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TIDC MCS: The Cluster Revolution in Technical Computing Markets (2006), IDC, Feb 2006, #
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TIDC MCS: The Cluster Revolution in Technical Computing Markets (2006), IDC, Feb 2006, #
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TIDC MCS: The Cluster Revolution in Technical Computing Markets (2006), IDC, Feb 2006
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An Overview of High Performance Computing

Jack Dongarra

University of Tennessee and Oak Ridge National Laboratory
£, HPC Asia 2005

" Reliability of Leading-Edge HPC Systems

LANL 8,192 | MTBI: 6.5 hours.

ASCIQ Leading outage sources: storage, CPU,
memory.

LLNL 8,192 | MTBEF: 5.0 hours (’01) and 40 hours (’03).

ASCI White Leading outage sources: storage, CPU, 3d-

party HW.

Pittsburgh 3.016 MTBI: 9.7 hours.
Lemieux

MTBI: mean time between interrupts = wall clock hours / # downtime periods
MTBF: mean time between failures (measured)
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[...today's supercomputing problem is
tomorrow’s desktop problem... |
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‘I think there is a world market for maybe
five computers.”

— Thomas Watson, chairman of IBM, 1943.
“There is no reason for any individual to
have a computer in their home”

— Ken Olson, president and founder of digital
equipment corporation, 1977.

“There are only about 100 potential
customers worldwide for a Cray-1"

— Seymour Cray, 1977.

“640K [of memory] ought to be enough for
anybody.”

— Bill Gates, chairman of Microsoft,1981.
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"The best way to predict future is to invent it."

Dr. Alan Kay, President of Viewpoints
Research Institute, Inc.,
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#include <time.h>

static int num_steps = 1000000000; E “

double step; —
int main ()

{

inti, nthreads;
double start_time, stop_time;
double x, pi, sum = 0.0;
. step = 1.0/(double) num_steps;
! #pragma omp parallel private(x)

{ MPIZ RV EHrY—IL
nthreads = omp_get_num_threads(); —
#pragma omp for reduction(+:sum)
for (i:Q;i< num_steps; i++){
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* NXN 1THDO#FITHDETE

MATLAB
n = 7000;
a = rand(n); b = rand(n);
tic,a*b;inv(a);fft(a);toc

tERER L

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

70
60 I
“» 50
o
o
n
£
#K 20 .
10
[
0
2000 4000 8000 16000 24000
TRk X P4 X (NxN)

NUOFI—DP DR T L : NEXXUS 4820-AL

A5—S5TIWO AT LGS



A7 _'_,.
1

IO S LBIEERET —3 (

2)

82

« MEIONXN FTHIDHEITHIDETE
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Star-P 8

b=rand(1000,1000,40); 7

a=rand(1000,1000,40); 6

tic; o5 L

for 1=1:40 3, e

b(;,:,N=inv(a(,:1)); 3 , i

end, ) -

toc 1 .

a=rand(1000,1000,40*p); — . .

% b=rand(1000,1000,40*p); ° . . .

tic; b=ppeval('inv', a); toc #Tasks
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$ cat -n pi.c

1 #include <omp.h> // OpenMPRITEFEIMFEFUHL

2 #include <stdio.h> /] DIEHDANIZEITFAILDIEE

3 #include <time.h> _

4 static int num_steps = 1000000000; OpenMP&R1T I

5 double step;

6 int main ()

7 |

8 int i, nthreads; OpEHMPEﬁﬁBﬂﬁ I

9 double start_ time

10 double x, pi,

11 step = 1.0/ // openMPHUFNTOTS L :

12 #pragma omp parallel prij // WHNEFTEBEDERE

13 { nthreads = omp/get num threads(); // EfTREHICKEIALYFHED
s

14 #pragma omp for reduction(+:sum) // “for” T—IVITHEX

15 for (i=0;i< num_steps; i++){ // privatelreductionigiR
]

16 x = (i+0.5) *step; // DIE

17 sum = sum + 4.0/ (1.0+x*x) ;

18 }

19 }

20 pPi = step * sum;

21 printf ("$5d Threads : The value of PI is %10.7f¥n",nthreads,pi)

22 }

$ icc -0 -openmp pi.c “, @ wede
pi.c(14) : (col. 3) remark«—OpenMP DEFINED LOOP WAS PARALLELI :‘J"\’r"bt}'}t i
pi.c(12) : (col. 2) remark: OpenMP DEFINED REGION WAS PARALLEL .

$ setenv OMP_NUM THREADS 2

$ a.out ‘  =
2 Threads : The value of PI is 3.1415927 H’tﬁgﬁmﬂi I

RF—ZT WO AT LXBRA 24
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DIRAZEMART—EDE l

$ cat -n cpi.c
1 #include <omp.h> // OpenMPE{THFEIHIFEUHL
2 #include <stdio.h> /] DE=HOANYEI7LIVDIETE
3 #include <time.h>
4 static int num_steps 1000000
5 double step;
6 idpragma intel omp sharable (num_steps)
7 #pragma intel omp sharable (step
8 int main ()
9 |
10 int i, nthreads;
11 double start time, stop time/; -
12 double x, piT sum = 0.07 OpEﬂmpghﬁmﬁ I
13 #pragma intel omp sharable (sum)
14 step = 1.0/(double) num steps; // openMPH LT INTOTS LA
15 #pragma omp parallel private (x) // WHIEATHEEDFHE
16 {
17 nthreads = omp_get num_threads(); // ETREARICKIRALYFEOERE
18 #pragma omp for reduction (+:sum) // “for” D—ULxTHEX
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 }
27
$ 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 ﬁﬁ]iﬁﬂﬁﬂﬁmﬁi l
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R EmFE: 15002 (140m?2)

800,000 Watts

20064

44 x Quad Core jl:l't"‘J'U' 2007-2008 ﬁ

1.8TFLOPS o _
B I 16ft2 (1.5m2) N—YFNIFRE

10,000 Watts
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In general, the name of the company
and the product name, etc. are the
trademarks or, registered trademarks
of each company.

Copyright Scalable Systems Co., Ltd.,
2007. Unauthorized use is strictly
forbidden.
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