'Y

CENTRO NACIONAL DE
PROCESSAMENTO DE
ALTO DESEMPENHO-
CENAPAD

CARLA OSTHOFF

COORDENADORA DO CENAPAD- LNCC

RedCLARA\.V}\<>\\ @? |.pA|| RNP




LABORATORIO NACIONAL DE COMPUTACAO
CIENTIFICA -LNCC/MCTI

ORGAO DE PESQUISA DO MINISTERIO DE CIENCIA,
TECNOLOGIA E INFORMACAO:

MISSAO
« FORMACAO DE RECURSOS HUMANOS EM COMPUTACAO

CIENTIFICA
* PROVER COMPUTACAO DE ALTO DESEMPENHO PARA A

COMUNIDADE CIENTIFICA




LABORATORIO NACIONAL DE COMPUTACAO

CIENTIFICA - LNCC/MCTI

Edital

Mestrado e Doutorado |

em Modelagem Computacional

C\PLINAgR
‘\9\9 Oc,

%
& CONCEITO

":G'
5 %
o =3
S 2
i g
- -
% AVALIA ~—
©, 3
% CAPES &
4,
Sem come™™
Vagas

14 10

Mestrado Doutorado

© 209/087a 211022

ol Acesse o site da Pés-graduacao

7 doLNCCe veja o edital
jEbsp Y0l copga@Ince.br

s MINISTERIO DA
51 CIENCIATECNOLOGIA o)
hes E INOVACOES

9+1 CENTERS

- SERVICE PROVISIONING
- DEVELOPMENT (E.G. SCIENCE GATEWAYS)

- TRAINING




SUPERCOMPUTADOR SANTOS DUMONT
170 PROJETOS DE PESQUISA (12 ESTADOS)
18 AREAS DE PESQUISA

2000 USUARIOS
23 PFLOPS




SUPERCOMPUTADOR SANTOS DUMONT
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60 nés computacionais de CPU:
o Cadandé computacional de CPU contém 2 processadores
AMD Genoa 9684X com 96 cores, frequéncia de 2.55 GHz e
1.5 TB memoria.

62 n6s computacionais de GPU:
o Cada no computacionalde GPU contéem 2 processadores
Intel SHR M9468 HBM2 com 48 cores, frequéncia de 2 GHz, 1
TB de memoria e 4 Nvidia Hopper HGX H100 80GB HBM3.
6 n6s computacionais NVIDIA Grace Hopper:
o Cada né computacional NVIDIA Grace Hopper contéeém 1
NVIDIA Max-Pm composto por 4 sockets NVIDIA GH200
Grace Hopper Superchip nodes, 96 GB HBM3 por GPU e 128
GB LPDDR por CPU.
- . - Supercomputador
6 nos computacionais APU AMD nodes: t:'
an ,.DW"“‘"
o 6 blades, cada uma com 3 de 2; perfazendo 36 aceleradores
Mi300A

077

4 nés computacionais ARM: — "l. bl
o Cada noés computacional ARM contém 1 NVIDIA Grace CPU I J | j 1
Superchip. L ; ;
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Abstract Abstract:
The historical gap between processing and data access speeds causes many applications to spend a large portion of their

ClusterStor CS9000- Sdumont

Document Sections execution on I/ operations. From the point of view of a large-scale, expensive, supercomputer, it is important to ensure

|t 1905 applications achieve the best I/O performance to promote an efficient usage of the machine. In this paper, we evaluate the I/0

| Introduction
Max 768
e infrastructure of the Santos Dumont supercomputer, the largest one from Latin America. More specifically, we investigate the
IIl. The Sanios Dumont performance of collective I/O operations. By conducting an analysis of a scientific application that uses the machine, we identify
Supercomputer large performance differences between the available MPI implementations. We then further study the observed phenomenon

using the BT-0 and IOR benchmarks, in addition to a custom microbenchmark. We conclude that the customized MPI
Ill. Olam Performance
: ” implementation by Bull (used by more than 20% of the jobs) presents the worst performance for small collective write
Evaluation . 5 F i s
operations. Our results are being used to help the Santos Dumont users to achieve the best performance for their applications.

Infiniband FDR (56 Gb/s)

IV Collective li0 Performance  Additionally, by investigating the observed phenomenon, we provide information to help improve future MPI-IO collective write

Chents||—blax 168/

B M 76805 i 7 implementations.
V. Related Work

Show Full Qutiine » Published in: 2018 26th Euromicro International Conference on Parallel, Distributed and Network-based Processing (PDP)

Authors

Date of Conference: 21-23 March 2018 DOI: 10.1109/PDP2018.2018.00015

Boito FZ, Inacio EC, Bez JL, et al. (2018) A checkpoint of research on parallel I/0 for high-performance
computing. ACM Computing Surveys 51(2): 23:1-23:35.
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Research article First published online September 12, 2019

1/0 performance of the Santos Dumont supercomputer

Abstract

ClusterStor CS9000- Sdumont

Document Sections

I. Introduction

II. The Santos Dumoi ~ Abstract

Supercomputer In this article, we study the I/0 performance of the Santos Dumont supercomputer, since the gap between
processing and data access speeds causes many applications to spend a large portion of their execution on
IIl. Olam Performanc " ~ .
1/0 operations. For a large-scale expensive supercomputer, it is essential to ensure applications achieve the
Evaluation

best I1/0 performance to promote efficient usage. We monitor a week of the machine’s activity and present a

Infiniband FDR (56 Gb/s)

' Collective 0 P detailed study on the obtained metrics, aiming at providing an understanding of its workload. From
Ollective er
M 7685 experiences with one numerical simulation, we identified large I/0 performance differences between the

V. Related Work MPI implementations available to users. We investigated the phenomenon and narrowed it down to

collective I/O operations with small request sizes. For these, we concluded that the customized MPI
Show Full Qutline - implementation by the machine’s vendor (used by more than 20% of the jobs) presents the worst
performance. By investigating the issue, we provide information to help improve future MPI-10 collective
i write implementations and practical guidelines to help users and steer future system upgrades. Finally, we
discuss the challenge of describing applications I/0O behavior without depending on information from users.
That allows for identifying the application’s 1/0 bottlenecks and proposing ways of improving its I/O

performance. We propose a methodology to do so, and use GROMACS, the application with the largest

Boito FZ, Inacio EC, Bez JL, et al. (2018) A checkpoint of research on parallel I/0 for high-performance

computing. ACM Computing Surveys 51(2): 23:1-23:35. number of jobs in 2017, as a case study.
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HPC Data Storage at a Glance: The Santos Dumont Experience

1/0 performance of the

Abstract Publisher: IEEE 5
ClusterStor CS9000- Sdumont
' Document Sections hitpsi/c André Ramos Camneiro; Jean Luca Bez; Carla Osthoff; Lucas Mello Schnorr; Philippe O. A. Navaux  All Authors
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""gt-ulm @ — Contents ® cet 1 132
I. Introduction
Citesin  Ful Q < © [ |

II. The Santos Dumoi ~ Abstract Paper Text Views

Supercomputer In this article, we study the |

Infiniband FDR (56 Gb/s)

processing and data access Abstract Abstract:
W o Frtonpece: 1/O operations. For a large-s High-Performance Computing (HPC) platforms are used to solve the most diverse scientific problems in research areas, such
Evaluation best I/0 performance to pro Documen! Sections as biology, chemistry, physics, and health sciences. Researchers use a multitude of scientific software, which have different
I Collcive U0 P detailed study on the obtain 1. Intoduckion requirements. These requirements include input and output aperations, which directly impact performance due to the existing
— : experiences with one nume; difference in processing and data access speeds. Thus, supercompulers must efficiently handle a mixed workload scenario
V. Related Work MPI implementations availal II. Related Work when storing data from the applications. Knowledge of the application set and its performance running in a supercomputer is
collective I/0 operations wit . needed to understand the storage system's usage, pinpoint possible bottienecks, and guide optimization techniques. This
Show Full Qutline » implementation by the macl S research proposes a methodology and visualization tool to evaluate a supercompuler's data storage infrastructure's

performance. By investigatir performance, taking into account the diverse workload and demands of the system over a long period of operation. As a study

Authors write implementations and | V. Anlysis and Visualzation case, we focus on the Santos Dumont supercomputer, where we were able to identify inefficient usage and problematic factors

discuss the challenge of des  Methodology ol perormance.
That allows for identifying tr
f V. Glancng atthe Lsve Published in: 2021 IEEE 33rd Intemational Symposium on Computer Architecture and High Performance Computing (SBAC-
i A i ¢ L 3 4] p! niemational Sy Sium on Lomputer Architectu iNd Rign Per nce nputing ( .
Boito FZ, Inacio EC, Bez JL, et al. (2018) A checkpoint of research on parallel I/ for high-performance ~ Performance. We proposea R aa L S 7 ompuing
number of jobs in 2017, as & PAD)

computing. ACM Computing Surveys 51(2): 23:1-23:35.
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An Exploratory Study of Deep Learning for Predicting Computational Tasks
Behavior in HPC Systems

Publisher; IEEE | CieThis | i Javd

Alexandre H.L. Porto; Micaella Coelho; Kary Ocafia; Carla Osthoff; Francieli Boito; Douglas O. Cardoso  All Authors
38
Full
Text Views

Machine Learning Regression-based
Prediction for Improving Performance and
Energy Consumption in HPC platforms

Micaella Coelho, Kary Ocarfia, André Pereira, Alexandre Porto, Douglas
Cardoso, Arthur Lorenzon, Rui Oliveira, Philippe Navaux, Carla Osthoff

0 L

UFRGS

DO PORTS UrIvERSIDADS FEOERAL

Abstract Abstract;
The scientific gateway BioinfoPortal for bicinformatics applications is hosted in the National Laboratory for Scientific Compuling

Cleim, A.; Cardoso, D.; Terra, R. S.; Osthoff, C.; Ocaria, Kary A.C.S.

Aprendizado de Maquina para a Otimizacio de Processos Document Sections

(LNCC) and is coupled to the Santos Dumont (SDumont) supercomputer environment. BioinfoPortal offers a catalog of

Preditivos em Portais Cientificos Inteligentes . In: XV : ; " . ; i _—

el - s . s bioinformatics software that benefits from the parallel and distributed architecture offered by LNCC. Task submissions consume
Encontro Académico de Modelagem Computacional, 2022, Rio de I Introduction )
. . N . SDumont nodes shared by other users of the supercomputer; thus, itis important they use the best configuration, which is
Janeiro. Anais do XV Encontro Académico de Modelagem

y Il. Research Background defined as the best choice of the number of threads/nodes to be allocated for every task submission. This article presents an
Computacional, 2022, ‘

‘ analysis using neural networks to estimate the computational time required to execute bioinformatics software in several

. Mooy scenarios using a pre-configured number of nodes and threads. Our goal is to demonstrate the performance behavior of

V. Experimental Results software such as RAXML in Bioinfoportal, and which computational scenario can be chosen to efficiently execule software in
SDumont. Results support that the neural networks are adequate to predict the variable elapsed time, Efapsed, to evaluate the

V: Conclusion relationships between input parameters, number of bootstraps (RAXML), number of threads, and number of nodes, and to

identify the fastest configuration. The goal is to make BioinfoPortal a smart, efficient, and green gateway. In future studies, we

i ; : : i o , ;s
Authors propose to study more variables and predictors as well as other bioinformatics software in BioinfoPortal

Desenvolvimento de um Framework de Aprendizado de
Maquina no Apoio a Gateways Cientificos Verdes, Inteligentes e

Figures
Eficientes: BioinfoPortal como Caso de Estudo Brasileiro

Published in: 2023 International Symposium on Computer Architecture and High Performance Computing Workshops (SBAC-
PADW)

References
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nin HPC platfo rms S Desempenho de Workflows Cientificos de Transcriptémica em

Regional de Alto Desempenho do Rio de Janeiro 2021.
Arquiteturas de Memoria Distribuida e Compartilhada do Santos Dumont

Micaella Coelho, Kary Ocafia. André Pereira, Alexandre Porto, Douglas ’ . e e s .
Alexandre H.L. Porto; Micaella Coelho; Kary Ocafia

; Cordosa Adthesl ~ra=zon, Rui Oliveira, Philippe Navaux, Carla Osthoff
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Seq: an efficient and scalable RNAseq analysis workflow Text Views

for studies of differentiated gene expression. The Latin

America High Performance Computing Conference comes to Brazil
CARLA 2022

D.: Terra, R.5.: Osthoff, C.: 0caria, . PAFSIRNA-Seq: An Efficient and Scalable

2 . gateway BioinfoPortal for bioinformatics applications is hosted in the National Laboratory for Scientific Computing
Mégquina para a Otimizago de Pr RNASECI Ana'ySIS Workflow for Studies s coupled to the Santos Dumont (SDumont) supercomputer environment, BioinfoPortal offers a catalog of
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Computacional, 2022.
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IIl. Methodology ; 2 X
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PLANO BRASILEIRO DE INTELIGENCIA
ARTIFICIAL - PBIA

Infraestrutura e Desenvolvimento de IA

Objetivo: Posicionar o Brasil como um lider mundial em Inteligéncia Artificial,
impulsionando projetos e pesquisas que melhorem substancialmente a vida dos brasileiros,

x com solugdes inovadoras e acessiveis para os desafios do pais.
L

R$ 5,79 bilhdes para 13 acdes divididas em:

1. Programa Nacional de Infraestrutura para IA — R$ 3,0 bilhdes

2. Programa de Sustentabilidade e Energias Renovéaveis para IA — R$ 500 milhdes

3. Programa de Estruturagdo do Ecossistema de Dados e Software para IA — R$ 1,4 bilhdo
4,

Programa de Pesquisa e Desenvolvimento em |IA — R$ 873 milhdes

Plano IA para o Bem de Todos




PLANO BRASILEIRO DE
INTELIGENCIA ARTIFICIAL

- PBIA

Eixo 1Infraestrutura e Desenvolvimento de IA

1.1. Programa Nacional de Infraestrutura paralA

1. Supercomputador de |A

Aquisicao de supercomputador
especializado = Top 5 Mundial

Desafio: Ampliar significativamente a
capacidade de processamento de
alto desempenho do Brasil

Meta: Atualizagdo do
supercomputador Santos Dummont
no LNCC, para que esteja entre os
cinco com maior capacidade de
processamento da lista TOP500, em
5 anos

Recursos (2024-28): R$ 1,8 bilhdo

(FNDCT-n3o reembolsavel, Petrobras e FAPESP)

2. Ampliacéo da capacidade de
processamento dos CENAPADs

Compra de supercomputadores
para os centros de
supercomputagao regionais

Desafio: Ampliar e melhorar a
distribuicdo regional da capacidade
de processamento de alto
desempenho do Brasil

Meta: Ampliacdo da capacidade dos
5 CENAPADs, distribuidos por 5
regides do Pais, em 2 anos
Recursos (2024-28): R$ 125 milhdes

(FNDCT-n3o reembolsavel)

9+1 CENTERS

- SERVICE PROVISIONING
- DEVELOPMENT (E.G. SCIENCE GATEWAYS)

- TRAINING

3. Redes de conexdo de alta
velocidade para supercomput

Ampliacdo do acesso a
supercomputadores, com
investimentos em equipamentos de
entrada e conexao

Desafio: Conectar em rede e garantir
0 acesso aos supercomputadores
brasileiros

Meta: Interligacdo de todos os
centros de supercomputacdo com
redes de alta velocidade até 2028
Recursos (2024-28): R$ 52,4 milhdes

(FNDCT-n3o reembolsavel e Petrobras)
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Eixo 1Infraestrutura e Desenvolvimento de IA

1.1. Programa Nacional de Infraestrutura para IA

4. Pré-Infra IA 5. Parcerias internacionais para
desenvolvimento de nds de
Fomento a aquisi¢do, instalagado e supe

Ddaa : rcomputador e chips
modernizagdo de infraestrutura de |
IA nas ICTs brasileiras.

Estabelecimento de parcerias para
desenvolvimento nacional de nés
de supercomputador e chips
aceleradores.

Desafio: Expandir e modernizar a
capacidade computacional para IA
em ICTs, incluindo datacenters e

Nrocecc sre | 17 S . A -
processadores especializado Desafio: Superar a dependéncia
. X A1l ter

Meta: Apoio a 25 projetos em 5 anos  tecnolégica externa em
componentes criticos para |A

Recursos (2024-28): R$ 250 milhdes

(FNDCT-ndo reembolsavel)

Meta: Estabelecimento de ao menos
duas parcerias em 12 meses;
Desenvolvimento de aceleradores
em 24 meses; Desenvolvimento de
dois racks completos em 36 meses
Recursos (2024-28): R$ 765 milhdes
(FNDCT-reembolsavel e ndo-reembolsavel, setor

privado e organismos internacionais)

INTELIGENCIA

Compartilhamento da
infraestrutura brasileira de IA com
outros paises em desenvolvimento

Desafio: Promover o acesso a
infraestrutura de ponta por paises
em desenvolvimento, especialmente
da América Latina, Caribe e Africa

Meta: Ampliagdo significativamente
da capacidade de conexdo da Rede
Clara e da Rede Scalac em 24 meses;
Apoio a 30 projetos colaborativos
que utilizem a infraestrutura
brasileira de |A até 2028

Recursos (2024-28): R$ 50 milh&es
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1.1. Programa Nacional de Infraestrutura para IA

4. Pré-Infra 1A 5. Parcerias internacionais para

desenvolvimento de nds de
Fomento a aquisicdo, instalagdo e supercomputador e chips
modernizagdo de infraestrutura de aceleradores

IA nas ICTs brasileiras. . _
Estabelecimento de parcerias para

desenvolvimento nacional de nés
de supercomputador e chips
aceleradores.

Desafio: Expandir e modernizar a
capacidade computacional para IA
em ICTs, incluindo datacenters e

process r specializ b s
ocessadores especializados Desafio: Superar a dependéncia

tecnoldgica externa em
componentes criticos para IA

-

Meta: Apoio a 25 projetos em 5 anos

Recursos (2024-28): R$ 250 milhées

_ Meta: Estabelecimento de ao menos
(FNDCT-n3o reembolsavel)

duas parcerias em 12 meses;
Desenvolvimento de aceleradores
em 24 meses; Desenvolvimento de
dois racks completos em 36 meses

Recursos (2024-28): R$ 765 milhdes

(FNDCT-reembolsavel e nio-reembolsivel, setor

privado e ocrganismos internacionais)

EiXo 1Infraestrutura e Desenvolvimento de IA

INTELIGENCIA

6. Parcerias internacionais
Ou'rl'"l"*l‘f‘»ﬁ nto "‘" rj"""‘r rutura

dtTol (A" R &)
xD em |A
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om
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Compartilhamento da
infraestrutura brasileira de |IA com
outros paises em desenvolvimento

Desafio: Promover o acesso a
infraestrutura de ponta por paises
em desenvolvimento, especialmente
da América Latina, Caribe e Africa

Meta: Ampliagdo significativamente
da capacidade de conexdo da Rede
Clara e da Rede Scalac em 24 meses;
Apoio a 30 projetos colaborativos
que utilizem a infraestrutura
brasileira de |A até 2028

Recursos (2024-28): R$ 50 milhées

(FNDCT-n3o reembolsavel)
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Eixo 1Infraestrutura e Desenvolvimento de IA

1.3. Programa de ESUUIU[BQBU do Ecossistema de Dados e Software para IA

(o) N -~ I -~ A O A s
8. Desenvolvimento de Pilha de Software para A 9. |A baseada

rU

m dados nacionais (LLM em portugués)

Apoio ao desenvolvimento de todas as camadas de Fomento a curadoria de conjuntos de dados nacionais
software necessarias para aplicagdes de 1A e apoio ao desenvolvimento de modelos fundacionais
especializados em portugués

Desafio: Desenvolver pilha de software nacional para IA,

visando otimizar o desempenho e promover Desafio: Criar e aprimorar base de dados nacionais para
independéncia tecnoldgica treinamento de IA, reduzindo a dependercna externa e

: . contemplando a diversidade e as especificidades do
Meta: Desenvolvimento de uma pilha de software Brasil

nacional completa para IA em 12 meses
i Meta: Ampliagdo da oferta de conjuntos de dados
Recursos (2024- 28) R 292,5 milhdes (FNDCT-ndo nacionais curados para treinamento; Constru¢do de um
reembolsavel e setor pr | | - )
modelo de LLM robusto para portugués em 12 meses

Recursos (2024-28): RS 1,1 bilhdo (FNDCT-reembolsav

reembolsavel e setor privado)

lendo

m
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Eixo 1Infraestrutura e Desenvolvimento de IA
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i Meta: Ampliagdo da oferta de conjuntos de dados
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reembolsavel e setor pr | | - )
modelo de LLM robusto para portugués em 12 meses

Recursos (2024-28): RS 1,1 bilhdo (FNDCT-reembolsav

reembolsavel e setor privado)

lendo

m



i GRACIAS!
OBRIGADO!

¢AI;UI;LMH‘K a® Any questions?

CLARAZ%} &Y BELLAIL RNJP




