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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 | MTBF: 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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Dr. Walter Brooks, NASA
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. "l 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 <omp.h>

#include <stdio.h>

#include <time.h>

static int num_steps = 1000000000;
double step;

int main ()

{

int i, nthreads;

double start_time, stop_time;
double x, pi, sum = 0.0;

step = 1.0/(double) num_steps;
#pragma omp parallel private(x)
{

nthreads = omp_get_num_threads();

#pragma omp for reduction(+:sum)
for (i=0;i< num_steps; i++){

X = (i+0.5)*step;

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

}
pi = step * sum;
printf("%5d Threads : The value of Pl is %10.7f¥n",nthreads,pi);
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Intel(R) VTune(TM) Peformance Analyzer - [Call Graph - [Call Graph Results - [DLANDERS.. — 2 x

Computer

M file Edit View Activity Configure Window Help =12 x] M InteliR) VTuneMM) Performance Analvzer - [Source View - e\ \Documents\VTExample2VTExample2 cppl] =N
I
HE S ‘ = & | ¥ B @ |‘-ﬂg =] ‘% & ‘ =Y ““Am""'l (Call Graph) File Edit View Activity Configure Window Help =18 %]
Module ©) [Se Tim... ~|Total Time ) [Calls & [Callers ©) = lii &) mE kB J“# ® | | |[actvivs puipe Cotecto] b mmX|E N
YTExample2.exe 1,123 .347. 1,225,156.  100,000. : - ‘ PEEBER| L% 2 5% 0 [Intel® Tuning Assistant [ws)
ControlPanel  Intel(R)} VTExample2 exe 492.418.  11953829.  100,000. = = == [-l % — Intel
YTExample2.exe 9108. 13189415 i 5 QUECE il Tuning
VTExample2 exe 299, 299, 1000. . s == Assistant
‘ - --
= // Bad: AND the byte within the 32
3 & prs
A e 1) <] | .tré}ﬂg HR:-‘ = | & @‘ // this causes a blocked store-for I"n:;m -
‘Showtgp I.Autu;l % He;alw|a!= I Highlight: [Nnne // write of the byte to complete b
// the byte. a
Branch ed
_set_spp_type AT k3 for (int i = 0: i < dwDWords: i++) Other Possible Problems
2 = nD: I { ‘ B First-Level Cache Load Misses: 0.1 sec
Fnain | Genenormals | I3 N *{ {LPRYTE} (mBits + i} 4 1} = ol
ORD_540 23 T —— - —
3 intei® Tuning Assistant : iviore information s [=
=1 atd.end KI 64 . Primary: 0.1
i Tl sethodiimdih__KJ cs [l Bccaurnts for 18.52% (function),
desktopani Learnimore - 66 6.15% {process/moduie), 0.28%
£7 Eivck_ 1 aual {workiosc)
S o 5HRMN]) - Thu Feb 02 13:54:3120. - e Advice:
L% [ 4L nodes, 40 edges: (41 anc — d Misses - ymﬂw
g ) Graph [CallList = e
- 2 For Help, press F1 | | Y —I ’ =X | qF understanding of the first- f Characterization Data
w ko windowscod — e, the way in which I* N
e f N i Nominal System CPI: 11,98 Clockticks
ReportaRig Windows Vista (TM) Beta 1 Fumelite b Al | :Siﬁ;’fiﬁﬂnﬁﬁn foka)struchures k Per Instruction Retired
Evaluation copy. Build 5112 re are some ideas in order of I * Parallel Activity: 2.54%
) to implement that may help you 3 . Y -
¥ start € Y% Intel(R) VIune(TM) 12:11PM | Jte and therefore performance: o ‘P"'°-“‘“-5”°: <'J"'|',z:é‘:f';" i?:”f_, )
. « |ptthe size of the cache on v

@F Call Site Number of Cals

Activity2 (S ampling)

& Sampling Results [DLANDERS-LM
2 Run1

Activity3 (S ampling)
@ Sampling Results [DLANDERS-LM

=5 Run1

void Store2| oadjbool)

P int BranchMispredicted{bool)

lIII 2000 40.00
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7Z) Legend
[ |Evert |Activiy ID_|Scale | Sarmpl
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* NxN 1T75ID#ITHDETE

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

AL

Star-P

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

az7Z@//—k

NOFI—P O AT L :NEXXUS 4820-AL
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 NxN 1THIFBEDETE

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

~
o

S
o

14 »
o o

E{T1EHE (GFlops)
w
o

N
o
\

—
o
I

2000 4000 8000 16000 24000
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Star-P 8

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

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

tic; a5 -

for 1=1:40 3, s

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

end; ) —

toc 1 e

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

% b=rand(1000,1000,40%p); 1 A 16
tic, b=ppeval('inv', a); toc #Tasks
RUFI—HY XTI :NEXXUS 4820-AL
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$ cat -n pi.c

{

o JdJoyUld WN R

m

16
17
18
19
20
21
22 '}

$ icc -0 -openmp pi.c
pi.c(14) : (col. 3) remark«—OpenMP DEFINED LOOP WAS PARALL

#include <omp.h>

#include <stdio.h>
#include <time.h>

static int num steps = 1000
double step;

int main ()

int i, nthreads;
double start_time
double x, pi,

// OpenMPE{THEEIMIFUHL
/! DI=HDAYEIFLILDIETE

000000 ; OpenMP3E7R1T |

OpenMPE{THRBEI %K |

step = 1.0/ u // OpenMPH T INTOTFL:
#pragma omp parallel prj // MFIRTHEBEDOHE
{ nthreads = omp/get num threads(); // E{TREARICLEIALYFED
#pragma omp for reduction(+:sum) // “for” =93 17X
for (i=0;i< num_steps; i++){ // privatetreductionffir
x = (i+0.5)*step; // DIEE
sum = sum + 4.0/ (1.0+x*x) ;

}
}

pi = step * sum;

printf ("%$5d Threads :

The value of PI is %10.7f¥n",nthreads,pi);

— 0 INA I &Ryt —2 |

pi.c(12) : (col. 2) remark: OpenMP DEFINED REGION WAS PARALLELIZED.
$ setenv OMP_ NUM THREADS 2

$ a.out

2 Threads :

The value of PI is

3.1415927

AALBOBE |
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86

DSAMRART —SDER |

$ cat -n cpi.c

#include <omp.h>

#include <stdio.h>

#include <time.h>

static int num_steps 1000000;
double step;

#pragma intel omp sharable (num_steps)

o JoUld WDN R

int main ()

9 {

10 int i, nthreads;

11 double start time, stop_time/
12 double x, pi, sum = 0.0;

// OpenMPEITEREAMFEUHL
/! DI=HDAVEITPLILDIEE

OpenMPE{THFBEI# |

13 jpragma intel omp sharable (sum)
14 step = 1.0/(double) num steps;
15 {#pragma omp parallel private (x)
16 {

// FIRITRBMDERE

// OpenMPHLF)ILTOSSL

17 nthreads = omp_get num_thredds(); // ETHEKICLISALYFHOEREG

18 {pragma omp for reduction (+:sum)

// “for” T—ULITIEX

$ icc -cluster-openmp -O -xT cpi.e—

19 for (i=0;i< num_steps; i++){ // private&reductionigiRfl

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 }

2 AV NErvE— |

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=nodel,nodel --processes=2 --process_threads=2 --no_heartbeat --startup_timeout=500

$ ./a.out
4 Threads : The value of PI is 3W ﬁmjiﬁm&ﬂﬁm%i |
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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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