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Modelo PGAS

PGAS: modelo de programacao paralela
* Partitioned Global Address Space
 Oferece a cada processador a ilusGo de memoria global

* Combina estilo SPMD ﬁcomo em MPI) com a semantica de programacao
em memoria compartilhada (acesso uniforme a todas as variaveis)

Objetivos:
. EIevzi\rlo nivel de abstracao da programacao em sistemas massivamente
paralelos

* Evitar ter que lidar com troca de mensagens no programa

Implementacodes: Linguagens PGAS
 CoArray Fortran, Unified Parallel C (UPC), Chapel, X10, Fortress,
Global Arrays, etc, etc
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Modelo PGAS

* Principios:

Todas as memorias de todos os nos fazem parte do
espaco de enderecos de cada processador

Para cada processador, uma faixa de enderecos
corresponde a memoria do no local (acesso mais rapido),
as outras faixas sao memaorias de nos remotos (lentas)

Para um dado processador ProcK:
e Mem-K = memoria local (acesso rapido)
* Mem-j (j#K) = memodrias remotas (acessos lentos)
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Linguagens PGAS: UPC

UPC: Unified Parallel C

Criada em 1999, v.1.0 em 2001, hoje: v.1.3
Extensao da linguagem C para Proc. Alto Desempenho
Varias implementacoes, abertas ou comerciais

Disponivel em maquinas de memaoria compartilhada ou
distribuida

UPC Consortium: governo, universidades, industria
Ref: https://upc-lang.org/
* Documentacao, publicacoes, etc.

CAP-387(2016): Topicos Especiais em Computacao Aplicada
Celso L. Mendes, Stephan Stephany (LAC/INPE)



https://upc-lang.org/

UPC: Modelo de Execucao

 Colecao de threads executando em modo SPMD

* Numero total de threads: THREADS

 indices dos threads: 0,1,... THREADS-1

* Indice do thread local a um processador: MYTHREAD
* Implementacao: thread pode ser um processo

* Sincronizacao:
 Barreiras, locks, controle de consisténcia de memoria

* Ponteiros:
e Podem apontar para area privativa ou compartilhada
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UPC: Localizacao de Variaveis

* Vetores compartilhados:
e shared int x[THREADS]; um elemento por thread
 sharedint y[10][THREADS], 10 elementos por thread

* Escalares:
* shared int a; escalar na area compartilhada do thread-0
 jntb; escalar naarea privativa—um em cada thread

* Ponteiros:
* shared int *p; ponteiro para a area compartilhada
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UPC: Loops Paralelos

upc forall: extensao de for em C
upc_forall (init; condition; increment; affinity) { ...}
* jnit, condition, increment: analogos ao caso de C

e dffinity: declaracao de “afinidade” das iteracoes; controla a
execucao do corpo do loop. Duas formas possiveis:
* dffinity=inteiro: loop € equivalente a
for (...) if (MYTHREAD==(i%THREADS)) {<corpo-do-loop>}
— iteracao i é executada pelo thread i%THREADS
e dffinity=endereco: loop € equivalente a
for (...) if (MYTHREAD==upc affinity(endereco) {<corpo-loop>}
— iteracdo i é executada pelo thread que armazena o endereco
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UPC: Exemplo 1

#include <stdio.h>
#include <upc.h>

#define NperTHREAD 4
#define SIZE (NperTHREAD * THREADS)
main ()
{
inti;
// "affinity" is an int so it is (i mod THREADS)
upc_forall( i=0; // Init field
i< SIZE; //Condition field
i++, printf(">%d %d\n", MYTHREAD, i); //Increment field
i // Affinity field
printf("MYTHREAD is %d and | am on iteration %d\n", MYTHREAD, i); <« Corpo do |oop
}
}
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UPC: Exemplo 1 (cont.)

* Compilacao e execucao num Cray-XEG6:

cc —h upc —o progl progl.c

— Utiliza compilador Cray, com flag “—h upc” para UPC
aprun—-n 4 —-N 2 prog1

— Solicita execucao em 4 processadores, 2 em cada no
De acordo com o codigo-fonte, esta execucao tera:

THREADS =4 (numero de processadores em uso)
SIZE = (4*4) = 16
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UPC: Exemplo 1 (saida)

>11

MYTHREAD is 0 and | am on iteration 0
MYTHREAD is 1 and | am on iteration 1
>01

>12

>02

>13

>03

>14

>04

>15

MYTHREAD is 0 and | am on iteration 4
MYTHREAD is 1 and | am on iteration 5
>05

>16

>06

>17

>07

>18

>08

>19

MYTHREAD is 0 and | am on iteration 8
MYTHREAD is 1 and | am on iteration 9
>09

>110

>010

>111

e
INPE

s

>011

>112

>012

>113

MYTHREAD is 0 and | am on iteration 12
MYTHREAD is 1 and | am on iteration 13
>013

>114

>0 14

>115

>0 15

>116

>0 16

>21

>31

>22

>32

MYTHREAD is 2 and | am on iteration 2
>33

>23

MYTHREAD is 3 and | am on iteration 3
>24

>34

>25

>35

>26

>36

S

MYTHREAD is 2 and | am on iteration 6
>37

>27

MYTHREAD is 3 and | am on iteration 7
>28

>38

>29

>39

>210

>310

MYTHREAD is 2 and | am on iteration 10
>311

>211

MYTHREAD is 3 and | am on iteration 11
>2 12

>312

>2 13

>313

>2 14

>3 14

MYTHREAD is 2 and | am on iteration 14
>3 15

>2 15

MYTHREAD is 3 and | am on iteration 15
>2 16

>3 16
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Todos os threads
iniciam todas as
iteragoes:
i++=123,..,16

Cada thread so6
executa o corpo
do loop
(printf(“MYTHREAD is...”)
nas iteracoes onde
MYTHREAD==i%THREADS
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UPC: Exemplo 2

#include <stdio.h>

#include <upc.h> Cenario com THREADS=4, SIZE=16:
#define NperTHREAD 4
#define SIZE (NperTHREAD * THREADS) 0 1 2 3 i} 5 6 7 14 15
shared int x[SIZE]; >
main () X
{ THREAD: 0 12 3 01 23 2 3
inti;
// "affinity" is an address
upc_forall( i=0; // Init field
i< SIZE; //Condition field
i++, printf(">%d %d\n", MYTHREAD, i); //Increment field
&x[i] // Affinity field
printf("MYTHREAD is %d and | have affinity to x[%d]\n", MYTHREAD, i);
}
}
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UPC: Exemplo 2 (saida)

e
INPE

MYTHREAD is 0 and | have dffinity to x[0]
>11

>01

MYTHREAD is 1 and | have dffinity to x[1]
>02

>12

>03

>13

>04

>14

MYTHREAD is 0 and | have dffinity to x[4]
>15

>05

MYTHREAD is 1 and | have affinity to x[5]
>06

>16

>07

>17

>08

>18

MYTHREAD is 0 and | have affinity to x[8]
>19

>09

MYTHREAD is 1 and | have affinity to x[9]
>010

>110

>011

/

>111

>012

>112

MYTHREAD is 0 and | have affinity to x[12]
>113

>013

MYTHREAD is 1 and | have affinity to x[13]
>0 14

>114

>0 15

>115

>016

>116

>31

>21

>32

>22

>33

MYTHREAD is 2 and | have affinity to x[2]
MYTHREAD is 3 and | have affinity to x[3]
>23

>34

>24

>35

>25

>36

>26

W/

>37

MYTHREAD is 2 and | have dffinity to x[6]
MYTHREAD is 3 and I have dffinity to x[7]
>27

>38

>28

>39

>29

>310

>210

>311

MYTHREAD is 2 and | have affinity to x[10]
MYTHREAD is 3 and | have dffinity to x[11]
>2 11

>312

>212

>313

>213

>314

>2 14

>315

MYTHREAD is 2 and | have affinity to x[14]
MYTHREAD is 3 and I have affinity to x[15]
>215

>316

>216
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UPC: Exemplo 3

 Adicao de dois vetores:
#include <upc.h>
#define N 100*THREADS
shared int v1[N], v2[N], viplusv2[N];
void main(){
int i;
for(i=0; i<N; j++)
if (MYTHREAD=={%THREADS)
viplusv2[i]=v1[i]+v2[i];

y
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UPC: Exemplo 4

 Qutra forma para a adicao de dois vetores:
#include <upc.h>

#define N 100*THREADS

shared int v1[N], v2[N], viplusv2[N];

void main()

{ upc_forall: Loop com afinidade a i
int i; -> iteracao i soO sera efetivada onde
upc_forall(i=0; i<N; i++; i) MYTHREAD=i%THREADS

viplusv2[i]=v1[i]+v2[i];
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UPC: Exemplo 5

e QOperacao de reducao em UPC:

#include <stdio.h>
#include <upc.h>
#include <upc_collective.h>

#define BLK_SIZE 1 e e ae ~
#define NELEMS 1 Inicializacao do array A:
shared [BLK_SIZE] long A[NELEMS*THREADS]; ,
shared long result; ° A[I]=l se j for iImpar
int main() . . .
oo * Ali]=-i se i for par
inti;
iff0 == MYTHREAD){ | A: {0,1,-2,3,-4,5,-6,..., NELEMS*THREADS}
for (i=0 ; i<NELEMS*THREADS; i++)

Ali] = ((i%2)==1) ?i:i* (-1);
}
upc_barrier;
upc_all_reducel( &result, A, UPC_ADD, NELEMS*THREADS, BLK_SIZE, NULL, UPC_IN_NOSYNC | UPC_OUT_NOSYNC );
upc_barrier;
if(0 == MYTHREAD) printf("UPC_size: %d result: %Id \n",THREADS, result);
return 0;
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UPC: Exemplo 5 (cont.)

 Compilacao e execucao num Cray-XEB6:

e cc—h upc—-o prog prog.c
— Utiliza compilador Cray, com flag “—h upc” para UPC

* aprun—n 1024 prog
— Solicita execucao em 1024 processadores, com 32 nos do

XE6 (32 nucleos por nd)
De acordo com o codigo-fonte, esta execucao tera:
THREADS = 1024 (numero de processadores em uso)
ConteudodoarrayA: 0, 1,-2,3,-4,5, ..., -1022, 1023

e Saida da execucao: soma dos elementos de A
UPC size: 1024 result: 512
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