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Lista Top500

* Finalidade
e Listar os 500 supercomputadores mais rapidos no mundo
* Foco na capacidade numeérica — execucao do Linpack

 Periodicidade

e 2 edicoes por ano: Junho (ISC-Europa) e Novembro (SC-EUA)
* |niciada em 1993

. . ~ Unidade Flops/s
* Processo de Participacao
. MF Megaflops 106
* Executar o Linpack sem mudancgas GF  Gigaflops  10°
* ReportarvalordeR,, em flops TE Teraflops 1012
* Reportar tambem R,,: maximo teorico PF Petaflops 105
EF Exaflops 1P
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Lista Top500 Atual

~
INPE
L)

Edicao mais recente: Junho/2016 (www.top500.0rg)

e Sistema #1: Processador chinés, many-core, RISC

* Sistema #2: Intel Xeon + Aceleradores Intel Xeon-Phi

e Sistema #3: Cray XK7 (GPUs), 200 racks, Gemini interconnect
e Sistema #4: BlueGene/Q (descontinuado)

* Sistema #5: Processador Sparc

| Posicho | Sistema | Pais__| R, (PFlops) | Ry, (PFlops)

Sunway TaihuLight (NRCPC) China 93,01 125,44
Tianhe-2 (NUDT) China 33,86 54,90
Titan (Cray) EUA 17,59 27,11
Sequoia (IBM) EUA 17,17 20,13

K Computer (Fujitsu) Japao 10,51 11,28
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Lista Top500 - Geografia

* Participacao por paises: Junho/2016 (numero de sistemas)
 China > EUA pela primeira vez!

Countries System Share

@ China
@ United States
Japan
@ Germany
\ @® France
» @ United Kingdom

@® India
@® Russia

@ Korea, South
@ Poland
@ Others
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Lista Top500 - Fabricantes

* Participacao por fabricantes: Junho/2016 (num. de sistemas)

 Note: HP + SGI > 30%
Vendors System Share
@ HP
® Lenovo
Cray Inc.

@ Sugon
® BM
® SGl
@ Bull
@® Inspur

16.8% @ Dell
@ Fujitsu
@ Others

y
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Lista Top500 - Fabricantes

* Participacao por fabricantes: Junho/2016 (desempenho total)
e (OBS: fabricantes na mesma ordem do slide anterior

Vendors Performance Share

¢

@ HP
® Lenovo

Cray Inc.
@ Sugon
® BM
® sal
@ Bull
® Inspur
@ Dell
@ Fujitsu
@ Others

D)
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Lista Top500 - Evolucao

* Evolucao ao longo dos anos

10 EFlop/s
1 EFlop/s.
100 PFlop/s
10 PFlop/s " B at
1 PFlop/s
100 TFlop/s

o
10 TFlop/s - - "

Performance

1 TFlop/s
100 GFlop/s "
10 GFlop/s "
1 GFlop/s "

100 MFlop/s

1994 1996 1998 2000 2002 2004 2008 2008 2010 2012 2014 2016

<+<—— Soma (desempenho agregado)

<+«— Sijstema #1

<«—— Sijstema #500

v

Avanc¢o maior que a lei de Moore!
(fatores tecnoldgicos e de arquitetura)

Lists
® Sum a # = #500
n
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Sistema #1: Sunway TaihulLight

INPE
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Sistema #1: Sunway TaihulLight

Sunway TaihulLight — China, 2016
* |nstalado no centro de supercomputacao em Wuxi

i U RL http://www.netlib.org/utk/people/JackDongarra/PAPERS/sunway-report-2016.pdf

 Total de 10.649.600 nucleos, em 40.960 nos (1 chip por nd)
 Desempenho total de pico: 125 Pflops/s, em 40 racks
 Desempenho no Linpack: 93 Pflops/s (~ 74.4% do pico)
* Linpack: codigo numérico intensivo
e Desempenho no HPCG: 0.3% do pico!
e HPCG: codigo numérico + memoria + comunicacao
* Conclusao: Sistema extremamente desbalanceado
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http://www.netlib.org/utk/people/JackDongarra/PAPERS/sunway-report-2016.pdf

Sistema #1: Sunway TaihulLight

* Processador: SW26010 (Shanghai, China)

Arquitetura many-core, RISC
Desempenho de pico de 11.6 Gflops/s em cada nucleo

4 grupos de nucleos; cada grupo: 64 nucleos (CPE) mais 1 de
controle (MPE)

260 nucleos por chip: > 3 TFlops/s por chip -

32 GB de mem. externa por no, 1.2 PB total

MPE

Grupo de nucleos: CPE
: y

MC

Main memory
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Sunway Taihulight - Hierarquia

INPE

: 2+2 (8 n6s)

4 Supernds por rack (1024 nds)
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Sunway Taihulight - Sistema

Sunway
TaihuLight
System

Cabinet Cabinet Cabinet

(4 Supernodes) (4 Supernodes) (4 Supernodes)

|
40 Cabinets
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Além do Top500

Sistema Blue Waters — Univ. lllinois, EUA

Financiado pela NSF (equivalente ao CNPq)
Cray XE6/XK7, 13.3 PF de pico
e Arquitetura similar ao Titan/XK7 (#3 na lista Top500)
e Desempenho de pico maior que o #5 da lista atual
Varias razoes para nao entrar no Top500:
e Sistema hibrido: CPU (XE6), CPU+GPU (XK7)
* Sistema balanceado:

e (Capacidades: computacional, armazenamento, |/O
e (Capaz de atender a varios tipos de aplicacoes
Avaliacao: métrica SPP (Sustained Petascale Performance)
e Mede o desempenho sustentado, em codigos reais
* Mais que 1 PFlops/s medido em varias aplicacoes
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Sistema Blue Waters

S EET BT AR TEET T S T S

N oo - T — s S EET BT QR TEET T S D S

Aggregate Memory—1.6 PB

>1 TB/sec

100 GB/sec

N ' ‘n ‘ ‘
| ]{ o ER

120+ Gb/sec

Q Spectra Logic: 300 usable PB Sonexion: 26 usable PB
y
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Arquitetura do Blue Waters

Rede Gemini (HSN) Cray XE6/XK7 - 288 Gabinetes

Manager (MOM

12Nodes 8 Nodes

RSIP l Network GW

H20 Login

Boot Cabinet

Import/Export

HPSS Data Mover Sonexion
25+ usable PB online storage

36 racks

Management Node

esServers Cabinets

Near-Line Storage
300+ usable PB
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NUumeros do Blue Waters

Total de Gabinetes XE/XK: 288
* Gabinetes XE: 243
* Gabinetes XK: 45

Desempenho de Pico: 13.3 PF
* CPUs x86: 7.1 PF
* GPUs: 6.2 PF

Memoria: 1.6 PB
Disco: 26 PB
Arguivamento em Fita: ~ 300 PB
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Interconexao

0 NO Blue Waters

e
INPE

InfiniBand | ogjn

Blue Waters

Servers

Torus 3D
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24 x24 x 24

Network(s)

GigE

-

SMW

X

Zz

Fibre Channel

8 Boot R

aid

. Infiniband ...

Interconnect
Network

\ ... Lustre

('

Compute Nodes
@ Cray XE6 Compute
@ Cray XK7 Accelerator

Nos de Servico
espalhados pelo torus

Operating System

. Boot

Service Nodes
Login/Network

' Login Gateways

@ System Database ' Network

Lustre File System

. LNET Routers
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Usuarios do Blue Waters

L J
University of Washington

University of Utah
University of Califomia, Davis * @
()
@ Stanford University

[ )
University of Califomia, Santa Cruz

University of Nevada, Las Vegas
[ )
® University of Califomia, Santa Barbara
o University of Southem Califomia
@ University of Califomia, Los Angeles
University of Calffomia, Irvine
()
University of Calfomia, San Diego

Legend

® PRAC team site
® GLCPC team site

llinois teams

University of Minnesota
®
Rochester Institute of Technology
€
University of Chicago Michigan State University
University of Chicago )
University of lllinois at Chicago
¥ yomi . Pennsylvania State University
University of W ™ lowa State University @
° (%) [ °
Argonne National Laboratory = Purdue University
° Purdue University

Colorado State University o » @ Ohilo State University 2
University of lilinois at Urbana-Champaign Center for Ocean-Land-Atmosphere Studies

University of Ilinois at Urbana-Champaign

Princeton University

Virginia Polytechnic Institute and State University °
© College of William & Mary

[ J
North Carolina State University at Raleigh

University of Alabama in Huntsville
L

©® Georgia Institute of Technology
University of Alabama
Q

@ Louisiana State University ® University of Florida

Louisiana State University
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Aplicacdes no Blue Waters

Cédigos PRAC

(80% do tempo de maquina)
Sumario
35 amostras

Fortran: 25 (71%)
C: 16 (46%)
C++: 20 (56%)

Total:

MPI: 31 (89%)
OpenMP: 17 (49%)
GPU: 10 (29%)

Disciplina Codigo Linguagem Modelo de Progr.
Lattice QICD MILC, Chroma, CPS C/CH+ MP1/pthreads, GPU
Biomolecular dynamics MNAMD C++ Charm++, GPU
Astrophysics ENZO/Cello C++/Fortran MPI+0OpenMP
Astrophysics Pogadget/ENZO C++/Fortran MPI
Chemistry ACESSII C, C++, Fortran MPI
Social networks Episimdemics C++ Charm++
Astrophysics Cactus, I,ﬁﬁityHarmsD' C, C++, Fortran Cactus, MPI, OpenMP
Fluid dynamics PSDOMNS Fortran MPI
. ) GCRM, CCSM-IE, SP-CCSM
Climate/weather (POP, CICE-4, CAM3.5) C and F77/F90 MPL/OpenMF, MCT
Geophysics AWP-ODC, Hercules F77, F90 MPI, OpenMP, GFU
Material science QMCPACES AFQMC C++/Fortran MPI/OpenMP, GPU

Astrophysics

Cactus, CCATIE, McLachlan,
Whisky, DiFranco

C, C++4, Fortran

Cactus, MPI, OpenMP

DDLS GAS/ARMCI,

Chemistry GAMESS, NWCHEM C and Fortran OpenACC
Astrophysics PPM Fortran MPI/OpenMP, GPU
Biology ecology simulator C++ MPI
Climate/weather CM1 Fartran/F30 MPI/OpenMP
Geophysics SPECFEM3D / LSQR Fa0 / C++ MPI
Turbulence in Fluids DISTUF Fa5 MPI PETSc
Fortran/C++
Space Physics MS-FLUKSS with Chombo python MPI+COpenMP
Astrophysics ChaNGa C++ Charm++
Space-based
Earth Science GRIPS SHARK Revisit C/F90 MPI
Materials Science OMEM MEMOS C++ MFI FETSc
Software C/C++/F30 MPI
Biophysics Gromacs C MFPI+QOpenMP, GPLU
Climate/weather CICSM C/Fortran MPI+OpenMP
Space Physics Magtail OSIRIS Fao MPI
Biophysics AMBER F90/C MFI, GFU
Astrophysics Maestro Castro Fa0 C++,/F90 MPI+OpenMP
Biophysics LAMMPS C++/F20 MPI+CpenMP
Heliophysics H3ID/WPIC Fa0/C MPI+OpenMP
BIFROST STAGGER RADMHD
Heliophys=ics PHOTONPLAMSA CjC++ MPI, OpenMP, GPU
Materials Science RMG, LAMMPS CfCH+ MPI, GPU
Astrophysics PGADGET CfCH+ MFPl+threads
Weather WRF Fa0/C MPI+OpenMP
Earth Sciences SPECFEM3D Fa0 MPI

CAP-387(2016): Topicos Especiais em Computacao Aplicada
Celso L. Mendes, Stephan Stephany (LAC/INPE)

19



