Lab 4 Parallel Programming with MPI

Group Communication (2)
Bién soan & huéng dan: Nguyén Quang Hung
1. Muc tiéu
e SV tim hiéu va sir dung cc ham collective communication trong thu vién MPI
e Mot s6 ham giao tiép nhom SV can tim hiéu :
o MPI Bcast(), MPI_Scatter, MPI Gather(), MPI_Barrier().
o MPI Scan(), MPI Reduce(), MPI Gatherv(), MPI Scatterv()...

o MPI Reduce_scatter(), MPI Allreduce ...
2. Noi dung

2.1 Giéi thi¢u

MPI_COMM_WORLD
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e Su giao tiép gitta I nhdm process trong cung communicator
e MoJi process déu phai goi ham giao tiép nhom

e SV tim hiéu xem moéi ham giao ti€ép nhom cd chirc nang gi va thuc hién cac chuong
trinh mau trong muc 2.2
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2.2 Mt s6 chwong trinh minh hoa

2.2.1 Chwrong trinh tinh tong sir dung MPI_Send() va MPI_Recv():

#include <mpi.h>
#include <stdio.h>
#define N 10
float dataArray[N];
float sumLocal(long offset, long chunk);
int main(int argc, char** argv){
int rank,size;
long i,offset,chunk;
float localSum, globalSum;
MPI_Status status;
MPI_Init(&argc,&argv);
MPI_Comm_rank(MPI_COMM_WORLD,&rank);
MPI_Comm_size(MPI_COMM_WORLD,&size);
chunk = N/size;
/* divide data to other processes */
if(rank == 0) {

}

}

for(i=0; i < N; i++) {
dataArray[i] = random() % 1000;
printf("%If , ", dataArray[i] );

offset = chunk;

for(i=1; i < size; i++) {
MPI_Send(&offset,1,MPI_LONG,i,111,MPI_COMM_WORLD);
MPI_Send(&dataArray[offset],chunk,MPI_FLOAT,i, 222,MPI_COMM_WORLD);
offset += chunk;

}

/* process 0 execute its work */

offset = 0;

localSum = sumLocal(offset,chunk);

/* process 0 receive resutls from other processes */

globalSum = localSum;

for(i=1; i < size; i++){
MPI_Recv(&localSum, 1, MPI_FLOAT, i, 333, MPI_COMM_WORLD, &status);
globalSum += localSum;

}
fprintf(stdout,"\n The result is : %f \n",globalSum);

else {

MPI_Recv(&offset,1, MPI_LONG, 0, 111, MPI_COMM_WORLD, &status);
MPI_Recv(&dataArray[offset],chunk,MPI_FLOAT,0,222,MPI_COMM_WORLD,&status);
localSum = sumLocal(offset,chunk);

MPI_Send(&localSum, 1, MPI_FLOAT, 0, 333, MPI_COMM_WORLD);

1
MPI_Finalize();
return O;

float sumLocal(long offset, long chunk){
long i;
float s=0;
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for(i=offset; i < offset+chunk; i++)
s += dataArray([i];
return s;

}

Cau hoi:

1. Chuong trinh nay c6 giai quyét trudng hop sd cac gia tri can tinh (V) khong chia hét cho sb

(size) MPI process can chay khong? Vi du: N=11, c6 4 MPI proccess.

2.2.2 SV hiy phit trién chwong trinh trén dung ham giao tiép nhém:
#include <mpi.h>
#include <stdio.h>

#define N 100000

float dataArray[N];
float sumLocal(float A[], long chunk);
int main(int argc, char** argv){
int rank,size;
long i,offset,chunk;
float localSum, globalSum;
MPI_Status status;
MPI_Init(&argc,&argv);
MPI_Comm_rank(MPI_COMM_WORLD,&rank);
MPI_Comm_size(MPI_COMM_WORLD,&size);
chunk = N/size;
float bufArray[chunk];
/* divide data to other processes */
if(rank == 0)
{
for(i=0; i < N; i++)
/I dataArrayl[i] = random() % 1000;
dataArray[i] = 1;
}

/* divide data to every process */
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/* compute localSum */
localSum = sumLocal(bufArray,chunk);

/* compute globalSum */

if(rank == 0) {
fprintf(stdout,"\n The result is : %f \n",globalSum);
}
MPI_Finalize();
return O;
}
float sumLocal(float A[], long chunk){
long i;
float s=0;

for(i=0; i < chunk; i++)
s += A[i];

return s;

Cau hoi:

- Chuong trinh phai chay v6i bao nhiéu process thi dung?

6% L

22THUC HANH: SV hiy viét cac chuong trinh don gian nhu cac vi dy trén.

2.3 Huéng din chay chwong trinh MPI trén nhiéu hosts
Gia str hé thong cluster c6 hai hosts véi dia chi IP nhu sau:

gpuserverO1: 172.28.10.237
gpuserver02: 172.28.10.236
dé chay chuong trinh MPI trén hai hosts ndy, cac ban khai bao sau:

- Trude khi chay OpenMPI, SV kiém tra thu vién OpenMPI da dugc cai ¢ hai hosts. Lién hé¢ GV
dé biét OpenMPI c6 thé dung cho user ‘std01’ dang dung khong?
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Buéc 1: tao file myhosts chtra thong tin tén/dia chi IP cua cac hosts trén cluster can chay:
$ vi myhosts

172.28.10.237

172.28.10.236

Buwéc 2: viét code chuong trinh MPL, vi du: nhanmatranmpi.c

Buwéc 3: thir bién dich source code nay bang 1énh:

$ mpicc -0 nhanmatranmpi nhanmatranmpi.c -Im

Tham s6:

-0: xuét ra tén chuong trinh thyc thi.

-Im: str dung thu vién nhu libm (thu vién gdm cac ham toan hoc) duogc cai trong thu muc
/usr/lib/

Céc SV nén chay trudc chuong trinh trén may PC cuc bd trudce khi copy source 1én server.

Budc 4: copy source ‘nhanmatranmpi.c’ 1én may server, 172.28.10.237, dét vao thu muc
$HOME

- Trén may PC, mé& terminal méi va g 1énh:

$ scp nhanmatranmpi.c std01@172.28.10.237:~/

Budc 5: compile chuwong trinh MPI va copy chuong trinh thyc thi sang cic hosts muén chay, vi
du: cd hai hosts li¢t ké trong ndi dung file ‘myhosts’ 1a: 172.28.10.237 va 172.28.10.236

Budc 6: chay chuong trinh MPI bang 1énh sau:
$ mpirun --hostfile myhosts -np 4 /home/std01/testmpi/nhanmatranmpi 1000 1000 1000
Tham sé:
--hostfile : s€ khdi tao cac qua trinh MPI trén cac hosts dugc 1iét ké trong file ‘myhosts’
-np : 56 process MPI cén tao ra
3. Bai tap
SV hién thuc cac bai tap theo hai céch:
a. St dung céc ham truyén thong point to point nhu MPI_Send, MPI_Recv,...
b. St dung cac ham giao tiép nhom.

Bai 3.1. Viét chuong trinh dém s6 1an xut hién ctia sd “target” cho trudc trong mang s thyc co
kich thudc 1a N, v6i N > 10" va ghi nhéan chi sb cac phan tir ciia mang c6 chua target 1én file.
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Bai 3.2. Tinh tich phan ctia ham f(x) > 0 va lién tuc trong khoang [a, b] bang phuong phap chia
mién nay thanh N=1000000 hinh thang nho. Gia st: ham:
f(x) = x* trong khoang [2; 5].

A
Yéu cau:

- Viét chuong trinh tudn tu va nhan xét két
qua.

- Viét chuong trinh song song hoa bai toan
trén ( theo 2 cach) .

- Nhén xét vé két qua cua chuong trinh
tuan tu va chuong trinh song song !

Pén bai lab nay, sv da tim hiéu cic ham co ban ciia MPI va Pthread hay van dung kién
thirc da biét thuce hién bai tap sau:

Bai 3.3. Viét chwong trinh tinh tich hai vector két hop ca hai mé hinh MPI va multithread.

LUU Y: SV PHAI NOP SOURCE CODE CAC BAI TAP LEN SAKAI PUNG HAN
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