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Work-sharing Constructs

 Divides work among team of threads.
 Specifies what kind of work is to be parallelised.
* Placed inside the parallel region.

* No new threads created.

* No implied barrier on entry; barrier at exit.

* Work-sharing constructs:
* Loop
* Sections
* Single
* Workshare



Loop Construct

 Parallelise (computationally intensive) loops in programs.

* Loop iterations are split up among threads in a team.
* Exploits data parallelism.

C/C++:
#pragma omp parallel [clauses]

{

#pragma omp for [clauses]
{

}

[nowait]

Fortran:

!Somp parallel [clauses]
'Somp do [clauses]

'Somp end do [nowait]
1Somp end parallel



Loop Construct

* Example

Sequential program

{

void main()

double Res[1000] ;
for(int i=0;i<1000;i++)
{

do_huge comp (Res[i]);
}

Parallel program

void main()

{

double Res[1000];
#pragma omp parallel num threads (4)
#pragma omp for
for(int i=0;i<1000;i++)
{
do_huge comp (Res[i]);




Loop Construct

* Clauses
* shared (<list>)
* private (<list>)
e firstprivate (<list>)
* lastprivate (<list>)
* nowailt
* ordered
* reduction (<operator> : <list>)
* schedule (<type> [,<chunk>])



Loop Construct

e Example (parallel matrix vector product vy = Ax)

C - Serial: C - Parallel:
for(i=0; i<n*n; ++i) fpragma omp parallel
Alil=i; default (none) ,
shared(n, A, x, V),
for(i=0; i<n; ++i) private(i, j, sum, tid)
x[i]=1; {
tid = omp get thread num();
for (i = 0; i < n; ++i) f#pragma omp for
{ for (i = 0; i < n; ++i)
sum=0 ; {
for (3=0; j<n; ++3j) sum=0 ;
sum+=A[i*n+j]*x[j]; for (j=0; j<n; ++j)
y[i]=sum; sum+=A[i*n+j] *x[]j];
printf ("y[%d]=%£\n",i, y[i]): y[i]=sum;
} printf("%d: y[%d]=%£f\n", tid,

i, ylil);
}




Loop Construct

e Example (parallel matrix vector product vy = Ax)

Fortran - Serial:
do j=1,n
do i=1,n
A(i,j)=(i-1)*n+j-1
end do
end do

do i=1l,n
x(i)=1
end do

do i=1,n
sum=0.0
do j=1,n
sum=sum+A (i,3) *x(j)
end do
y[i]=sum
print *,"y[%,1,"]=",y[1]
end do

Fortran - Parallel:

!Somp parallel default(none),
shared(n, A, x, y),
private(i, j, sum, tid)

tid=omp get thread num()
'omp omp do
do i=1,n
sum=0.0
do j=1,n
sum=sum+A (i,5) *x(j)
end do
y[i]=sum
print *,tid,™: y[“,i,”]=",y[i]
end do
!Somp end do
!Somp end paralllel




Loop Construct

e Example (parallel matrix vector product vy = Ax)

Sizen=16
OMP_NUM_THREADS =4

Thread O:
Thread O:
Thread O:
Thread O:
Thread 1:
Thread 1:
Thread 1:
Thread 1:
Thread 2:
Thread 2:
Thread 2:
Thread 2:
Thread 3:
Thread 3:
Thread 3:
Thread 3:

v[0]=120.000000
v[1]=376.000000
v[2]=632.000000
v[3]=888.000000
v[4]=1144.000000
v[5]=1400.000000
v[6]=1656.000000
v[7]=1912.000000
v[8]=2168.000000
v[9]=2424.000000
v[10]=2680.000000
v[11]=2936.000000
v[12]=3192.000000
v[13]=3448.000000
v[14]=3704.000000
y[15]=3960.000000



Loop Construct

e Data dependency
* Two rows must not be updated simultaneously; but columns may be.
* Inner loop requires (n-1) “fork and join”s.
* For Fortran, invert the loops.

for(i=0; i<n; i++)
for(j=0; j<n; j++) Loop dependency
a[i]l [j]=2*a[i-1][]3];

1

f#pragma omp parallel fpragma omp parallel
for(i=0; i<n; j++) fpragma omp for private (i)
#pragma omp for — fOr (§=0; j<n; j++)
for(3=0; j<n; j++) for(i=0; i<n; i++)
af[i] [j]1=2*a[i-1][]]; af[i] [j]1=2*a[i-1][]];




Loop Construct

* Clauses
* shared (<list>)
* private (<list>)
e firstprivate (<list>)
* lastprivate (<list>)
* nowailt
* ordered
* reduction (<operator> : <list>)
* schedule (<type> [,<chunk>])
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Loop Construct

* Reduction clause (example use-case)

C - Serial:
for (i=0; i<n*n; ++i)
Alil=i;

for(i=0; i<n; ++i)
x[i]=1;

for (i = 0; i < n; ++i)
{
sum=0 ;
for (j=0; j<n; ++3j)
sum+=A[i*n+j]*x[j];
y[i]=sum;
printf ("y[%d]=%£\n",i, y[i]);
}

C - Parallel:
#pragma omp parallel

default (none) ,
shared(n, A, x, V),
private(i, j, sum, tid)

tid = omp get thread num();
#pragma omp for
for (i = 0; i < n; ++i)
{
sum=0;
for (3=0; j<n; ++j)
sum+=A[i*n+j] *x[]J];
y[i]=sum;
printf("%d: y[%d]=%£f\n", tid,
i, yl[il):
}
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Loop Construct

e Reduction clause

* Performs a reduction operation on the variables in the list
C/C++: reduction (<operator> : <list>)
Fortran: reduction (<operator> | 1ntrinsic : <list>)

sum=0;

for(i=1l; i<n; ++i)

sum+=a[i];

sum=0;

#pragma omp parallel

fpragma omp for reduction (+:sum)

for(i=1l; i<n; ++i)

sum+=a[i];

12



Loop Construct

e Reduction clause

* Performs a reduction operation on the variables in the list
C/C++: reduction (<operator> : <list>)

Fortran: reduction (<operator> | 1ntrinsic : <list>)
sum=0

et !Somp parallel

do i=1,n \ !Somp do reduction (+:sum)

sum=sum+a (i) do i=1,n

enddo sum=sum+a (i)
enddo
!Somp end do

!Somp end parallel




Loop Construct

* Reduction clause

e Each thread gets a private copy of each “initialised” list variable.
Initial value for list variable determined by unit of reduction operator
Each thread performs a partial reduction using reduction operator.

Finally, reduction variable is combined from partial reductions using reduction
operator.
Reduction operators:

+, -, *, ... (C/C++/Fortran)

&&, ||, ... (C/C++)

AND., .OR,, ... (Fortran)

min, max, ... (Fortran)
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Loop Construct

* Reduction clause (example use-case)

C - Serial:
for (i=0; i<n*n; ++i)
Alil=i;

for(i=0; i<n; ++i)
x[i]=1;

for (i = 0; i < n; ++i)
{
sum=0 ;
for (j=0; j<n; ++3j)
sum+=A[i*n+j]*x[j];
y[i]=sum;
printf ("y[%d]=%£\n",i, y[i]);
}

C - Parallel:
#pragma omp parallel

default (none) ,
shared(n, A, x, V),
private(i, j, sum, tid)

tid = omp get thread num();
#pragma omp for
for (i = 0; i < n; ++i)
{
sum=0;
for (3=0; j<n; ++j)
sum+=A[i*n+j] *x[]J];
y[i]=sum;
printf("%d: y[%d]=%£f\n", tid,
i, yl[il):
}
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Loop Construct

* Reduction clause (example use-case)

C - Serial:
for(i=0; i<n*n; ++i)
Ali]l=i;

for(i=0; i<n; ++i)
x[i]=1;

for (1 = 0; 1 < n; ++i)
{
sum=0;
for (j3=0; j<n; ++j)
sum+=A[i*n+j]*x[]j]’
y[i]=sum;
printf ("y[%d]=%£f\n",i, y[i]);

C:
f#ipragma omp parallel default(shared)
{
for (i = 0; i < n; ++i)
{
sum=0;
#pragma omp for private(j, tid)
reduction (+:sum)
for (j=0; j<n; ++3j)
{
sum=sum+ (A[i*n+j]*x[j]) ;
if (i==0)
{
tid = omp_get thread num();
printf ("Tid=%d, A[%d]=%f, sum=%f
\n", tid, i*n+j, A[i*n+j], sum);
}
}
y[i]=sum;
printf ("y[%d]=%£\n", i, y[i]);
}
}
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Loop Construct

* Reduction clause (example use-case)

e Calculationof y[0], 1 =
Tid=0, A[0,0]=0.000000, sum=0.000000
Tid=0, A[0,1]=1.000000, sum=1.000000
Tid=0, A[0,2]=2.000000, sum=3.000000
Tid=0, A[0,3]=3.000000, sum=6.000000
Tid=1l, A[0,4]1=4.000000, sum=4.000000
Tid=1l, A[0,5]=5.000000, sum=9.000000
Tid=1l, A[0,6]=6.000000, sum=15.000000
Tid=1l, A[O0,7]=7.000000, sum=22.000000
Tid=2, A[0,8]=8.000000, sum=8.000000
Tid=2, A[0,9]=9.000000, sum=17.000000
Tid=2, A[0,10]=10.000000, sum=27.000000
Tid=2, A[0,11]=11.000000, sum=38.000000
Tid=3, A[0,12]=12.000000, sum=12.000000
Tid=3, A[0,13]=13.000000, sum=25.000000
Tid=3, A[0,14]=14.000000, sum=39.000000
Tid=3, A[0,15]=15.000000, sum=54.000000

0

fpragma omp parallel default (shared)

{

for

{

(1 = 0; 1 < n; ++1)
sum=0;
#pragma omp for private (7,
reduction (+:sum)
for (3=0; ++73)
{
sum=sum+ (A[i*n+J]1*x[]])
if (i==0)
{

tid = omp get thread num();

printf ("Tid=%d, A[%d]=%f, sum=%f\n",\

tid, A[i*n+3], sum);

tid)

Jj<n;

i*n+j,
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Loop Construct

* Reduction clause (example use-case)

Fortran:
!'Somp parallel default (shared)
do i=1,n

sum=0;
!'Somp do private(j, tid) reduction (+:sum)
do j=1,n

sum=sum+A (1, ])*x[J];

1f (1==0) then

tid=omp get thread num();
print *,"Tid=“,tid, “A[Y,1i,”,”,"31=",a(i,7]),
end 1f
end do
!'Somp end do
y[1]=sum
print *,"y[%,1,"]=",y[1]
enddo
'Somp end parallel

“sum="",

Sum
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Loop Construct

* Clauses
* shared (<list>)
* private (<list>)
e firstprivate (<list>)
* lastprivate (<list>)
* nowailt
* ordered
* reduction (<operator> : <list>)
* schedule (<type> [,<chunk>])

19



Loop Construct

 Schedule clause

* Described how iterations of the loop are divided among threads.
C/C++: schedule (<type> [,<chunk>])
Fortran: schedule (<type> [,<chunk>])

* Types
* schedule (static [,<chunk>])
* Divided into pieces of size chunk, and statically assigned to threads.

* schedule (dynamic [,<chunk>])
» Divided into pieces of size chunk, and dynamically scheduled as requested.
* schedule (guided [,<chunk>])

e Size of chunk decreases over time.

20



Loop Construct
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* Schedule (static)

* |terations are divided evenly of size
chunk among threads.

* If there are n threads, then each

thread does every nt" chunk of
work.

C/C++:
#pragma omp for schedule(static,3)
for (i=0;i<36;++1)

Work (i) ;
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Loop Construct
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* Schedule (static)

* |terations are divided evenly of size
chunk among threads.
* If there are n threads, then each

thread does every nt" chunk of
work.

Fortran:
!Somp do schedule(static, 3)

do i =1, 36
Work (i)
end do

!Somp end do
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Loop Construct

e Schedule (dynamic)

* Threads grab chunks of iterations
dynamically.

e As a thread finishes one chunk, it
grabs the next available chunk.

 More overhead than static, but
better load balancing.

C/C++:
#pragma omp for schedule (dynamic,1l)
for (i=0;i<36;++1)

Work (i) ;
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Loop Construct

e Schedule (dynamic)

7 / N * Threads grab chunks of iterations
- [7] [re] - B = dynamically.
e As a thread finishes one chunk, it
/3 HE N grabs the next available chunk.
EHE A 7 E * More overhead than static, but
B -+-HE B better load balancing.
Fortran:

5 . . . . . !$omp do schedule (dynamic,1)
do i =1, 36
- - - - . * Work (i)

———n, \ { 7t
N end do
B N

{ e
[if =
V)

!Somp end do



Loop Construct
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e Schedule (guided)

e |terations are divided into chinks
such that the size of each successive
chunk decreases.

 Chunk: Size of smallest chunk size.

* Less overhead than dynamic, good
load balancing

C/C++:

#pragma omp for schedule (gquided, 1)
for (i=0;i<36;++1)
Work (i) ;
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Loop Construct

e Schedule (guided)

e |terations are divided into chinks
such that the size of each successive
chunk decreases.

 Chunk: Size of smallest chunk size.

* Less overhead than dynamic, good
load balancing

Fortran:
1Somp do schedule(guided,l)

o] [ B E E W do i =1, 36
,.A_::::ff{:_:;;;;_ﬁ\\\\[ ¢ //' S Work (i)
<\ end do

-

!Somp end do
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Work-sharing Constructs

 Divides work among team of threads.
 Specifies what kind of work is to be parallelised.
* Placed inside the parallel region.

* No new threads created.

* No implied barrier on entry; barrier at exit.

* Work-sharing constructs:
* Loop
* Sections
* Single
* Workshare

27



Sections Construct

 Specifies parallel sections that are distributed over threads; each
section is executed by one thread.

* Implicit barrier at the end of sections.

* Functional parallelism

C/C++:

#pragma omp parallel [clauses] I$omp parallel [clauses]
{

!Somp sections [clauses]
fpragma omp sections [clauses] nowait !$omp section
{

Fortran:

#pragma omp section ;éémp section

#pragma omp section !$omp end sections

} [nowait]
} !Somp end parallel

28



Sections Construct

* Clauses
* private (<list>)
e firstprivate (<list>)
* lastprivate (<list>)
* nowailt
* reduction (<operator> : <list>)



Work-sharing Constructs

 Divides work among team of threads.
 Specifies what kind of work is to be parallelised.
* Placed inside the parallel region.

* No new threads created.

* No implied barrier on entry; barrier at exit.

* Work-sharing constructs:
* Loop
* Sections
* Single
* Workshare
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Single Construct

* Specifies a block of code that is executed by only one of the threads.
* Rest of threads wait at the end of the single block.

* May be useful for code regions that are not thread-safe.

C/C++: Fortran:

fpragma omp parallel [clauses] ISomp parallel [clauses]

{ 1Somp single [clauses]
#ipragma omp single [clauses] P
- 'Somp end single
} 1Somp end parallel
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Single Construct

* Clauses
* private (<list>)
e firstprivate (<list>)
* copyprivate (<list>)

* Broadcast private variable values from a single thread to all instances of the private
variables in other threads

* nowailt
fpragma omp parallel num threads (4)

{
fpragma omp single copyprivate (a)
read from file(a);

compute (a) ;

fpragma omp single
write to file(result);




Work-sharing Constructs

 Divides work among team of threads.
 Specifies what kind of work is to be parallelised.
* Placed inside the parallel region.

* No new threads created.

* No implied barrier on entry; barrier at exit.

* Work-sharing constructs:
* Loop
* Sections
* Single
* Workshare
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Workshare Construct

* Fortran only.

* Divides the execution of enclosed structured block into separate units
of work.

* Threads of the team share the work.
* Each unit is executed only once by thread.

* Allows parallelisation of
array and scalar assignments ! Somp workshare
WHERE statements and constructs P o

'Somp end workshare
FORALL statements and constructs [nowait]
parallel, atomic and critical constructs
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Workshare Construct

program wshare
use omp lib
implicit none

integer :: 1
real :: a(l0), b(10), c(10)
do 1=1,10
a(i)=1
b(i)=1i+1
enddo

!Somp parallel shared(a, b, c)
!'Somp workshare

c=a+tb
!'Somp end workshare nowait
!'Somp end parallel

end program wshare
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Combined Work-sharing Constructs

* The following shortcuts are supported:
e parallel for /parallel do

* parallel sections
* parallel workshare

* Equivalent to a parallel construct followed by a work-sharing

construct except nowait.

* Improves readability and performance.

#pragma omp parallel for

Same as

#pragma omp parallel
#pragma omp for

!Somp parallel do
Same as

!Somp parallel
!Somp do
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