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call fluxx(fv, £x) for (y=0; y<nlLines; y++)
call fluxy (fv, £fy) genLine (model,im[y]) ;

call fluxz (fv,fz)
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. F—ATEERFLTEIEETS  CO) +=A0)B();
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void main()
{
double Res[1000];
I ERARORELEHFIL—TITHLT,
I RIVFALYFCOMFNEEBRALET
for(int i1=0;i<1000;i++) {
do_huge comp(Resli]);
}
}
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void main()

double Res[1000];
#pragma omp parallel for
for(int i=0;i<1000;i++) {

do_huge comp(Resl[i]);
}
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Win32 APIIZELATDEE

#include <windows.h> void main ()
#define NUM_THREADS 2 {
HANDLE thread_handles[NUM_THREADS]; double pi; int i;
CRITICAL_SECTION hUpdateMutex; DWORD threadlID;
static long num_steps = 100000; int threadArg[NUM_THREADS];
double step;
double global sum = 0.0; for(i=0; ikNUM_THREADS; i++) threadArg[i] = i+1;
void Pi (void *arg) InitializeCriticalSection(&hUpdateMutex);
{
int i, start; for (i=0; ikNUM_THREADS; i++){
double x, sum = 0.0; thread_handles|i] = CreateThread(0, O,
start = *(int *) arg;
step = 1.0/(double) num_steps; (LPTHREAD_START_ROUTINE) Pi,
for (i=start;i<= num_steps; i=i+NUM_THREADS) &threadArq[i], 0, &threadID);
x = (i-0.5)*step; }
sum = sum + 4.0/(1.0+x*x); WaitForMultipleObjects(NUM_THREADS,
} thread_handles, TRUE,INFINITE);
EnterCriticalSection(&hUpdateMutex);
global _sum += sum; pi = global_sum * step;
LeaveCriticalSection(&hUpdateMutex); printf(" pi is %f ¥n",pi);

} J 2 —S5T IO RT LR et



MPIIZ&LBTDE R

#include <mpi.h>
void main (int argc, char *argv[])

{
int i, my_id, numprocs; double X, pi, step, sum =0.0;
step = 1.0/(double) num_steps ;
MPI_Init(&argc, &argv) ;
MPI_Comm_Rank(MPI_COMM_WORLD, &my id) ;
MPIl_Comm_Size(MPI_COMM_WORLD, &numprocs) ;
my_steps = num_steps/numprocs ;
for (i=my_id*my_steps; i<(my_id+1)*my_steps ; i++)
{
X = (i+0.5)*step;
sum += 4.0/(1.0+x*x);
}
sum *= step ;
MPI_Reduce(&sum, &pi, 1, MPI_DOUBLE, MPI_SUM, O,
MPI_COMM_WORLD) ;
}
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OpenMPIZ&ATDEHE

#include <omp.h>
static long num_steps = 100000; double step;
#define NUM_THREADS 2
void main ()
{
int i; double x, pi, sum = 0.0;
step = 1.0/(double) num_steps;
omp_set_num_threads(NUM_THREADYS);
#pragma omp parallel for reduction(+:sum) private(x)
for (i=0;i<= num_steps; i++){
X = (1+0.5)*step;
sum = sum + 4.0/(1.0+x*x);
}
pi = step * sum;

}
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Cluster OpenMPIZ&5TTD

#include <omp.h>
static long num_steps = 1000000; double step;
static double sum = 0.0;
#pragma intel omp sharable(sum)
#pragma intel omp sharable(num_steps)
#pragma intel omp sharable(step)
#define NUM_THREADS 4
void main ()
{
int i; double x, pi;
step = 1.0/(double) num_steps;
omp_set num_threads(NUM_THREADS);
#pragma omp parallel for reduction(+:sum) private(x)
for (i=0;i<= num_steps; i++){
X = (1+0.5)*step;
sum =sum + 4.0/(1.0+x*x);
}
pi = step * sum;
28}
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Thread 1

HEEEL
LT T ——
HEEEEELA.

Thread 2

Thread 3

float w[*][*], u[*][*];

Initialize u;
while (!stable) {
copy w => u; [//swap pointers
for i = ..
for j = .
Compute w;
for i = ..
for j = ..
Sum up differences;
stable = (avg diff < tolerance) ;
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5L DPREFZR ET DX R

1.
do i=2,n
a(=2*a(i-1)
end do

2.
IX = base
doi=1,n
a(ix) = a(ix)*b(i)
IX =IX + stride
end do

3.
do i=1,n
b(i)= (a(i)-a(i-1))*0.5
end do
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« OpenMP (&, RILFRALYREFITOT ST DI=8HD AP
(Application Programming Interface)
— OpenMP API (&, 1997 (I RSN, FOERBZEHIZ. N\—D3>0TvTEh
TWWSERIZERE
— ZLDDN—FRITTEIVIITEIIT7 - RUOA—NS N SIEEF 1t
(Open MP Architecture Review Board) IZ&>TEEINTEY. Linux,
UNIX ZL T . Windows ¥ X7 L TH| BAHE
« OpenMP (&, C/C++ ¥ Fortran EF-1=aV/\15F
— VNSRBI NIBDHEENLREREL-HD
— OpenMP ZFHIATBIZIE. A1>TIILaAViNL4S N—232 9.0 V) —XD &S
% OpenMP 297 R—bh9 50/ \(SHE

& TIXEL

= AT —S5T IO RTF LS4t



OpenMP 7045 L0

$ cat -n pi.c

1 #include <omp.h> // OpenMPSRITEFEIBIFEUHL
2 #include <stdio.h> /] DE=HDANIEIT7LIVDIETE
3 #include <time.h> =
4 static int num_steps = 1000000000; OpenMP#5 1 I
5 double step;
6 int main ()
7 | =
8 int i, nthreads; DpEﬂmpi"fTﬁBﬂﬁ I
9 double start time, s
10 double x, pi, s
11 step = 1.0/ (double) num_stepg; // OpenMPHUFILTOTSL:
12 #pragma omp parallel privaté (x) // MFIETHEBDEE
13 { nthreads = omp_get/ num_threads(); // RITHEARICKIALYFBOERF
14 #pragma omp for reduction (+:sum) // “for” T—UIxT7HEX
15 for (i=0;i< num_steps; i++){ // privatelreductionigiRf]
16 x = (i+0.5)*step; // DIETE
17 sum = sum + 4.0/ (1.0+x*x) ;
18 }
19 }
20 pi = step * sum;
21 printf ("%$5d Threads : The value of PI is %10.7f¥n",nthreads,pi);
22 }

$ icc -O -openmp pi.c
pi.c(14) : (col. 3) remark: OpenMP DEFINED LOOP WAS PARALLELIZED.
pi.c(12) : (col. 2) remark: OpenMP DEFINED REGION WAS PARALLELW
$ setenv OMP_NUM THREADS 2 <«— I
$ a.out

2 Threads : The value of PI is 3.1415927

e ‘
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$ cat -n cpi.c

INILEEFTH

1 #include <omp.h>

2 #include <stdio.h>

3 #include <time.h>

4 static int num_steps

5 double step;

6 #pragma intel omp sharable (num_stepy)

7 #pragma intel omp sharable (step)

8 int main ()

9 |

10 int i, nthreads;

11 double start time, stop time; —

12 double x, piT sum = 0.07 OpEﬂmpgﬁﬁmﬁ I

13 #{#pragma intel omp sharable (sum)

14 step = 1.0/ (double) num_steps; /[ OpenMPY T ILTATS L :

15 {#pragma omp parallel private (x) 7/ HMiBIRITHEIRDERE

16 {

17 nthreads = omp_get num_threads // RITEEABICKIALYFHOnE

18 #pragma omp for reduction (+:sum) // “for” T—ULTTHEX

19 for (i=0;i< num_steps; i++) { // private&reductioni§Rf

20 x = (i+0.5)*step; // DIEE

21 sum = sum + 4.0/ (1.0+x*x);

22 }

23 }

24 pi = step * sum;

25 printf ("%$5d Threads : The value of PI is %10.7f¥n",nthreads,pi);

26 }

27 » < " —_—
$ icc -cluster-openmp -O -xT cpi.c <+— :J;\‘f;ba){ Jt ~ I
cpi.c(18) : (col. 1) remark: OpenMP DEFINED LOOP WAS PARALLELIZED.
cpi.c(15) : (col. 1) remark: OpenMP DEFINED REGION WAS PARALLELIZED.

$ cat kmp_cluster.ini
--hostlist=node0,nodel --processes=2 --process_threads=2 --no_heartbeat --startup_timeout=500
$ ./a.out

Threads : The value of PI is ‘  1T 5 >
4 Threads : The value of 3.1415927 W HRTNEBREORE '7‘)b‘/7\7'-la5(ﬁit§'#i
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http://www.sstc.co.]p/OpenMP
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Intel Software Network

(3 30)

— http://www.intel.com/cd/ids/developer/asmo-na/eng/index.htm

Intel Developer Center — Threading

— http://www.intel.com/cd/ids/developer/asmo-
na/eng/dc/threading/index.htm

Intel Multi-Core Processing
— http://www.intel.com/cd/ids/developer/asmo-

na/enqg/strategy/multicore/index.htm

Intel Developer Solutions Catalog
— http://www.intel.com/cd/ids/developer/asmo-

na/enqg/catalog/index.htm
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