Virtual Observatory:
what the heck is this about?

by Paula Coelho, IAG/USP
on behalf of ﬁ; ‘i-i



Jim Gray’s view of Science Development

s

Science Paradigms

* Thousand years ago:

science was empirical
describing natural phenomena

« Last few hundred years:
theoretical branch [

PARADIGM

DATA-INTENSIVE SCIENTIFIC DISCOVERY

using models, generalizations

» |ast few decades:

a computational branch
simulating complex phenomena

« Today: data exploration (eScience)
unify theory, experiment, and simulation

— Data captured by instruments
or generated by simulator

— Processed by software
— Information/knowledge stored in computer

— Scientist analyzes database/files
using data management and statistics

a
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http://research.microsoft.com/en-us/collaboration/fourthparadigm/
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1D, 2D, 3D; intensity/polarization vs. energy, time, position, velocity.
tables, DBs, catalogs, x-ray event lists, radio visibility measurements...
various data processing levels, from raw to “science-ready”



A new era In astronomy

Past: observations of small, carefully selected samples (often with
a priori prejudices) of objects in one or a few wavelength bands




A new era In Astronomy

Now: multi-wavelength data for millions of
objects, allowing us to:

- discover significant patterns from the
analysis of statistically rich and unbiased
datalbases

understand complex astrophysical systems
via confrontation between data and
sophisticated numerical simulation




Survey Science: Big Data in Astronomy

SDSS, DES, J-PAS,
LSST, Gaia, SKA...




BEARE

Survey science: Big Data in Astronomy

The Large Synoptic Survey Telescope (LSST) is a planned wide-field
survey that will olboserve the entire available sky every few nights.

15 TB/night, 7 PB/year, 200 PB total, ~1M transient events/night

(in comparison, SDSS 170 GB/night)




And the scary future... SKA

The Square Kilometre
Array IS a project to
ouild a radio
telescope tens of
times more sensitive
and hundreds of
times faster at
mapping the sky than
today’s best radio
astronomy facillities.

1 exabyte of raw data in a single day; more than
the entire daily Internet traffic!!



What do these projects have in common®?
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Sut with data...

should come the software !



ASTRONOMER
AT WORK




Data — Software

DATA
The language in which

we register Nature
(even if simulated!)

SOFTWARE
The language in which
we interpret Nature
(even if simulated!)




Data — Software

DATA SOFTWARE
The language in which The language in which

we register Nature we interpret Nature
(even if simulated!) (even if simulated!)

DATA SOURCEA m
adl SOFTWARE A
DATA SOURCE B
MR SN  SOFTWARE B

DATA SOURCEC |
/ SOFTWARE C

DATA SOURCE D



Data — Software

DATA SOFTWARE
The language in which The language in which

we register Nature we interpret Nature
(even if simulated!) (even if simulated!)

DATA SOURCEA m
DATA SOURCE B
SOFTWARE B
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Data — Software

DATA
The language in which
we register Nature

(even if simula VO-enabled

SOFTWARE
The language in which
we interpret Nature

/en if simulated!)

data sources and
DATA SOURCE A

software tools
DATA SOURCE B
DATA SOURCEC .,

DATA SOURCE D




The Virtual Observatory (VO) is ...

- the vision that astronomical datasets and other resources should
work as a seamless whole (I\VOA)

- a collection of interoperating data archives and software tools
which utilize the internet to form an environment in which
astronomical research projects can be conducted (\Wiki)

- a data discovery, access, and integration facility (B. Hanisch)


http://en.wikipedia.org/wiki/Data_archive
http://en.wikipedia.org/wiki/Software_tools
http://en.wikipedia.org/wiki/Internet
http://en.wikipedia.org/wiki/Astronomical

E{} {1
The Virtual Observatory (VO)

It provides a common language (standards, protocols, data models
etc.) for communicating and exchanging data within Astronomy,
and indicate where the data is stored!

Goal: To enable science! Transparent and distributed access to
data available worldwide, allowing scientists to discover, access,
analyze, and combine nature and lab data from heterogeneous
data collections in a user-friendly manner.

An ambitious goal and no pre-existing model to follow...


http://en.wikipedia.org/wiki/User-friendly

VOA LI

Global interoperability means world-wide agreement

Many projects and data centres worldwide are working towards this
goal since 2002.

The IVOA is a standards body created by the VO projects to develop
and agree the vital interoperability standards upon which the VO
Implementations are constructed.

http://www.ivoa.net

17 country members + 2 institutions

International Virtual Observatory Alliance


http://www.ivoa.net
http://en.wikipedia.org/wiki/IVOA

VO: bottom-up approach

BREARE

Science

in ~10 years

Standards



VO: bottom-up approach

BE AR

Standards

Registry, Protocols
and Data Models

Core standards
established

Priorities now on
multi-dimensional data
and time domain
astronomy



VO: bottom-up approach

BE AR

30+ VO-enabled
applications, from 10+
VO projects, many with
hundreds of downloads

Web apps used
frequently

Many users are unaware
that data requests are

being handled by VO
services



BEA RN
VO: bottom-up approach

About 300 refereed
papers, several of them
introducing innovative
ways
Part of Astronomer’s
everyday tool kit
‘VO’ not well cited, but
tools are!

This iIs just the

beginning...
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A&A 525, A29 (2011) Astronomy
DOI: 10.1051/0004-6361/201015223

© ESO 2010 AStI‘OthSICS

Identification of blue high proper motion objects in the Tycho-2
and 2MASS catalogues using Virtual Observatory tools

F. M. Jiménez-Esteban!-23, J. A. Caballero*. and E. Solano'+?

New ultracool subdwarfs identified in large-scale surveys using
Virtual Observatory tools * **

Part I: UKIDSS LAS DRS5 vs SDSS DR7Y

N. Lodieu!?, M. Espinoza Contreras', M. R. Zapatero Osorio®, E. Solano*”, M. Aberasturi*®, and E. L. Martin®

A&A 530, A2 (2011) Astronomy
DOI: 10.1051/0004-6361/201016324
© ESO 2011 Astrop hysics

A search for new hot subdwarf stars by means
of Virtual Observatory tools

R. Oreiro', C. Rodriguez-Lépez>?, E. Solano*, A. Ulla®, R. @stensen’, and M. Garcia-Torres®



The VO concept elsewhere

Space Science

* Virtual Heliophysics Observatory (HELIO)

* Virtual Radiation Belt Observatory (VIRBO)

* Virtual Space Physics Observatory (VSPO)

* Virtual Magnetospheric Observatory (VMO)

* Virtual lonosphere Thermosphere Mesosphere Observatory (VITMO)
* Virtual Solar-Terrestrial Observatory (VSTO)

* Virtual Sun/Earth Observatory (VSEO)

Virtual Solar Observatory




How to learn about VO technology?

- as an astronomer wanting to make the most out of the existing
tools

-+ as a deployer who wants to learn how to publish data in the VO

- as a developer who wants to get involved in the standards and
develop new tools



How to learn about VO technology?

- are you an astronomer wanting to use the VO tools?

- take a look at the Scientific Tutorials at
- http://www.euro-vo.org/?g=science/scientific-tutorials

- check out http://www.ivoa.net/astronomers/applications.html



http://www.euro-vo.org/?q=science/scientific-tutorials
http://www.ivoa.net/astronomers/applications.html

How to learn about VO technology?

Aladin

Iraf

VOSA
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VO Applications for Astronomers

In this section, scientists can find available VO-compatible applications for their immediate use o do science.
The level of maturity of the applications depends on a high degree on the level of maturity of the corresponding
IVOA protocols and standards.. As a consequence of the flexibility of the standards, several of the applications
might overiap in functionality. The IVOA does not manage or guarantee these services/tools.

Applications
(in alphabetical order)
Aladin
ApplLauncher
CASSIS
Cross Comparison Tool
CDS Xmatch Service
Data Discovery Tool
Fiker Profile Service
Ins
Montage
Ociet
SkyView
Specview
SPLAT
TAPHandle
TAPsh
TESELA
Time Series Search Tool
TEPCAT/STILTS

VO

wvert

VODesktop
VOPIot
VOSiat
VOSA
VOSED
VOSaervicas (Footprint,
Spectrum, Filers, ...)
VOSpec
WCSFixer

Functionality

Search for Images:

Aladin, Datascope, SkyView,
VODeskiop, Data Discovery
Tool

Search for Spectra:

Aladin, CASSIS, Datascope,
SPLAT, Specview, VOServices,
VOSpec, Data Discovery Tool
Search for Catalogues:
Aladin, Datascope, TOPCAT,
VODesktop, Data Discovery
Tool

Search for Time Series Data:
Time Series Search Tool

Image visualisation:
Aladin, SkyView

Spectra visualisation:
CASSIS, SPLAT, Specview,
VOSaervices, VOSpec
Catalogues visualisation:
Aladin, TOPCAT, VOPIot
Cross-correlation:

Aladin, STILTs, TOPCAT, CDS
Xmaltch Service, Cross
Comparison Tool

Scatter, 3D plots and
histograms:

TOPCAT, VOPIot
Statistics:

VOSiat

Footprint Service:

Aladin, VOServices

Table format conversion:
TOPCAT, VOConvert, STILTS
Filter curves:

VOSaervices, Filter Profile

VO-compliant Tools &
Services

DS9: Image visualiasation
GOSSIP: SED frting

VirGO: Search for Images and
Spectra

IRAF: Image Reduction &
Analysis

World Wide Telescope

Gaia - Graphical Astronomy and
Image Analysis

SIMBAD

TESELA

VizieR

Browse the Registries
WIRR -« Web Interface to the
Relational Registry

RSS Feed of New & Updated
Services in the VO
ApplLauncher

EURO-VO Registry

NVO Registry

or use VODeskiop

Manuals, Tutorials, How-tos
ADQL & TAP Tutoriad

Aladin User manual

DS9
Topca

CDS“Xmatch service

tascope how o
Data Discovery Tool Tutorial
PDF (video)
Ins How-1o (video)
Montage help
SkyView documentation

Data Discovery Tool

t

Specview axamples
SPLAT documentation

| voi N mrn and more...
e ——————



How to learn about VO technology?

- are you a deployer and wants to learn how to publish data in the
VO?

- there are several toolkits for VO publishing already available,
see Guide to Publishing in the VO

- http://wiki.ivoa.net/twiki/bin/view/IVOA/PublishingiInTheVONew



http://wiki.ivoa.net/twiki/bin/view/IVOA/PublishingInTheVONew

How to learn about VO technology?

- are you a developer and want to get involved in the standards
and develop new tools?

- check out the technical pages from IVOA
- http://www.ivoa.net/documents/index.html

- libs available for Java, C++, Perl, PHP and Python

+ go to a Interop meeting to see how the guys work!


http://www.ivoa.net/documents/index.html




SRAVO

- BRazilian Astrophysical Virtual Observatory

« 2006: BRAVO is born as a collaboration between Divisao de
Astrofisica and Laboratorio de Computacao @ INPE

« 2009: BRAVO becomes IVOA partner and associate with INCT-A

- 2015: team 6 integrants and 5 collaborators http://bravo.iag.usp.br



http://bravo.iag.usp.br

EEASL

Mission

 To stimulate and to encourage the projects of the different local
groups, facilitating the necessary coordination and collaboration for
the development and deployment of the tools, systems, and
organizational structures;

 To organize workshops and schools aiming at the dissemination
of the VO concepts and the qualification of people capable to use
and to work on the development of new VO services and tools;

- To act as a partner of the IVOA and as an intermediate between
the IVOA and the Brazilian groups working with VO.



To organize workshops and schools aiming at
the dissemination of the VO concepts

- i $ites.google.com
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PROGRAMA 3 - 6 de junho de 2014
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e INTRODUCAD A VETORIZACAD. MM E OPENMP WCC
o2 Portoay W Local
PALESTRAS CONVIDADAS

* VISUALIZACAO AVANCADA DE DADOS O principal objetivo do 1| WCCA é a informac8o: apresentar aos astrdnomos, de uma

forma eficiente, os principais métodos computacionais de uso comente em ciéncia, em

o TODICOS £ DESAMOS EM COSMOLOGIA ;r_xv~u YAf.. ._NA. particular em Astronomia e apresentar aos profissionais da computacio quais 0s principais
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= "',‘?’Cf“_‘j’ conhecer suas expertises e necessidades, além de identificar os recursos de hardware

e e disponiveis e aprender como melhor utilizé-los. Finalments, incentivar o contalo entre

080 Serar MK astrdnomos e profissionais da érea de computaciio, tanto clentistas da computagio quanio

engenheiros, se torma cada vez mais necessdrio no panorama da ciéncia modemna; cada vez
* BANCOS DE DADOS EM ASTRONOMIA mais o software se torna a principal linguagem utilizada para descrigio e estudo da natureza.

o RESTAUSACAD DE IMAGENS SO0 DAIXA CONTAGEM Ce

® INTROODUCADO A GRID 7 QLOUD COMPUTING

e CASERVATORIO VIRTUAL UMA VISAO GERAL
® PYTHON PARA ASTRONOMOS
' Alex Cavaliér Carciofi (IAG e BRAVO) - Co-chair
Alberto Krone-Marting (Universidade de Lisboa) - Co-chalr
Claudia Bauzer Medeiros (IC/UNICAMP)
hitp /sites googie com/Se/iwCcasts ACMITE CRGANZADOR Lucdmara Pires Marting (NAT/UCS) - Chalr
% AT Paula Rodrigues Teixsira Coelho (IAG e BRAVO) - Co-chair
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To organize workshops and schools aiming at
the dissemination of the VO concepts

O BRAVO, a Microsoft Research e a AMD te
desafiam a desenvolver um sistema para \ 9 QUEM? \
disponibilizar imagens do telescopio SOAR / Podem participar graduandos, mestrandos N\
no Wide World Telescope, por meio de / e doutorandos da area de exatas. / .
protocolos do Observatorio Virtual. (. Pos-doutorandos se estiverem com muita
7~ T \>._ vontade. Preferencialmente em pares!

QUANDQO?

As inscrigoes estarao abertas de
11 de junho até 12 de agosto e os
\ trabalhos devem ser entregues até
\ 17 de agosto de 2012. A premiagao sera
"\ feita em Outubro durante o encontro /
, IVOA Interop e os estagios da equipe | 7 @
o/ A vencedora serdo realizados < | MAIS INFORMACOES

em 2013.
/

y : ¢ . \_ Wwww.astro.iag.usp.br/ /
PREMIO? ‘ \. ~bravo/desafio/
| Um més de estagio na Microsoft Research
(Redmond, Estados Unidos) e/ou um més
no Instituto CALTECH (Califérnia, Estados
Unidos), além de dois notebooks.

APOIOS




To act as a partner of the IVOA and as an intermediate between
the IVOA and the Brazilian groups working with VO

XXXVII

- Reuniao Anual da

- ‘Sociedade Astronomlca -
A BraS|Ie|ra |




To stimulate and to encourage the projects, facilitating the
development and deployment of the tools, systems, and

organizational structures

O uso de GPUs (Graphical
Processing Units) tem

aberto novas
possibilidades para
computagao astronémica,
provendo paralelizacao
em grande escala.

"'Y/(”.’\/\\"YY
Y Y r e T Y Ny

GINA (GPUs para o
Instituto Nacional de
Ciéncia e Tecnlogia de
Astrofisica) € um cluster
experimental, com o
objetivo de ser um
ambiente de
desenvolvimento e testes
de aplicativos que fazem
uso de GPUs na area de
Astronomia.

EREAR

[BIRIATZLI[LLITAIN] OlBISTEIRIVIAITIOIRY]

O computador GINA
possui atualmente 2 nés,
cada um com:
- 2 GPUs NVIDIA Tesla
C2050 (448 nucleos cada)
- 2 CPUs Intel Xeon
X5650 (6 nucleos cada)

Esta aberto para o uso de - 48 GB de RAM

toda a comunidadade

astrondémica brasileira Os softwares ja

disponiveis incluem:
-CUDAC

- CUDA Fortran

- IDL (com GPULIb)

* R (com R+GPU)

- Python (com PyCUDA)

- MPI, OpenMP, TORQUE

Veja mais em:

GPUs para o INCT-A

We negotiated community access to
the IAG/NAT,S AlphacrUCiS C|USter! http://www.astro.iag.usp.br/~gina
together with the emergent groups




To stimulate and to encourage the projects, facilitating the

development and deployment of the tools, systems, and
organizational structures

Quanto tempo de sua
pesquisa precisa ser de-
dicado para tarefas de
Tecnologia da Informa-
cao para as quais, como
astrbnomo, vocé nao
possui conhecimento

Ou vocacao?

Caso vocé tenha res-
pondido "muito", e caso
seu projeto faca uso de
Observatério Virtual, o
BRAVO pode ajuda-lo
por meio de um novo
mecanismo chamado:

CASO DE USUARIO

Um Caso de Usuério €
um projeto simples, curto
e facilmente testavel,
voltado a implementagéao
ou uso de servicos de
Observatério Virtual.

Alias, mesmo que vocé
tenha uma idéia para um
projeto de Observatorio
Virtual nas condi¢des
acima, mas nao possua
0 know-how para elabo-
rar um Caso de Usuario
completo, o BRAVO po-
dera auxilia-lo.

Veja mais em:

http://www.astro.iag.usp.br/~bravo/cdu

A Database for the SOUTH POL survey
Photometric Redshifts Portal

Grid of Synthetic Spectra (3x)

A-Plus (S-Plus + J-Plus),
~50TB/year




EEASL

BRAVO nowadays

- Setting up a small team for deployment of VO services
* in our recently acquired server @ LAi

- Synergy with J-PAS and A-Plus surveys

- 3 telescopes, 2 surveys, 17000 square degrees. A consortium of
Spanish and Brazilian institutions. The team of scientists and
engineers includes more than 100 people from Brazil, Spain, the
U.S.A. and other countries.

 Archiving and publishing of T80S data (S-Plus), and negotiating
mirror of TBON data (J-Plus)

« Strong support from VO communities abroad.



We are an alliance of people in Brazil who believes in
worldwide, interoperable and distributed access to
astronomical data and software.

Obrigadal

bravo@iag.usp.br
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