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Ana , Seria o
1%, computador mecanico, & B .
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AEMBSECOm cartoes

parills ,__os para o censo
HAGS*EUA de 1890).
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Sua,empresa deu origem
em 1924 a IBM
(International Business
Machines)




Se dos comput
Alan Tuj’r?g-'(1912 1954)

'capaz de executar um
algoritmo.
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Atanasoff-Berry C "\ (EUA, 1941
BRIGRGOmMp, eletronico dlgﬁa binari
AW " Nao Turing=comi

JEREYSHineares. "
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3deKonrad ‘(Alemanha, 1941) foi o 1o.

cornplitziel igltal de propdsito geral, binario,
slairors J:)C;JJ Turing-completo, programavel
eI tao perfurado.
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Colossus:di (Inglaterra, 1944)
comp, _Ietronlco digital, binario, “a valvula”,
‘hao-Tu mg completo, para criptoanalise.

Har (EUA, 1944)
comp. programavel por cartao perfurado,
decimal, “a relé”.
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lectro umerlcal Integrator

EPeIpltador: eletronico
sJ]g]-taJ, decimal, “a valvula”,
T lang=completo, de propdsito
rogramavel “a mao”.

’j'nﬁﬁ Presper Eckert (1919-95)
‘&_]ohn Mauchly (1907-80)

- John von Neumann (1903-57)
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AvgeEnese dos computadores

‘Rand|UNIVAC
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Jme 14 fJ'J“_F formaram
Sl or Mauchly

= H:

(Umouu CO.

_,;ﬁu:c pesqmsadores
-a-lis Navy formou a
En'gmeerlng Research
‘Associates (ERA)

-Ambas foram compradas
pela Sperry Rand



-Sperry Co..

Rand = S uﬁ- iu a

vancdat ol visoes e voltou a ser
DRI | 1986 fundiu-se com a
J:JILJ" fe inar a

= NﬂiAC | (UNIVersal Automatic Computer I)
'fBi’ O primeiro computador vendido
‘comercialmente nos EUA (1951) com 46
sistemas vendidos, sendo usado no censo

de 1951 e também na eleicao presidencial
de 1952.
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DC - Control Data Co.
SR hite (IBM) & 7 dwarfs: Burroughs,

NIeR QQIJF:‘ 'Data Corporation,
Garlarzll ctrlc, RCA, Honeywell.

_I' =

J \/J & “ 'the bunch” (Burroughs, Univac,

-

_ ~Control Data, Honeywell).

-\.-

--EIIFI;957 um grupo da antiga ERA saiu da
UNIVAC/Sperry-Rand para formar a Control
Data Co. incluindo


http://en.wikipedia.org/wiki/IBM
http://en.wikipedia.org/wiki/Burroughs_Corporation
http://en.wikipedia.org/wiki/NCR_Corporation
http://en.wikipedia.org/wiki/Control_Data_Corporation
http://en.wikipedia.org/wiki/General_Electric
http://en.wikipedia.org/wiki/RCA
http://en.wikipedia.org/wiki/Honeywell
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SGEL GO0 ( < J-J . JJ supercomputador da
niscod:zA _)G OFKrlop s - Mflop/s (10 X mais
EEpIgue concorrentes como o IBM-360)
211) OfJJ—*F*F Ilderado por

Thomas. ). How is it that
Sthis tiny . company of 34 people can be

£ eaT'ng us when we have thousands of
_p_eople’ You just answered your own
‘question.

-CDC-7600 (1969) - 2 Mflop/s, mas pouco
confiavel (problemas h/w), pipelining.
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_)—‘J/J'J SRCDC 200 U/z p JJ‘J .
uar a Cra ea |

c]! J—‘ OI‘JJ:‘L‘J s=-o CRAY-1 (1976, 250
MIT o/J), ,ba esso comercial

RAYSX-M IP (1982) 4 x 200 Mflop/s
(:E_ _,x Z2(1985) 1.9 Gflop/s
ZRAY.Y-MP (1988) 8x333 Mflop/s
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Cray Computer Co. (CCC, 1989) faliu (1995).
CRI fundiu-se c/ Silicon Graphics (SGI) em
1986. Atual Cray Inc. surgiu em 2000.




[ — —
. rcompu'iado ES -l

- . L
- AY-1 (1976)
-5 procass;fc OF VE
g

ek —

—— S —

[ ~J—7 Ll
g -

, USO pioneiro de
[Flito ntegrados, pipelining,
eg]: rad ores escalares e vetoriais, clock
12.! ._Jns (80 MHz), 24-bit memory 8 MB
n-1¢ 16'bancos com ciclo 50 ns.
Sempenho de 160 mip/s (2x80 MHz) ou
36-Mflop/s, chegando a 250 Mflop/s com
instrucoes vetoriais, refrigerado a freon.
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- sucesso comercial: 80 unidades a US$5-8
para governo EUA, etc.



.‘:'

SL ercomputado ST
CRAY-1 (1976) & CRAY-2 (1985)
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sca por desempe 10:

PIPELININ

fﬁiu_l GHz e 2 pipelines FP = 2 Gflop/s?
-Fluxo de instrucoes independentes!

-todos estagios duracao 1 ns (max)
-Ex: AMD Opteron 12/17 estag. INT/FP
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’ﬁR-TgC (reduced instruct. set computing)
“5|mples e poucas”, melhor plpellnlng,
instr. exclusivas acesso memgdria

* maquinas atuais: “mistura” CISC/RISC
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A ,'o‘"T- - por omg?'*q
“ VETORIZACAGO™
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processzidurss SCOrIdls:
vworjz §g|stradores vetoriais e
OJO—‘JJIJJI,J __fef|C|ente em extincao?

~d

| ’é'\“gao implementada em
mas escalares (PCs) por

___1..1:

—m§ff'ugoes MMX/SSE e suportada por
compiladores; vetorizacdo nos SPE’s

dos cell processors.
* uso de FPGA'’s
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Asbusca por desempenho:
SIMIZACAGIDA MEN ORIA

_..__--:_

7

JJﬂ'/rJJJQrﬂqcf:rr':':' 0)f=

raolido J'J' 6 da memoria...

Us g J%ﬁ; ___|eraqu|a de memoria (muitos
mwp da ___<':ache), memoria virtual, etc.

H“

{ tnteturas para evitar contencao p/

.—:_,_--

-acesso a memoria entre procs./cores.
. cache hit > 95% !!!!

* memoria abundante (64-bits) e barata
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Albusca por desempenhio:.
PA L\ | ‘!-5 viO' |

= Sid = XK

0)@F~
a executar varias instrucoes
emente depende do H/W do
' ocass—: dor e compilador otimizante

'_fJ.L_J XO-COt _1:|nuo Instrucoes independentes)

lﬂtl-threadmg

=°Mult|processamento exige programacao
paralela, bibliotecas (MPI, OpenMP, etc.)
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AUSCA por OPJILQEP‘
PA ALELISMO™

|

J,JQJJJ J..Jr,.: var rodar mais rapi
ST 'Jr)ﬁ‘ Om mals processadores"
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Lz JLI 4dade, custos de computacao e
Ja r*ou; ﬁlcagao

a*nceamento de carga
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= garg-alos sequenciais, lei de Amdahl

°* hovos algoritmos paralelos, algoritmos
tolerantes a falhas, etc.
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dos tendenciosos...(Gflop/s?)
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:ﬁenchmarks WWW.Spec.org
* lista TOP-500: www.top500.0rg

° @ 0 seu software?



http://www.spec.org/
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[SIEVISA0"d0 TEMpPO, N
gl el ‘mecanica dos fluidos
(“omous,_w onal, bombas atomicas,
SHEST: JJJJ—,, etc.
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precisa de
iputadores?

ok

_;;r o strla do petroleo (Petrobras)

= - —— —

'Tndustrla entretenimento, Internet
* decriptografia, contraespionagem, etc.

* servicos publicos (correios, receita, etc.)
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*fiﬁaOOJ‘S?

ok

SRETitros d supercomputagao do
NdWonal S _;,ence Foundation (EUA), como o
MsSERRUNIv. lllinois at Urbana-Champaign.

'J_,J?J omputadores dos laboratorios
fhiocionais EUA como o ASCI Blue Mountain
_—é [os Alamos.

-+ 7 CENAPAD’s - Sistema Nacional
Processamento de Alto Desempenho
(CPTEC/INPE, COPPE/UFR}, UFMG, UNICAMP,
UFRGS, UFPE, LNCC)
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SENDIS rapido para executar
IHHEIOS ¢ ; aticos globais, de aquecimento
glooz) = "é geofl'sica, modelando atmosfera
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:Tﬁ_quj_i_;gtura do NEC SX-6: 640 nos x 8 procs.
Vetoriais = 5.120 ou 56 Gflop/s por né ou
36 Tflop/s totais, 16 GB memoéria, 700 TB
disco e 6.400 kilowatt de consumo de

eletricidade !!! (1.500 chuveiros elétricos)



SUPE rcompu'iado

Cyclom

cziclz) } o/m I (60 Gf :
Sig IS e --Iular, clock de 500 MHz e 80
procasss SJJ‘ ponto-flutuante Ilgados por
Cruss el _itch e acesso a memoria intercalada

ol

o

aggJoJ___o:_f_‘z'f' G paralelismo a nivel de threads.

— -

=rail . V’Stem 13.824 chips em 96 racks num
'tofél-de 1.105.920 processadores e 1.1
petafiop/s nominais (1 petafilop = 1015)

-1 kiloflop = 103 1 gigaflop = 10°

-1 megaflop = 10¢ 1 teraflop = 10*2
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Arc)Ultaelez) dasanvoly r; 3
SonYa fJ.)IJ}‘ a/IBM adequada
Oz mqug_;_ l_dla (Play Station
;) BURprocessamento vetorial
fef|C|ente a memoria.

—
ma
—

_ f(Power Processing
Ef,ément) & 8 SPE’s co-
processadores vetoriais
Integrados num chip.

teste com clock 3.2 GHz
obteve 100 Gflop/s !!!
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clock, usacmniaibise

etc. ASLJrJJmAnss‘JJ \

~ T P— W=
10 ararglzs (Yoalar
dl"(" _'.—\(" ("'.‘- cl21.

| estimar 20
W/ GFloo/s (~Jr 2] 5 e cessamento)
2] ;mn F‘Jaﬁ 100 MHBZ ( 10 W)
|- P u‘m 1V 3.6 GHz (115 W)
= nTe ﬁ*mum 2 1.66 GHz (122 W)
e]Xeon 3.2 GHz (110 W)

E IjnteI,Xeon 3.5 GHZ dualcore (150 W)
~9Jntel-Core Duo 2.16 GHz (31 W)
= Intel-Pentium M 2.16 GHz ( 27 W)

- AMD Turion-64 2.4 GHz (35 W)




-NEC SX-3 (1994)™F:) =i 1-15% N T8 etorial
HRIERZ. 5 ns (400 MF 5 pipelines, 3.
Gflop/s, rai ig agua., 1°. supercomp. do Brasil.
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-NEC S_ - 1 n6é com 8 proc. vetoriais,
“E)_HJ_""E“ 'flop/s por proc. ou 16 Gflop/s totais,
men rra de 8 GB, 256 GB disco.
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NECSX-G(ZOO 2/2004) - .~ | o [edie)fe
yEusTaais] ( )c memédria 768 GB, 16 TB

cdisco =]t ’,f cabos, peso 13.5 t, 8 Gflop/s
por proc,. O\ 768 Gflop/s.

= ! - ‘v_ 4 ?_-"' ‘‘‘‘

- 275 nos escalares
Zx dual-core Opteron 64-bits 2.6 GHz total
1.100 procs. 5.2 Gflop/s por core ou 5.72
Tflop/s e rede Infiniband.




Stpercomputadores:... =
U7 (201Q)-_ IPE - CPTEG -

CRAYX -_'r‘_rP:JS‘J./S " 150~ _F
owca::u ento 2 x 12- -core AMD Opteron




Sequoia - BlueGene/Q), Power BQC 16C

DOEMNNSALLNL 1.60 GHz. Custom

United States

RIKEN Advanced Institute for
Computational Science (AICS)

K. computer, SPARCE4 Viiifx 2.0GHz, Tofu
interconnect

Mira - BlueGene/Q, Power BQC 16C

DOE/SC/Argonne National Laboratory 1.60GHz. Custom

United States

SuperMUC - iDataPlex DX360M4, Xeon

Leibniz Rechenzentrum £5-2680 8C 2.70GHz, Infiniband FDR

Tianhe-1A - NUDT YH MPP, Xeon X3670

National Supercomputing Center in Tianjin 6C 2.92 GHz NVIDIA 2050

Jaguar - Cray XKB, Opteron 6274 16C
2.200GHz, Cray Gemini interconnect,
NVIDIA 2090

DOE/SC/Oak Ridge National Laboratory
United States

Cores

1572864 163248

705024

786432

147456

298592

Rpeak
(TFlopls)

20132.7

11280.4

10066.3

31851

47010

26276

Power

(kW)

7890

12659.9

3422.7

5142



Rank

79

457

Site

PETROERAS
Brazil

e

nkihg Top 500 - Brasil

WWIWOP500.0rd

(AN Aira 299 amn N

Rmax Rpeak

System Cores . .
(TFlopis) (TFlopis)

Grifo04 - ftautec Cluster, Xeon X3670 6C

2.930GHz, Infiniband QDR, NVIDIA 2050 17408 2515 563.4

ltautec

INPE (National Institute for Space Tup - Cray XEG, Opteron 6172 12C 2.10GHz,

Research) Cray Gemini interconnect 31104 2142 261.3
Brazil Cray Inc.

Galileu - Sun Blade x6048, Xeon X5560 2.8
sblgnautlabdie Ghz, Infiniband QDR 6464 645 724

QOracle

Power
(kW)

365.5

430



http://www.top500.org/
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BCCST/INPE
B CPTEC/INPE

= FAPESP
:‘f-'j-“_'f - INCT

Rede Clima
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OIS OIPAD LD rofSnAiramyllPreto, .

SiEplian Stephany (prof. Celso Luiz
VBN Esinos EUA), formacao de
“JIIJO—”’;‘ icias na area.

| s;% 5 e doutorados em PAD, com

jasen na paralelizacdo de aplicativos.

demanda por PAD (CPTEC, Embraer,
Petrobras, institutos de pesquisa, etc.



sowulf LAC 2001 (FA PESP)
2-4000 mte

)
"-f\ _f_fa_foJo DC,




MVIPI(Message Passing Interface

ca de comu‘ﬁ_ icacdo de troca

Y ) | Yy i J . " NDNOCOC)E

la em arquiteturas meméria
tilhada ou distribuida e com F77/F90

2




iguiteturas multi-corer ==

w==cdual-core, quad-
CPU Care CPU Care core, hexacore...
and and

L1 Caches L1 Caches - =it
-pipelining,
superscalar,
multithreading

Bus Interface
and =
L2 Caches -baixo consumo

energia (clock baixo),
compactas
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,J\JJJJH algoritmc
f '+ bom compllador (uso dos
cesso a memoria, ou seja,

| otimizado) + paralelizacao
,(granularldade, comunicacao) +
are (memoria, rede, etc.)

-ﬂ-

i
——

_.,_-

_51’ nao adlanta paralelizar programa
ineficiente...

““Memory wall” ocorre pois o cache L2/L3
e a memoria sao compartilhados




viultithreading .
- . _‘-p‘.b—
surgiu el ssade 1!
multiplos

de paral.' :

S|stem
deth

il __.
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___ penMP (Multi-Processing)

.—""_

- baseado em threads (www.openMP.org);

- diretivas de paralelizacao baseada em
threads para F77/F90 /C/C++ e execucao em

arquiteturas de memodria compartilhada;



OpenMP: Programming Model

Fork-Join Parallelism:
¢Master thread spawns a team of threads as needed.

e¢Parallelism is added incrementally: i.e. the
sequential program evolves into a parallel program.

\
/ \

7

Master
Thread

Parallel Regions



OpenMP:
How is OpenMP typically used?

e OpenMP is usually used to parallelize loops:
—Find your most time consuming loops.
—Split them up between threads.
multiple threads

4

o A R

void main() void main()
{ {
double Res[1000]; / double Res[1000];
#pragma omp parallel for

for(int i=0;i<1000;i++) { for(int i=0;i<1000;i++) {
do_huge_comp(Resli]); do_huge _comp(Res[i]);
} }
} }

Sequential Program Parallel Program
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