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@ OpenMP (Open Multi-Processing)
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https://en.wikipedia.org/wiki/C_(programming_language)
https://en.wikipedia.org/wiki/C++
https://en.wikipedia.org/wiki/Fortran
https://en.wikipedia.org/wiki/Solaris_(operating_system)
https://en.wikipedia.org/wiki/IBM_AIX
https://en.wikipedia.org/wiki/HP-UX
https://en.wikipedia.org/wiki/Linux
https://en.wikipedia.org/wiki/OS_X
https://en.wikipedia.org/wiki/Microsoft_Windows

® OpenMP Architecture Review
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AMD, IBM, Intel, Cray, HP, Fujitsu,Nvidia, NEC, Red

Hat, Texas Instruments, Oracle Corporation, and
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Master Thread
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@ Fortran [ 5 #% =\,
s C5OMP, c$OMP,*$0OMP, !$OMP
n C$OMP& /R EE4T
#® Fortran & d#% =,
= |$OMP
*®C/C++
= #pragma omp
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Hello World

PROGRAM Main
ISOMP PARALLEL

print *, "Hello World !"
ISOMP END PARALLEL

END

N ER 4 AR EICV OMP. NUM THREADSE
fii FH 2 /D28 R R AT
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Hello World

finclude <stdio.h>
int malin (void)

{ #pragma omp parallel
printf ("Hello, world.\n");
return O;

J
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(1) LOOP
Worksharing Constructs

#Loop Construct
= #pragma omp for
= for-loops

2019/12/21
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LOOP31|-¥

PROGRAM WORKSHARELOOP
REAL A(N), B(N)
ISOMP PARALLEL DO
DOI=1,N
A()=1*1.0
B(1) = A(])
ENDDO
ISOMP END PARALLEL
END

2019/12/21
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LOOP1 -+

int main (int argc, char **argv)
{ 1nt a[100000]7];
#pragma omp parallel
{ #pragma omp for
for (int I = 0; 1 < 100000; I++)
{afl] =2 *1;
}
}

return O;



FET 1+

#pragma omp parallel for
for(i = 0;: i <=1: i++) {
FFT(D + i * n, a + i * stride, W, n, stride << 1, A + i % n);:
}
/* Combination stage */
B = D;
C=D+ n;

2019/12/21 17
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® schedule(type, chunk). %t
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(2) Sections
Worksharing Constructs

L ZNEINEES

I AN A 2R TAT

#pragma omp sections [clause[ [, | clause] ... | new-line

{

[#pragma omp section new-line]
structured-block

[#pragma omp section new-line
structured-block]

}

'Somp sections [clausel [, | clause] ... |
[!Somp section]
structured-block
[!Somp section
structured-block]

20:!$cmp end sections [nowait/

20
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#pragma omp parallel sections

{

#pragma omp section

{ printf ("section 1 id = %d, \n",
omp get thread num());
}
#pragma omp section
{ printf ("section 2 id = %d, \n",
omp get thread num());
}
#pragma omp section
{ printf ("section 3 id = %d, \n",
omp get thread num());
}
D) I:I ——Al_‘b
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(3) Single
Worksharing Constructs

® U — PR RN, e L
At

#pragma omp single [clause[ [, | clause] ... | new-line
structured-block

'Somp single [clausel [, ] clausef ... |
structured-block
'!Somp end single [end clausel [, | end _clause] ... |

2019/12/21 22



Single Constructf] -1

#include =stdio.h=

void workl() {}
void work2 () {}

void single example()

{

#pragma omp parallel

{
#ipragma omp single
printf ("Beginning workl.\n");

workl() ;

#pragma omp single
printf ("Finishing workl.\n");

#pragma omp single nowait
printf ("Finished workl and beginning work2.\n");

work2 () ;

23



(4) WorkShare
Worksharing Constructs

@ RN e MO R ICH G, B ITI
7—IX
!Somp workshare

structured-block
!Somp end workshare [nowait]

® N fortranit 56, B ppiEa)a] BN
BOATRAE . fr={E . FORALLIEH) 5 45
f). WHEREE ] 545, atomicst 4.
criticalZ5 14 parallelt 1)
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SUBROUTINE WSHAREl (AA, BB, CC, DD, EE, FF, N)
INTEGER N
REAL AA(N,N), BB(N,N), CC(N,N), DD(N,N), EE(N,N), FF(N,N)

! SOMP PARALLEL
! SOMP WORESHARE
AR = EB
CC = DD
EE = FF
! SOMP END WOREKSHARE

! SOMP END PARALLEL

END SUBROUTINE WSHAREL
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# Default (shared)

o 5 TR IEA AR =i A2 L = 1Y
# Default (none)

w WAZINT TR AR B B A A O
# default(firstprivate)

» EAZEYHENILZAES 2]
# default(private)

n B NIAE A E
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#Shared (FI|H4r =)
o AV AN R EA =
®private (FJHAZE)
o TS O AR =
®firstprivate (1|48 &)
. Zi?ﬁﬁl H HER Mfirstprivate®t &, MWILEARES Y]
#lastprivate (51| AR &)

 PTE Y Elﬁ%‘ﬁjjlastprlvatelzg wJa — M AE L =
1)2 éi‘% \%EE
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SchedulefF

#define CHUNKSIZE 1 /*defines the chunk size as 1
contiguous iteration*/ /*forks off the threads*/
fpragma omp parallel private(j, k)

{ /*Starts the work sharing construct*/
#pragma omp for schedule (dynamic, CHUNKSIZE)
2; 1 <= N-1; I++)
for(j = 2; | <= i; j++)
for(k = 1; k <= M; k++)
bli][J] += ali-1][jl/k + a[i+1] [J1/k;

for (I =

2019/12/21 29
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#Hpragma omp parallel for default(none) shared(M, L, size, k)
private (i, j) schedule(static, 1)
for (i=k+1; i<size; i++) {
/% 4.1.1. COMPUTE L COLUMN 3/
LLiJlk] = MLill[k] / M[k][k];

/% 4.1.2. COMPUTE M ROW ELEMENTS 3/
for (j=k+1; j<size; j++)

MLiJ (5] = MLiJ L] — LIi] [k=*=M[k][j];
}

/% 4.2. END ITERATIONS LOOP */
}

2019/12/21 30



H e e 1 I
#Synchronization clauses
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Criticalf¥ 1

int a=0, b=0;
#pragma omp parallel num_threads(4)

{
#pragma omp single a++;
#pragma omp critical b++;

¥
printf("single: %d -- critical: %d\n", a, b);

2019/12/21

32



Atomich]

void atomic example(float *x, float *y, int *index, int n)

{

int 1i;

fpragma omp parallel for shared(x, y, index, n)
for (i=0; i<n; i++) {
fpragma omp atomic update
¥ [index[1i]] += workl(i);
y[i] += work2(i);

}

2019/12/21 33



User-level runtime routines
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By (FauE? a2 baife? )

#include <omp.h>

Y

#include <stdio.h>
#include <stdlib.h>
int main (int argc, char *argv[])
{ int th_id, nthreads;
#pragma omp parallel private(th id)
{ th id = omp_get thread num () ;
printf ("Hello World from thread %d\n", th_id);
#fpragma omp barrier
if ( thid == 0 )
{ nthreads = omp_get num_threads () ;
printf ("There are %d threads\n", nthreads) ;

}
} return EXIT _SUCCESS;



Fortranty| 1

program hello90

use omp_lib

integer:: I1d, nthreads

!'Somp parallel private (id)

id = omp_get_thread _num ()

write (*,*) 'Hello World from thread', Iid
!'Somp barrier

if (1d == ) then

nthreads = omp_get num_threads ()

write (*,*) 'There are', nthreads, 'threads'
end if

!'Somp end parallel

end program



C++HI5Vk

#include <iostream>
#include <omp.h>
int main ()

{ int th_id, nthreads;
#fpragma omp parallel private(th id) shared(nthreads)
{ th_id = omp_get thread num () ;

fpragma omp critical

{ std::cout << "Hello World from thread " << th_id
<< '\n'; }

fpragma omp barrier

#pragma omp master

{ nthreads = omp_get num_threads () ;

std::cout << "There are " << nthreads << "

threads" << '\n';

}

} return O;
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Reductionfs]F

X = init_Xx

#pragma omp parallel for reduction(min:x)
for (int i=0; i<N; i++)

X = min(x,datali]);

2019/12/21
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Reductionf¥]+

#fdefine N 10000 /*size of a*/

void calculate(long *); /*The function that
calculates the elements of a*/

int I; long W; long a[N]; calculate (a) ;

long sum = 0; /*forks off the threads and starts
the work-sharing construct*/

fpragma omp parallel for private (w)
reduction (+:sum) schedule(static,1)

for(l = 0; 1 < N; i++)
{ W = I*l;

sum = sum + w*alil;
}
printf ("\n %1i",sum)

2019/12/21
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Reduction

Hpragma omp parallel for reduction(+:error)
private (i, resid)
for (j=1; j<m—1; j++)
for (i=1; i<n-1; i++){
resid =(ax * (uold[i-1 + m*j] + uold[i+]1 +

m*j])

+ ay * (uold[i + mk(j—1)] + uold[i +
m* (j+1) ])

+ b % uvold[i + m¥xj] — f[i + m*j]

) / b;

/* update solution */

uli + mkj] = uoldli + m*j] — omega * resid;
/* accumulate residual error */

error =error + resid¥resid;

)

2019/12/21 40
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Example: A simple Parallel pi program

#include {nmP-h} Promote scalar to an

static long num_steps = 100000; double step; array dimensioned by
#define NUM_THREADS 2 number of threads to
void main U avoid race condition.

{ int i, nthreads; double pi, sum[NUM_THREADS];

step = 1.0/(double) num_steps;
omp_set_num_threads(NUM_THREADS);

#pragma omp parallel

{

}

int i, id,nthrds: Only one thread should copy
double x: the number of threads to the

. " global value to make sure
id = omp_get_thread_num(); multiple threads writing to the
nthrds = omp_get_num_threads(); same address don't conflict.

if (id == 0) nthreads = nthrds;

for (i=id, sum[id]=0.0;i< num_steps; i=i+nthrds) {

x = (i+0.5)"step; “\ :;:25 I'::* i
sum(id] += 4.0/(1.0+x*x); programs to create

} a cyclic distribution
of loop iterations

2019/ foB(i=0, pi=0.0ji<nthreads;i++)pi += suml[i] * step; »
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#MHD ( magnetohydrodynamics ) 77 %
#PPMLR (piecewise parabolic method with a
Lagrangian remap) -MHD /7
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Scale Challenge Award

16th IEEE/ACM INTERNATIONAL SYMPOSIUM ON CLUSTER,
CLOUD AND GRID COMPUTING

CARTAGENA DE INDIAS - COLOMBIA
May 16 - 19, 2016

SCALE CHALLENGE AWARD

Large Scale GPU Accelerated PPMLR-MHD Simulations
for Space Weather Forecast

By Xiangyu Guo, BinBin Tang, Jian Tao, Zhaohui Huang and Zhihui Du

< IEEE

Universidad de =N ) ) )
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Manish Parashar
Co-Chair
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OpenMP of the ppm-LR MHD code
#Parallel of sweepx, sweepy, and sweepz

sweepx: parallel in the y direction
(sweepy/z: x-axis)

1
|
|
I
I
|
I
— |
1
I
]
I
|
|
e -
-
-~
-
-
-~
-
-
-




I$Somp parallel
call sweepx
I$Somp end parallel

I$omp parallel
call sweepy
I$Somp end parallel

I$omp parallel
call sweepz
I$Somp end parallel

subroutine sweepx

nthreads = omp_get_num_threads()
iam = omp_get_thread num()
ichunk = (jmax+nthreads-1)/nthreads

istart = iam*ichunk+1
iend = min{(iam+1)*ichunk,jmax)
do 1) =istart, iend
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Exercise 9: Monte Carlo Calculations

Using Random numbers to solve tough problems

e Sample a problem domain to estimate areas, compute
probabilities, find optimal values, etc.

e Example: Computing 1 with a digital dart board:

2%r e Throw darts at the circle/square.
e Chance of falling in circle is
o proportional to ratio of areas:
o o A =r2*m
i A = (2*r) * (2*r) =4 * r2
° P=AJA = /4

e Compute T by randomly choosing
points, count the fraction that falls in
the circle, compute pi.

N=10 m=2.8

N=100 m=3.16
N=1000 1 =3.148




#include <stdio.h>
#include <omp. h>
#tinclude “random. h”
static long num trials = 10000;
int main ()
{
long i; long Ncirc = 0;
double pi, x, vy, test;
double r = 1.0; // radius of circle. Side of squrare is 2%r
seed(-r, r); // The circle and square are centered at the origin
for (i=0;i<num trials; i++)
{
x = drandom() ;
y = drandom() ;
test = x*¥x + y¥ky;
if (test <= r*r) Ncirc++;
}
pi = 4.0 * ((double)Ncirc/(double)num trials):
printf ("\n %1d trials, pi is %1f \n”, num trials, pi);
return O;
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