Bién dich va chay chuwong trinh trén CCS

1. Théng tin chung vé hé thong

Hién tai, tai nguyén tinh toan ctia Trung tim Khoa hoc tinh toan (CCS) bao gdm 09 may
tinh (nodel, .., node9), mdi may co 4 processors. Cac may tir nodel dén node7 c6 4GB bd nhé
trong, node8 c6 16 GB bo nhd trong, node9 cé 32 GB bo nhd trong. May node7 cd dung
luong dia 16n nhat, khoang 4.3 TB, ding dé chira dit liéu, chuong trinh ctia nguoi sir dung
(/home/). Thu muc nay duoc dugc share cho tit ca cic nodes thong qua NFS. Vi vdy node7
duoc sir dung 1am may master. Ngoai ra, trén mdi node con c6 ving dia cuc bo /temp0/ dung
dé luu dir liéu tam thoi trong qua trinh x{r 1y cua cc users va ting hiéu ning dbi véi mot sd
loai chuong trinh lién quan dén doc/ghi trén 6 dia clmg, céc files trong thu muyc nay s& tw dong
x6a sau 15 ngay ké tir khi tao ra.

Tét ca 9 nodes cta hé théng duoc cai dat hé diéu hanh linux debian va cdu hinh thanh mot
PC cluster vé1 thu vién xtr Iy song song MPITCH2 va B¢ quan ly chuong trinh PBS Torque.
Nguoi sir dung 6 thé truy cép va khai thac cac tai nguyén hé thong thong qua may Master
(node7) voéi tén internet toan cau 1a: cesl.hnue.edu.vn thong qua giao thirc ssh. Hé thong da
cai dat cac trinh bién dich cho cac ngdn ngit 1ap trinh thong dung nhu C, C++, java, Fortran,
matlab, v.v.

Hé thdng may tinh ctia Trung tdm thuong dung dé chay cic chuong trinh 16n, yéu cau
nhiéu bo xr Iy va bo nhé. Sau khi truy cap hé thong, nguoi st dung ¢ thé viét (hodc gui
chuong trinh tir may tinh c4 nhan cia minh 18n), bién dich va chay chuong trinh trén hé thong
cta Trung tam. C6 2 loai chuong trinh: single-node program (chuong trinh don, chay trén 1
b xur 1y) va multi-node program (chuong trinh song song); va c6 2 cach thuc hién chuong
trinh trén hé théng PC cluster ciia CCS: chay truc tiép trén nén hé diéu hanh va chay thong
qua B6 quan 1y chuong trinh Torque.

2. Chuong trinh chay trén 1 bg xir ly va chwong trinh song song
Khong phai cir dua chuong trinh 1én hé thong PC cluster 1a né déu chay song song ca. Thong
thuong chung ta viét chuong trinh thi chwong trinh d6 chay trén 01 bd xtr Iy. Vi du ban c6 thé
ding chuong trinh soan thao (vim hodc meedit) viét chuong trinh c++ chay trén 01 bo xur 1y,
file chuong trinh c6 tén 1a hello.cpp va c6 ndi dung dudi day:
#include <iostream>
using namespace std;
int main Q {

cout << "Hello World" << endl;
return O;

}



Sau d6 bién dich va chay nhu sau:

c¢++ hello.cpp —o hello

./hello

T}énrnanlﬁnhsélﬁénlélkétquéthuclnénléthéngbéoHello World.

Mubdn viét chuong trinh song song, ban phai dung thu vién MPI va trinh bién dich

mpic++ (hodc mpice, mpif77, mpif90 tuy theo ngdn ngir 1ap trinh ban thao). Vi dy, ban soan

file chuong trinh c++ c6 tén 1a mpi_hello.cpp va ndi dung nhu sau

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

int main(int argc, char ** argv) {

}

int size,rank;

int length;

char name[80];
MPI_Status status;
int i;

MPI1_Init(&argc, &argv);
// note that argc and argv are passed by address

MP1_Comm_rank(MPI_COMM_WORLD, &rank) ;
MP1_Comm_size(MPI_COMM_WORLD,&size);
MP1_Get_processor_name(name,&length);

if (rank==0) {

// server commands
printf("'Hello MP1 from the server process!\n™);
for (i=1;i<size;i++) {

MP1_Recv(nhame,80,MPI_CHAR,i,999,MP1_COMM_WORLD, &status);
printf("'Hello MPII\n"™);
printf("* mesg from %d of %d on %s\n",i,size,name);
}
} else {
// client commands
MPI_Send(name,80,MP1_CHAR,0,999,MPI1_COMM_WORLD) ;

}
MP1_Finalize();

Sau do6, bién dich bfmg trinh bién dich:

mpic++ mpi_hello.cpp —o mpi_hello

Khi nay, file chuong trinh thuc hién duoc co tén 1a mpi_hello (khéng c6 phan duéi) di dugc

tao ra (c6 thé xem bang 1énh Is cta linux). Binh thudng, chiing ta thuc hién chuong trinh nay

béang 1énh ciia MPI nhu sau:

mpiexec —np <s6 b xir Iy> mpi_hello



Tuy nhién, dé thyc hién chwong trinh c6 st dung nhiéu bd xtr Iy nhu mpi_hello trén hé théng
PC cluster cia Trung tam, ching ta phai submit chuong trinh thong qua B quan ly chuong
trinh PBS Torque v6i 3 budc nhu sau:

Buwécl: Tao file PBS script mpi_hello.script ¢6 ni dung don gian nhu sau:

#1/bin/sh
/usr/local/bin/mpiexec /home/hoanpt/mpi/mpi_hello

(Chu y, phai danh duong dan day di dén cac files mpiexec, /usr/local/bin/, va
mpi_hello, /home/hoanpt/mpi/ trong script, ban phai thay dudong dan
/home/hoanpt/mpi/ bing duong dan dén file chwong trinh cua ban)

Buwdoc 2: Submit file PBS script thong qua I¢énh qsub ctia PBS nhu sau:

qsub -q 11 -1 nodes=2:ppn=4 mpi_hello.script
O day, tham s6 -q 11 dé yéu cau PBS thyc hién chuong trinh trén hang doi chuong trinh c6
tén 1a 11 (thong tin vé cac hang doi chuong trinh trén hé thong cua Trung tdm xem phan
duéi), tham sb -1 nodes=2::ppn=4 dé yéu cau PBS thuc hién chuong trinh trén 2 nodes va
moi node 4 bo xir 1y.
Khi thyc hién 1énh trén, PBS s& tu dong cip phat b xir Iy va bo nhé con rdi dé thyc hién
chuong trinh theo yéu cdu mo ta trong file mpi_hello.script hodc trén chinh dong 1énh
gsub (duoc chi ra trong cac tham sb nhu 1, -q, v.v.). Sau khi thuc hién chuong trinh, PBS
s& sinh ra 2 files mgi: mpi_hello.script.oXX, chira két qua thyc hién chuong trinh (néu
khong c6 16i) va mpi_hello.script.eXX, chira thong bao 15i (néu c6) khi thuc hién chuong
trinh (& ddy XX 1a mot s6 nguyén do PBS sinh ra trong qué trinh quan 1y cic chuong trinh,
c6 thé biét cac sb nay bang 1énh gstat).

Buée 3: Poc két qua thyc hién chuong trinh: Két qua va thong bao 16i néu c6 s& duoc PBS
ghi vao cac files mpi_hello.script.oXX va mpi_hello.script.eXX nhu da né ¢ trén. Dung
1énh cat cua linux dé xem:
cat mpi_hello.script.oXX
Két qua in ra s& 1a nhu sau (c6 thé khi chay chuong trinh ¢ thoi diém khac nhau thi thong
tin v& nodes s& khac nhau):

Hello MP1I from the server process!
Hello MPI!

mesg from 1 of 8 on node4

Hello MPI!

mesg from 2 of 8 on node4

Hello MPI1!

mesg from 3 of 8 on node4

Hello MPI!

mesg from 4 of 8 on node3



Hello MPI!
mesg from 5 of 8 on node3
Hello MPI!
mesg from 6 of 8 on node3
Hello MPI!
mesg from 7 of 8 on node3
3. Chay chuwong trinh trén h¢ diéu hanh hay théng qua Bd quin ly chwong trinh PBS
Torque
O trén chung ta di thdy c6 2 cach thyc hién chuong trinh: chay tuong tc trén nén hé diéu hanh
(vi du ./hello) hodc thong qua B quan ly chuong trinh PBS Torque (qsub mpi_hello.script).
Néu chuong trinh ctia ban nho (yéu cau 1 bo xtr 1y, chay trong thoi gian ngén, va yéu cau it bd
nhd) thi cé thé chay truc tiép trén hé diéu hanh nhu vi du hello & trén. Néu chuong trinh 16n, doi
hoi nhiéu bo xtr 1y, thoi gian thyc hién lau thi phai thyc hién thong qua Bo quan 1y chuong trinh
PBS Torque nhu vi du mpi_hello & trén. Chung t6i khuyén céo tat ca cac chuwong trinh chay trén
Trung tdm Khoa hoc tinh toan déu nén chay thong qua PBS Torque (chi ¥ rang tat ca chuong
trinh, ké ca chuong trinh chay trén 01 bd xir 1y, déu c6 thé thuc hién thong qua PBS) dé cac tai
nguyén ctia Trung tdm duoc khai thac hi¢u qua va dé PBS Torque phuc vu cac chuong trinh ciia
tat ca nguoi sir dung mot cach tdi wu.
Pé thyc hién mot chuong trinh théng qua BO quan 1y chuong trinh PBS, ching ta lam theo 3
budc nhu trong vi du mpi_hello & trén, cu thé:
Buée 1: Chuan bi file PBS script, trong d6 mo ta cac yéu cau vé sb node, s6 bd xir 1y, $6 luong
bd nhd, thoi gian, v.v. dé PBS cap phat tai nguyén khi thyc hién chuong trinh
Buwéc 2: submit file PBS script cho PBS thuc hién, trong d6 c6 cac tham sé cung cip thém yéu
cau ngoai thong tin mé ta trong file script.

Buée 3: Poc céc file két qua hoic file théng bao 15i.

Lay vi du khac, d& chay chwong trinh hello trong vi du dau tién théng qua B6 quéan 1y chuong
trinh PBS, sau khi bién dich (bang c++) ra file hello, thay vi thuc hién trén nén hé diéu hanh
linux (./hello), chung ta lam nhu sau:

- Buwodc I: Tao file PBS script c6 tén 1a hello.script c6 ndi dung nhu sau:

#1/bin/sh
/home/hoanpt/mpi/hello

(Chu v, phai danh duong din diy du dn file hello, /home/hoanpt/mpi/
trong script, ban phai thay dudng din nay bang duong dan dén file chuong trinh
ctia ban, dé biét xem ban dang trong thu muyc nao, ding 1énh pwd cua linux)

- Bwdc 2: Thuc hién 1énh



qsub —1 nodes=node2:ppn=4 hello.script
- Bwde 3: Poc két qua (dung 1énh qstat hoic Is dé biét cac dudi XX cua cac file

hello.script.oXX, hello.script.eXX do PBS sinh ra)

cat hello.script.oXX

Khi d6, ndi dung két qua ghi trong file hello.script.oXX sé& la

Hello World
Trong vi du ndy, chuong trinh hello 1a chuong trinh duoc viét chay trén 1 bd xir 1y, ching ta di
yéu cau PBS cip tai nguyén 13 node2, sb bd xur 1y 1a 4 (budc 2), nhung cudi cing thi chuong
trinh chi thyc hién trén 1 bo xir Iy. Vi vay khi submit jobs thong qua PBS, chung ta cin c¢b ging
yéu cau PBS cap vira du tai nguyén cho chwong trinh cta minh. Dé PBS quan 1y va cip phat tai
nguyén hop 1y, chiing toi ciing da tao san mot sé hang doi (queue) ctia PBS Torque véi cac tai
nguyén mac dinh nhu sau:
11: gdm cic nodel::ppn=4 + 1:node2:ppn=4+1:node3:ppn=4+1:noded:ppn=4+1:node5:ppn=4+1:node6:ppn=4
19: gdm cac nodes tir 1 dén 9
p8: gdm chi node8:ppn=4
p9: gf“)m chi node9:ppn=4
Céc ban c6 thé submit cac jobs vao hang doi phi hop dé PBS Torque khai thac tai nguyén va
quan ly chuong trinh hi¢u qua nhat.

4. Tai liéu tham khao thém:
- Hudng dan vé PBS scripts:
http://www.hpcc.nectec.or.th/wiki/index.php/PBS Job Submission

http://www.hpc.cam.ac.uk/user/jobs.html

-  MPL

ftp://ftp.mcs.anl.gov/pub/mpi/mpich2-doc-user.pdf




