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OpenMP & (& ?

OpenMP/B & 511k MPI (Message Passing Interface)

Process

Process (Memory) Process | Process
(Memory)
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. SQUID GRFACPU ./ — K& 38x2core/node GPU ./ — K&f 38x2 core/node, XU ~N)L/ — K& 2

nttp://www.hpc.cmc.osaka-u.ac.jp/squid/

. OCTOPUS GRmEcPU/ — R 12x2 core/node GPU./ — R 12x2core/node, XeonPhi ./ — K& 64core/node, k
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FORTRAN
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1$ omp parallel pragma parallel {

1$ omp end parallel
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. SQUID\®Dlogin

LT 7 74028707« L7 NJIcOE—UTERM(tar -xvf *tar) LTLIZE L\

=38 /system/lecture/OpenMP/C.tar

Fortran /system/lecture/OpenMP/Fortran. tar

FEFUTOY IO LEAVIMILRTZY TR, jobRTY T KNTY,
. (1) hello_world

. (2) vector_sum

. (3) vector_inner_product

. (4) diffusion/reaction_diffusion



rogram mair
implicit none -
include "omp lib.h"
!$use omp lib
!$omp parallel
print *, "HELLO WORLD mythread = ",omp get thread num(),"(",omp get num threads(), threads)”
!$Somp end parallel
2nd

include <stdio.h>
$¢ include <omp.h>

int main(){

§pragma omp parallel

{
printf("HELLO WORLD mythread = %d %d threads\n",omp get thread num(),omp get num threads());

}
return 0;




O IN1 )L

fortran ifort -03 -gopenmp -qopt-report=2 -o a helloworld omp.out helloworld omp.£f90
C icc -03 -gopenmp -gopt-report=2 -o a helloworld omp.out helloworld omp.c
U EEAEU

v6al022@squidhpc3[122]1% cat helloworld omp.sh
#!/bin/bash N |
#PBS —-q SQUID (F/\v I IEDBEHMEF)) 37 AT7YUT7h

#PBS —group=k6axxxXx (BH=RBEDVIL—T%)

#PBS -1 cpunum Jjob=76

#PBS -v OMP NUM THREADS=10

#PBS -1 elapstim reg=00:10:00

module load BaseCPU/2021

cd $PBS O WORKDIR

./a_helloworld omp.out > helloworld omp.log

RIEZH OMP_NUM_THREADSODEZZZ 5 &
GHLICEDS AL Yy NOEHLED D,

v6a022@squidhpc3[117]% gsub helloworld omp.sh
Request 125187.sgd submitted to queue: SQUID.

v6al022@squidhpc3[121]% gstat
RequestID RegName UserName Queue Pri STT S Memory CPU Elapse R H M Jobs

125189 .sqgd hellowor v6a022 SC1 0 QUE - 0.00B 0.00 O YYY 1
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v6al022@squidhpc3[128]%

HELLO
HELLO
HELLO
HELLO
HELLO
HELLO
HELLO
HELLO
HELLO
HELLO

WORLD
WORLD
WORLD
WORLD
WORLD
WORLD
WORLD
WORLD
WORLD
WORLD

mythread
mythread
mythread
mythread
mythread
mythread
mythread
mythread
mythread
mythread

cat helloworld om

0

O JdJdbH&s 01k OO WD

p.log

10
10
10
10
10
10
10
10
10
10

threads)
threads)
threads)
threads)
threads)
threads)
threads)
threads)
threads)
threads)



(2) vector sum

program main $¢ include <stdio.h>
!$ include "omp lib.h" $# include <omp.h>
integer,parameter :: num si1ze=100000
int main(){
real*8 :: st,en const int num size=1000:;
double a[num size],b[num size],c[num size];
real*8 :: a(num size),b(num size),c(num size) int 1
double st, en;

timed0=etime(tarrayl)
for(i=0;i<num size;i++){a[i)=rand()/pow(2,31);};

call random number(a) for(i=0;i<num size;i++){b[i])=rand()/pow(2,31);};
call random number(b)

st = omp get wtime();
st = omp get wtime()

¢pragma omp parallel for

|$omp parallel do for(i=0;i<num size;i++){
do 1=},num7312e' c[i)=a[i]+b[i];

c(i)=a(1)+b(1) }:
end do
1Somp end parallel do en = omp get wtime();

: printf(“"Elapsed time in second is: %f\n", en-st);

en = omp_get wtime() B return 0;
print *, "Elapsed time 1n second 1s: , en-st }

Ind program main

fortran



(3)vector inner_product

program main
!$ include "omp lib.h"

integer,parameter :: num si1ze=100000
real*8 :: st,en
real*8 :: a(num size),b(num size),s

call random number(a)
call random number(b)

st = omp get wtime()

s=0.d0
ISomp parallel do reduction(+:s)
do 1i=1,num size
s=s+a(1)*b(1)
end do
ISomp end parallel do

en = omp get wtime()

print *, "Elapsed time 1n second 1s:,

Ind program main

fortran

en-st

/

il D 7

0

$¢ include <stdio.h>
$¢ include <omp.h>

int main(){
const int num size=100000;
double a[num size],b[num size];
int 1;
double st, en;
double s;

for(i=0;i<num size;i++){a[i)=rand()/pow(2,31);};
for(i=0;i<num size;i++){b[i)=rand()/pow(2,31);};

st = omp get wtime();
s=0.0;

¢pragma omp parallel for reduction(+:s)
for(1=0;i<num size;i++){

s=s+a[i]*b[i];

}i
¢pragma omp barrier

en = omp get wtime();
printf("Elapsed time in second is: %f\n", en-st);

return 0;
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HldPrivateZE UTIEE I SDEDHD, U, LT DEEITZBERIIC
PrivateZ# & U CRIGEES N T\ 5,
'$Somp do #pragma omp
1=1,1000 =N+ 1< ¢ 144
tmp = some function(i) ALy kZ&lc (1-0, i il .l ) {
a(i) = tmp} imprE=mzcLE50c cmp = some_function(1i);
nend do T X afi1] = tmp;
1Somp end do }
o e §pragma omp private (tmp)
tmp = some function(i) (1=0; 1< 1000; l++) {
Z(Cii) = tmp; tmp = some functionfi);
nen O .
af1] = tmp;

1Somp end do

}



program main # include <stdio.h>

| | !$ include "omp lib.h" #¢ include <omp.h>
integer,parameter :: num size=100(
integer,parameter :: no time=1000( int main(){
const int num size=10000;

real*8 : const int no time=20000;

double pO[num size],p[num size];

integer : double r;
real*8 :: int ip[num size], m[num size];
real*8 :: o -
— : int 1,1t:
"I \/7 :%I: integer : double st, en;
ANJG AN
r=0.5d0 r=0.5;
0.03 do i=0,num size-1 for(i=0;i<num_size;i++){
’ ) ) ) ) ) ) ) ip(i)=mod(i+l ,num size) 1p[1]=(1+l) % num size; '
im(i)=mod(i-14+num size,num size) im[1]=(1-1+num_size) % num_size;
end do bi
0.025 ™ - . : 1 =)« 3 1 o'++
do i=0,num size-1 for(()?i(]);fg\.m_s.tze,l A
p0(i)=0.d0 },p A
end do !
0,02 F . p0(num size/2)=1.d0 p0[ num size/2]=0.5;
I p0[ num size/2+1)=0.5;
st = omp get wtime()
st = omp get wtime();
0.015 } - !Somp parallel private(it) : '
§pragma omp parallel private(it)
do it=1,no time {
ISomp do ' _ ' _
0.01 | ] do i=0,num size-1 for(it=0; it < no time; it++){
1)=r*p0(ip(i))+(1l.d0-r)*p0(im(i
_ B)=rp0(ip(i))H( )*p0 (im(i)) R A
'S 44 for(1i=0;i<num size;i++){
o it p[i]=r*p0[ip[i]]+(1.0-r)*p0[im[i]];
0,005 | - l3omp do }i
do 1=0,num size-1
p0(1)=p(i) ¢pragma omp for
l end do for(i=0;i<num size;i++){
0 : . : i . : : 1$omp end do pO[i]=p[i];
3000 3500 4000 4500 5000 5500 6000 6500 7000 end do }:
i
ISomp end parallel }i

en = omp get wtime() en = omp get wtime();

X |/ Y, Rﬂz)ﬁ@‘%@‘iﬂ%%ﬁ%i‘ﬁ%—g—%@—z\\ write(*,*) "#Elapsed time in second is:", en-st printf(“Elapsed time in second is: %f\n", en-st);
. \ > . . £ 1=0;i< ize;i++
it DIL—T DABITIFNLELE & 5 Feo do 1=0,mm pize-1 "eeintE(1d VP e

write(*,*) i, p(1i) };
end do g

1< Kby . 1< R - return 0:;
E%&It(liprlvate§§&t L/Tc._ end program main } -

fortran C



(5) reaction diffusion

~4—4H
—TFROHEEAE R IBE [ I BX

1Somp do A+B—=C

do 1=0, num_size- 1
Pp(1)=r*p0(ip(1))+(1.d0-r)*p0(im(1))

1Somp end do

1Somp do
do 1=0,num size-1
pA(1i)=rA*pA0(ip(i))+(1.d0-rA)*pA0(im(i))-alpha*PA0(i)*PBO (i)
pB(1i)=rB*pB0(ip(i))+(1.d0-rB)*pB0(im(i))-alpha*PA0(i)*PB0 (i)
(1)=rC*pCO0(ip(i))+(1.d0-rC)*pCO(im(i))+alpha*PA0(i)*PBO (i)

end

lSomp end do
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