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$ ssh username@grex.westgrid.ca

username@tatanka ~

username@bison ~

cp –r /global/scratch/workshop/openmp-wg-Oct2017

cd openmp-wg-Oct2017 && ls

sh get_node_workshop.sh               [ username@n139 ~]

export OMP_NUM_THREADS=4                               

OMP_NUM_THREADS  4                                     

Current directory















































Serial Programming:




Why Parallel?




Solution:




Time

1 Core

Parallelization

Execution in parallel

4 Cores

With 4 cores:

Execution time reduced 

by a factor of 4

But in real world:
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OpenMP

Directives to add to a 

serial program.

Interpreted at compile 

time.

Directives executed 

at run time. 

Directives introduced after 

compile time to control & 

execute OpenMP program.
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#pragma omp parallel

{

int id = omp_get_thread_num();

more: res[id] = do_big_job (id);

if  (conv (res[id]) goto more;

}

printf (“All done\n”);

Structured block

if  (go_now()) goto more;

#pragma omp parallel

{

int id = omp_get_thread_num();

more: res[id] = do_big_job(id);    

if  (conv (res[id]) goto done;

goto more;

}

done: if  (!Really_done()) goto more;

Non structured block



























#include <stdio.h>

int main() {

printf("Hello World\n");

}

program Hello

implicit none

write(*,*) "Hello World"

end program Hello























#include <omp.h>

#pragma omp parallel

use omp_lib

!$omp parallel

!$omp end parallel























#include <omp.h>

#include <stdio.h>

int main() {

#pragma omp parallel

{

printf("Hello World\n");

}

}

program Hello

use omp_lib

implicit none

!$omp parallel

write(*,*) "Hello World"

!$omp end parallel

end program Hello

Header module

Compiler

directivesCompiler

directives











#include <omp.h>        

#define NUM_THREADS 4

int main() {  

int ID, nthr, nthreads;  double start_time, elapsed_time; 

omp_set_num_threads(NUM_THREADS);  

nthr = omp_get_num_threads();

start_time = omp_get_wtime();  

#pragma omp parallel default(none) private(ID) shared(nthreads) {  

ID = omp_get_thread_num(); nthreads = omp_get_num_threads();     

printf("Hello World!; My ID is equal to [ %d ] – The total of threads is: [ %d ]\n",

ID,  nthreads);  } 

elapsed_time = omp_get_wtime() - start_time;  

printf("\nThe time spend in the parallel region is: %f\n\n", elapsed_time);  

nthr = omp_get_num_threads();  

printf(“Number of threads is: %d\n\n",nthr);

}

Development: set number of threads.

Production: use OMP_NUM_THREADS 

Set OMP_NUM_THREADS

Get number of threads (Nth = 1) 

Get OMP_NUM_THREADS

Print number of threads (Nth = 1) 

Compute elapsed time.



$ icc –openmp helloworld_c_omp.c

$ gcc –fopenmp helloworld_c_omp.c

$ ifort –openmp helloworld_f90_omp.f90

$ gfortran –fopenmp helloworld_f90_omp.f90

$ export OMP_NUM_THREADS=4

$ ./a.out

Hello World!; My ID is equal to [ 0 ] - The total of threads is: [ 4 ]

Hello World!; My ID is equal to [ 3 ] - The total of threads is: [ 4 ]

Hello World!; My ID is equal to [ 1 ] - The total of threads is: [ 4 ]

Hello World!; My ID is equal to [ 2 ] - The total of threads is: [ 4 ]

$ ./a.out

Hello World!; My ID is equal to [ 3 ] - The total of threads is: [ 4 ]

Hello World!; My ID is equal to [ 0 ] - The total of threads is: [ 4 ]

Hello World!; My ID is equal to [ 2 ] - The total of threads is: [ 4 ]

Hello World!; My ID is equal to [ 1 ] - The total of threads is: [ 4 ]

$ export OMP_NUM_THREADS=1

$ ./a.out

$ export OMP_NUM_THREADS=2

$ ./a.out

$ export OMP_NUM_THREADS=3

$ ./a.out

$ export OMP_NUM_THREADS=4

$ ./a.out











#pragma omp parallel

{

#pragma omp for 

{

calc();

}

}

#pragma omp parallel for { calc(); }

!$omp parallel

!$omp do

!$omp end do

!$omp end parallel

!$omp parallel do

!$omp end parallel do



#pragma omp parallel

{

#pragma omp for

for (i = 0; i < nloops; i++)

do_some_computation();

}

!$omp parallel

!$omp do

do i = 1, nloops

do_some_computation

end do

!$omp end do

!$omp end parallel

#pragma omp parallel for { …. } !$omp parallel do 

!$omp end parallel do



#pragma omp parallel

#pragma omp sections 

{

#pragma omp section

{ some computation(); }

#pragma omp section

{ some computation(); }

}

!$omp sections

!$omp section

some computation

!$omp end section

!$omp section

some computation

!$omp end section

!$omp end sections



#include <omp.h>

#define nloops 8

int main() 

{ 

int ID, nthreads;

#pragma omp parallel default(none) private(ID) shared(nthreads) {

ID = omp_get_thread_num();

if ( ID == 0 ) { nthreads = omp_get_num_threads(); }    

int i;          

#pragma omp for     

for (i = 0; i < nloops; i++) {           

printf("Hello World!; 

My ID is equal to [ %d of %d ] –

I get the value [ %d ]\n",ID,nthreads,i);   }  

}

}

#pragma omp single

nthreads = omp_get_num_threads();

helloworld_loop_c_omp.cpp



use omp_lib

implicit none  

integer :: ID, nthreads, i

integer, parameter :: nloops = 8  

!$omp parallel default(none) shared (nthreads) private(ID) 

ID = omp_get_thread_num()

if ( ID ==0 ) nthreads = omp_get_num_threads() 

!$omp do

do i = 0, nloops - 1     

write(*,fmt="(a,I2,a,I2,a,I2,a)") "Hello World!, My ID is equal to &

& [ ", ID, " of ",nthreads, " ] - I get the value [ ",i, "]"  

end do

!$omp end do 

!$omp end parallel

helloworld_loop_f90_omp.f90

!$omp single

nthreads = omp_get_num_threads()

!$omp end single



$ export OMP_NUM_THREADS=2

$ ./a.out

Hello World!; My ID is equal to [ 0 of 2 ] - I get the value [ 0 ]

Hello World!; My ID is equal to [ 1 of 2 ] - I get the value [ 4 ]

Hello World!; My ID is equal to [ 0 of 2 ] - I get the value [ 1 ]

Hello World!; My ID is equal to [ 1 of 2 ] - I get the value [ 5 ]

Hello World!; My ID is equal to [ 0 of 2 ] - I get the value [ 2 ]

Hello World!; My ID is equal to [ 1 of 2 ] - I get the value [ 6 ]

Hello World!; My ID is equal to [ 0 of 2 ] - I get the value [ 3 ]

Hello World!; My ID is equal to [ 1 of 2 ] - I get the value [ 7 ]

$ export OMP_NUM_THREADS=1

$ ./a.out

$ export OMP_NUM_THREADS=2

$ ./a.out

$ export OMP_NUM_THREADS=3

$ ./a.out

$ export OMP_NUM_THREADS=4

$ ./a.out
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double x, pi, sum;  

int i;  

sum = 0.0;

for (i = 0; i < nb_steps; i++) {

x = (i + 0.5) * step;

sum += 1.0/(1.0 + x * x);

}  

pi = 4.0 * sum * step; 

real(8) :: pi, sum, x

integer :: i

sum = 0.0d0

do i = 0, nb_steps

x = (i + 0.5) * step

sum = sum + 1.0/(1.0 + x * x)

end do   

pi = 4.0 * sum * step

$ gcc compute_pi_c_seq.c

$ ./a.out

pi = 3.14159

$ gfortran compute_pi_f90_seq.f90

$ ./a.out

pi = 3.14159







p

compute_pi_c_omp-template.c compute_pi_f90_omp-templtae.f90















$ gcc –fopenmp compute_pi_c_omp-template.c

$ gfortran –fopenmp compute_pi_f90_omp-template.f90



p

#pragma omp parallel default(none)    

private(i) shared(x,sum) {

int i; double x;

for (i = 0; i < nb_steps; i++) {

x = (i + 0.5) * step;

sum += 1.0/(1.0 + x * x);

}

}

pi = 4.0*sum*step;

!$omp parallel default(none) 

private(i) shared(x,sum)

do i = 0, nb_steps

x = (i + 0.5) * step

sum = sum + 1.0/(1.0 + x * x)

end do

!$omp end parallel

pi = 4.0*sum*step

compute_pi_c_omp_race.c compute_pi_f90_omp_race.f90

$ gcc –fopenmp compute_pi_c_omp_race.c

$ gfortran –fopenmp compute_pi_f90_omp_race.f90



$ ./a.out

The value of pi is [  9.09984 ]; Computed using [ 20000000 ] steps in [ 9.280 ] s. 

$ ./a.out

The value of pi is [ 11.22387 ]; Computed using [ 20000000 ] steps in [ 11.020 ] s.

$ ./a.out

The value of pi is [  5.90962 ]; Computed using [ 20000000 ] steps in [  5.640 ]  s.

$ ./a.out

The value of pi is [  8.89411 ]; Computed using [ 20000000 ] steps in [  8.940 ]  s.

$ ./a.out

The value of pi is [ 10.94186 ]; Computed using [ 20000000 ] steps in [ 10.870 ] s.

$ ./a.out

The value of pi is [ 10.89870 ]; Computed using [ 20000000 ] steps in [ 11.030 ] s.

compute_pi_c_omp_race.c compute_pi_f90_omp_race.f90









#pragma omp parallel

{

for (i=0; I < n; i++) { computation[i]; }

}

#pragma omp parallel 

{

int numthreads = omp_get_num_threads();

int ID = omp_get_thread_num();

for (i=0+ID; I < n; i+=numthreads) {

computation[i][ID]; }

}





compute_pi_c_spmd-template.c compute_pi_f90_spmd-template.f90















#pragma omp parallel

{ 

Int nthreads = omp_get_num_threads();

Int ID = omp_get_thread_num();

sum[id] = 0.0;  

for (i = 0+ID; i < nb_steps; i+=nthreads) {

x = (i + 0.5) * step; 

sum[ID] = sum[ID] + 1.0/(1.0 + x*x); }  

}  

compute_tot_sum(); [ i = 1 to nthreads]

pi = 4.0 * tot_sum * step;

!$omp parallel    

nthreads = omp_get_num_threads()

ID = omp_get_thread_num();

sum(id) = 0.0  

do i = 1+ID, nb_steps, nthreads

x = (i + 0.5) * step; 

sum(ID) = sum(ID) + 1.0/(1.0 + x*x);

end do 

!$omp end parallel

compute_tot_sum [ i = 1 to nthreads]

pi = 4.0 * tot_sum * step

compute_pi_c_spmd_simple.c compute_pi_f90_spmd_simple.f90



p

$ a.out

The value of pi is [ 3.14159; Computed using [ 20000000] steps in [ 0.4230] seconds

The value of pi is [ 3.14166; Computed using [ 20000000] steps in [ 1.2590] seconds

The value of pi is [ 3.14088; Computed using [ 20000000] steps in [ 1.2110] seconds

The value of pi is [ 3.14206; Computed using [ 20000000] steps in [ 1.9470] seconds











































#pragma omp parallel

{ 

int ID = omp_get_thread_num();

A[ID] = Big_A_Computation(ID);

#pragma omp barrier

A[ID] = Big_B_Computation(A,ID);

}  

!$omp parallel  

int ID = omp_get_thread_num()

A[ID] = Big_A_Computation(ID)

!$omp barrier

A[ID] = Big_B_Computation(A,ID)

!$omp end barrier 

!$omp end parallel





#pragma omp parallel

{ 

float B; int i, id, nthrds;

id = omp_get_thread_num();

nthrds = omp_get_num_threads();

for (i=id;I < niters; i+=nthrds) {

B = big_calc_job(i);

#pragma omp critical

res += consume (B); 

}

}  

!$omp parallel  

real(8) :: B; integer :: i, id, nthrds

id = omp_get_thread_num()

nthrds = omp_get_num_threads()

do I = id, niters, nthrds

B = big_calc_job(i);

!$omp critical

res = res + consume (B);

!$omp end critical

end do

!$omp end parallel





#pragma omp parallel

{

double tmp, B;

B = DOIT();

tmp = big_calculation(B);

#pragma omp atomic

X += tmp;

}  

!$omp parallel  

real(8) :: tmp, B

B = DOIT()

tmp = big_calculation(B)

!$omp atomic

X = X + tmp

!$omp end parallel

























Int MAX = 10000;

double ave=0.0;

A[MAX]; int i;

#pragma omp parallel for 

reduction (+:ave)

for (i=0;I < MAX; i++) {

ave + = A[i];

}

ave = ave / MAX

real(8) :: ave = 0.0; 

integer :: MAX = 10000

real :: A(MAX); integer :: I

!$omp parallel do reduction(+:ave)  

do i = 1, MAX

ave = ave + A(i)

end do

!$omp end parallel do

ave = ave / MAX
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C/C++: compute_pi_c_omp_critical-template.c

compute_pi_c_omp_reduction-template.c

F90: compute_pi_f90_omp_critical-template.f90

compute_pi_f90_omp_reduction-template.f90



p

$ a.out

The Number of Threads = 1 

The value of pi is [ 3.14159 ]; Computed using [ 20000000 ] steps in [ 0.40600 ] seconds

The Number of Threads = 2 

The value of pi is [ 3.14159 ]; Computed using [ 20000000 ] steps in [ 0.20320 ] seconds

The Number of Threads = 3 

The value of pi is [ 3.14159 ]; Computed using [ 20000000 ] steps in [ 0.13837 ] seconds

The Number of Threads = 4 

The value of pi is [ 3.14159 ]; Computed using [ 20000000 ] steps in [ 0.10391 ] seconds














































































