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Shared Memory Programming

7. OpenMP

Synchronisation via Semaphores
A semaphore is a signal to coordinate processes, based on 
two operations:
• lock (P)
• unlock (V) 

A semaphore variable can have only two possible values: 
locked or unlocked

When a semaphore is unlocked by the authorized process, 
other processes are free to access and lock it.
If a process tries to lock an unlocked semaphore then the
semaphore gets locked until the process unlocks it.
If a process tries to lock an already locked semaphore it has 
to wait until the previous process unlocks the semaphore.



2

Example
Semaphore s
parallel do i=1,n

lock(s)
x=x+1
unlock(s)

end parallel do

Without lock one process could try to read x while another one
is incrementing x. This would lead to a classical race condition 
and a nondeterministic behaviour of the code.
The steps in the loop are:

Read x  
Increment x 
Write x
Increment loop

Which value will be read by the process depends on the step
of the loop.
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Critical sections

A critical section is a section of code in which only one
subcomputation is active

In our example only one statement x = x+1 can be active
between lock(s) and unlock(s)

Therefore only one processor will be in a critical section
at one time!
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Barrier

A barrier is a point in a parallel code where all processors stop
in order to synchronize.
All processors wait there until all others have arrived.
Once they have all arrived, they are all released to continue
in the code. 

Typical example:
parallel do i=1,n

„local part of computation, each processor independent in parallel“
call barrier()
„all using results of the other processors from the previous part“

end parallel do

After all have reached the barrier one can be sure that all 
the other processors have computed their partial results and 
it is safe to use these results.
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Example: Summation
real x(10000), sum, localsum(0:p-1)
semaphore slok
N=10000

parallel do k = 0, P-1
localsum(k) = 0.0
do i = 1+k*(N/P), (k+1)*(N/P)

localsum(k) = localsum(k) + x(i)
enddo

end parallel do
barrier()
sum = localsum(0)
do k = 1, P-1

lock(slok)
sum = sum + localsum(k)
unlock(slok)

enddo
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Tiling in OpenMP
OpenMP directives provide instructions to the compiler, but the
directives are not translated into code.

Simple case:
parallel do instruction implies that the loop following it is to be
subdivided into as many separate threads as are avaliable.

c$omp parallel do
do i = 2, n-1

newx(i) = .5*( x(i-1) + x(i+1) –dx2*x(i) )
enddo

c$omp end parallel do
c$omp parallel do

do i = 2, n-1
x(i) = newx(i)

enddo
c$omp end parallel do

Synchronizing barrier point

Red statements can be omitted
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Private variables in OpenMP

c$omp parallel do private (a,b,i,j,x,y)

where the parallel statement includes a list of private variables 
that are local to the loop.
This is similar to adding an extra array index to the variable 
to make it different for each iteration of the loop.

Private variables can be safely used if there is no write
statement involved with the private variables.

do i = 1, 100
if ( parity(i) .EQ. 1 )

temp = i
endif
if ( parity(i) .EQ. 0 )

temp = 0
endif

enddo

temp can not be privatized safely
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Examples for use of private variables

c$omp parallel do private(TEMP,I)
do I = 1, 100

TEMP = I
A(I) = 1.0 / TEMP

enddo
c$omp end parallel do

c$omp parallel do private(k)
do k = 0, P-1

localsum(k) = 0.0
do i = 1 + k*(N/P),  (k+1)*(N/P)

localsum(k) = localsum(k) + x(i)
enddo

enddo
c$omp end parallel do 
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Decomposition choices in OpenMP

c$omp parallel do schedule(static)
indicates a static block decomposition of the iteration space
blocksize =  iteration space / number of processors

c$omp parallel do schedule(static, chunksiz)
indicates a static block decomposition of the iteration space
where the blocksize is given by chunksiz

c$omp parallel do schedule(dynamic, chunksiz)
indicates that chunks of loop indices should be allocated
to processors on a first-available basis

c$omp parallel do schedule(guided, chunksiz)
starts with a large size of chunks each processor takes, 
and then exponentially reduces the chunk size down 
to chunksiz.
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Explicit synchronization in OpenMP

Explicit synchronization in OpenMP via the
c$omp critical

directive,  which acts like a guard (or mutex = mutual exclusion) 
at the beginning of a critical section (lock/unlock mutex).

The end is marked by
c$omp end critical

c$omp parallel do
do i = 1, n

c$omp critical
x = x + 1

c$omp end critical
end do



11

Reductions in OpenMP

Syntax:     reduction(operator:list)

int main()
#pragma omp parallel for reduction(+:x,y)
for (i = 0; i < n; i++) {

x += b[i];
y = sum(y,c[i]);

}

Compare MPI allreduce
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How many processors?

call omp_set_num_threads(inthreads)

designates the number of processors via inthreads

The number of threads can be determined with

nThreads = omp_get_num_threads( )
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Parallel regions

General definition of a parallel region: 

c$omp parallel
…..

c$omp end parallel

sequential
segment

sequential
segmentparallel do parallel do

Fork Join

barrier
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OpenMP Compilers
GNU gcc, compile with –fopenmp

IBM XL C/C++/Fortran, 

Sun C/C++/Fortran, compile with -xopenmp

Intel C/C++/Fortran, compile with –Qopenmp (Windows) 
or –openmp on Linux

…

#include <omp.h>
#include <stdio.h>
int main() {
#pragma omp parallel
printf("Hello from thread %d, nthreads %d\n", 

omp_get_thread_num(), omp_get_num_threads());
} 

Test code:


	7. OpenMP
	Example
	Example: Summation
	Tiling in OpenMP
	OpenMP Compilers

