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B Cai dat Linux PC cluster
® Bien dich va thuc thi
® Cac vi du minh hoa
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Cai dat Linux PC cluster
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®  Cai dat PC cluster
®m  Bién dich va thuc thi

B Cdc vi du minh hoa
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Cai

B Cai dat Fedora Core 15 Linux cho cac PC
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®  Cai dat PC cluster
®m  Bién dich va thuc thi

dat Linux PC cluster " Cé v du minh hoo

Download Fedora tU http://fedoraproject.org/

Nh& chon ban thich hgp cho cau hinh 32, 64 bits

Ghi phan phoi vao dia DVD

Cai dat Fedora tu from DVD

Tao phan ving chinh (15 GB) cho root (/), phan vung swap
(kich thudc bang 2 lan dung lugng RAM) va phan ving
cho /home kich thudc con lai

Nh& chon option (Software development) dé cé du cdc
cong cu lap trinh (gcc, g++, g77, etc)

Cai hét cho tat ca cdc may PC



http://fedoraproject.org/

®  Cai dat PC cluster
®m  Bién dich va thuc thi

Cai dé‘l' Linux PC CIUSfo' ®  Cdc vi du minh hoa

® Cau hinh mang cho cac PC

O Cau hinh dia chi mang hhu mo ta clia cdc mdy tinh
May pcl.cluster.cit cé dia chi 172.16.67.151 (255.255.255.0)
Mdy pcl.cluster.cit dugc dung lam NFS server
Cac may pcl, pc2, pc3, pc4 noéi két nhau tao thanh cluster
Mady pc2.cluster.cit cé dia chi 172.16.67.152 (255.255.255.0)
May pc3.cluster.cit cé dia chi 172.16.67.153 (255.255.255.0)
May pc4.cluster.cit c6 dia chi 172.16.67.154 (255.255.255.0)
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Cai

B Cau hinh mang cho cac PC

O

O O O O

®  Cai dat PC cluster
®m  Bién dich va thuc thi

dat Linux PC cluster " Cé v du minh hoo

Khai dong lan dau (chay cau hinh)

Tao nguai dung (vi du tén user)

M3 console kiém tra lién két gitia cdc PC (dung Iénh ping)

Vdo ngudi dung root dé cau hinh hé thdng

Tat firewall bang cdc Iénh sau:

sed -i.bak "s/SELINUX=enforcing/SELINUX=permissive/qg" /etc/selinux/config

/sbin/chkconfig --del iptables
service iptables stop




®  Cai dat PC cluster
®m  Bién dich va thuc thi

Cai déf Linux PC CIUSfer' ®  Cdc vi du minh hoa

B Cau hinh mang cho cac PC

O Tu ngudi dung root

O Soan thao tap tin /etc/hosts thém cdc dong sau:
172.16.67.151 pcl.cluster.cit  pcl
172.16.67.152 pc2.cluster.cit  pc2
172.16.67.153 pc3.cluster.cit  pc3
172.16.67.154 pc4.cluster.cit  pc4é

O Kiém tra tén bang cach dung lénh ping tu pcl sang bat ky pc
ndo chi dung tén, khong dung dia chi

O Soan thao tap tin /etc/sysconfig/network, bo tat ca
domainname (cluster.cit) T HOSTNAME, sau do thuc hién:
source /etc/sysconfig/network
hostname $HOSTNAME




®  Cai dat PC cluster
®m  Bién dich va thuc thi

Cai dé? Linux PC CIUSter ®  Cdc vi du minh hoa

® Cau hinh SSH cho cdc PC

O TU ngudi dung user trén pcl

O Sinh khéa
ssh-keygen -t dsa -f ~/.ssh/id_dsa -N "
cp .ssh/id_dsa.pub .ssh/authorized_keys

O Chép dén tat ca cdc mdy con lai
scp -r .ssh pc2:
scp -r .ssh pc3:
scp -r .ssh pc4:

O Kiém tra bang cdch ssh vao ngudi dung user trén cac PC (lan dau
tién nhap passwd, tu lan thi 2 trd di khong hoi passwd)
ssh user@pcl

ssh user@pc2
ssh user@pc3
ssh user@pc4




®  Cai dat PC cluster
®m  Bién dich va thuc thi

Cai dé? Linux PC CIUSter ®  Cdc vi du minh hoa

® Cau hinh NFS server

O Cau hinh cho pcl la NFS server

O TU ngudi dung root trén pcl, tao thu muc /pub
mkdir /pub
chmod 777 /pub

O Soan thao tap tin /etc/exports thém dong sau:
/pub 172.16.67.0/255.255.255.0(rw,no_root_squash)

0 Khai dong dich vu NFS
chkconfig --level 345 nfs on
service nfs restart

10




®  Cai dat PC cluster
®m  Bién dich va thuc thi

Cai déf Linux PC CIUSfer' ®  Cdc vi du minh hoa

B Cau hinh NFS client

O Mount dén NFS server, tU ngudi dung root
mkdir /home/user/cluster
chown user.user /home/user/cluster
mount -t nfs pcl:/pub /home/user/cluster

O Soan thao tap tin /etc/fstab thém dong
pcl:/pub /home/user/cluster nfs defaults 00

O Thuc hién mount
mount -a

O Cac user tréen cac PC sir dung thu muc pel:/pub thong qua
/home/user/cluster

O Cac chuadng trinh, mpich, déu dugc luu vao /home/user/cluster
11
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B Cai dat Linux PC cluster
® Bien dich va thuc thi
® Cac vi du minh hoa
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Cai

= Ci d5t thu vién mpich-2

O

O Chon ban 1.3.2 (mpich2-1.3.2.tar.gz)
O Giai nén vao thu muc /home/user/cluster/mpich
O Cau hinh, bien dich

®  Cdai dat PC cluster
= Bién dich va thuc thi

651' MP ICH = Cdc vi du minh hoa

Download mpich-2 tu dia chi
http://www.mcs.anl.gov/research/projects/mpich2

cd /home/user/cluster/mpich

./configure

make

Cau trdc thu muc clia mpich

mpich/bin (tap tin thuc thi: mpicc, mpicxx, mpif77, mpirun, mpiexec, etc)
mpich/include (tap tin header cua mpich)

mpich/lib (tap tin thu vién cia mpich)

13




®  Cdai dat PC cluster
= Bién dich va thuc thi

su dung MPICH = Céc vi du minh hoa

® Su dung thu vién mpich-2
0 Biéen dich chuong trinh C
mpicc -o prog.exec srcfile.c

O Biéen dich chuong trinh C++
mpicxx -o prog.exec srcfile.cc

0 Bien dich chuong trinh Fortran
mpif77 -o prog.exec srcfile.f

14




®  Cdai dat PC cluster
= Bién dich va thuc thi

su dung MPICH = Céc vi du minh hoa

B Thuyc thi chudng trinh

O Tao machinefile dat tén la hosts.txt nhu sau
#tén-may:sé6-lugng-core
pcl:2
pc2:1
pc3:1
pc4:1

O Thuyc thi chuong trinh prog.exec sir dung 10 processes
mpirun -machinefile hosts.txt -np 10 prog.exec

15
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B Cai dat Linux PC cluster
® Bien dich va thuc thi
® Cac vi du minh hoa
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/Céc vi du minh hoa

Hello world tu cdc procs
Tinh toan s6 PI

Giai thuat bubble sort
Giai thuat merge sort
Nhan ma tran

Etc.

\_

®  Cai dat PC cluster
®m  Bién dich va thuc thi
B Cac vi du minh hoa




m  Cai dat PC cluster
A P S ®  Biéndich va thuc thi
/Cau tric chuong trinh MPT - v N

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

MPI_Init(&argc, &argv):

MPI_Finalize();
return O;

}

Ny -/




®  Cai dat PC cluster
V4 LN > ®m  Bién dich va thuc thi
/CGC ham CUG MPI (1 ) ®  Cac vidu minm

® 6 ham cd ban
O MPI_TInit
O MPI_Finalize
O MPT_Comm_rank
O MPI_Comm_size
O MPI_Send
O MPI_Recv

® 125 ham khac
O MPI_Bcast, MPI_Reduce, MPI_Barrier, etc

\_ -




®  Cai dat PC cluster
V4 LN > ®m  Bién dich va thuc thi
/CCIC ham C u Cl MPI (2) ®  Cac vidu minh

® int MPI_Init(int* argc, char*** argv):
O Tat ca tién trinh déu goi MPI_Init
0 Khai déng thuc thi song song
O Truyén cdc tham s6 dong |énh
O Thanh cong: MPI_SUCCESS

® int MPI_Finalize(void);
O Tat ca tién trinh déu goi MPI_Finalize
0 Két thidc thuc thi song song
0 Thanh cong: MPI_SUCCESS

\_ -/




®  Cai dat PC cluster
V4 LN > ®m  Bién dich va thuc thi
/CCIC hﬂm CUG MPI (3) ®  Cac vidu minm

B int MPI_Comm_size(MPI_Comm comm, int™* size);
O Tra vé tong so tién trinh

® int MPI_Comm_rank(MPI_Comm comm, int* rank);
O Tra vé sb hiéu tién trinh hién hanh

\_ -/




’ N > " Cai dat PC cluster
/CGC ham CUG MPI (4) ®m  Biéndich va TN
2.0 ~ ~ on B Cac vi du minh hoa
Gui nhan dir liéu

® int MPT_Send(void *buf, int count, MPI_Datatype
datatype, int dest, int fag, MPI_Comm comm);

O GUi count phan tu di liéu trong buf co kiéu datatype dén
tién trinh dest

" int MPI_Recv(void *buf, int count, MPI_Datatype
datatype, int src, int fag, MPI_Comm comm,
MPI_Status *status);

0 Nhan count phan t dir liéu cé kiéu datatype tU tién trinh
src dat vao trong buf

\_ -/




Cac ham cua MPI (5) -

Gui nhan dir liéu

Cai dat PC cluster
Bién dich va thuc thi

Cac vi du minh hoa

MPI Datatype C Datatype

MPI CHAR signed char

MPI SHORT signed short i1nt
MPI INT signed 1int

MPI LONG signed long int
MPI UNSIGNED CHAR unsigned char

MPI UNSIGNED SHORT unsigned short 1nt
MPI UNSIGNED unsigned 1nt

MPI UNSIGNED LONG unsigned long 1int
MPI FLOAT float

MPI DOUBLE double

MPI LONG DOUBLE
MPI BYTE
MPI PACKED

long double

23




/Céc ham cua MPI (6)
GUi nhan dir liéu (collective)

® int MPI_Barrier(MPI_Comm comm);

0 Doéng bd cdc tién trinh

®  Cdai dat PC cluster
®m  Bién dich va thuc thi
B Cac vi du minh hoa

" int MPI_Bcast(void *buf, int count, MPI_Datatype

datatype, int src, MPI_Comm comm);

O Tién trinh src gui count phan U di liéu trong buf cé kiéu
datatype dén tat ca cdc tién trinh

PO
P1

P2
\ P3

A

Broadcast >_

PO
P1
P2
P3

- -

-/




’ N > " Cai dat PC cluster
/CGC ham CUG MPI (7) ®  Biendich va TN
> .o ~ ~ o n ° B Cac vi du minh hoa
GUi nhan dir liéu (collective)

B int MPI_Reduce(void *sendbuf, void *recvbuf, int count,
MPI_Datatype datatype, MPI_Op op, int target,
MPI_Comm comm);

O Thuyc hién phép todn t6ng hop op cla count phan tir di liéy
co kiéu datatype, gui tU cdc tién trinh dén target

S

® int MPI_Allreduce(void *sendbuf, void *recvbuf,

int count, MPI_Datatype datatype, MPI_Op op,
MPI_Comm comm);

O MPI_Reduce + MPI_Bcast

\_ -/




®  Cai dat PC cluster

Cac h&m cua MPI (8) : Bi'énd,j:hvc‘x.ﬂl‘uithi
Phép todn cua MPI_Reduce (collective

Operation Meaning Datatypes

MPI_MAX Maximum C integers and floating point
MPT_MIN Minimum C integers and floating point
MPI_SUM Sum C integers and floating point
MPI_PROD Product C integers and floating point
MPI_LAND Logical AND C integers

MPI_BAND Bit-wise AND C integers and byte
MPI_LOR Logical OR C integers

MPI_BOR Bit-wise OR C integers and byte
MPI_LXOR Logical XOR C integers

MPI_BXOR Bit-wise XOR C integers and byte

MPI_MAXLOC  max-minvalue-location Data-pairs
MPI_MINLOC  min-minvalue-location Data-pairs

26




P S > ®  Cai dat PC cluster
/CC!C hﬂm CUG MPI (9) ®  Biendich va TN
> .o ~ ~ o n ° B Cac vi du minh hoa
GUi nhan dir liéu (collective)

B int MPI_Scatter(void *sendbuf, int sendcount,
MPI_Datatype senddatatype, void *recvbuf,
int recvcount, MPI_Datatype recvdatatype,
int src, MPI_Comm comm);

PO PO |AO
P1 MPI_SCATTER() p1 A1
P2 |AO|A1{A2]A3 P2 A2
P3 P3 |A3

Ny /




/Céc ham ciia MPT (10)
GUi nhan dir liéu (collective)

\_

int target, MPI_Comm comm);

PO
P1
P2
P3

A0

Al

_f'l '3

A3

MPI_GATHER()

—

PO
P1
P2
P3

Cai dat PC clu

= ster
®m  Bién dich va thuc thi
B Cac vi du minh hoa

B int MPI_Gather(void *sendbuf, int sendcount,
MPI_Datatype senddatatype, void *recvbuf,
int recvcount, MPI_Datatype recvdatatype,

_f.‘;.]. ,

2|1A3

-/




P S > ®  Cai dat PC cluster
/Cac ham cua MPI (11) : Bandchmh
> .o ~ ~ o n ° B Cac vi du minh hoa
GUi nhan dir liéu (collective)

® int MPI_Allgather(void *sendbuf, int sendcount,
MPI_Datatype senddatatype, void *recvbuf,

int recvcount, MPI_Datatype recvdatatype,
MPI_Comm comm);

PO| A PO|A|[B|C|D
P1|B All gather P1{A|B|C|D
P2 |C = P2|A|B|C|D
P3| D P3|A|B|C|D

Ny -/




P S > ®  Cai dat PC cluster
/CCIC hﬂm cua MPI (1 2) = Biéndich va TN
> .o ~ ~ o n ° B Cac vi du minh hoa
GUi nhan dir liéu (collective)

® int MPI_Alltoall(void *sendbuf, int sendcount,
MPI_Datatype senddatatype, void *recvbuf,

int recvcount, MPI_Datatype recvdatatype,
MPI_Comm comm);

PO |AO|A1|AZ|A3 PO |A0|BO(CO|DO
P1B0|B1(B2|B3 All to All P1 |A1|B1|C1|D1
P2 |C0(C1|C2|C3 = P2 |A2|B2|C2|D2

P3 |DO|D1(D2(D3 P3 |A3|B3|C3|D3
\ %




®  Cai dat PC cluster
S ®  Biéndich va thuc thi
/Chu’dng trinh hello world v cievid N

® Minh hoa chuang trinh don gian
O MOi tién trinh gui thong diép
Iam ... of ...
" Su dung
O MPI_Init
O MPI_Finalize
O MPT_Comm_rank
O MPI_Comm_size

\_ -/




Chudng trinh hello.c

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

int main(int argc, char ** argv) {
int rank, size;

MPI_Init(&argc, &argv);

MPI_Comm_rank(MPI_COMM_WORLD, &rank);

MPI_Comm_size(MPI_COMM_WORLD, &size);
printf("I am %d of %d\n", rank, size);

MPI_Finalize();
return O;

Cai dat PC cluster
Bién dich va thuc thi

Cac vi du minh hoa

32




®  Cai dat PC cluster
Bién dich va thuc thi

Tinh 56, PI B Cac vi du minh hoa

45——1-? ] T T 1
Jl 1 1 | - fix)= 4
., dx =arctan (x) . , (1+x 2]
0 1+x - 0 i i h i
— arctan (1) - arcian (0) 2 i I
— arctan (1) IR N A N N
_ = i i | i |
4 - | i | e
0 : : ! : I
0.0 02 0.4 0.6 0.5 L.
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®  Cai dat PC cluster
Bién dich va thuc thi

Chu’dﬂg Tr‘iﬂh Cpi .C (1 ) : Céc vi du minh hoa

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

double f(double);

double f(double a) {
return (4.0 / (1.0 + a*a));
}

int main(int argc,char *argv[]) {
int  n, myid, numprocs, i, namelen;
double PI25DT = 3.141592653589793238462643;
double mypi, pi, h, sum, x;
double startwtime, endwtime;
char processor_name[MPI_MAX_PROCESSOR_NAME];

34




®  Cai dat PC cluster
Bién dich va thuc thi

Chu’O’ﬂg Tr‘inh Cpi .C (2) : Céc vi du minh hoa

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

fprintf(stdout,"Process %d of 7%d is on %s\n",
myid, numprocs, processor_name);

fflush(stdout);

n = 10000; /* default # of rectangles */

35




®  Cai dat PC cluster
Bién dich va thuc thi

Chudng '|'I“iﬂh Cpi .C (3) : Céc vi du minh hoa

if (myid == 0)
startwtime = MPI_Wtime();

MPTI_Bcast(&n, 1, MPI_INT, O, MPI_COMM_WORLD);

h =10/ (double) n;
sum = 0.0;
/* A slightly better approach starts from large i and works back */
for (i = myid + 1; i <= n; i += numprocs) {
x = h * ((double)i - 0.5);
sum += f(x);
}

mypi = h * sum;

MPI_Reduce(&mypi, &pi, 1, MPT_DOUBLE, MPI_SUM, O, MPT_COMM_WORLD);

36




®  Cai dat PC cluster
Bién dich va thuc thi

Chudng Tr‘iﬂh Cpi .C (4) : Céc vi du minh hoa

if (myid == 0) {
endwtime = MPI_Wtime();
printf("pi is approximately %.16f, Error is %.16f\n",
pi, fabs(pi - PI25DT));
printf("wall clock time = %f\n", endwtime-startwtime);
fflush(stdout);

}

MPI_Finalize();
return O;

37




®  Cai dat PC cluster
o2 e A A ®m  Bién dich va thuc thi
ﬁlal thuat tuan tu bubble sort: .. N

1. procedure BUBBLE_SORT(n)

2 begin

3. fori := n — 1 downto 1 do

4, for; :=1toido

5 compare-exchange(a;, aj+1);
6 end BUBBLE_SORT

= Do phuc tap O(n"2)

B Giai thuat tuan tu

® Bién thé cla bubblesort: odd-even transposition => dé
song song

Ny -/




_— m  Cai dat PC cluster
/Glal Thua'l' fuan tu = Bitndichva ﬂm
o g o ®  Cdac vi du minh hoa
Odd-even transposition sort

1

2
3
4
5.
6.
/
8
Q
1

1

0.
1.
12

\_

procedure ODD-EVEN(n)

begin
for: := 1ton do
begin
if 2 is odd then
forj :=0ton/2 —1do
compare-exchange(as;+1, azj+a);
if 2 is even then
forj:=1ton/2 —1do
compare-exchange(asz;, aszj+1);
end for

end ODD-EVEN

-/




Vi du ve e
Odd-even transposition sort = cvienmre

Unsorted

|—| I—I I—I I—I Phase 1 (odd)

|_| |_| |_| Phaze 2 (even)
2 3 3 5 8 1 & 4
O I e A B
2 3 3 5 1 8 4 6

|_| |_| |_| Fhas= 4 (even)
2 3 3 1 5 4 g 6
L L L L Phases coaa
2 3 1 3 4 5 & 8

I I N R B Phase 6 (even)
2 1 3 3 4 5 & 8

|
-
i
i

Phaze 7 (odd)

1 2 3 3 4 5 & 2
|—| |—| |—| Phase & (even)
1 2 3 3 4 5 & 2
Sorted
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Giai thuat song song
Odd-even transposition sort

®  Cai dat PC cluster
®m  Bién dich va thuc thi

B Cac vi du minh hoa

SIS RO oS0 N OGN

NOo OGN O

procedure ODD-EVEN_PAR(n)
begin
id = process’s label
fori: := 1ton do
begin
if 2 is odd then
if id is odd then
compare-exchange_min(id + 1);
else
compare-exchange_max(id — 1);
if 7 is even then
if 2d is even then
compare-exchange_min(id + 1);
else
compare-exchange_max(id — 1);

end for
end ODD-EVEN_PAR

41




®  Cai dat PC cluster

Giéi Thuat Song Song ®  Biéndich va thuc thi
eg o B Cac vi du minh hoa
Odd-even transposition sort

Even Phase

P;, i =0, 2, 4, .., n - 2 (even)P;, i =1, 3, 5, .., n - 1 (odd)
recv (&R, P;.q1): send (&A, P;_1):; /* even phase */
send (&B, P;.q); recv(&B, P;_q);

if (A > B) B = A; if (A > B) A = B;/* exchange */

where the number stored in P; (.yepy) 18 & and the number stored in P; (oqq) 18 2.

Odd Phase

P;, i =1, 3, 5, w., n - 3 (odd)P;, i =2, 4, 6, .., n - 2 (even)

send (&A, Pj.;); recv (&R, P;_q); /* odd phase */
recv(&B, P;.q): send (&B, P;_q);
if (A > B) A = B; if (A > B) B = A; /[/* exchange */

42




Giai thuat song song
Odd-even transposition sort

Combined
p,, i =1, 3, 5, .., n - 3 (odd) P;,, i =0, 2, 4, ..,
send (&A, P;_q); recv (&A, P;,1): /*
recv (&B, P;_1); send (&B, Pj;,q1);
if (A > B) A = B; if (A > B) B = A;
if (i <= n-3) { if (i >= 2) { /*
send (&A, P;,q); recv(&A, P;_q);
recv (&B, P, ;) send(&B, P;_q);
if (A > B) A = B; if (A > B) B = A;
} }

Cai dat PC cluster
Bién dich va thuc thi

Cac vi du minh hoa

n - 2 (even)

even phase */

odd phase */

43




Giai thuat song song (4 proc.)- serdenmen

Odd-even transposition sort

Unsorted List of 12

elements

Chnstnbute
Elements to
all
Processors

Sort
Elements
Inversally

Stage 1

Stage 2

Stage 3

Stage 4

Sorted hist

Cai dat PC cluster

Cac vi du minh hoa

sl ]2 izfwo]s e fs]so]a]3 |is
o & & &
37 ]2 12] 10] 5 6 |76] 50 413 |15
2 7 5 11012 6 76 3 15

2 5 12 3] 76
@ @ — .

2 5 3 12 15] 501 76
@ — @ @ —> @

2 3 & 76
@ @ —

21313 41516 7 |10] 12 15] 501 76
213 4 15 )6 I T 10121155076
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®  Cai dat PC cluster
Bién dich va thuc thi

Ch"’f‘inh Odd -even.c (1 ) : Cdc vi du minh hoa

#include <stdio.h>
#include <stdlib.h>
#include <sys/time.h>
#include <mpi.h>

#define N 128000

/* compare function */

int cmpfunc (const void * a, const void * b) {
return (*(int*)a - *(int*)b);

}

/* gsort array v; array is of length n*/
void segsort(int * v, int n) {
gsort(v, n, sizeof(int), cmpfunc);

}
45




®  Cai dat PC cluster
Bién dich va thuc thi

Ch"’f‘inh Odd -even.c (2) : Cdc vi du minh hoa

void swap(int *x, int *y) {
int temp = *x;
*x = Xy,
*y = femp;

}

int main(int argc, char **argv) {
int n=N; /* The total number of elements to be sorted */
int *arr;  /* The array of elements o be sorted */
int *value;
double elapsed_time;
int i, j, ph, nlocal;
FILE *file;
MPI_Status status;
int rank;  /* The rank of the calling process */
int size; /* The total number of processes */

46




Chtrinh odd-even.c (3)

if (argc!=2) {

fprintf(stderr, "Usage: mpirun -np <num_procs> %s <out_file>\n", argv[0]);

exit(l);
}
MPI_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &rank);
MPI_Comm_size(MPI_COMM_WORLD, &size);

arr = (int *)malloc(n*sizeof(int));
value = (int *)malloc(n*sizeof(int));

if(rank==0) {
elapsed_time = - MPT_Wtime();
srand(time(0));
for(i=0; i<n; i++)
arr[i]=random();

Cai dat PC cluster
Bién dich va thuc thi

Cac vi du minh hoa

47




®  Cdai dat PC cluster
Bién dich va thuc thi

Ch."r‘inh Odd -even.c (4) : Céc vi du minh hoa

MPI_Bcast(&n, 1, MPI_INT, O, MPI_COMM_WORLD);
nlocal = n/size;

/* Send data */
MPI_Scatter(arr, nlocal, MPI_INT, value, nlocal, MPI_INT, O,
MPI_COMM_WORLD);

for(ph=0; ph<size; ph++) {
if(ph%2 == 0) { /* even phase */
if(rank%2 == 0) { /* even rank */
MPI_Send(&value[0], nlocal, MPI_INT, rank+1, 0, MPT_COMM_WORLD);
MPTI_Recv(&value[nlocal], nlocal, MPI_INT, rank+1, O,
MPI_COMM_WORLD,é&status);
segsort(value, nlocal*2);

}
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®  Cdai dat PC cluster
Bién dich va thuc thi

Ch."r‘inh Odd -even.c (5) : Céc vi du minh hoa

else { /* odd rank */
MPI_Recv(&value[nlocal], nlocal, MPI_INT, rank-1, O,
MPI_COMM_WORLD, &status);
MPI_Send(&value[0], nlocal, MPI_INT, rank-1, 0, MPI_COMM_WORLD);
seqgsort(value, nlocal*2);
for(i=0;i<nlocal;i++)
swap(&value[i],&value[i+nlocall);
}

}
else { /* odd phase */

if((rank%2 == 1) && (rank = (size-1))) { /* odd rank */
MPI_Send(&value[0], nlocal, MPI_INT, rank+1, 0, MPT_COMM_WORLD);
MPI_Recv(&value[nlocal], nlocal, MPI_INT, rank+1, O,
MPI_COMM_WORLD,é&status);
seqgsort(value, nlocal*2);

}
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®  Cai dat PC cluster

S ®  Bién dich va thuc thi
Ch"'l“ |nh Odd -even.c (6) = Céc vi du minh hoa
else if(rank != 0 && rank I= (size-1)) { /* even rank */

MPI_Recv(&value[nlocal], nlocal, MPI_INT, rank-1, O,
MPI_COMM_WORLD,&status);
MPI_Send(&value[0], 1, MPI_INT, rank-1, 0, MPI_COMM_WORLD);
seqgsort(value, nlocal*2);
for(i=0;i<nlocal;i++)
swap(&value[i],&value[i+nlocall);
}
}
}

MPI_Gather(value, nlocal, MPI_INT, arr, nlocal, MPI_INT, O,
MPI_COMM_WORLD);
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Bién dich va thuc thi

Ch'l'r‘inh Odd -even.c (7) : Céc vi du minh hoa

if(rank==0) {
elapsed_time += MPI_W+time();

file = fopen(argv[1], "w");
for (i=0; i< n; i++)
fprintf(file, "%d\n", arr[il);
fclose(file);
printf("odd-even sort %d ints on %d procs: %f secs\n", n, size, elapsed_time);

}
MPI_Finalize();

return O;

}

51
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®m  Bién dich va thuc thi

Chfrinh bSOI‘"l' .C (1 ) = Cdc vi du minh hoa

#include <stdio.h>
#include <stdlib.h>
#include <sys/time.h>
#include <mpi.h>

#define N 100000

void swap(int * v, int i, int j) {

int + = v[il v[il=v[j] v[jl= 1
) /* compare function */
int cmpfunc(const void * a, const void * b) {
return (*(int*)a - *(int*)b);

void bubblesort(int * v, int n) { — }

int i, j: /* gsort array v; array is of length n*/
for (i=n-2:i>=0: - void seqsort(int * v, int n) {
( ) gsort(v, n, sizeof(int), cmpfunc);

for (j=0; j<=i; j++) }
if (v[j1> v[j+1]) swap(v, j, j*1);




®  Cai dat PC cluster
Bién dich va thuc thi

Ch'l'r‘inh bSOI‘"l' .C (2) : Cdc vi du minh hoa

/* merge two sorted arrays v1, v2 of lengths nl, n2, respectively */
int * merge(int * v1, int nl, int * v2, int n2) {
int * result = (int *)malloc((nl + n2) * sizeof(int));
inti=0,j=0,k;
for (k=0; k<nl+n2; k++) {
if (i>=nl){
result[k] = v2[j]; j++
}else if (j >= n2){
result[k] = v1[i]; i++;
}else if (v1[i]<v2[j]) { // indices in bounds as i< nl && j < n2
result[k] = v1[i]; i++;
}else {
result[k] = v2[j]; j++
}
}// for

return result;
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Bién dich va thuc thi

Chtrinh bsort.c (3) ' e v dy minh hoo

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

int n=N;

int *data = NULL;

int ¢, s, o, step, p, id, i

int *chunk;

int *other;

MPI_Status status;

double elapsed_time;

FILE *file;

if (argc!=2) {
fprintf(stderr, "Usage: mpirun -np <num_procs> %s <out_file>\n", argv[0]):
exit(1);

}

MPI_Init(&argc, &argv);
MPTI_Comm_size(MPI_COMM_WORLD, é&p):
PI_Comm_rank(MPI_COMM_WORLD, &id); 54




®  Cai dat PC cluster
Bién dich va thuc thi

Ch'l'r‘inh bSOI‘"l' .C (4) : Cdc vi du minh hoa

if (id==0){

struct timeval tp;
// compute chunk size
c = n/p; if (n%p) c++;
// generate data
gettimeofday(&tp, 0);
srandom(tp.tv_sec + tp.tv_usec);
srand(time(NULL));
data = (int *)malloc(p*c*sizeof(int));
for(i=0;i<n;i++)

data[i] = random();

for (i = n; i < p*c; i++) // pad data with O -- doesn't matter
data[i] = O;

elapsed_time = - MPI_Wtime(); // start the timer
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®  Cai dat PC cluster
Bién dich va thuc thi

Ch."r‘inh bSOf‘T .C (5) : Cdc vi du minh hoa

MPI_Barrier(MPI_COMM_WORLD); // Barrier synchronization

MPI_Bcast(&n, 1, MPT_INT, O, MPI_COMM_WORLD); // broadcast size
c = n/p; if (n%p) c++; // compute chunk size

// scatter data

chunk = (int *)malloc(c * sizeof(int));

MPI_Scatter(data, ¢, MPI_INT, chunk, ¢, MPI_INT, O, MPT_COMM_WORLD);
free(data);

data = NULL;

// compute size of own chunk and sort it
s=(n>=c*(id+1))?c:n-c*id;
bubblesort(chunk, s);
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®  Cai dat PC cluster
Bién dich va thuc thi

Ch"'l“inh bSOf‘f .C (6) : Cdc vi du minh hoa

// up to log_2 p merge steps
for (step = 1; step < p; step = 2*step) {
if (id % (2*step)l=0) {
// id is no multiple of 2*step: send chunk to id-step and exit loop
MPI_Send(chunk, s, MPI_INT, id-step, O, MPT_COMM_WORLD); break;
}
// id is multiple of 2*step: merge in chunk from id+step (if it exists)
if (id+step < p){
0= (n>=c* (id+2*step)) ? ¢ * step : n - ¢ * (id+step); // compute chunk size
other = (int *)malloc(o * sizeof(int)); // receive other chunk
MPI_Recv(other, o, MPI_INT, id+step, O, MPI_COMM_WORLD, &status);
// merge and free memory
data = merge(chunk, s, other, o). free(chunk); free(other);
chunk = data;
S=S5+0;
Y//if
for 57
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Cac vi du minh hoa

Chtrinh bsort.c (7)

// write sorted data to out file and print out timer
if (id==0){
elapsed_time += MPI_Wtime(); // stop the timer

file = fopen(argv([1], "w");
for (i = (s-n); i < s; i++)
fprintf(file, "%d\n", chunk[il):
fclose(file);
printf("Bubblesort %d ints on %d procs: %f secs\n", n, p, elapsed_time);

}

MPI_Finalize();
return O;
}// main
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Merge sort
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procedure MERGE-SORT(L, h)
begin
if (1<h) then
begin
m = (1 + h)/2;
MERGE-SORT(1, m);
MERGE-SORT(m+1, h);
MERGE(], m, h):;
end
end MERGE-SORT

®  Cai dat PC cluster
®m  Bién dich va thuc thi
B Cac vi du minh hoa
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®  Cai dat PC cluster
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®  Cai dat PC cluster
®m  Bién dich va thuc thi

Ch'l'r‘inh mer‘ge - SOl‘"l' .C (1 ) = Cdc vi du minh hoa

#include <stdio.h>
#include <stdlib.h>
#include <sys/time.h>
#include <mpi.h>

#define N 100000

int* merge(int *A, int asize, int *B, int bsize);
void swap(int *v, int i, int j);
void m_sort(int *A, int min, int max);

void swap(int * v, int i, int j) {
int t = v[i]; v[i]=v[j] v[jl=*;
}
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®  Cai dat PC cluster
Bién dich va thuc thi

Ch'l'r‘inh mer‘ge - SOl‘"l' .C (2) : Cdc vi du minh hoa

int* merge(int *A, int asize, int *B, int bsize) {
intfai=0,bi=0,ci=0,i;
int csize = asize+bsize;
int *C = (int *)malloc(csize*sizeof(int));
while ((ai < asize) && (bi < bsize)) {
if (A[ai]<= B[bi]) { C[ci]= A[ai]; ci++; ai++; }
else { C[ci] = B[bi]; ci++; bi++; }
}
if (ai >= asize)
for (i = ci; i < csize; i++, bi++) C[i] = B[bi];
else if (bi >= bsize)
for (i = ci; i < csize; i++, ai++) C[i] = Alai];

for (i = 0; i< asize; i++) A[i] = C[i];
for (i = O; i < bsize; i++) B[i] = C[asize+i];
return C,
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®  Cai dat PC cluster
Bién dich va thuc thi

Chtrinh merge-sort.c (3) - cicuamm e

void m_sort(int *A, int min, int max) {
int *C; /* dummy, just to fit the function */
int mid = (min+max)/2;
int lowerCount = mid - min + 1;
int upperCount = max - mid;
/* If the range consists of a single element, it's already sorted */
if (max == min) {
return;
}else {
/* Otherwise, sort the first half */
m_sort(A, min, mid);
/* Now sort the second half */
m_sort(A, mid+1, max);
/* Now merge the two halves */
C = merge(A + min, lowerCount, A + mid + 1, upperCount);
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®  Cai dat PC cluster
Bién dich va thuc thi

Chtrinh merge-sort.c (4) - ccuviimmm

main(int argc, char **argv) {

int n= N;

int *data;

int *chunk;

int *other;

intm, id, p,s=0,i, step;

MPI_Status status;

double elapsed_time;

FILE *file;

if (argc!=2) {
fprintf(stderr, "Usage: mpirun -np <num_procs> %s <out_file>\n", argv[0]);
exit(1);

}

MPI_Init(&argc,&argv);
MPI_Comm_rank(MPI_COMM_WORLD,&id);
MPI_Comm_size(MPI_COMM_WORLD,é&p); 65




®  Cai dat PC cluster
Bién dich va thuc thi

Chtrinh merge-sort.c (B) - cicua e

if(id==0) {
struct timeval tp;
int r = n%p;
s = n/p;
// generate data
gettimeofday(&tp, 0);
srandom(tp.tv_sec + tp.tv_usec); srand(time(NULL)):;
data = (int *)malloc((n+s-r)*sizeof(int));
for(i=0;i<n;i++)
data[i] = random();

if(r1=0) {
for(i=n;i<n+s-r;i++) data[i]=0;
s=s+1;
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Bién dich va thuc thi

Chtrinh merge-sort.c (6) - cicua e

// start timer
elapsed_time = - MPT_W+time();

MPI_Bcast(&s,1, MPI_INT,0,MPI_COMM_WORLD);

chunk = (int *)malloc(s*sizeof(int));

MPI_Scatter(data,s, MPI_INT chunk,s MPI_INT,O,
MPI_COMM_WORLD);

m_sort(chunk, 0, s-1);

/* showVector(chunk, s, id); */

} else {

MPI_Bcast(&s,1, MPI_INT,0,MPI_COMM_WORLD);

chunk = (int *)malloc(s*sizeof(int));

MPI_Scatter(data,s, MPI_INT ,chunk,s MPI_INT,O,
MPI_COMM_WORLD);

m_sort(chunk, 0, s-1);
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Bién dich va thuc thi

Chtrinh merge-sort.c (7) - cicuamm e

step=1;
while(step < p) {
if(id%(2*step)==0) {
if(id+step<p) {
MPI_Recv(&m,1,MPI_INT,id+step,0, MPI_COMM_WORLD d&status);
other = (int *)malloc(m*sizeof(int));
MPTI_Recv(other,m MPI_INT,id+step,0, MPT_COMM_WORLD &status);
chunk = merge(chunk,s,other,m);
s = s+m; }
} else {
int near = id-step;
MPI_Send(&s,1, MPI_INT near,0,MPI_COMM_WORLD);
MPI_Send(chunk,s, MPI_INT near,0 MPI_COMM_WORLD);
break;

}
step = step™2;
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Chtrinh merge-sort.c (8) - cicumm e

if(id==0) {
// stop the timer
elapsed_time += MPI_Wtime();
file = fopen(argv[1], "w");
for (i = (s-n); i < s; i++)
fprintf(file, "%d\n", chunkli]);
fclose(file);
printf("Mergesort %d ints on %d procs: %f secs\n", n, p, elapsed_time);

}

MPI_Finalize();
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