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* YTepunmoAoyloTég

o Tlolveme€epyaoTikd GUOTHLOTO KOt VEES TEXVOAOYIEG
¢ Movtého TPOYPUUUATIGHOD

e Tlapadeiypato epopuoydmv

Tpipa apogopiiis
Havemotiuo loavvivoy
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YT1TEPUTTOAOYIOTEG

YT1roAoyloTIK& TTpoBARuaTa

¢ Ot vrepumoroylotés (Supercomputersjivat ot mo
16YVPOL VITOAOYIOTEG

¢ XpNoyonolohvTaL Yio TPOPAILOTE TOV OTOLTOVY
TEPITAOKOVG Kot XPOVOBOPOLS VITOAOYIGHOVS

e E&ouriag tov peyéBoug Kot tov kOGTOVG TOVG, Ot
VIEPVTTOAOYIOTEG EIVOL GYETIKG GTTAVIOL

¢ O1 VEPLTOAOYIOTES YPNOLLOTOLODVTOL OO
TOVETIGTNLLLOL, EPEVVNTIKG KEVTPO KOt PLEYAAES
EMYEPNOELS

Ty Tanpogopiiig
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* Movtehomoinon moAVTAOK®Y SEPYasIHY
— IMvpnvikn cvvinén
— IepiBarlovroroyikég cuvokeg

o TpofAipata peuGTOSVVAIKNG

* Xaptoypaenon DNA

o TIpoPreyn kopov

* E&6puén dedopévmv

Tpipa Mapogopiiis
Havemotiuo loavvivoy
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TOP 500 (loUviog 2007)

Kank site Computer Processors Year Kmax Kpeak
DOE/NNSA/LLNL. BlueGene/L - eServer Blue Gene Solution 00 36

1 131072 2005 280500 367000
United States 1BM
©ak Ridge National Laboratory Jaguar - Cray XTa/xT3

2 23016 2006 101700 119350

United states cray inc.

Red Storm - Sandia/ Cray Red Storm, Opteron

a 2.4 GH7 dual core 26544 2006 101400 177411
Cray Inc.
1BM Thomas J. Watson Research Center  BGW - eServer Blue Gene Solution
4 40960 2005 01200 114688

United States BM

Stony Drook/DNL, New York Center for - -
- New York Blue - eServer Blue Gene Solution
5 Computional Sciences 30864 2007 82161 103219

UniiLed States
DOE/NNSA/LLNL. ASC Purple - eServer pSeries p5 575 1.9 GHz

6 12208 2006 75/60  Yz/81
United States BM
Kensselaer Polytechnic Institute,
Computional Center for Nanotechnology  eServer Blue Gene Solution

7 22768 2007 73032 91750
Innovations
United States
NCsa Abe PowerEdge 1055, 2.33 GHz, Infiniband

s 9600 2007 62680 89587.2
United States Dell

N MareNostrum - BladeCenter 1521 Cluster, PPC
Barcelona Supercomputing Center

° 970, 2.3 GHz, Myrinet. 10240 2006 62630 94208
Spain
BM
Leibniz Kechenzentrum HLKE-L1 - Altix 4/00 1.6 GHz
10 9728 2007 56520 62259.2

Germany Gl

Tyipa [pogopuci

Hovemoniuo loavvivoy
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TOP 500 (loGvioc 2009)

Rank Site Computer/Year V

Cores  Rmax  Rpeak

DOE/NNSA/LANL

1 Dosmsay 1200 110500 140670
T Jnguer - Cray X5 00 23 Gz 2008

2 oumgen g e
P ——— JUGENE -Blue Gene Solution /2009

s g e sz a0 00zm
s e s Peindes 501 Al IGE 8200EX, eon GG 307200

4 (SR Smes Ressaren Cenenias GHz / 2008 51200 487.01 60883
o

&

COEMNSALLN satuien 2007

s DomMeaw 22 w0 s

PR il g i rsen XT3 Cray XT5.00 2.3 Griz) 2008 oo 420 ez
United States c
Srgonne Natons! Laserstory Glue Gener® Satan, 2007

7 fugeme v s P —
Tanas v Comping Caniani, of R Surlade w420 Ootaen 00 23 G,

7 == s 2000 e s s
Snpa taes Sl nearaan
COBMNSALLN Camn- Blue Gener® Soiuion; 2008

s Dommeaw g 1sse sim70 soras

g i 204 2am0 ez
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Hovemoniuo loavvivoy

Pawer

2¢33.47

950,60

2208.00

209000

232880

1260.00

200000

1134.00

1549.00




2UO0TAdEG MOAUETTECEPYATTIKWYV ZUOTNUATWY

BlueGene/L (#1 10 2007)
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‘ AwaovvdeTikd Aiktvo Zvotadeg ‘

* YPBpdwd Movtého Mviung
— Karavepnpévn pvipun petaé&d tov kopfov
— Kown Mviun peta&d tov enelepyaostdv evog kOpPov
o Kown [6gat) Mviun: evomoinon twv pynuav pe
KOTAAANAO AOYIoIKO
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Iavemotiuo loavvivey

MOAUETTECEPYAOTIKA ZUCTAUATO

MOAUETTECEPYAOTIKA ZUCTAUATO

* TolvemeEepyacio etvar n xpron 600 1| TEPIGSOTEPMV

enekepyootdv (CPUS)og évo amhd voloylotikd

GUOTILLOL

‘O)ot o1 eme&epyactéc Eyovv ion mposPaon oty puviun

TOV GLOTILLOTOG

* AVo M TEPIOGATEPA TPOYPALLLATA, T.X. FLEPYACIES,
EKTEAODVTOL TOVTOYPOVOL

* Méypt apwv Aiya xpovia, To GUYKEKPLLEVO GUGTNHLOTO
glyav apkeTd LVYNAO KOGTOG
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* O1VTOLOYIOTIKEG OVAYKEG TV YPNOTMV GUVEXDG
avéavovtat
* Avaykn ywo TopdAAnin enegepyacio xopis emmiéov
k66TOG
— Y eninedo vMKov (T.). e101KEG PNTPIKEG TAAKETES)
— ¢ eninedo hoyopkol (1. GdELES AELTOVPYIKOD GLOTHIATOG)
* Avoelc:
— Ens&epyaotéc pe texvoroyia Hyper-threading (SMT)
— Enetepynotés pe texvoroyia Multi-Core
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TexvoAoyia Hyper-Threading

TexvoAoyia Multi-Core

¢ To cvotua dtabétet évav uotkd encEepyactn pe 600
AOYUK00G eMeEepyAoTES

* Alpoipoon TV AEITOVPYIK®OV HOVAS®V EKTEAECC TOV
emelepyaot

Traditional Dual Processor Pentium® 4 Processor Supporting
Hyper-Threading Technology

e
] -] 1
] = | Logical
i Processor
' I
Processor Processor ! I Physical
Execution Execution 1 1 Processorwith
. ' i
! g
!
System Bus System Bus.
AS= Architecturs State (eax, ebx, controlragisters, stc)
APIC = Advanced Programmable interrupt Controller
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Hovemoniuo loavvivoy

e YV mepintoon avt £xovpe oto idio chip,dbo 1
TMEPLGGOTEPOVG EMEEEPYAOTIKOVG TVPTVES

* Am6d00M TaPOUOLN LE OVTH TOV TOPUSOCIOKMDY
TOAMVETEEEPYOOTIKOV GLOTNUATMV

CPU Core CPU Core
and and
L1 Caches L1 Caches

Bus Interface
and
L2 Caches
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Tovemotiuo loavivoy

Apxitektovikiy NVIDIA GPU G80
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Apxitektovikny Cell Broadband Engine

L L0

Element Interconnect Bus (EIB) 968/ cycle
|
[
v

ITITL
ot o6 &6 56

(control rocessor)

L
E
o
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Eutropikd MoAuttUpnva ZuoThuara

@D  AMDZI & Sun

Name Clovertwn | Opteron Cell Niagara 2

Chips*Cores 2¥4=8 | 2¥2=4| 1*8=8 | 1*8=8

Architecture 4-/3-issue, SSE3, 2-VLIW, | 1-issue,
000, caches SIMD,RAM | MT,cache

Clock Rate 23GHz | 22GHz | 3.2GHz | 1.4GHz

Peak MemBW | 21 GB/s | 21 GB/s | 26 GB/s | 41 GB/s

Peak GFLOPS | 746 GF | 176 GF | 146 GF | 11.2 GF
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O¢uata AoyIoHIKOU

Tovemotiuo loavvivoy

¢ Amopaitnm 1 vroopEn and To AETOVPYIKO GOGTNHL
e TToATPOYPOUUOTIGUOS: TOVTOYPOVT] EKTELEGT) TOAAGDY
aveEAPTNTOV TPOYPUUUATOV
* Baowég teyvikég TPOYPOAULOTICLOV Yl TNV
EKUETAALEVOT TOV TOAAUTADV EREEEPYAOTMV - TUPTVOV
— Awgpyaoieg (neydho kdoTog, SuoKoAia TPOYPUUUATIGHOD)
— NNuata (Likpd KOGTOG, EVKOALN TPOYPUUUATIGHOV)
— OpenMP gupeon ypron vnpdtov, Erdyiot tpootddein)

— MPI (povtiveg pntig petakivnong dedopévav petaéd
Siepyaocidv, SuoKOAN TPOYPOULATIGHOD)
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Hovemorijuo loawivoy

YT1roAoyiopdg Tou T — akoAouBiakn £kdoaon

static long num_steps;
double step;
int main ()
{ inti;
doublex, pi, sum = 0.0;
num_steps = 100000;

step = 1.0/(double) num_steps;
for (i=1;i<= num_steps; i++){

x = (i-0.5)*step;
sum = sum + 4.0/(1.0+x*x);

pi = step * sum;
return0;
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Hovemoniuo loavvivoy




YT1roAoyIopog Tou 1T —

TToAuvnuartiky €kdoon

#include <pthread.h>

#define NUM_THREADS 2
pthread_t thread[NUM_THREADS];
pthread_mutex_t UpdateM utex;
static long num_steps;

double step;

double global_sum = 0.0;

void *Pi (void *arg)

inti, start;
doublex, sum = 0.0;

start =*(int *) arg;
step = 1.0/(double) num_steps;

for (i=start;i<= num_steps;
i=i+NUM_THREADS){
x = (i-0.5)*step;
sum = sum + 4.0/(L.0+x*x);
}
pthread_mutex_lock (& UpdateM utex);
global_sum += sum;

Tovemotiuo loavivoy

int main ()

doublepi; int i;
num_steps = 100000;

int ArgINUM_THREADS];

for (i=0; i<NUM_THREADS; i++)
threadArg[i] = i+1;

pthread_mutex_init (& UpdateM utex, NULL);

for (i=0; i<NUM_THREADS; i++)
pthread_create(& thread[l], NULL, Pi & Arg[i]);

for (i=0; i<NUM_THREADS; i++)
pthread_join(thread(i], NULL);

pi = global_sum * step;

pthread_mutex_unlock(& UpdateM utex); return0;
}
return0;
;o
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YT1ToAoyIopOG TOU TT — akoAouBiakr] ékdoaon

static long num_steps;
double step;
int main ()
{ inti;
doublex, pi, sum = 0.0;
num_steps = 100000;

step = 1.0/(double) num_steps;
for (i=1;i<= num_steps; i++){

X = (i-0.5)*step;
sum = sum + 4.0/(1.0+x*x);

pi = step * sum;
return0;
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YT1roAoyiopog Tou 1T — PE xprion Tou OpenMP

THovemotiuo loavvivoy

#include <omp.h>
double step;

int main ()
{ inti

static long num_steps = 100000;

#define NUM_THREADS 2

doublex, pi, sum = 0.0;

YT1roAoyIiopOG Tou TT — akoAouBiakr] ékdoan

step = 1.0/(double) num_steps;
omp_set_num_threads(NUM_THREADS);
#pragma omp parallel for reduction(+:sum) private(x)
for (i=1;i<= num_steps; i++){
x = (i-0.5)* step;
sum = sum + 4.0/(1.0+x*x);

IHovemotiuo loavivoy

pi = step * sum;
return O;
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static long num_steps;
double step;
int main ()
{ inti;
doublex, pi, sum = 0.0;
num_steps = 100000;

step = 1.0/(double) num_steps;
for (i=1;i<= num_steps; i++){

-0.5)*step;
sum = sum + 4.0/(1.0+x*x);

pi = step * sum;
return O;
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YtroAoyiopég Tou 1T

— ME xprion Tou MPI

Tovemotiuo loavvivoy

#include <mpi.h>

static long num_steps;

double step;

int main(int argc,char *argv(]) {
int i, me, nproc;
double x, pi, sum=0.0, local_pi;
MPI_Init(&argc, &argv);

MPI_COMM_WORLD,
&numpr ocs);

MPI_Comm_rank(
MPI_COMM_WORLD,
&myid);

<cor e execution code> <

MPI_Finalize();
return0;

}

Tyipa [pogopuci

Hovemoniuo loavvivoy

E-85:E.0.A: Mpoypappionionds

MPI_Comm_size( / if (myid == 0) num_steps = 100000;

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

step = 1.0/(double) num_steps;

for (i=1;i<= num_steps; i+=numprocs){
x = (i-0.5)* step;
sum = sum + 4.0/(1.0+x*Xx);

local_pi = step * sum;

MPI_Reduce(& local_pi, &pi, 1,
MPI_DOUBLE, MPI_SUM, 0,

MPI_COMM_WORLD);

Svompétov Yymoy Endoocov 23

OpenMP

* Movtého TPOYPUUUATIGHOD Y10, TOPGAANAL CLUGTHLATO
¢ Odnyieg mPOg TOV HETAYAMTTIOTH MOTE VA TOPAYEL
KOIKOL [LE VIHLOLTOL

‘Oleg ot peydheg etaipieg 1o vrooTpilovy H/kat
amopacilovv yuo v eEEMEN Tov

— Intel, SUN, IBM, ...

— Microsoft (Visual Studio 2005)

— GNU GCC 4.2
* Epevvnricoi compilers

— Omni (lorwvia), NANOS (oravia), OpenUH HITA), OMPI
(EALGSa)
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Mapadeiyyata epapuoywv

e YVOTNUO EVIOTIGHOV TPOCMTOV GE EIKOVEG
(face detection)

¢ AlyopiBuog opadonoinong dedopEVOY
(data clustering)

Tywiua Mnpogopiric
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Evrotmoudg mpoowTrou

* XpovoPektimon oe cvotnua pe 4 enegepyactés = 3.5

* Emnitevén: extéleon tov akyopibov eviomicpon
TPOGMTOV GE TPUYLOATIKO YPOVO GE EVAL OUKOVOKO
VTOAOYIGTIKO GUGTNLLO.

XpovoBeAtiwan E@appoyig

Speedu

Gocaz SUNCC icc OMPYICC
OpenMP Compiler

Tywiua Mnpogopiric
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OpadoTtroinon dedouévwy

Evrotmou6g mpoowTtrou

e Xtoy0g 1 duvatdtnta eneEepyaciog EIKOVOV G
TPAYLATIKO XpOVO
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OuadoTtroinon dedouévwy

* Alay®dpron TopOHOLOV SEO0UEVOV O GUGTASESG
¢ TMopaiiniomoinon evog odyopibpov (CURE)ue xprion
Tov povtélov OpenMP

el

e

() Date st 3
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e TToAd peydAog adlhd mpoPAéyiog xpOvos eKTELECTG
* XpovoPektimon otovg 4 emelepyaotés: ~3.5x

OpadoTtroinon dedouévwy

Eyypagég 10K 100K M
Xpovog (s) 58.5 5885 591472 *
~ x102 ~x104

e (*) Xpovog extédeong and 7 o€ 2 nuépeg

Typa Iapogopiic
Hovemoniuo loavvivoy
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XpovoBeATtiwon OpadoTtroinong AsSopévwyv

12
1
10
9
8
g 7
3 s
(% 5
4]
3
2
14
o
r=10,a=0.3
Parameters
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MovTtéAa MpoypappaTiopou (OAPEPQ)

P
L.
MPP
. Cluster
7 P
o _Jﬂ CC-NUMA
R = smP
P
oz "5 On-chip SMP
~'w  Multithreaded
CPU
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Tovemotiuo loavivoy

MovTtéAa MpoypappaTiopou (HEANOV)

Shared memory OpenMP+
dynamic monitoring | %
sell-adaptivity ] e mpPP
coordinated scheduling _, == Cluster

e ol i
- W
; CC-NUMA
L
" SF | on-chip smp
Multithreacied

CcPU
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