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Processor Family Share of Top500 I 1860
100% = MIPS
PA-RISC
80% 1 [ Hitachi
Fujitsu
60% IA-64
] SPARC
40% I NEC
B x86
20% B Alpha
o Bl Cray
Power
g%\%% gg\\\ q;\\%b @,\\\ %Mq:& %s\\\ @\%% =

Source: http://www.top5@0.org



Operating Systems Used On Top500 Supercomputers
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System

e 2 64 cabinets
Cabinet 65,536 nodes
2 midplanes (131,072 CPUs)
Node Card 1024 nodes (32x32x64)
16 compute cards (2,048 CPUs) 180/360 TFis
0-2 1/0 cards (8x8x16) 32TiB
32 nodes 2.9/5.7 TFls 1.2MwW
FRU (field (64 CPUs) 512 GiB* DDR 2,500 sq.ft.
gr;gceeses:’r: replaceable unit) (dx4x2) 15-20 kW MTBF 6.16 Days
vy 25mmx32mm 90/180 GF/s
HINE SUIAN 2nodes (4 CPUS) 16 GiB* DDR
{compare this with a 19838 (2x1x1)
Cray YMP/8 ot 27 GF/s) 2x(2.8/5.6) GFIs
~ 2x512 MiB* DDR * hlp /iphysics nist govicuw/Units/binary himl
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. i Data size

comm = "L " Bandwidth

Medium Bandwidth latency
Cache 100 Gb/sec | 1 cycle
RAM 10 Gb/sec 100 cycles

Fast Ethernet 100 Mb/sec | 100 usec
Gigabit Ethernet | 1000 Mb/sec | 100 usec
Mayrinet 200 MB/sec | 5 usec
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OpenMP ;8 j=0
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Fortran e
C/C++
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Parallel Task | Parallel Task Il Parallel Task Il

|

Master Thread
Parallel Task | Parallel Task Il Parallel Task Il
Master Thread F— _ h



OpenMP sl =l

OpenMP language

extensions
runtime
parallel control ; data ¥y :
work sharing . synchronization functions, env.
structures environment ,
variables
govemns flow of distributes work scopes coordinates thread runtime environment
control in the among threads variables execution
program
omp set num threads(
do/parallel do shared and critieal and omp get thread num()
parallel directive and private atomic directives OMP_NUM THREADS
section directives clauses barrier directive OMF SCHEDULE
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'$ omp parallel

code block Eortran
'!$ omp end parallel
#pragma om arallel
B~ PP C/C++

codé biock
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#include <cstdio>
#include <omp.h>

int main () {
int n = 4, i;
#pragma omp parallel num threads( n ) private( i )
{
i = omp get thread num();
printf( "Hello from thread No. %d\n", i );
}

return 0O;
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use omp 1lib
implicit none
integer n, i

|Somp parallel num threads( n ) private( i )
i = omp get thread num()
write( *, * ) ‘Hello from thread ', I
'omp end parallel



Hello
Hello
Hello
Hello

from
from
from
from

thread No.
thread No.
thread No.
thread No.
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TRIRmp o Fortran
der {oop

'!$ omp end parallel

#pragma omp for C/Ct+

for:lgop
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#include <cstdio>
#include <omp.h>

int main () {
inEeami®n 29 5 J;
float al m, 'n ],:b-ns]jr1efsmuF;
#pragma omp parallel private( i, j )
#pragma omp for

for{ 17=:0, i< m; i++7)
cf 1 = O;
for( j = 0; j < n; j++ )
cd. A 1] "=kal 4, j Ta*ebl - 321}

return 0;



use omp 1lib
implicit none
integer n, m, i, j

QB.L?J)JIS

real a(m, n), b(n), c(m)
!Somp parallel private( i, j )

Somp do
do 1 =1, m
o °x.)i= 0
do j =1, n
cbLil) =alsi;
end do
end do

!Somp end do
'lomp end parallel

fD.:..u.u.Q.J
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Fortran C/C++
'S omp sections #pragma omp sections
[!'Somp section] {
co@e tbloak [#pragma omp section]
['Somp section] code block
@oda bldok [#pragma omp section]
@ode bHlock

'S omp end sections
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machine A machine B

task 0

network
data e data

send(data) receive(data)

ahdi 4 aads O )90 @ ply Jlil
Point to Point communication (P2P)
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#include <iostream>
#include <mpi.h>

int main( argc, char *argv[] ) {
int myRank, size;
MPI Init( argc, argv );
MPI Comm size( MPI COMM WORLD, &size ) ;
MPI Comm rank( MPI COMM WORLD, &rank );

prinft( "Hello, I am process %, rank, " of “, size );

MPI Finalize();
return 0;
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PROGRAM MAIN
USE MPI
INCLUDE "mpif.h"

INTEGER MYRANK, MYSIZE, IERR

call MPI INIT( IERR )

call MPI _coMmM RANK( MPI COMM WORLD, MYRANK, IERR )
call MPI _CcoMM SIZE( MPI COMM WORLD, MYSIZE, IERR )
PRINT *,’Hello, I am process ', MYRANK, ’' of ’', MYSIZE
call MPI_FINALIZE( IERR )

STOP
END
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P2P plu JLiol

char msg[20];
int myrank, tag = 99;
MPI Status status;

MPI Comm rank( MPI COMM WORLD, &myrank ) ;
if( myrank == 0 ) {
strcpy( msg, "Hello there")
MPI Send( msg, strlen(msg)+l, MPI CHAR, 1,
tag, MPI_COMM WORLD) ;
}
else if( myrank == 1 ) {
MPI Recv( msg, 20, MPI CHAR, O,
tag, MPI COMM WORLD, &status);



P2P plu , Jlol

CHARACTER*20 msg
INTEGER myrank, ierr, status(MPI_ STATUS SIZE)

INTEGER tag = 99

all MPI COMM RANK( MPI COMM WORLD, myrank, ierr )
IF (myrank .EQ. 0) THEN
msg = "Hello there"
call MPI_SEND( msg, 11, MPI CHARACTER, ]=
tag, MPI_COMM WORLD, ierr)
ELSE IF (myrank .EQ. 1) THEN
call MPI RECV( msg, 20, MPI CHARACTER, O,
tag, MPI COMM WORLD, status, ierr)

END TIF



I\/IP'LJLSJLUJLSJIS.OLS |J.u.u|

(Domain Decomposition) aels sewds (535 il
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' A(:,:), B(:,:)
! Get the number of processes and the rank of this process
MPI_COMM_SIZE (comm, p, ilierr)
MPI_COMM_RANK (comm, myrank, ierr)
! Compute size of local block
m = n/p
(myrank . . (n—-p#+m))
m = m+l

! Allocate local arrays
(A(0:n+1,0:m+1), B(n,m))
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Iterate in

(.
j =1,

ox0ld oy > Sluwlzo plxl

the block
converged)

0.25% (A (i-1,3)+A(i+1, 5)
+A (i, j-1)+A (i, j+1))

3

= B(1, 3)
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Communicate to exchange data

(myrank . . 0)
MPI_SEND(B(1,1), n, MPI_REAL, myrank-1, tag, comm,
lerr)

MPI_RECV(A(1,0), n, MPI_REAL, myrank-1l, tag, comm,
st, i1err)

(myrank . . pP—1)
MPI_SEND(B(1l,m), n, MPI_REAL, myrank+l, tag, comm,
ierr)

MPI RECV(A(l,m+l), n, MPI_REAL, myrank+l, tag, comm,
st, i1err)
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