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Data Avalanche

• Huge surveys:100 million sources at < 3000 sources per night ⇒ > 
100 years to identify them

• Huge data collections: download and data analysis on desktop 
problematic/impossible. 

• Example: downloading Sloan Digital Sky Survey (SDSS) DR6 
data:
 images (10 Terabytes) ⇒ ~ 3 months at 10 Mbps 
 catalogues (2 Terabytes) ⇒ ~ 3 weeks 
 on DVDs ⇒ ~ 2,100 of them 

• And data analysis?? (similar size for MACHO, 2MASS et

P.Padovani  - VO School 2009



  

Data Avalanche



  

LSST (8.4m)

200 CCD  4kx4k, 
32 channels (6400)
3.2 Gpix every 20 sec 
64cm diameter
3.5 deg FOV
30 TB/night
2 TFLOPS
detection of changes 
within 60sec 



  

Data Avalanche

Moore law for chips –doubling 1.5 year Moore law for chips –doubling 1.5 year (1000/10 yr)(1000/10 yr)

Data in astronomy – doubling < 1 yr !Data in astronomy – doubling < 1 yr !



History of   VO

idea VO end 2000idea VO end 2000

Federation of  archives (MAST)Federation of  archives (MAST)

unified IF, data format for transportunified IF, data format for transport

much data – distributed processingmuch data – distributed processing

GRID -  started in HEPGRID -  started in HEP

Multispectral research :  radio---gamaMultispectral research :  radio---gama

Output of simulations  in NCSAOutput of simulations  in NCSA

Data for SDSS – key research Data for SDSS – key research 



  

VO Paradigma

● METADATA (name of column), ontologies (name)METADATA (name of column), ontologies (name)
● Unique format (VOTable – e.g Vizier)Unique format (VOTable – e.g Vizier)
● Transparent  search, download, conversionTransparent  search, download, conversion
● Query for data – processing done on serversQuery for data – processing done on servers
● Federation of astronomical archives (protocols)Federation of astronomical archives (protocols)
● Unified presentation – automatic units conversion Unified presentation – automatic units conversion 

(A,MeV,MHz->nm), Wm^-2s^-1 → Jy)(A,MeV,MHz->nm), Wm^-2s^-1 → Jy)
● Background computing on GRIDSBackground computing on GRIDS
● Multiwavelength approach (SED)Multiwavelength approach (SED)



Architecture of   VO



Technology of  VO

Unified data format– VOTable, UCDUnified data format– VOTable, UCD

Transparent transport  (SOAP , REST)Transparent transport  (SOAP , REST)

Web services  (WS)Web services  (WS)

VOregistry  (like DNS)VOregistry  (like DNS)

VOSpace (network home disc)VOSpace (network home disc)

protocols (CGI services)protocols (CGI services)

ConeSearch (searching in circle on sky)

SIAP (Simple Image Access Protocol)

SSAP(Simple Spectral Access Protocol)

SLAP(Simple Line Access Protocol)

TAP (Table Access Protocol)



Technology of  VO 

ADQLADQL

XMATCH, REGIONXMATCH, REGION

VOSpace – cache(WS, database,http put  get)  VOSpace – cache(WS, database,http put  get)  

Application interop – PLASTIC, SAMPApplication interop – PLASTIC, SAMP



Workflows - Astrogrid



  



  

Simple Spectra Access Protocol
Spectral Data Model



  

SSAP Parameters



  

IVOA



  

 VO-enabled tools

AladinAladin

VOPlotVOPlot

TOPCATTOPCAT

VOSpecVOSpec

SpecViewSpecView

SPLATSPLAT

ViSiVioViSiVio

VOSEDVOSED

Sextractor – WESIX (Web Enabled Source Identification with Sextractor – WESIX (Web Enabled Source Identification with 
Cross Matching)Cross Matching)

PLASTIC HUB, Treeview + Period04 (since 18.9.08)PLASTIC HUB, Treeview + Period04 (since 18.9.08)



  

SPLAT-VO (Starlink, JAC)



  

SpecView (STScI)



  

VOspec (ESAC)



  

Colour-magnitude diagramColour-magnitude diagram



VO Tools 
together in action



CIELO VO – line catalogue
SLAP

(IVOA Line Data Model: Dubernet, Osuna et al., in preparation)
(Simple Line Access Protocol: Salgado et al., in preparation)

Energy (keV)

XMM-Newton spectrum of NGC1068

ISO spectrum of P Cygni

Molecular line databases



  

VO for Atomic and Molecular Data

VAMDC  (06/2009-12/2012 FP7)VAMDC  (06/2009-12/2012 FP7)

13 organizations 13 organizations 

Virtual Atomic and Molecular Data Centre Virtual Atomic and Molecular Data Centre 

VO principles (web services, integration, registry, SAMP, VO principles (web services, integration, registry, SAMP, 
VODesktop, TOPCAT, VOSpec)VODesktop, TOPCAT, VOSpec)

(includes VALD extractor, NIST)(includes VALD extractor, NIST)

extended citation system (all providers acknowledged)extended citation system (all providers acknowledged)



  

Theory VO (TVO)

Methods of VO (parameters in DB, SQL...) for Methods of VO (parameters in DB, SQL...) for 
study of results of simulations , catalogues of  study of results of simulations , catalogues of  
simulated  objects like SDSS...(PCA)simulated  objects like SDSS...(PCA)

Browsing of simulation space  along different Browsing of simulation space  along different 
axes – parameters, regions...axes – parameters, regions...

Evolutionary tracks, Photo Dissociation RegionsEvolutionary tracks, Photo Dissociation Regions

Formation of  artificial  galaxies, clusters – N Formation of  artificial  galaxies, clusters – N 
body models (MR - 10 billions, 25TB)body models (MR - 10 billions, 25TB)

Theoretical SpectraTheoretical Spectra



  

10^10 particles10^10 particles

Several Gpc to Several Gpc to 

10 kpc10 kpc

Cube 2 billion lyCube 2 billion ly

One month MPSSCOne month MPSSC

25 TB25 TB

Evolution of 20 mil Evolution of 20 mil 
galaxiesgalaxies

Evolution merger treeEvolution merger tree

Millenium RunMillenium Run  



  

Examples of VO Science

● Discovery of obscured QSO (Padovani)Discovery of obscured QSO (Padovani)
● Brown dwarfs (about 20 candidates)Brown dwarfs (about 20 candidates)
● Brightest (WD?) (Caballero et al.) Albus-1Brightest (WD?) (Caballero et al.) Albus-1
● Widest CPM binaries Widest CPM binaries 
● AGB to  PN (100 new to  200 known using VO)AGB to  PN (100 new to  200 known using VO)
● SED (Spectrum Energy Distribution) SED (Spectrum Energy Distribution) 
● Bolometric magnitudeBolometric magnitude
● VOEvent – robotic telescopes (GRB, transits,)VOEvent – robotic telescopes (GRB, transits,)
● Outreach , Education (MS WWT, GoogleSky)Outreach , Education (MS WWT, GoogleSky)



  

BDs discovered using VO

IAU GA, Prague, Aug 2006

 Filtering criteria: z & J-only 
detections with z- J > 2.75

 SDSS: 15M obj.

 2MASS: 160M obj.

 300000 objects in common.

  However, systematic searches using a VO methodology have not However, systematic searches using a VO methodology have not 
been performed so far. been performed so far. 



Archives, Theory, VOScience, DataMining, E&O



• Easy access to multiλ info.

• Easy access to models (S3).

Archives, Theory, VOScience, DataMining, E&O



• Discovery of exotic objects. Access to large databases 

• 2MASS, SDSS, UKIDSS, IPHAS,…

Archives, Theory, VOScience, DataMining, E&O



Archives, Theory, VOScience, DataMining, E&O



  

 VO-enabled tools



  

Atomic data



Objections to VO

Data quality –  garbage in - garbage outData quality –  garbage in - garbage out

How and whom to give credit ? (button)How and whom to give credit ? (button)

embedded ivo:// data  in ApJembedded ivo:// data  in ApJ

VO for dissemination only VO for dissemination only 

technology for OPTICON, nextgen

Virtual science –  VO technology

VO only for public data ! Proprietary ?VO only for public data ! Proprietary ?

            (data jealousy)(data jealousy)

local archive  - available data marked 



Other VOs

Virtual Solar ObservatoryVirtual Solar Observatory

Virtual Solar-Terrestrial ObservatoryVirtual Solar-Terrestrial Observatory

Virtual Magnetospheric ObservatoryVirtual Magnetospheric Observatory

Virtual Space Physics ObservatoryVirtual Space Physics Observatory

Virtual Meteor ObservatoryVirtual Meteor Observatory

Interest of  climatology, meteorologyInterest of  climatology, meteorology

New branch of Science  = New branch of Science  = e-Sciencee-Science



Democratization of Science 

● Digital Divide (data access free, journals ?)Digital Divide (data access free, journals ?)
● International Council for Science (ICS UNO) International Council for Science (ICS UNO) 

CODATA CODATA (Committee on Data for Science and Technology)(Committee on Data for Science and Technology)

● OECD, UNESCOOECD, UNESCO
● CASPAR CASPAR 

  Cultural, Artistic and Scientific knowledge for Preservation, Access and Retrieval Cultural, Artistic and Scientific knowledge for Preservation, Access and Retrieval 

Digital curation centers 

ADS and VO  (links to ivo://, metadata, ontologies – understanding, semantic web)ADS and VO  (links to ivo://, metadata, ontologies – understanding, semantic web)

Archive importance: 5x IUE , 3x HST results from archives than PI articlesArchive importance: 5x IUE , 3x HST results from archives than PI articles

Effectivity – 50% of published data appears in Journals, links to data automatic ?Effectivity – 50% of published data appears in Journals, links to data automatic ?



The Astronomer's Data Manifesto
at 26 IAU GA Prague SPS3

(a) (a) All significantAll significant tables, images, and spectra published in journals  tables, images, and spectra published in journals 
should appear inastronomical should appear inastronomical data centresdata centres..

(b) All (b) All datadata obtained with obtained with publicly-funded  publicly-funded observatories should, after observatories should, after 
appropriate pro-prietary periods, be placed in the appropriate pro-prietary periods, be placed in the public domain.public domain.

(c) In any new major astronomical construction project, the (c) In any new major astronomical construction project, the datadata  
processing, storage,migration, and processing, storage,migration, and managementmanagement requirements should  requirements should 
be built in be built in at an early stage of the projectat an early stage of the project plan, and costed along with  plan, and costed along with 
other parts of the project.other parts of the project.

(d) Astronomers in (d) Astronomers in all countriesall countries should have the  should have the same access tosame access to  
astronomical astronomical datadata and information. and information.

(e) Legacy astronomical data can be valuable, and high-priority (e) Legacy astronomical data can be valuable, and high-priority legacy legacy 
data should be preserveddata should be preserved and stored in digital form in the data  and stored in digital form in the data 
centres.centres.

(f) The (f) The IAU should IAU should work with other international organisations to achieve work with other international organisations to achieve 
our common goals and our common goals and learn from learn from our colleagues in our colleagues in other fieldsother fields. ”. ”



  

CZVO

VO-KOREL (web services)VO-KOREL (web services)

parallel run of many jobs – more users

web service  using VO Universal Worker Server

job control, queuing, jobs results polling

will be integrated in VODesktop  

1D spectra cutout server (HEROS)1D spectra cutout server (HEROS)

SSA access to 1D spectra + cutout of regions (lines)

need normalization, rebinning , convolution 
(resolution) on server  

other 1D FITS spectra easy (Rozhen ?)

Data mining – chaos, NNData mining – chaos, NN

 



  

Measured Pulsations

Rho Pup – Aerts Eps Cep  - Aerts



  

Changes of Line Profiles in Time

HD6226 : Slechta and Skoda 2004

Blind comparison of different exposures

Emission/absorption, shell phases

Time evolution of object – mass transfer,
V/R variations

Borges et al. 2008



  

 Spectra postprocessing

● cutout service (ranges in SSAP )cutout service (ranges in SSAP )
● Rebinning (change od dlambda in echelle)Rebinning (change od dlambda in echelle)
● Instrument profile (de)convolutionInstrument profile (de)convolution
● Broadening functions (rotation, limb dark)Broadening functions (rotation, limb dark)
● RV shift RV shift 

● on client side (memory, size) 
● on server side (Pleinpot WWW pipeline)



  

Killer spectral applications 

Use VO to find all stars with emission in given Use VO to find all stars with emission in given 
line (EW<0) – find the time when it was in em.line (EW<0) – find the time when it was in em.

Use VO to get 1000 spectra of the given object Use VO to get 1000 spectra of the given object 
cut out regions arround given lines, plot the cut out regions arround given lines, plot the 
lines, make a gray dynamic spectrum folded in lines, make a gray dynamic spectrum folded in 
timetime

The same – search period, fold by periodThe same – search period, fold by period

Get the unknown line ID of piece of spectra from Get the unknown line ID of piece of spectra from 
SLAP overploted over SSA dataSLAP overploted over SSA data

Create Light and RV curve for given period Create Light and RV curve for given period 

Fit the grid of models (Teff, log g) to the observed Fit the grid of models (Teff, log g) to the observed 
spectrum – for many starsspectrum – for many stars
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