point

Could contain tasks that 

will form part of the 

taskgroup

background_work() and 

taskgroup can execute 

at the same time
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!$omp task priority(priority-value)

.. structured block ..

!$omp end task
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!$omp taskloop [clause...]

do-loops

!$omp end taskloop
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"Doacross loops"
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▪ The depend clause can now be used on do ordered.

▪ Syntax: depend( source )

depend( sink : vec )

▪ Example:
!$omp do ordered(1)

do i = 2, N

A(i) = foo(i)

!$omp ordered depend(sink: i-1)

B(i) = bar(A(i), B(i-1))

!$omp ordered depend(source)

C(i) = baz(B(i))

end do

!$omp end do

Must wait for (i-1)th

iteration

The ith iteration 

has “finished” with 

regard to 

dependencies
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!$omp do ordered(2)

do j=2, N

do i=2, M

A(i,j) = foo(i, j)

!$omp ordered depend(sink: j-1,i) depend(sink: j,i-1)

B(i,j) = bar(A(i,j), B(i-1,j), B(i,j-1))

!$omp ordered depend(source)

C(i,j) = baz(B(i,j))

end do

end do

Must wait for two. Note 

vector of iterations

The (i,j)th iteration 

has “finished” with 

regard to 

dependencies

Do across applies to 2 loops

j=1…..

i = 2

i = 3

i = 4

…..
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https://techdecoded.intel.io/essentials/openmp-5-0-a-story-about-threads-and-tasks
https://techdecoded.intel.io/essentials/openmp-5-0-a-story-about-threads-and-tasks
https://techdecoded.intel.io/essentials/openmp-5-0-a-story-about-threads-and-tasks
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SIMD
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!$OMP SIMD [clause]

do-loops

!$OMP END SIMD
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!$OMP DECLARE SIMD [function/subroutine name][clause]
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Device directives
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!$omp target teams distribute parallel do simd [clause,…]

Do i = 1,n

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

End do

!$omp end target teams distribute parallel do simd

Host thread
A league of initial threads
each in its own team

Each initial thread 
become the master 
of a team of threads
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!$omp target ... map(y(1:n)) map(to:x(1:n))

Do i = 1,n

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

End do

!$omp end target ...
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https://research-information.bristol.ac.uk/files/127657247/iwomp_arch.pdf
https://research-information.bristol.ac.uk/files/127657247/iwomp_arch.pdf
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AFFINITY
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export OMP_PLACES=sockets

export OMP_PLACES=cores

export OMP_PLACES=threads

export OMP_PLACES="threads(4)"

export OMP_PLACES=“{0,1,2,3},{4,5,6,7},{8,9,10,11},{12,13,14,15}"

export OMP_PLACES="{0:4},{4:4},{8:4},{12:4}"

export OMP_PLACES="{0:4}:4:4“
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p0 p1 p2 p3 p4 p5 p6 p7

p0 p1 p2 p3 p4 p5 p6 p7

place

master slave

p0 p1 p2 p3 p4 p5 p6 p7
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p6

p0 p1 p2 p3 p4 p5 p6 p7

p0 p1 p2 p3 p4 p5 p7

place

master slave
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p0 p1 p2 p3 p4 p5 p6 p7

place

master slave

0 1 2 3 4 5

p0 p1 p2 p3 p4 p5 p6 p7

p0 p1 p2 p3 p4 p5 p6 p7
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Miscellaneous
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https://www.openmp.org/resources/openmp-compilers-tools/
https://www.openmp.org/resources/openmp-compilers-tools/
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https://www.openmp.org/specifications
https://www.openmp.org/resources/refguides
https://techdecoded.intel.io/essentials/openmp-5-0-a-story-about-threads-and-tasks
https://techdecoded.intel.io/essentials/openmp-5-0-a-story-about-threads-and-tasks
https://www.openmp.org/specifications
https://www.openmp.org/resources/refguides
https://techdecoded.intel.io/essentials/openmp-5-0-a-story-about-threads-and-tasks
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