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NAS Parallel Benchmark

The Embarrassingly Parallel
Multigrid

Conjugate Gradient

3-D FFT PDE

Integer Sort

LU Decomposition

Scalar Pentadiagonal

Block Tridiagonal
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Cluster OpenMP 7’045 L

oxamnr—sora MLkl

// OpenMPRITHEIEAMIEUHIL
/! DE=HOANYEI7LIVDIETE

$ cat -n cpi.c

#include <omp.h>
#include <stdio.h>
#include <time.h>
static int num_steps
double step;
#pragma intel omp sharable (num_steps)
#pragma intel omp sharable (step

int main ()

{

10 int i, nthreads;
11 double start_time, stop_time/;
12 double x, pi, sum = 0.0;
13 #pragma intel omp sharable (sum)

1000000;

o JdoUld WN R

©

OpenMPZEATH R

14 step = 1.0/ (double) num steps; // openMPHYFINTOTSL:
15 {#pragma omp parallel private (x) // HHIEITEBDORE
16 {
17 nthreads = omp_get num threads(); // ETHBEKICXIZALYFEOEG
18 #pragma omp for reduction (+:sum) // “for” T—HOLxTHX
19 for (i=0;i< num steps; i++) { // privateé&reductionifirfl
20 x = (i+0.5)*step; // DIEE
21 sum = sum + 4.0/ (1.0+x*x) ;
22 }
23 }
24 pi = step * sum;
25 printf ("%$5d Threads : The value of PI is %10.7f¥n",nthreads,pi);
26 }
2T . ARSI ErYE—D
$ icc -cluster-openmp -O -xT cpi.c—
cpi.c(18) : (col. 1) remark: OpenMP DEFINED LOOP WAS PARALLELIZED.
cpi.c(15) : (col. 1) remark: OpenMP DEFINED REGION WAS PARALLELIZED.

$ cat kmp_cluster.ini
--hostlist=node0,nodel --processes=2 --process_threads=2 --no_heartbeat --startup_timeout=500
$ ./a.out

4 Threads : The value of PI is 3W jﬁﬁ“%ﬁ'm}giﬁiﬁ@ﬂi
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Program Sample and Performance

* NXN Inverse Matrix

MATLAB
n = 7000;
a = rand(n); b = rand(n);
tic;a*b;inv(a);fft(a);toc
Star-P
n = 7000*p;
a = rand(n); b = rand(n);
tic;a*b;inv(a);fft(a);toc

#Core/Node 4
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Program Sample and Performance

29

 NXN Matrix Multiply
MATLAB

clear;

n = 24000;

a = rand(n); b = rand(n);
tic;a*b;toc

ppwhos a

Star-P
clear;
n = 240007p;
a = rand(n); b = rand(n);
tic,a*b;toc
ppwhos a

Performance (GFlops)
] [4%] - o [=+] LN |
) S ) o o S

—
o

o

ll

2000

4000 8000 16000 24000
Matrix Size { NxN)
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Program Sample and Performance

« Multiple NxXN Inverse Matrix

Star-P
b=rand(1000,1000,40);
a=rand(1000,1000,40);

ﬂC; 6
for 1=1:40

b(:,:;,D=inv(a(;,:;)); %5
end; 5
toc 3

a=rand(1000,1000,40*p);
% b=rand(1000,1000,40*p); '

tic; b=ppeval(inv', a); toc ’ 1 . 6

#Tasks
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Cluster OpenMP Program
Scalability Study
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NEXXUS 4820-PT

8 Processors. 16 Cores(Intel Xeon 3000
Processor 2.66GHz 2x4M 1066MHz)

16 GB DDR2 533 ECC/Reg.
» 8 x HDD 80GB, 7200rpm, 4 MB, SATA Il 2.5’ gl
 Nexxus Chassis 2F
* |Integrated KVM/USB Switch
 |Integrated 16 Port GigE Switch
 |ntegrated 8 Port InfiniBand Switch
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. . Number = 2 G F L O P S lI_E
Computer of Procs | Rmex Nonax Nin Peak
(Full Precision) o Cores GFlop/s Order Order Flop/s
HP AlphaServer GS1280 7/1300 (1.3 GHz) 64 1428 122500 166.4
NEC SX-6/16M2 (1.77ns) 16 1428 51200 204 144
Cray X-1 (800 MHz) 12 1424 73728 153.6
SGI Origin 2000 (195 MHz) 480 1412 108864 187
HITACHI SR8000-E1/16(300MHz) e S e e e e e =, 5
SGI 1100 Cluster (Dual Pentium ITI, 1 GHz) T/Y P
IBM SP S nodes (375 MHz POWER3 High) | Moo . T T T T T
CRAY X1 (800 Mz, 12 prcs) bz L .
M MHz, i
x-b|| _oo eps _ 0181855 ... ...
IBM $80s (450 [-HzSPsthch) | | Ax-b] | /7 ( x ||Al]1 xN 0.0161855 PASSED
3 ' : x-b| | _oo eps _ 0147993 ......
o | et o |[&x-b|| oo / ( eps * ||A]|_1 x| 0.0147993 PASSED
Compaq ES40/EV6 AlphaServer SC | |&x-b]|_oo / ( eps * ||A|]| _oo * | 0.0029062 ...... PASSED
Fuyitsu VPP500/100(10nsec)
HP Superdome (750 MHz) 64 13382 138888 192
IBM SP 32 nodes (375 MHz POWERS3 Thin) 128 13275 107000 15400 192
hp server rp8400 (750 MHz, HyperPlex) 64 13271 137808 21384 192 .
Ny —
hp server 1p8400 (750 MHz, 10006T) 64 13260 165456 29268 192 H A4 X40000&L \')QIE',%':‘
Sua Fire 15K (1050MHz/SMB E$) 80 1326 96116 14000 168.0 - o —_
_ =

Intel Itanium 2 1.3 GHz 32 1325 73400 166.4 '»’J\_C‘:ti_lj-’rx-t:blﬁlb\
Dell PowerEdge HPC(Dual Pentium ITI, 1 GHz) 400 1310 130000 65000 400 :|$ ﬁE % 7TT —a—
Fujitsu VPP500/96 (10nsec) 96 1295 49728 12430 154
Fujitsu VPP700/64 (7nsec) 64 1295 115200 12800 141
Paragon XP/S MP(1024 Nodes, 0S=SUNMOS $1.6) 3072 127.1 86000 17800 154
NEC SR ee) 8 1262 30720 128
NEC SX-5/16 (4 nsec) 16 1258 55296 128

Rr—ZT WO RAT LXBERA R4
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