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� Better performance on shared-memory machines 

� OpenMP is an Application programming interface 
(API) for parallel programming SMPs

� OpenMP has emerged as a shared-memory 
standard

� Consists of a set of compiler directives, library of 
support functions and environmental variables

� Fortran

� C

� C++
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� Yes!  XL compilers have a flag for automatic 
parallelization

� Compiler analyzes the code in search of 
independent sets of instructions ( loops whose 
iterations do not have dependencies )

� Catch: the compiler may lack the information to 
produce code that is fully optimized

– It may need to know the values that will be 
assumed by loop bounds

– The more complex the code the more difficult 
for the compiler to optimize the code
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� � � � 	 
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� An OpenMP directive is a specially formatted 
comment ( in Fortran ) or pragma ( in C/C++ ) 
that applies to the immediately folling it in the 
program
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� Creation of a collection of threads for parallel 
execution of sections of the code

� Specification on how to share or distribute 
work among the members of the collection of 
threads

� Declaration of private and shared variables
� Threads synchronization
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� The most common section of a code that is 
parallelized is:

� DO loop in Fortran 

� FOR loop in C/C++
� Scientific applications spend large portions of 

CPU time computing matrices inside loops
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� Yes!!, there is catch.
� Not every loop can be parallelized
� The number of iterations needs to be know upon 

entering the loop

� While loop do not satisfy this condition
� Loop iterations need to be independent from each 

other, order in which operations are performed 
should NOT change the results



8

Blue Gene/L Development

" � � � � �� � #� 
 � $� 
 �� � � � ��� 
 � �� �

do 10 j  = 1,  j max
i  = 1
vv( i , j )  = v( i , j , m)
do 60 i  = 2,  i max – 1

vv ( i , j )  = vv ( i - 1, j )  + b( i , j )
60    cont i nue

i  = i max
vv ( i , j )  = v( i - 1, j )
do 100 i  = i max – 1,  1,  - 1

vv ( i , j )  = vv ( i +1, j )  + a ( i , j )
100   cont i nue
10  cont i nue

! $OMP PARALLEL
! $OMP Do

! $OMP END DO
! $OMP END PARALLEL

Data 
dependency

Data 
dependency
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� par al l el : precedes a block of code to be executed 
in parallel by multiple threads 

� f or : precedes a for loop with independent iterations 
that may be divided among threads executing in 
parallel

� par al l el  f or : combination of the parallel and for 
directives

� sect i ons: precedes a series of blocks that may be 
executed in parallel

� par al l el  sect i ons: a combination of  parallel 
and sections directive

� cr i t i cal : precedes a critical section
� si ngl e: precedes a code block to be executed by a 

single thread
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� omp_get _num_pr ocs: returns the number of 
CPUs in the multiprocessor on which this 
thread is executing 

� omp_get _num_t hr eads: returns the number 
of threads active in the current parallel region

� omp_get _t hr ead_num: returns the thread 
identification number

� omp_set _num_t hr eads: allows you to fix the 
number of threads executing the parallel 
sections of the code
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� Preocessors
synchronize and 
communicate with 
each other through 
shared variables

Processor 0

Processor 1

Processor 2

Processor 3 Memory
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%� 
 � � � &	 � � � � � � 	 � � � �

Join

Join

Fork

Fork

Worker threads

Master thread

T
im

e

� f or k/ j oi n parallelism
� Parallelism comes and goes
� At the beginning only the master 

thread is active
� Master threads  executes serial 

parts of the program
� Master forks additional threads 

to help execute parallel portions 
of the program

� Threads are deactivated when 
serial portion resumes
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� Message-passing model: all processors typically 
remain active throughout the execution of the 
program

� Shared-memory model: the number of active 
threads is one at the beginning and end but threads 
may change throughout the execution of the 
program

� Shared-memory model supports incremental 
parallelization

� Transforming sequential programs to parallel 
programs can be carried out one block of code at a 
time

� Large advantage over message-passing
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� MPI programming can be difficult

� The programmer has to create a code that will 
be executed for each processor

– Reprogramming is required

� There is no incremental parallelization

� Difficult to create a program that will run 
efficiently on all architectures
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 � %! * +

� Shared-memory programming model via a collection of routines for 
creating, managing, and coordinating a collection of threads

� It is a library
� Some features were designed for single processor

� Context switching enables time-sliced execution of multiple threads

� Suitable for SMPs

� Aimed to be portable
� Comprehensive set of features to:

� Create threads

� Terminate threads

� Synchronize threads

� Avoid overwriting same data among threads:

– Mutexes, locks, condition variables, and semaphores
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[ ] [ ]nn bbbbandaaaa ,...,,,...,, 2121 ==

nn

n

i

babababa ++=× �
=

...22
1

11

baba T=×

Dot product of two vectors

Is defined:

Using matrix multiplication and treating the the (column) 
vectors as nx1 matrices, the dot product can be written:
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 � � � � � �

i nt mai n( ar gc,  ar gv)
i nt ar gc;
char  * ar gv[ ] ;
{

doubl e sum;
doubl e a[ 256] ,  b[ 256] ;
i nt n;
n = 256;
f or ( i =0;  i  < n;  i ++)  {

a[ i ]  = i  *  0. 5;
b[ i ]  = i  *  2. 0;

}
sum = 0;
f or ( i  = 1;  i  <= n;  i ++)  {

sum = sum + a[ i ] * b[ i ] ;
}
pr i nt f ( " sum = %f " ,  sum) ;

}
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 � � � � � �
i nt mai n( ar gc,  ar gv)
i nt ar gc;
char  * ar gv[ ] ;
{

doubl e sum,  sum_l ocal ;
doubl e a[ 256] ,  b[ 256] ;
i nt n,  numpr ocs,  myi d,  my_f i r st ,  my_l ast ;
n = 256;

MPI _I ni t ( &ar gc, &ar gv) ;
MPI _Comm_si ze( MPI _COMM_WORLD,  &numpr ocs) ;
MPI _Comm_r ank( MPI _COMM_WORLD, &myi d) ;
my_f i r st = myi d *  n/ numpr ocs;
my_l ast = (  myi d + 1 )  *  n/ numpr ocs;

f or ( i =0;  i  < n;  i ++)  {
a[ i ]  = i  *  0. 5;
b[ i ]  = i  *  2. 0;

}
sum_l ocal = 0;
f or ( i  = my_f i r st ;  i  <= my_l ast ;  i ++)  {

sum_l ocal = sum_l ocal + a[ i ] * b[ i ] ;
}
MPI _Al l r educe( &sum_l ocal ,  &sum,  1,  MPI _DOUBLE,  MPI _SUM,

MPI _COMM_WOLD) ;

i f  ( myi d==0)  pr i nt f ( " sum = %f " ,  sum) ;
}
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[ descar t es: ~/ OpenMP/ chap1]  di f f  SeqDot Pr od. c MPI Dot Pr od. c
5c5
<  doubl e sum;
- - -
>  doubl e sum,  sum_l ocal ;
7c7
<  i nt n;
- - -
>  i nt n,  numpr ocs,  myi d,  my_f i r s t ,  my_l ast ;
8a9, 14
>
>  MPI _I ni t ( &ar gc, &ar gv) ;
>  MPI _Comm_si ze( MPI _COMM_WORLD,  &numpr ocs) ;
>  MPI _Comm_r ank( MPI _COMM_WORLD, &myi d) ;
>  my_f i r st = my i d *  n/ numpr ocs ;
>
13, 15c19, 21
<  sum = 0;
<  f or  ( i  = 1;  i  <= n;  i ++)  {
<     sum = sum + a[ i ] * b[ i ] ;
- - -
>  sum_l ocal = 0;
>  f or  ( i  = my_f i r st ;  i  <= my_l as t ;  i ++)  {
>     sum_l ocal = sum_l ocal + a[ i ] * b[ i ] ;
17c23, 26
<  pr i nt f ( " sum = %f \ n" ,  sum) ;
- - -
>  MPI _Al l r educe( &sum_l ocal ,  &sum,  1,  MPI _DOUBLE,  MPI _SUM,
>                                      MPI _COMM_WOLD) ;
>
>  i f  ( myi d==0)  pr i nt f ( " sum = %f " ,  sum) ;
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#def i ne NUMTHRDS 4
doubl e sum;
doubl e a[ 256] ,  b[ 256] ;
i nt st at us;
i nt n=256;
pt hr ead_t t hd[ NUMTHRDS] ;
pt hr ead_mut ex_t mut exsum;

i nt mai n( ar gc,  ar gv)
i nt ar gc;
char  * ar gv[ ] ;
{

pt hr ead_at t r _t at t r ;
f or ( i  = 0;  i  < n;  i ++)  {

a[ i ]  = i  *  0. 5;
b[ i ]  = i  *  2. 0;

}

t hr ead_mut ex_i ni t ( &mut exsum,  NULL) ;
pt hr ead_at t r _i ni t ( &at t r ) ;
pt hr ead_at t r _set det achst at e( &at t r ,  PTHREAD_CREATE_JOI NABLE) ;

f or ( i =0; i <NUMTHRDS; i ++)
{

pt hr ead_cr eat e(  &t hds[ i ] ,  &at t r ,  dot pr od,  ( voi d * ) i ) ;
}

pt hr ead_at t r _dest r oy( &at t r ) ;

f or ( i =0; i <NUMTHRDS; i ++)
{

pt hr ead_j oi n(  t hds[ i ] ,  ( voi d * * ) &st at us) ;
}

pr i nt f ( " sum = %f  \ n" ,  sum) ;
pt hr ead_mut ex_dest r oy( &mut exsum) ;
pt hr ead_exi t ( NULL) ;

}
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void *dotprod(void *arg)
{

int myid, i, my_first, my_last;
double sum_local;

myid = (int)arg;
my_first = myid * n/NUMTHRDS;
my_last = (myid + 1) * n/NUMTHRDS;

sum_local = 0;
for (i = my_first; i <= my_last; i++) {

sum_local = sum_local + a[i]*b[i];
}
pthread_mutex_lock (&mutex_sum);
sum = sum + sum_local;
pthread_mutex_unlock (&mutex_sum);

pthread_exit((void*) 0);
}

}
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i nt mai n( ar gc,  ar gv)
i nt ar gc;
char  * ar gv[ ] ;
{

doubl e sum;
doubl e a[ 256] ,  b[ 256] ;
i nt n;
n = 256;
f or ( i =0;  i  < n;  i ++)  {

a[ i ]  = i  *  0. 5;
b[ i ]  = i  *  2. 0;

}
sum = 0;

#pr agma omp f or  r educt i on( +: sum)
f or ( i  = 1;  i  <= n;  i ++)  {

sum = sum + a[ i ] * b[ i ] ;
}
pr i nt f ( " sum = %f \ n" ,  sum) ;

}
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di f f  SeqDot Pr od. c OpenMPDot Pr od. c
13a14
> #pr agma omp f or  r educt i on( +: sum)
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� OpenMP relies “extensively” on distributing the work 
in do-loops among multiple threads

� Loop-level parallelism in real applications might be 
limited

� Data race condition can be difficult to detect and it 
manifests itself via data corruption
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T1 is the execution time of an application on 1 processor

PT
T

S 1=

Amdahl’s Law

))1(/(
1

parpar fPf
S
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� Parallel operations are often expressed in Fortran 
and C programs as f or loops

f or  ( i  = f i r st ;  i  < s i ze;  I  += pr i me)  mar ked[ i ]  = 1;

or

i nt eger  i ,  n,  sum 
sum = 0 
do 5 i  = 1,  n 
sum = sum + i  

5  cont i nue

C

Fortran
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� Compiler can automatically locate and where possible 
parallelize all countable loops in your program code

� If there is no branching into or out of the loop. 

� Increment expression is not within a critical section.

� Countable loop is automatically parallelized only if all of the 
following conditions are met:

– The order in which loop iterations start or end does not affect the 
results of the program 

– The loop does not contain I/O operations
– Floating point reductions inside the loop are not affected by 

round-off error, unless the -qnostrict option is in effect
– The -qnostrict_induction compiler option is in effect
– The -qsmp=auto compiler option is in effect 
– The compiler is invoked with a thread-safe compiler mode

AIX compiler
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� The word pragma is short for “pragmatic information”
� Pragma is a way to communicate information to the compiler

� Nonessential information
� #pr agma omp <rest of pragma>

#pr agma omp par al l el  f or
f or  ( i  = f i r s t ;  i  < s i ze;  I  += pr i me)  mar ked[ i ]  = 1;

Immediately 
before the for 

loop 
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� Compiler must be able to verify that the run-time system will 
have the information it needs to determine the number of 
loop iterations when it evaluates the control clause

� The control clause of the for loop must have canonical shape

f or  ( i ndex = st ar t ;  i ndex 

<
<=
>=
> 

end;  

i ndex++
++i ndex
i ndex—
- - i ndex
i ndex += i nc
i ndex - = i nc
i ndex = i ndex + i nc
i ndex = i nc + i ndex
i ndex = i ndex - i nc 

)  

Canonical 
shape
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� For loop must not contain statements that allow the 
loop to be exited prematurely

� br eak

� r et ur n

� exi t

� go t o l abel s out si de t he l oop
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� Master thread creates additional threads

� All threads work together to complete the 
iterations of the loop

� Every thread has its own execution context

– Execution context: an address space 
containing all of the variables the thread may 
access

• Static variables
• Dynamically allocated data structures in 

the heap
• Variables on the run-time stack
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� Shared variables

� “Same address in the execution context of every 
thread”

� All threads have access to shared variables
� Private variable

� “Different address in the execution context of 
every thread”

� A thread can access its own private variables, 
but CANNOT access the private variable of 
another thread

� In the case of the parallel for pragma, variables are 
by default shared, with exception of the loop index
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� OMP_NUM_THREADS

� Provides default number of threads for parallel 
section of the code

� pr i nt env and set env in UNIX can be used to 
check and set environmental variables
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i nt mai n ( i nt ar gc,  
char *  ar gv[ ] )

{
i nt b[ 3] ;
char *  cpt r ;
i nt i ;

cpt r = mal l oc( 1) ;
#pr agma omp par al l el  f or

f or  ( i =0;  i <3;  i ++)
b[ i ]  = i ;

Heap

Stack

b cptr i

i=0 i=1

Master thread
(thread 0)

Thread 1



36

Blue Gene/L Development
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� omp_get _num_pr ocs
� Returns the number of physical processors available for use by the 

parallel program

� i nt omp_get _num_pr ocs ( voi d)

� The integer returned by this function may be less than the total
number of physical processors in the multiprocessor

� omp_set _num_t hr eads
� Uses the parameters value to set the number of threads to be active 

in parallel sections of code

� voi d omp_set _num_t hr eads ( i nt t )

i nt t ;

t  = omp_get _num_pr ocs( ) ;
omp_set _num_t hr eads( t ) ;
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for (i = 0; i < BLOCK_SIZE(id,p,n); i++)
for (j=0; j < n; j++)

a[i][j] = MIN(a[i][j], a[i][k] + tmp[j]);

Either loop can 
be parallelized

Directive Loop overhead may 
be greater than the 

time saving by 
splitting execution
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� It is the number of computations performed between 
communication or synchronization steps

� Increasing grain size improves the performance 
of a parallel program

� In the previous example, parallelizing the outer 
look results in greater grain size
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� It is an optional, additional component to a pragma
� The pr i vat e clause directs the compiler to make one or more 

variables private
� pr i vat e (  <var i abl e l i s t > )

#pragma omp parallel for private(j)
for (i = 0; i < BLOCK_SIZE(id,p,n); i++)

for (j=0; j < n; j++)
a[i][j] = MIN(a[i][j], a[i][k] + tmp[j]);

By default the value of 
a private variable is 
undefined when the 
parallel construct is 

entered, and the value 
is also undefined when 
the construct is exited
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� A private variable can inherit the value of the shared variable
� f i r st pr i vat e ( <var i abl e l i s t >)
� It ensures inheritance of the value of the shared variable 

assigned in the master thread

x[ 0]  = compl ex_f unct i on( ) ;
f or  ( i  = 0;  i  < n;  i ++)   {

f or  ( j  = 1;  j  < 4;  j ++)
x[ j ]  = g( i ,  x[ j - 1] ) ;

answer [ i ]  = x[ 1]  – x[ 3] ;
}

•Assuming g has no side effects:
•Outer loop can be parallelized

•x has to be made private variable
•x[0] is initialized before the outer 

for loop
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f i r st pr i vat ef i r st pr i vat e ( . 
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x[ 0]  = compl ex_f unct i on( ) ;
#pr agma omp par al l el  f or  pr i vat e( j )  f i r st pr i vat e( x)
f or  ( i  = 0;  i  < n;  i ++)   {

f or  ( j  = 1;  j  < 4;  j ++)
x[ j ]  = g( i ,  x[ j - 1] ) ;

answer [ i ]  = x[ 1]  – x[ 3] ;
}

f i r s t pr i vat e
variables are initialized 
once per thread, not per 

iteration
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� The l ast pr i vat e clause directs the compiler to generate code at 
the end of the parallel for loop that copies back to the master 
thread’s copy of a variable the private copy of the variable from the 
thread that executed the sequentially last iteration of the loop

� A par al l el  f or pragma may contain both f i r st pr i vat e and 
l ast pr i vat e clauses

#pr agma omp par al l el  f or  pr i vat e( j )  l ast pr i vat e( x)
f or  ( i = 0;  i  < n;  i ++)   {

x[ 0]  = 1. 0;
f or  ( j = 1;  j  < 4;  j ++)

x[ j ]  = x[ j - 1]  + ( i +1) ;
sum_of _power s[ i ]  = x[ 0]  + x[ 1]  + x[ 2]  + x[ 3] ;

}
n_cubed = x[ 3] ;
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$
 � � � � � � � �� �� �$
 � � � � � � � �� �� �

doubl e ar ea,  pi ,  x;
i nt i ,  n;

ar ea = 0. 0
#pr agma omp par al l el  f or  pr i vat e( x)

f or  ( i  = 0;  i  < n;  i ++)  {
x = ( i +0. 5) / n;
ar ea += 4. 0/ ( 1. 0 + x* x) ;

}
pi  = ar ea /  n;

Race 
condition
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( . 
 � � �� � � #� $
 � � � � � � � �� �� �( . 
 � � �� � � #� $
 � � � � � � � �� �� �

11.667

11.667

15.432

15.230

Value of area Thread A Thread B

+3.765

+3.563
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� � �� �� 
 ��� � �� �� 
 �� 
 � 
 ' � 

 � 
 ' � 


� #pr agma omp cr i t i cal

� Directs the compiler to enforce mutual exclusion among 
the threads trying to execute the block of code

doubl e ar ea,  pi ,  x;
i nt i ,  n;

ar ea = 0. 0
#pr agma omp par al l el  f or  pr i vat e( x)

f or  ( i  = 0;  i  < n;  i ++)  {
x = ( i +0. 5) / n;

#pr agma omp cr i t i cal
ar ea += 4. 0/ ( 1. 0 + x* x) ;

}
pi  = ar ea /  n;
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$� � � � � �� � � � �
 � � �$� � � � � �� � � � �
 � � �

� Reduction (<op>:<variable>)
� Where <op> is a reduction operation and <variable> is 

the name of the shared variable that will end up with the 
result of the reduction

doubl e ar ea,  pi ,  x;
i nt i ,  n;

ar ea = 0. 0
#pr agma omp par al l el  f or  pr i vat e( x)  r educt i on( +: ar ea)

f or  ( i  = 0;  i  < n;  i ++)  {
x = ( i +0. 5) / n;
ar ea += 4. 0/ ( 1. 0 + x* x) ;

}
pi  = ar ea /  n;
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$� � � � � �� � � � �
 � � �  � � � � � � 
 �$� � � � � �� � � � �
 � � �  � � � � � � 
 �

program reduction

integer I, n
real a(100), b(100), sum

!     Some initializations
n = 100
do i = 1, n
a(i) = i *1.0
b(i) = a(i)

enddo
sum = 0.0

!$OMP PARALLEL DO REDUCTION(+:SUM)
do i = 1, n
sum = sum + (a(i) * b(i))

enddo

print *, ©   Sum = ©, sum
end
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� � � � 	 
� � � � 	 
 � � � � � � �� � � � � � � 
 � � � � � #� � � � � 
 � � � � 11� � � � � � �� � � � � � � 
 � � � � � #� � � � � 
 � � � � 11

0intLogical or||

1intLogical and&&

0intBitwise 
exclusive or

^

0intBitwise or|

All bits 1intBitwise and&

1float, intProduct*

0float, intSum+

Initial valueAllowable 
types

MeaningOperator
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( . � � � � �� � � � �� � � � #� � �( . � � � � �� � � � �� � � � #� � � pppppppp � � � ' � 
 � �� � � ' � 
 � �

1.28374.51POWER6 4.7 GHz

2.41324.71POWER6 4.7 GHz

4.78180.80POWER6 4.7 GHz

1.40428.42POWER5 1.9 GHz

2.70374.10POWER5 1.9 GHz

5.22145.03POWER5 1.9 GHz

3.24582.95BG/P

5.09552.54POWER4 1 GHz

6.42602.62BG/P

10.08458.84POWER4 1 GHz

12.80560.08BG/P

1

4

2

20.12586.37POWER4 1 GHz

Using reduction clauseUsing critical pragmaThreads

Execution time of program (sec)



50

Blue Gene/L Development


 � � #� � � 
 � � � � ! � � � � � � � � � � �
 � � #� � � 
 � � � � ! � � � � � � � � � � �
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! � � � � � �� ' � - � � � �! � � � � � �� ' � - � � � �

f or  ( i  = 1;  i  < m;  i ++)
f or  ( j  = 0;  j  < n;  j ++)

a[ i ] [ j ]  = 2 *  a[ i - 1] [ j ] ;

0 21 2

0 11 1

0 01 0

a[i-1][j]a[i][j]

f or  ( i  = 1;  i  < m;  i ++)
#pr agma par al l el  f or  pr i vat e( i )

f or  ( j  = 0;  j  < n;  j ++)
a[ i ] [ j ]  = 2 *  a[ i - 1] [ j ] ;

m-1 join/fork steps

Data dependency
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! � � � � � �� ' � - � � � �  � ! � � � � � � � � / � � � �� �! � � � � � �� ' � - � � � �  � ! � � � � � � � � / � � � �� �

#pr agma par al l el  f or  pr i vat e( i )
f or  ( j  = 0;  j  < n;  j ++)

f or  ( i  = 1;  j  < m;  i ++)
a[ i ] [ j ]  = 2 *  a[ i - 1] [ j ] ;

4,44,34,24,14,0

3,43,33,23,13,0

2,42,32,22,12,0

1,41,31,21,11,0
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� � � � �� �� � 
 �� - � � � �� � � � �� �� � 
 �� - � � � �

0.0085 (1.19)

0.0088 (1.15)

0.0101 (1.00)

N=10000

12.803 (1.00)0.0215 (1.00)1

3.217 (3.98)0.0129 (1.67)4

6.425 (1.99)0.0152 (1.41)2

N=1000000000N=1000000Threads

Execution time of program (sec)

ar ea = 0. 0
#pr agma omp par al l el  f or  pr i vat e( x)  r educt i on( +: ar ea)  i f ( n>1000000)

f or  ( i  = 0;  i  < n;  i ++)  {
x = ( i +0. 5) / n;
ar ea += 4. 0/ ( 1. 0 + x* x) ;

}
pi  = ar ea /  n;

Parallel speedup

BG/P timings

i f  ( <scal ar  expr essi on>)
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%� � � � � ��� ' � - � � � �%� � � � � ��� ' � - � � � �

� Schedul e clause
� It allows to specify how the iterations of a loop should be allocated to 

threads

� Static schedule
� All iterations are allocated to threads before they execute any loop iterations

� Low overhead; potential for load imbalance

� Dynamic schedule
� Some iterations are allocated to threads at the beginning of the loop’s 

execution

– Threads that complete their iterations become available for additional 
work

� Higher overhead; potential for better load balance

� Chunks
� Range of iterations assigned to threads

– Increasing chunk sizes may reduce overhead and increase cache hit 
rate

– Smaller chunk size can allow finer balancing of workloads
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%� � � � � �� � � �
 � � �%� � � � � �� � � �
 � � �

� schedul e (<type> [, <chunk>])
� schedul e( st at i c) : n/t contiguous iterations are allocated to each thread 

(default)

� schedul e( st at i s, C) : an interleaved allocation of chunks to tasks.  Each 
chunk contains C contiguous iterations

� schedul e( dynami c) : iterations are dynamically allocated, one at a time, 
to threads

� schedul e( dynami c, C) : a dynamic allocation of C iterations at a time to 
the tasks

� schedul e( gui ded) : a dynamic allocation of iterations to tasks by 
allocating a large chunk size to each task and responds to further requests 
for chunks by allocating chunks of decreasing size.  The size of the chunks 
decreases exponentially to a minimum chunk size 1

� schedul e( gui ded, C) : minimum chunk size of C

� schedul e( r unt i me) : the schedule type is chosen at run-time based on 
the value of the environment variable OMP_SCHEDULE
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par al l elpar al l el 
 � 
 ' � 

 � 
 ' � 


� This pragma precedes a block of code that should be executed by 
all of the threads

� Syntax: #pr agma omp par al l el

– Curly braces can be used to create a parallel region if the code
is NOT a simple statement

� Execution of the code block after the parallel program is replicated 
among the threads
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f orf or 
 � 
 ' � 

 � 
 ' � 


� This pragma directs the compiler to divide the 
iterations of the loop the pragma precedes

� Syntax: #pr agma omp f or
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pppppppp 	 � � � � � � 
 � �� � 
 � � ' � 
 �  � %� � � � � � � � � �� �	 � � � � � � 
 � �� � 
 � � ' � 
 �  � %� � � � � � � � � �� �

/*
*   This C program uses the Monte Carlo method to
*   compute the value pi.
*/

#include <stdio.h>
#include <omp.h>

long long timebase(void);

int main (int argc, char *argv[])
{
int count;            /* Points inside circle  */
int i;
int local_count;      /* This thread©s subtotal */
int samples;          /* Points to generate    */
unsigned short xi[3]; /* Random number seed  */
int num_threads;      /* Number of threads */
int thread;           /* Thread ID         */
double x, y;          /* Point©s coordinates */

long long time0, time1;                /* timing variables */
double cycles, sec_per_cycle, factor;  

/* Number of points and number of threads are
command-line arguments   */

/* Usage: ./a.out <# samples> <# threads> <seed0> <seed1>  */

time0 = timebase();
samples = atoi(argv[1]);
omp_set_num_threads (atoi(argv[2]));

count = 0;
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pppppppp 	 � � � � � � 
 � �� � 
 � � ' � 
 �  � 
 
 � 
 ��� �� � � � � �� �	 � � � � � � 
 � �� � 
 � � ' � 
 �  � 
 
 � 
 ��� �� � � � � �� �

#pragma omp parallel private(xi,num_threads,thread,i,x,y,local_count)
{

local_count = 0;
xi[0] = atoi(argv[3]);
xi[1] = atoi(argv[4]);
xi[2] = thread = omp_get_thread_num();
num_threads = omp_get_num_threads();

for (i = thread; i < samples; i += num_threads) {
x = erand48(xi);
y = erand48(xi);
if (x*x + y*y <= 1.0) count++;

}
#pragma omp critical

count += local_count;
}
printf ("samples: %d  Estimate of pi: %7.5f\n", 4.0*count/samples);
time1 = timebase();
cycles = time1 - time0;
factor = 1.0/850000000.0;
sec_per_cycle = cycles * factor;
printf("Total time %lf \n",sec_per_cycle, "Seconds \n");

}
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s i ngl esi ngl e 
 � 
 ' � 

 � 
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� This pragma directs the compiler that only a single thread should 
execute the block of code the pragma precedes

� Syntax: #pr agma omp si ngl e

#pr agma omp par al l el  pr i vat e( i , j )
f or  ( i  = 0;  i  < m;  i ++)  {

l ow = a[ i ] ;
hi gh = b[ i ] ;
i f  ( l ow > hi gh)   {

#pr agma omp si ngl e
pr i nt f ( “ Exi t i ng dur i ng i t er at i on %d\ n” ,  i ) ;
br eak;

}
#pr agma omp f or

f or  (  j  = l ow;  j  < hi gh;  j ++)
c[ j ]  = ( c[ j ]  – a[ i ] ) / b[ i ] ;

}
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nowai tnowai t � �
 � � �� �
 � � �

� Added to a par al l el  f or pragma, tells the compiler to omit the 
barrier synchronization at the end of the parallel f or loop

� Syntax: #pr agma omp f or  nowai t

#pr agma omp par al l el  pr i vat e( i , j ,  l ow,  hi gh)
f or  ( i  = 0;  i  < m;  i ++)  {

l ow = a[ i ] ;
hi gh = b[ i ] ;
i f  ( l ow > hi gh)   {

#pr agma omp si ngl e
pr i nt f ( “ Exi t i ng dur i ng i t er at i on %d\ n” ,  i ) ;
br eak;

}
#pr agma omp f or  nowai t

f or  (  j  = l ow;  j  < hi gh;  j ++)
c[ j ]  = ( c[ j ]  – a[ i ] ) / b[ i ] ;

}

nowai t
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� Functional parallelism

� OpenMP allows the allocation of different 
threads to different portions of the code
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v = al pha ( ) ;
w = bet a( ) ;
x = gamma( v,  w) ;
y = del t a( ) ;
pr i nt f ( %6. 2f \ n” ,  epsi l on( x, y) ) ;

alpha beta

gamma

epsilon

delta
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par al l el  sect i onspar al l el  sect i ons 
 � 
 ' � 

 � 
 ' � 


� This pragma precedes a block of n blocks of code that may be 
executed concurrently by n threads

� Syntax: #pragma omp parallel sections
� sect i on Pragma

#pr agma omp par al l el  sect i ons
{

#pr agma omp sect i on
v = al pha ( ) ;

#pr agma omp sect i on
w = bet a( ) ;

#pr agma omp sect i on
y = del t a( ) ;

}
x = gamma( v,  w) ;
pr i nt f ( %6. 2f \ n” ,  epsi l on( x, y) ) ;
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Summar ySummar y

� OpenMP is an API for shared-memory parallel 
programming

� The shared-memory model relies upon fork/join 
parallelism

� A parallel shared-memory runs with periods of 
parallel program and periods of sequential program

� Master thread executes all the sequential code
� Parallel blocks of code fork other threads
� Threads communicate with each other via shared 

variables
� At the end of a parallel block of code threads 

synchronize and rejoin the master
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� � � � � � �. � �  � 2� 3
 �� � � � � � �. � �  � 2� 3
 � 	 
 4� #���	 
 4� #���

BGP_FLOOR   = / bgsys/ dr i ver s/ ppcf l oor
BGP_I DI RS   = - I $( BGP_FLOOR) / ar ch/ i nc l ude - I $( BGP_FLOOR) / comm/ i ncl ude
BGP_LI BS    = - L$( BGP_FLOOR) / comm/ l i b - L$( BGP_FLOOR) / r unt i me/ SPI  - l mpi ch. cnk -
l dcmf col l . cnk - l dcmf . cnk - l r t - l SPI . cna - l pt hr ead

XL          = / opt / i bmcmp/ vac/ bg/ 9. 0/ bi n/ bgxl c_r

EXE         =  pi _cr i t i cal _bgp
OBJ         =  pi _cr i t i cal . o
SRC         =  pi _cr i t i cal . c
FLAGS       =  - O3 - qsmp=omp: noaut o - qt hr eaded - qar ch=450  - qt une=450 -
I $( BGP_FLOOR) / comm/ i ncl ude
FLD         =  - O3 - qar ch=450 - qt une=450

$( EXE) :  $( OBJ)
#       ${ XL}  $( FLAGS)  $( BGP_LDI RS)  - o $( EXE)  $( OBJ)  $( BGP_LI BS)

${ XL}  $( FLAGS)  - o $( EXE)  $( OBJ)  t i mebase. o $( BGP_LI BS)
$( OBJ) :  $( SRC)

${ XL}  $( FLAGS)  $( BGP_I DI RS)  - c $( SRC)

cl ean:
r m pi _cr i t i cal . o pi _cr i t i cal _bgp
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� � � � � � �. � 2 � 2� 3
 � $� � � %� � �� �� � � � � � �. � 2 � 2� 3
 � $� � � %� � �� �

#! / bi n/ csh

set  MPI RUN=" mpi r un"
set  MPI OPT=" - np 1"
set  MODE=" - mode SMP"
set  PARTI TI ON=" - par t i t i on N06_32_1"
set  WDI R=" - cwd / bgusr / cpsosa/ r ed/ pi / c"
set  EXE=" - exe / bgusr / cpsosa/ r ed/ pi / c/ pi _cr i t i cal _bgp"
#
$MPI RUN $PARTI TI ON $MPI OPT $MODE $WDI R $EXE - env " OMP_NUM_THREADS=1"
#
echo " That ' s al l  f ol ks! ! "


