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Programovani paralelnich systému — Cést 1.
OpenMP a MPI

Ceské vysoké ugeni technické, fakulta elektrotechnicka
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Prehled: OpenMP vs. MPI

OpenMP MPI
(Open Multi-Processing) (Message Passing Interface)
* jenom pro SMS e jak pro SMS tak DMS
e jednoducha paralelizace e narocné pro programatora
(pomoci direktiv) (paralelizace, debugging)
e implicitni komunikace « explicitni komunikace

Hybridni p Fistup: OpenMP + MPI
e soucasny softwarovy trend v paralelnim pocitani

* MPI napfi€ uzly clusteru, OpenMP uvnitf uzlu (efektivni vyuziti
prostfedku; potlaceni komunikacniho pretizeni uvnitr uzlu;
dynamickeé vyvazovani zatéze)

* je mozné dosahnout lepSi speedup nez pfi pouziti jenom
OpenMP nebo jenom MPI
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MPP — Cray XT5-HE

e =37 000 vypocetnich uzlu (224 162 VE celkem), servisné uzly pro I/O
« Jeden uzel — dva 6-jadrove procesory — oba pfistup do sdilené pameéti

« Kazdy uzel — 25.6 GB/s do lokalni paméti (XT6: 85.3 GB/sec),
6.4GB/s do site,

e Uzly jsou pospojovany do 3D toroidu
o 12 OpenMP nebo MPI dloh v uzlu, MPI mezi uzly

Jaguar's Node Design
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* Open MP Support
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Cluster
e poskytuje vypocetni vykon spojenim vicero pocitacu
(obvykle stfedni cenove kategorie)
o patfi sem 85 % systému z dnes 500 nejvykonngjSich
* vyhodou je nizSi cena, dobra Skalovatelnost

DO
RyrxTl B
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Priklad — vypocet urcitého integralu

f(x) T
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Priklad — vypocCet urcitého integralu
#include <stdio.h>

double integral(double a, double b, double (*f)(double), unsigned long int N)
{

double sum=0, dx=(b-a)/N, x=a+dXx;

long int i;

for(i=1; i<N; i++)

sum += f(x+i*dx);
sum += (f(a)+f(b))/2;
return sum*dx;

}

double polynom(double x) { return 2*x+1; }

void main() {
long int N=5e8;
double res, a=4, b=5;
res = integral(a, b, polynom, N);
printf("l = %lf ",res);
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Priklad — vypocCet urcitého integralu
#include <stdio.h>
#include <omp.h>

double integral(double a, double b, double (*f)(double), unsigned long int N)
{

double sum=0, dx=(b-a)/N, x=a+dx;

long int i;
#pragma omp parallel for shared(x,N,dx,f) private(i) re  duction(+:sum)

for(i=1; i<N; i++)

sum += f(x+i*dx);
sum += (f(a)+f(b))/2;
return sum*dx;

}

double polynom(double x) { return 2*x+1; }

Speedup: 1,85 !!!

void main() {
long int N=5e8;
double res, a=4, b=5;
res = integral(a, b, polynom, N);
printf("l = %lf ",res);

A4M36PAP Pokro €ilé architektury po €itacu



OpenMP - prehled

vSe zacina: #pragma omp directive [clause list]
program bézi sekvenéné pokud nenarazi na parallel direktivu
clause list specifikuje podminky paralelizace, pocCet vlaken,

pristup k datum a naslednou manipulaci s nimi, roz¢lenovani..

podminéna paralelizace: if(scalar expression)
stupen paralelizace: num _threads (integer expression )

pristup k datum: shared(variable list), private(variable list),
firstprivate(variable list)

sbér privatnich dat na konci paralelniho vykonavani:
reduction(operator: variable list) , mozné operatory: +, *, -,.&, |, *, &&, ||

roz€lefiovani a rozvrhovani: schedule(scheduling_class|[, parameter])
priéemz je mozne volit z: static, dynamic, guided, a runtime
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P ——
OgenMP — Haralelizace for C¥k|ﬁ

#pragma omp parallel default (private) shared (n)
{
#pragma omp for
for(1=0; 1<n;i++){
/* télo cyklu*/

}

nebo zkracené:

#pragma omp parallel for default (private) shared (n)
for(1=0; 1<n;i++){
/* télo cyklu*/
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#pragma omp parallel default (private) shared (n)

{
#pragma omp for
for (i=1; i<n;i++) { ’)
a[i] =1+ afi-1]; "
}
}
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OpenMP — kazdeé vlakno déla néco jiného

sekvencni vykonavani...

<

taskA();

taskB();
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OpenMP — kazdeé vlakno déla néco jiného

1 #pragma omp parallel I

2 A

3 #pragma omp sections ]

A { para,IeI,m,
: vykonavani...

o #pragma omp section

6 {

7 taskA();

8 ; ~ ﬁ ﬁ

9 #pragma omp section taskA taskB

10 {

11 taskB();
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P —————
OgenMP — kazdé viakno déla néco '|iného

nebo zkracené: .
#pragma omp parallel sections

{

#pragma omp section

{
taskA();

}

#pragma omp section

{
taskB();
0 }
1

}

1
2
3
4
5
6
4
8
)
1
1
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OpenMP — co dale umoznuje?

e vnoreny paralelizmus (oMP_NESTED nastavit na TRUE)
o explicitné specifikovat bariéry (bod synchronizace)

e oznacit kod, ktery ma vykonavat pouze jedno viakno (bud
libovolné nebo master)

« oznadit kritickou sekci (muze vstoupit a vykonavat pouze
jedno vlakno v daném Case; ostatni bud' ¢ekaji, nebo jsou
jiz za touto sekci)

e usporadané vykonavani (jako pri sériovém vykonavani)
* vynuceni zapisu do pameti (aktualizace proménnych..) —

flush; kdy se flush pouzije implicitné? A flush is implied at a
barrier, at the entry and exit of critical, ordered, parallel, parallel for, and
parallel sections blocks and at the exit of for, sections, and single blocks. A
flush is not implied if a nowait clause is present. It is also not implied at the
entry of for, sections, and single blocks and at entry or exit of a master block.

J
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OpenMP — co dale poskytuje?

e void omp_set num_threads (int num_threads);
e intomp_get num_threads ();

e intomp_get max_threads ();

e intomp_get thread num ();

e intomp_get num_procs ();

* intomp_in_parallel();

« void omp_init_lock (omp_lock_t *lock);

« void omp_destroy_lock (omp_lock_t *lock);
« void omp_set lock (omp_lock_t *lock);

e void omp_unset_lock (omp_lock_t *lock);

e Intomp_test lock (omp_lock t *lock);

A mnoho jinych funkeci...
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Priklad — vypocet urciteho integralu jinak
#include <stdio.h>

double integral(double a, double b, double (*f)(double), long N);

A

double polynom(double x) { y y=kx+q
return 2*x+1,
}
—
void main() { | | | | | ’f

long int N=5e8; a b
double res, a=4, b=5;

res = integral(a, b, polynom, N);

printf("l = %lf ",res);
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Priklad — vypocet urciteho integralu jinak
#include <stdio.h>

double integral(double a, double b, double (*f)(double), long N);

A

double polynom(double x) { y (b-a)/pp y=kx+q
return 2*x+1,; /
}
—1
void main() { | | | | | ’f
long int N=5e8; clt ' ' ' b g
double res, a=4, b=5;
int =0, pp=1;
a b N
N —

'd N
res = integral(a+((b-a)/pp)*i, a+((b-a)/pp)*(i+1l), polynom, N/pp);

printf("l = %lf ",res);

A4M36PAP Pokro €ilé architektury po €itacu



Priklad — vypocet urcitého integralu jinak
#include <stdio.h>

double integral(double a, double b, double (*f)(double), long N);

A

double polynom(double x) { Y1 (b-a)/pp y=kx+q
return 2*x+1,
}
void main() {
long int N=5e8;
double res, a=4, b=5;
Inti=??7?, pp=4,

res = integral(a+((b-a)/pp)*i, a+((b-a)/pp)*(i+1l), polynom, N/pp);

printf("l = %lf ",res);
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Priklad — vypocet urcitého integralu jinak
#include <stdio.h>
#include <omp.h>

double integral(double a, double b, double (*f)(double), long N);

A

double polynom(double x) { Y1 (b-a)/pp y=kx+q
return 2*x+1,
}
void main() {
long int N=5e8;
double res, a=4, b=5;
inti, pp=4;

#pragma omp parallel private(i) reduction(+:res) num_t hreads(pp)

{

| = omp_get _thread _num();
res = integral(a+((b-a)/pp)*i, a+((b-a)/pp)*(i+1l), polynom, N/pp);

}
printf("l = %lf ",res);
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Priklad — vypocet urcitého integralu jinak
#include <stdio.h>
#include <omp.h>

double integral(double a, double b, double (*f)(double), long N);

A

double polynom(double x) { Y1 (b-a)/pp y=kx+q
return 2*x+1,
}
void main() {
long int N=5e8;
double res, a=4, b=5;
inti, pp;

pp = omp_get num_procs();
#pragma omp parallel private(i) reduction(+:res) num_t hreads(pp)
{
| = omp_get _thread _num();
res = integral(a+((b-a)/pp)*i, a+((b-a)/pp)*(i+1l), polynom, N/pp);
}
printf("l = %lf ",res);
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OpenMP — dalsi priklad

#include <omp.h>
int a, b, i, tid;
#pragma omp threadprivate(a)

main () {
omp_set_dynamic(0); /* Explicitly turn off dynamic threads */

#pragma omp parallel private(b,tid)

{
tid = omp_get_thread _num();
a=b = tid;

printf("Thread %d: a,b,%d %d \n",tid,a,b);
} /* end of parallel section */

#pragma omp parallel private(tid)

{

tid = omp_get_thread num();
printf("Thread %d: a,b,%d %d \n",tid,a,b);

} /* end of parallel section */

}
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MPI — Message Passing Interface

komunikace je explicitni , proto:
« veéetSina MPI funkci pozaduje komunikator jako argument,

 komunikator je objekt definujici skupinu procesu, které
mohou vzajemné mezi sebou komunikovat,

o komunikator MPI_COMM_WORLD zahrnuje vSechny
procesy,

 uvnitf komunikatoru pak maji vSechny procesy pfidéleno
sveé unikatni identifikacni Cislo — RANK,

« komunikace je bud kolektivni (zuCastnuji se vSechny
procesy komunikatoru), nebo point-to-point
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MPI — Message Passing Interface

kolektivni komunikace:
e je vzdy blokujici,

* pouziva preddefinované datove typy MPI
(MPI_CHAR, MPI_INT, MPI_LONG,...)

* se dale déli na:
* synchronizaci (procesy se pockaji vdaném bodé)

» kolektivni vypocet (redukci) — kdy jeden proces sesbira
data od vSech ostatnich a vykona nad nimi zadanou
operaci

e presuny dat (Broadcast, Scatter, Gather, All-to-All)
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MPI — témér minimalni program

#include <stdio.h>
#include <mpi.h>

void main(int argc, char *argvl[]) {
Int numprocs, rank, namelen;
char proc_name[MPI_MAX PROCESSOR_NAME];

MPI_Init(&argc, &argv);
MPI_Comm_size(MPI_COMM_WORLD, &numprocs);
MPI_Comm_rank(MPI_COMM_WORLD, &rank);
MPI1_Get _processor_name(processor _name, &namelen);

MPI_Finalize();
}
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Priklad — vypocet urcitého integralu jeste jinak
#include <stdio.h>
#include "mpi.h"

inline double f(double x) { return 2*x+1; }

int main(int argc, char *argv[])
{
iInt myid, numprocs,volba=0;
unsigned long int i, n;
double startwtime, endwtime, a = 4.0, b = 5.0;
double total, integral = 0.0;

MPI_Init(&argc, &argv);
MPI_Comm_size(MPI_COMM_WORLD, &numprocs); // zjisti poCet procesu
MPI_Comm_rank(MPI_COMM_WORLD, &myid); // zjisti Cislo procesu
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Priklad — vypocet urcitého integralu jeste jinak

do {
if (myid ==0) {
printf("\n Zadej pocet intervalu (O pro ukonceni): "); fflush(stdout);
scanf("%lId", &n);
if(n==0) break;
startwtime = MPI_Wtime();
}

// poSle proménou n, delky 1, typu int, z procesu #0 ostatnim
MPI_Bcast(&n, 1, MPI_INT, 0, MPI_COMM_WORLD);
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Priklad — vypocet urcitého integralu jeste jinak

if (n!1=0){
double h=(b-a)/n;
double i1 = myid*(n/ numprocs);
double i2 = (myid+1)*(n/numprocs);

integral= ( f(a+il*h) + f(a+i12*h) ) / 2;

for(i=il+1 ;i<i2 ; i++)
integral += f(a+i*h);
}
// proménou integral ze vSech procesu prevede do total procesu O,
// délka 1, typ double, operace scitani

MPI_Reduce(&integral, &total, 1, MPlI_DOUBLE, MPI_SUM, 0,
MPI_COMM_WORLD);
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Priklad — vypocet urcitého integralu jeste jinak

if (myid == 0) {
endwtime = MPIl_Wtime();
printf("1= %f\n", total);
printf("trvani vypoctu: %f s\n", endwtime - startwtime); fflush(stdout);

}
} while (n !'= 0);
MPI_Finalize();
return O;

}
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Priklad — vypocet urciteho integralu jesté jinak
Vypocet na osmi jedno-jadrovych procesorech:

Hlavni proces

Speedup: 7.89 !

{

e
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Kombinace OpenMP a MPI — temér minimalni program

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

int main(int argc, char *argv([]) {
Int numprocs, rank, namelen, iam = 0, np;
char processor_name[MPI_MAX_PROCESSOR_NAME];

MPI_Init(&argc, &argv);
MPI_Comm_size(MPI_COMM_WORLD, &numprocs);
MPI_Comm_rank(MPl_COMM_WORLD, &rank);
MPI_Get_processor_name(processor_name, &namelen);

#pragma omp parallel default(shared) private(iam, np)

{

np = omp_get_num_threads();

lam = omp_get _thread num();

printf("Hello from thread %d out of %d from process %d out of %d on
%s\n", iam, np, rank, numprocs, processor_name);

}

MPI_Finalize();
return O;
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