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PARADIGMAS DA CIENCIA

Segundo Jim Gray, estamos
vivenciando um novo paradigma da
ciéncia:

= Ha milhares de anos, a ciéncia era

empirica

= Ha alguns seculos, a ciéncia passou
a ser tambem tedrica (modelos, PARADIG M
generalizagées, etC-) DaTa-INTENSIVE SCIENTIFIC DISCOVERY

= Nas ultimas decadas, cientistas
passaram a validar seus modelos
tedricos com o uso de simulacoes

= Quarto paradigma (atualidade): exploracao de dados

05.05.15 Kelly Rosa Braghetto | DCC-IME-USP 2




Um Novo Modo de Fazer Ciéncia

= Unifica teoria, experimentacao e simulacao
= “Toda ciéncia é ciéncia da computacao” (NYT, 2001)

= e-Science (John Taylor, 2000) — “colaborag¢ao global em
areas chaves da ciéncia e a proxima geracao de
infraestrutura que vai habilita-la”

- Hoje, € entendida como: “pesquisa cientifica moderna
feita por meio do uso intensivo da computacao”

Ehe New JJork Times

Thé World: In Silica Fertilization; All Science Is Computer Science

EXCEPT for the fact that everything, including DNA and proteins, is made from quarks, particle physics and biology don't seem to have a lot in common. One science uses mammoth
particle accelerators to explore the subatomic world; the other uses petri dishes, centrifuges and other laboratory paraphernalia to study the chemistry of life. But there is one tool both have

come to find indispensable: supercomputers powerful enough to sift through piles of data that would crush the unaided mind.

http://www.nytimes.com/2001/03/25/weekinreview/the-world-in-silica-fertilization-
all-science-is-computer-science.html
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Um Novo Modo de Pensamento Cientifico

= A exploracao de dados promove uma mudanga importante no
processo de pensamento cientifico

Antes:
formulacao de hipétese — experimentacao —

analise de resultados

Agora, “data-driven hypothesis™:
formulacao de hipétese —

busca da confirmacao no banco de dados

= Essa nova metodologia tem permitido a criacao de novos “tipos”
de pesquisa em diversas areas do conhecimento (notadamente
nas ciéncias naturais)
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Volumes de Dados Gigantescos

= Coletados nos mais diversos
dominios: astronomia, meteorologia,
fisica, gendbmica, ciéncias sociais, ...

= Exemplo:
Large Hadron Collider (LHC)

* Produz cerca de 25 petabytes/ano

= Processa cerca de um petabyte de
dados todos os dias (o equivalente a
cerca de 210.000 DVDs)

= Ja possui mais de 100 petabytes
armazenados desde o inicio do
projeto (= 700 anos de filmes
armazenados com qualidade full HD)

"View inside detector at the CMS cavern LHC CERN" by Tighef - Own work.
Licensed under CC BY-SA 3.0 via Wikimedia Commons -

http://commons.wikimedia.org/wiki/File:View _inside detector_at the CMS_cavern LHC CERN.jpg

Kelly Rosa Braghetto | DCC-IME-USP 5

05.05.15



http://commons.wikimedia.org/wiki/File:View_inside_detector_at_the_CMS_cavern_LHC_CERN.jpg

Desafios para a Computacao

= Como curar volumes tao grandes de dados?
= Armazenar, organizar, preservar, compartilhar, ...
= Como processar volumes tao grandes de dados?

= Filtrar, corrigir, computar, analisar, ...

= Necessidade:
Plataformas de
Computacao de Alto
Desempenho

Fonte: http://nhome.web.cern.ch/about/computing
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Plataformas de Computacao de Alto Desempenho

= Supercomputadores, aglomerados e grades computacionais

= Custo de aquisicdo e manutencao elevados
= Poucos laboratorios tém acesso
= Nuvens computacionais

= Recursos configuraveis, alugados de acordo com a demanda
= Recursos acessados via Internet

= Paga-se somente por aquilo que é consumido

= Democratizacao do poder computacional

= Ex.: Nuvem USP

https://nuvem.uspdigital.usp.br/ &
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Nuvens como Catalisadoras de Pesquisa Transformativa

Artigo na edicao 97 da Revista USP
(marcgo/abril/maio de 2013)

http://www.revistas.usp.br/revusp/article/view/61867

DA CIENCIA A
E-CIENCIA: .
PARADIGMAS DA PeVASTaISp
CONHECIMENTO
-
ey
o=
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Algumas Ferramentas dos Cientistas da Atualidade

Workflows Cientificos

= Automatizam experimentos ou processos cientificos

LB

Ke Pler ) m A 4 Introduction ~ Documentation  Download Developers Cite  Collaborations News  About

Your Science. Enabled.

> Wy S

Taverna Workflow Management System | B Mok

developer
- + Google Summer of Tavema Projects

you are here: home — sample Workfows Powerful, scalable, open source & domain independent tools for | * Apac y fTe
designing and executing workflows. Access to 3500+ resources. '
navigation g

[ Downloads Sample Workflows W

"3 Add-on Modules Kepler comes with a number of demo workflows that can be found in ¥
demos directory. Highlighted here are two workflows from the demos

[& Kepler Featu

[& Sample Work] PegaSUS

Workflow Management System

Workbench

News Applications Downloads Documentation Projects Publications Col

* Taverna for astronomy, bioinformatics, biodiversity, digital preservation * Workflow components
* Taverna 3 OSGI * Taverna Online * Next generation sequencing on Amazon cloud * Taverna-Galaxy

COMMUNITY

Seminar by Frederic Suter:
SimGrid, Versatile Simulation
of Distributed Systems - Jan
2013

[ |
e EXemplos:

A Game Theoretic Approach
for Managing Multi-Modal

= https://kepler-project.org/

Pegasus 4.4.1 Released - Dec
2014

—eewe NtP://pegasus.isi.edu/

and Linking Local, Regional,

If You can draw.... ) PSOCI

( Solar
Fuels )

-

pagasvs

Epigenomics,
Ben Berman,

usc and National
Cyberinfrastructure to =
e catmae £ http://www.taverna.org.uk/
e Helio-Seismology : Laurent Gizon, Max Planck Seminar by Rizos Sakellariou:
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Algumas Ferramentas dos Cientistas da Atualidade

Science Gateways

= Conjuntos de dados, ferramentas e aplicacoes, desenvolvidos por
comunidades e geralmente disponibilizados em portais Web

552"':' C | PRES SCIENCE GATEWAY

. Home  Toolki : e i, 7. 53 o :
.............................................. : NEUROSCIENCE INFORMATION FRAMEWORK ‘!nc"noduf‘.';
5 \
1
, ABOUT Search for All Things Neuroscience m NIF STATISTICS
» NIF SERVICES NIF Version: 6.2
MISSII‘!Q results? » NIF DATA SHARING Ontolagy Version: 2.9
. B - Level 2.5/3.0 Resources: 239
Send us the ]':'b |"If.f‘|:j|'f‘, » NIF SYSTEM SEARCH TIPS | WHAT IS THIS? (example searches: cersbelum, genstic analysis software, gens:gm1) Registry Entries: 12,508
» SOCIAL MEDIA W Total Records: 829,679,866
and we may be able to
ctex Databases g-.%s; NIF NAVIGATOR
“anc coeruleus proper 2225 o £ . :
fgso m o - E !P«}wmdB}
o | 0 BRI N F ki

Exemplos:
https://www.phylo.org/
http://www.neuinfo.org/
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Algumas Ferramentas dos Cientistas da Atualidade

Beneficios do uso dessas ferramentas:

Facilidade no compartilhamento de recursos

Automatizacao de procedimentos rotineiros

Documentacao dos experimentos cientificos,
ajudando a garantir a sua reprodutibilidade

= Promocao da colaboracao cientifica
= Promogao da Ciéncia Aberta
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Ciéncia Aberta

Se baseia em trés pilares:

= Acesso aberto
= Ex.: SIBi — Sistema Integrado de Bibliotecas, da USP SIB1
http://www.sibi.usp.br/
= Software livre

= Ex.. SAM (Sequence Alignment/Map) Tools — ferramenta da area
de bioinformatica, usada no alinhamento de sequéncias

http://www.htslib.org/
= Dados abertos

= EX.: Corpus Histérico do Portugués Tycho Brahe

http://www.tycho.iel.unicamp.br/

Projeto Tycho Brahe
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Dados Abertos

= Precisam ser mais do que “dados de acesso publico”
= Segundo a definicao da Open Knowledge Foundation:

“Open means anyone can freely access, use, modify, and
share for any purpose (subject, at most, to requirements
that preserve provenance and openness).”

= Para que possam ser reutilizados, € preciso que os dados
tenham boa qualidade e sejam compreensiveis

= Preferencialmente, devem estar acompanhados de metadados

= Informacdes sobre sua estrutura

= Informacdes sobre sua proveniéncia (que definem como,
gquando, onde, por quem e por qué os dados foram gerados)
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Dados Cientificos Abertos

= Periddicos ja condicionam a publicagcao de um artigo a
disponibilizagcao dos dados usados no estudo

= Ex.: BioMed Central, PLOS One

http://www.biomedcentral.com/about/opendata

http://blogs.plos.org/everyone/2014/02/24/plos-new-data-policy-public-acces
s-data-2/

= FAPESP ja exige que dados e softwares produzidos nos projetos
que financia sejam colocados a disposi¢ao do publico

= Beneficios
= Possibilidade de validacao e reproducao dos resultados
= Producao de ciéncia de melhor qualidade e maior impacto
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Dados Cientificos Abertos — Principais Desafios

= Criar padroes para a representacao dos dados

= Auséncia de consenso entre os cientistas sobre o que €
necessario armazenar

= Registrar a proveniéncia completa dos dados
= Vencer a resisténcia da comunidade cientifica

= Coletar dados € um trabalho muito dispendioso e pouco
reconhecido

= Assegurar que cientistas e instituicoes recebam creditos pelos
dados que produzem e que possam proteger seu uso futuro

= Financiar a curadoria dos dados (que depende de
equipamentos e pessoas)
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Dados Abertos — Avancos nos Aspectos Legais

= [eide Acesso a Informacéo (decreto N° 7.724 de 16/05/12)

= Garante acesso as informacdes produzidas ou custodiadas por
orgaos e entidades da Uniao, incluindo as universidades federais e
Instituicoes de fomento a pesquisa (CNPqg, CAPES)

= Licencas especificas para bancos de dados

= Creative Commons (CC) http://creativecommons.org/
9 commo

= Open Data Commons (ODC) http://opendatacommons.org/

"3 Open Data Commons  Legal tools for Open Data

e Licencas permitem condicionar o uso dos dados a atribuicao de
crédito ao seus autores e estabelecer que redistribuicdoes so
possam ser feitas sob a mesma licenca (ou similar)

05.05.15 Kelly Rosa Braghetto | DCC-IME-USP 16


http://creativecommons.org/
http://opendatacommons.org/

Para Mais Informacoes sobre Dados Abertos

= Grupo de trabalho em Ciéncia Aberta
http://www.cienciaaberta.net/

= Digital Curation Centre

D C C eCause good researcn needs good aa
http://www.dcc.ac.uk/ 01|D|C|C oocasegondresern reecs oot s

= Open Knowledge Foundation

‘\\\\\h"///,//

https://okfn.org/ S oM,

'f/
=
s =
S~

=

=, \"'
M

///Wfltll\\\V\\

OPEN KNOWLEDGE

http://br.okfn.org/
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O Tema “Dados Cientificos Abertos” na Midia

= Bruno de Pierro, “Uma ciéncia mais aberta”, Revista FAPESP — marco,
2013

http://revistapesquisa.fapesp.br/2013/03/15/uma-ciencia-mais-aberta/

= Claudia Domingues e Fabio Kon, "Em defesa do compartilhamento
publico de dados cientificos™, Le Monde Diplomatique Brasil — maio, 2014

http://www.diplomatique.org.br/artigo.php?id=1653

= Kelly R. Braghetto, “A ciéncia precisa ser aberta”, Revista ARede —
Tecnologia para Inclusao Social — julho, 2014

http://www.revista.arede.inf.br/site/edicao-n-99-julho-agosto-2014/7035-opi
niao-o-que-kelly-rosa-braghetto-esta-pensando

Versao estendida disponivel em:

http://neuromat.numec.prp.usp.br/content/open-data-science-neuromat-o
P-%C2%ADed
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CEPID NeuroMat — Produzindo Ciéncia Aberta

= Centro de Pesquisa, Inovacao e Difusao em Neuromatica (NeuroMat)

= Integra modelagem matematica com pesquisa basica e aplicada na fronteira
da Neurociéncia.

= Neuroscience Experiments System (NES) — um software livre para o
gerenciamento de dados neurofisiologicos clinicos e experimentais

https://github.com/neuromat/nes
= Proximos passos do projeto no que se refere a transferéncia de tecnologia:

= Novos modulos no NES
= Banco de dados aberto

= Science gateway (o Portal do NeuroMat)
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Um “causo” envolvendo Big Data: Google Flu Trends

£00gle.org Fiu Trends

Google.org home

Dengue Trends
Flu Trends
Home
United States
National

Download data

How does this work?
FAQ

http://www.google.org/flutrends
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Explore flu trends - United States

We've found that certain search terms are good indicators of flu activity.
Google Flu Trends uses aggregated Google search data to estimate flu
activity. Learn more »

National ®2013-2014

Intense

High

Moderate

Low

Minima!
[ [ [ 1]

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun

States | Cities (Experimental)

accurate when cor
current through June 3, 2014.

NIStoric

Kelly Rosa Braghetto | DCC-IME-USP
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Language: | English (United States)

Fight influenza

CDC urges you to take these
steps to protect yourself and
others from the flu:

1. Get vaccinated against flu —
it's your best defense.

2. Caver your cough, wash
hands often.

3. Take antiviral drugs if your
doctor recommends them.

Centers for Disease
CDC Control and Prevention

Animated Flu Trends in
Google Earth

Download and explore Flu
Trends data in Google Earth.
Need Google Earth? Download
it here.

Embed this chart

Use this embed code to show
this chart on your website.



http://www.google.org/flutrends

O Metodo foi Divulgado na Nature em Fev/2009
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LETTERS

Wol 457|119 February 2009|doi:10.1038 /nature07634

Detecting influenza epidemics using search engine

query data

Jeremy Ginsberg', Matthew H. Mohebbi', Rajan S. Patel', Lynnette Brammer?, Mark S. Smolinski' & Larry Brilliant

Seasonal influenza epidemics are a major public health concern,
causing tens of millions of respiratory illnesses and 250,000 to
500,000 deaths worldwide each year'. In addition to seasonal influ-
enza, a new strain of influenza virus against which no previous
immunity exists and that demonstrates human-to-human trans-
mission could result in a pandemic with millions of fatalities®,
Early detection of disease activity, when followed by a rapid
response, can reduce the impact of both seasonal and pandemic
influenza™*. One way to improve early detection is to monitor
health-seeking behaviour in the form of queries to online search
engines, which are submitted by millions of users around the
world each day. Here we present a method of analysing large
numbers of Google search queries to track influenza-like illness
in a population. Because the relative frequency of certain queries is
highly correlated with the percentage of physician visitsin which a
patient presents with influenza-like symptoms, we can accurately
estimate the current level of weekly influenza activity in each
region of the United States, with a reporting lag of about one
day. This approach may make it possible to use search queries to
detect influenza epidemics in areas with a large population of web
search users,

Byaggregating historical logs of online web search queries submitted
between 2003 and 2008, we computed a time series of weekly counts for
50 million of the most common search queries in the United States.
Separate aggregate weekly counts were kept for every query in each
state. No information about the identity of any user was retained. Each
time series was normalized by dividing the count for each query in a
particular week by the total number of online search queries submitted
in that location during the week, resulting in a query fraction
(Supplementary Fig. 1).

We sought to develop a simple model that estimates the probabil-
ity that a random physician visit in a particular region is related to an
ILI; this is equivalent to the percentage of ILI-related physician visits.
A single explanatory variable was used: the probability that a random
search query submitted from the same region is ILI-related, as deter-
mined by an automated method described below. We fit a linear
model using the log-odds of an ILI physician visit and the log-odds
of an ILI-related search query: logit( (1)) = xlogit{ Q1)) + &, where
I(t) is the percentage of ILI physician visits, Q1) is the ILI-related
query fraction at time t, 2 is the multiplicative coefficient, and «is the
error term. logit({p) is simply In(p/(1 — p)).

Publicly available historical data from the CDC’s US Influenza

http://www.nature.com/nature/journal/v457/n7232/full/nature07634 .htm|
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A Acuracia das Predicoes Impressionaram...

Data available as of 4 February 2008
5 I I I I I I I I

D | | | | | | | |
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Figure 3 | ILI percentages estimated by our model (black) and provided by
the CDC (red) in the mid-Atlantic region, showing data available at four
points in the 2007-2008 influenza season. During week 5 we detected a
sharply increasing ILI percentage in the mid-Atlantic region; similarly, on 3
March our model indicated that the peak ILI percentage had been reached
during week 8, with sharp declines in weeks 9 and 10. Both results were later
confirmed by CDC ILI data.
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Mas no “diluvio de dados”, nem tudo € um mar de rosas...

» Apesar das predicdes “acertadas” em boa parte do tempo, o modelo do Google errou na
epidemia de gripe de 2012-2013 dos EUA (estimou o dobro da quantidade real de casos):

B:ls BIG DATA
The Parable of Google Flu:

Google Flu Trends: The Limits of Big Data Tra ps in B i g Data Ana IvSi S

)0 AM ™ 14 Comments
. 12% 1,34 inn 3 i jaae
E. Google Flu Flu Trends google.org David Lazer,'** Ryan Kennedy,"** Gary King,” Alessandro Vespignani
Lf Trends, once a United States ~| ®2013-2014 @ Past year
M- CROTER poster child for
: the power of Intense
-

When Google got
CALVARY analysis, seems n en 00 e O
B e L N flu wrong

Minimal
Jul 2013 Jun 2014 US outbreak foxes a leading web-based method for
Thic manth in a .
tracking seasonal flu.
BY DECLAN BUTLER complement, but not substitute for, traditional

epidemiological surveillance networks.

Disruptions: Data Without Context Tells a
Misleading Story

By NICK BILTON FEERUARY 24, 2013 11:00 AM W 4 Comments

http://bits.blogs.nytimes.com/2014/03/28/google-flu-trends-the-limits-of-big-data/

http://bits.blogs.nytimes.com/2013/02/24/disruptions-google-flu-trends-shows-problems-of-big-data-without-context/
http://www.nature.com/news/when-google-got-flu-wrong-1.12413

http://gking.harvard.edu/publications/parable-google-flu%C2%A Otraps-big-data-analysis
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Ciéncia de Dados: um Meio ou um Fim?

= O contexto em que os dados foram coletados ou criados pode
Impactar o resultado das analises

» E sempre possivel capturar e considerar informacdes de
contexto?

= “Contexto” nao € o mesmo que “proveniéncia”

= A analise automatizada de dados deve ser usada como uma
ferramenta de apoio no processo de descoberta cientifica

= Ela nao substitui o papel de critico exercido pelo cientista
nesse processo
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A Nova Ciéncia Baseada em Dados

Obrigada por sua atencao.

Kelly Rosa Braghetto
kellyrb@ime.usp.br

Estes slides estao disponiveis em minha pagina:
http://www.ime.usp.br/~kellyrb/

‘m L INSTITUTODE MATEMATICAEESTATISTICA
Tﬂf by UNIVERSIDADE DE SAQPAULO
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