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Outline of the Talk

 Data Avalanche in astronomy
 Virtual Observatory

e Astroinformatics

* Visualizations

* Transfer of technology

» Citizen Science

e Astroinformatics in CR



Data Avalanche




Data Avalanche

Moore law for chips —doubling 1.5 year
Data in astronomy — doubling < 1 yr ! (1000110 yr)
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CD Sea

600 000 CD =372 TB (CD 650MB) Bruqe Monro
600 000 DVD = 2.5 PB (DVD=4.5GB) Kilmington UK



A huge SN remnant: Sh2-
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Dark Energy Survey Camera

Dark Energy Camera (DECam)




'_'o ‘-'Gaia satellite

Iaunched by ESA in december 2()13
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106 CCDs

GAIA CCDs 938 Mpix
2800cm?

104.26¢m

Image motion
ﬁ

-
g
Q

N

o

tl

o

Radial Velocity
Spectrometer CCDs

S(IDD 1919 w00y ang
SADD 1919W00YJ P

Basic
Angle
Monitor

Basic
Angle
Monitor

Sky Mapper Astrometric Field CCDs
CCDs




Large Synoptic Survey Telescope

= Cerro Pachon &
ridge - view.frém

northwest 2289

201 CCD 4kx4k,

3.2 Gpix every 20 sec
3.5 deg FOV (64cm)

20 TB/day=6 PB/yr RAW
1.5 PB catalogue !!!
detection of changes 60s!

38 billion objects x 1000
meas. -5 PB table




Project EUCLID

|
EucLID

The Euclid mission main goal CONSORTIUM

Free Hydrogen
and Helium

Dark Matter Neutrmos

Dark Energy.
6656

» What is the Nature of the Dark Matter and Energy?

Dubath 2016



EUCLID principles

DEFLECTION OF LIGHT RAYS CROSSING THE UNIVERSE, EMITTED BY DISTANT GALAXIES

Weak lensing illustration

Masses bend light paths !

SIMIN ATION: COURTESY NIC GROUP. 5 COLOMBI. IAP.

Dubath 2016



Euclid Data Archive

NASA, ESA, R. Massey (California Institute of Technology).

Storage (PB) 15
Computing 2.5 8.5 12 16 20 21

(kilo cores / year)

Numbers from Christophe Dabin @ tk1




Atacama Large Milimeter Array
ALMA

64 antennas 12m

Chajnator 5000m
Chile
2008-2013

it is spectrograph =
as well as ...

0.5-2 PB/yr RAW




LOFAR network

Raw Telescope 112 PB/yr 60 EB/yr

Archive Rate 6 PB/yr 100 PB/yr
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SKA

B # UNIVERSITY OF
9P CAMBRIDGE

also a Continental sized
Radio Telescope

Need a radio-quiet site
Very low population density
Large amount of space
Possible sites (decision 2012)
« Western Australia
« Karoo Desert RSA










Square Kilometer Array

SKA1 MID - the SKAs mid-frequency instrument

The Square Kilometre Array (SKA) will be the world's largest radio telescope, revolutionising
our understanding of the Universe. The SKA will be built in two phases - SKA1 and SKA2 -
starting in 2018, with SKA1 representing a fraction of the full SKA. SKA1 will include two
instruments - SKA1 MID and SKA1 LOW - observing the Universe at different frequencies.

Frequency range: Q@@

e 7 | 339 Mz - | 200 dishes

b b L (including B4 MasrKAT dishes)

area:

Total @ S
collecting

Maximum distance
between dishes:

150km

Total raw data output:

2 terabytes

per second

62 exabytes

per year

L% A%
© e
340,000

average laptops with
content every day

N

Compared to the JVLA, the current best
similar instrument in the world:

5x 60x

the more the survey

?? resolution sensitive speed

SKA

SKA1 LOW - the SKA's low-frequency instrument

The Square Kilometre Array (SKA) will be the world's largest radio telescope, revolutionising
our understanding of the Universe. The SKA will be built in two phases - SKA1 and SKA2 -
starting in 2018, with SKA1 representing a fraction of the full SKA. SKA1 will include two
instruments - SKA1 MID and SKA1 LOW - observing the Universe at different frequencies.

Frequency range: ; | E A

50 MHz .. | ~130,000
. 350 MHZ antennas spread between

Location: Australia W 500 stations

Total
collecting
area:

N
a
G

Maximum distance
between stations:

65km

Total raw data output:

157 terabytes

per second

4.9 zettabytes

per year

L

Enough to fill up the estimated
l§ 35,000 DVDs 2% i:o

B every second (source: Cisco)

Compared to LOFAR Netherlands, the current
best similar instrument in the world

25% 8x 135x
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SKA Data Challenge

Digital Signal
Processing (DSP)

Antennas

l“ﬂ“d& A\

LB

Transfer antennas to DSP
2020: 20,000 PBytes/day
2028: 200,000 PBytes/day

Over 10’s to 1000’s kms

HPC Processing
2020: 300 PFlop
2028: 30 EFlop

To Process is HPC
2020: 100 PBytes/day
2028: 10,000 PBytes/day

Over 10’s to 1000’s kms

High Performance
Computing Facility (HPC)




SKA Processing Challenge

Jodrell Ban
Observatory

t:lll\

« SKAT-LOW : 41.5 PFlops
« SKAT-MID : 72.1 PFlops

Low MID Band 1 | MID Band | MID Band 5 Assuming an efficiency
(50-350M | (350-1050 |2 (4610 9.6 :
Hz) MHz) (950-3050 | GHz) of 25% this means

MHz)

DD CAL (not in 18.3 17.4 17.4 17.4 SDP requires

Python) — — — =3 200 - 300 PFlops

DPrep A+B 4.8 10.8 9.2 6.8

DPrep C 12.0 30.4 23.0 17.4
Dy oo oo 3.0 25

Load Total (PFLOPS) PFLOPS PFLOPS PFLOPS PFLOPS

= e 4.9 SDP is:

parant er. with f . 3 6.9

PUE and power factor

: SKA1-LOW : 4 MW
Estimate (M€)* | | SKA1-MID : 10 MW

SKA1-LOW : 5.8 MW
SKA1-MID : 9.9 MW

AU Astroinformatics 2016, Sorrento



SKA Archive Volumes

~0.5 - 10 PB/day of image data

Source count ~10° sources per square degree
~10'% sources in the accessible SKA sky, 104
numbers/record

~1 PB for the catalogued data

O emsa




Cherenkov Telescopes - Current

Currently Operating VHE Instruments

3 s MAGIC: located in La Palma, Spain
TR | Since 2004: single 17m telescope
{ Since 2009: system of two 17m telescopes

" P =i o
S aet: | ‘ﬁ/‘:’c“} KA

.ﬂ

VERITAS: located in Mt Hopkins, Arizona
‘=am Since 2007: four 12m telescopes
: Since 2012: upgraded PMTs

mlS e

H.E.5.5.7 located in Khomas Higlands, Namibia
e ;_;. Since 2002: four 12m telescopes

Mathieu Servillat 10 May 2016



Cherenkov Telescope Array

of 100 (South) et 20 (North) telescopes
c a July 2015: , Chile (ESO) and La Palma

cherenkov telescope array 2016: phase
2018-2013: phase
Observatory to the community




Gravity Wave First Detection

Hanford, Washlngton H1) Livingston, Louisiana (L1)

1 | I BH

MWWN\MJM merger

| BH
. ringdown
f\ | I BH

H == L1 observed
— Hl observed H1 observed (shifted, inverted)
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| J BH
H — Numerical relativity % ~ H — Numerical relativity -
Reconstructed (wavelet) Reconstructed (wavelet)

Reconstructed template:l Reconstructed (template) rl ngdown
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GW150914 BH Merger

BH 30+35 Msun = rotating BH 62 Msun, 3 Msun released in GW , 200ms chirp



Gravitation Wave Detection Network

Expanded IFO network 2020+




10 kpc

Cube 2 billion ly
One month MPSSC
' 25TB




Simulations of the Universe

History of large cosmological
N-body simulations (dm only)

Benchmark simulations are excluded
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Simulation of the Universe

World’s fifth fastest supercomputer

K computer

« SPARC64™VIlIfx, 2.0GHz octcore (128Gflops / CPU)
. Total 82944 nodes (663552 CPU core), 10.6 Pflops peak spped
« 16 GB memory /core, Total 1.3PB memory

. 6D torus network

5 TOP500UR FTHH5FRNO.] %75

© RIKEN
S S S S R S P ——



Simulation of Universe

VZGC-L Slmulatlon SR
81923-549 755,813,888 partlc[es 5

Ishlyama et al., PASJ 2015

http: //hpc. rmrt cf;uba u ;p/~nngc B

B N = 81923=
§549,755,813,888

B L=1.12Gpc/h
Bm=2.2x108 Msun/h

B planck Cosmology

11x larger volume,

|4x better mass res,

compared to
Millennium Run

# (Springel+ 2005)

N=2160°

1 L=0.5Gpc/h
| m=8.6x108Msun/h

WMAP1 (0s=0.9)

| ~ 100 hours on

131,072 CPU cores
of K computer

Data size: ~1PB



Problem of 1PB Data Transfer

Data transfer

« |[f 100 Mb/s network is available
« ~10TB/ day
e ~100 days/ 1PB
« Typically, effective speed is less than 10Mb/s
« <1TB/day
« >3 years/1PB
« Delivery by car
- 3days /1PB
* From Kobe to Chiba
(from Kyoto to Tokyo + 100km , ~600km journey)




A paradigm shift
Federated
all-sky surveys
Large —
surveys
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Data complexity (Bytes)

Data analysis at storage place

D'Abrusco 2010 Move processing = not data !



A growing parameter space

Flux

Morphology

Wavelength

5 , Polarization
roper

motion

Redshift

Most discoveries were made in small regions
of subspaces or along some of these axes

D'Abrusco 2010




Virtual Observatory : Key Definitions

» “The Virtual Observatory will be a system that allows
astronomers to interrogate multiple data centers in a
seamless and transparent way, which provides new
powerful analysis and visualization tools within that
system, and which gives data centers a standard
llfzame(jw?r,lf for publishing and delivering services using

elr data’.

o Standardization of data and metadata, and of data
exchange methods.

* Registry, listing available services and what can be
done with them.

R.J.Hanisch, P.J.Quinn, in “IVOA — Guidelines for participation”






Ontologies in Astronomy

/" — \

Light

curve Mass
Transmnt Ilmlt __

i Star
: Chand ©
Permdlc rasekh
cv __ hasProgenitor Whlte wisieisaaa ey .2

—— ﬂ_ I \ - dwarf LessThan

Aperindic ) A

} Massive
§ . hasProgenitor
€S51000510:114 k. ”

S0 -

- 521-042606 P L e EERE s
40 Eridani !
cant Eta Carinae

SKOS, RDF standards, search with understanding (not return QSO as binary star)

From Graham, M. Al2010



Ontologies

Ontologies

Steve Hughes
Dan Crichton

PDS -> Earth Science (NASA) Astronomical O'Bjects




Technology of VO
Unified data format— VOTable, UCD (Vizier)
Transparent transport (unit conversion)

Web services (WS) ecommerce, B28, J2EE, Net
VOregistry (DNS like) Google for data+WS

protocols

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)

VOEVENT (transients, robotic telescopes,Sun)
more — datacubes, on-the-fly data generation....



Technology of VO

ADQL (Astronomical Data Query Language)
XMATCH, REGION (2 catalogues - shifted)
Application interoperabilty — (PLASTIC),

Allows develop applications as bricks
sending VOTABLES (catalogue-spectra-images)

Commercial interest (GoogleSky, MS WWT)



Ecosystem of VO - level O
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Ecosystem of VO - level 1

USERS

9 REC |
LEVEL 1 m® COMPUTERS

empty -E;?@ &, T InProgress

USER LAYER
Browser Based Script Based

Desktop Apps

Languages

VO

Semantics CORE

Formats

 O-F00O0-H0AT

SHARING

Data and Metadata Collection
RESOURCE LAYER

'{'—t ’."_ -.:-"_-.- ._-;.-'-I'
% 1} t- o Poa, seaid, e .
20101004 St
IVOA Architecture ﬁ PROVIDERS Q T TRl

Storage Computation




Ecosystem of VO - level 2

REC
LEVEL 2 o F —J COMPUTERS

InProgress

USER LAYER ]
Browser Based Script Based

Apps Desktop Apps Apps

Re ist Intarfaca
[ Regitry (67| Uypes

RESGUFCE Metadata :
Languages Units

‘ VOResource ‘

SpectrumDM
uco \VO | CharDM Rata !
Semantics Dbsf-‘-oreDM :

VODataService

J“;PP"GE"':’“REQEH ‘Uncabularles ObsProvDM  ssLDM SLAP

StandardReqgExt FhotDM
I
SlmpleDALRegExt Formats SimDM | SimDAL

Resource Identifier VOTable

VOEvent | SEAP

R
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G

|

s | | CORE e
T
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Y

WrrO00+40aA T

' [Vospace | Voripe SHARING

Data and Metadata Collection
RESOURCE LAYER

20101004 . .
IVOA Architecture 2 ﬁ PROVIDERS

Storage Computation




FITS standard

>30 years, separation of metadata (human readable and data )

SIMPLE = T / file does conform to FITS standard
BITPIX = 16 / number of bits per data pixel

NAXIS 2 / number of data axes

NAXIS1 2048 / length of data axis 1

NAXIS2 2048 / length of data axis 2

EXTEND T / FITS dataset may contain extensions

COMMENT FITS (Flexible Image Transport System) format is defined in 'Astronomy
COMMENT and Astrophysics', volume 376, page 359; bibcode: 2001A&A...376..359H
BZERO 32768
BSCALE 1
ORIGIN "PESO '

OBSERVAT= 'ONDREJOV'

LATITUDE= 49.91056
LONGITUD= 14.78361
HEIGHT = 528
TELESCOP= 'ZEISS-2m'

GAIN 2
READNOIS 10
TELSYST 'COUDE

INSTRUME= 'OES '

CAMERA "VERSARRAY 2048B'
DETECTOR= 'EEV 2048x2048°
CHIPID = 'EEV 42-40-1-368'

.

REAL=TAPE*BSCALE+BZERD

AsU AV CR Ondrejov

Name of observatory (IRAF style)

Telescope latitude (degrees), +49:54:38.0
Telescope longitud (degrees), +14:47:01.0
Height above sea level [m].

2m Ondrejov observatory telescope
Electrons per ADU

Readout noise in electrons per pix
Telescope setup - COUDE or CASSegrain
Coude echelle spectrograph

Camera head name

Name of the detector

Name of CCD chip

. . . . . . . Y . . . .

B T T T e T

.




VOTable

<TABLE name="SpectroLog">
<FIELD name="Target" ucd="meta.id" datatype="char" arraysize="30*"/>
<FIELD name="Instr" ucd="instr.setup" datatype="char" arraysize="5*"/>
<FIELD name="Dur" ucd="time.expo" datatype="int" width="5" unit="s"/>
<FIELD name="Spectrum" ucd="meta.ref.url" datatype="float" arraysize="*"
unit="mMW/m2/nm" type="location">
<DESCRIPTION>Spectrum absolutely calibrated</DESCRIPTION>
<LINK type="location"
href="http://ivoa.spectr/server?obsno="/>
</FIELD>
<DATA><TABLEDATA>
<TR><TD>NGC6543</TD><TD>SWS06</TD><TD>2028</TD><TD>01301903</
TD></TR>
<TR><TD>NGC6543</TD><TD>SWS07</TD><TD>2544</TD><TD>01302004</
TD></TR>
</TABLEDATA></DATA>
</TABLE>

Serialization (metadata first, end of data unknown, tree structure)



VOTable Serialization

ization

TABLEDATA

dynamic

M name="TELESCOP" datatype="char"
FO name="HISTORY" >
v first Virtual Te 0 servation made 1n 2002

ding="gzip" href="ftp://archive.cacr.caltech.edu/myfile.fi

t.




Universal Content Descriptors

S | | Infrared part of the spectrum

S| | Infrared between 1.0 and 1.5 micron
S| em. IR H | Infrared between 1.5 and 2 micron
S| em.IRK | Infrared between 2 and 3 micron

S | em.IR.3-4um | Infrared between 3 and 4 micron

S | em.IR.4-8um | Infrared between 4 and 8 micron

S | em.IR.8-15um | Infrared between 8 and 15 micron

S | em.IR.15-30um | Infrared between 15 and 30 micron
S | em.IR.30-60um | Infrared between 30 and 60 micron
S | em.IR.60-100um | Infrared between 60 and 100 micron

S | pos.eq | Equatorial coordinates

Q | pos.eq.dec | Declination in equatorial coordinates

Q | pos.eq.ha | Hour-angle

Q | pos.eq.ra | Right ascension in equatorial coordinates

Q | pos.eq.spd | South polar distance in equatorial coordinates
S | pos.errorEllipse | Positional error ellipse

Q | pos.frame | Reference frame used for positions (FK5, ICRS,..)
S | pos.galactic | Galactic coordinates

Q | pos.galactic.lat | Latitude in galactic coordinates

Q | pos.galactic.lon | Longitude in galactic coordinates

P | stat.stdev | Standard deviation

S | stat.uncalib | Qualifier of a generic incalibrated quantity

Q | stat.value | Miscellaneous statistical value

P | stat.variance | Variance

P | stat.weight | Statistical weight

Q | time | Time, generic quantity in units of time or date

Q | time.age | Age

Q | time.creation | Creation time/date (of dataset, file, catalogue,...)

Q | time.crossing | Crossing time

Q | time.duration | Interval of time describing the duration of a generic event or
phenomenon

Q | time.end End time/date of a generic event




Characterization

Curation — long time preservation issues (digital libraries)
Provenance (how was processed, links to other products)

Characterization level 1 (spatial, spectral, temporal,
polarization, location, coverage, porosity — SUB-CUBE)

Characterization level 2 (distorsion in images, spectra with
nonlinear resolution .....)



Space-Time-Coordinate Data Model

TimeCoord

Mama - Coprdhames

Coomdbmer : Value oot Resiution Coond Size © Yalus mPixsize  Vale
dauble e double yaue : double
&IFing it siring T ! it : sTing

M Dond Wil e : AsTon TIme)

AstronTime

TimeCoord +| SpatialCoord

| b——

SpoctralCoord s _

lapsedTime - Valus

value - doutle

Tirmesscsib . Timas

Generic Coordinate base class

e bsoluteTime|
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CoordValue CoordErroe CoordResclution CoordSize ICoprdPin5ioe

150Time JOTime MUIDTime




Cherenkov Telescope Array Data Model

Provenance

Mathieu Servillat 10 May 2016




source

AstroQbject |

==modelelement==
==modelelement > SkyCoordinateFrame
Rt -name . string [1]
-longitude : RealQuartity [1] -documentURI . anyURI [1]
latitude ;| RealGuantity [1] -eqjuino: ; string [0..1]
-sy'stem - string [0..1]

==skosconcept==-label ; string [0 .1]|

s=<Enumeration==
SourceClassification

Source

-name . string [1]
-description - string [0..1] star

-posttion : SkyCoordinate [1] galay
-positionError : SkyError [0..1] AGN SkyFError

-classification : SourceClassification [1] planst
unknown

==datalype==

==dataTypes= ==datalype==
CircleError AlignedEllipse

-tadius : real [1] -longError | real [1]
0.* -luminosity “En_umer_at":'n“ — -latError : real [1]
LuminosityType

LuminosityMeasurement )
magnitLice
-walue ;. RealQuantity [1] fux

-error . RealCuantty [0..1] z=datalypes=
-dezcription ; string [0.1] GenericEllipse
-type ; LuminosityType [1]

~major - real [1]
-miror : real [1]
-pa ; resl [1]

=amodelimport==
==modelelement==

PhotDM-alt
{prefix = "photdm-alt’,
documentationURL = "https ivolute_googlecode comisvnitrunkiprojects/dmivo-dmiimodelsiphotdmiPhotDM . htmil”,
url = "hitps:ivolute googlecode comisvnitrunkiprojects/dmivo-dmil/modelsiphotdm-altYPhotDM-alt vo-dml xml"}

=<mocelelemant==
PhotometryFilter
fwodml-id = "PhotometryFilter'}




VO Registry — XML

=validationLevel validatedBy="1ivo://archive.stsci.edus/nvoregistry"=2=/validationLevel=
=title=Hubble Space Telescope Spectra=/title=
<shortMame=HST Spectra=</shortMame=
<identifier=ivo://mast.stsci/ssap/hst=/1dentifier=
<curation=
=publisher=MAST<=/publisher=
vocreator>
=name=MAST < /rname=>
</creator=
version=1l.0=</version=
vocontact=
=name=Archive Branch, STScI</name=
=emall=archive@stscl.edu=/emalil=
</contact=>
/curation=
vocontents
=subject=U=/subject>
=subject=0Optical=</subject=
=subject=and Infrared Astronomy=/subject=
<description=
Spectra from the following HST instruments are available: GHRS (processed by CADC), FOS (processed by ECF), and STIS (1st
order). Service is still under development. Links point to new (but incomplete) VO-compatible FITS files created by MasT staff.
/description=
<referencelRL=http://archive.stsci.edu/<=/referencelRL=
<type=Archive=/type=
<contentlevel=Research</contentlLevel=
</content>
v<capability standardID="ivo://ivoa.net/std/SSA" xsi:type="ssa:SimpleSpectralliccess"=
v<interface role="std" version="0.5" xsi:type="vs:ParamHTTP"=
<accessURL use="base"=http://archive.stsci.edu/ssap/search.php?id=HST&=/accessURL=
=gueryType=0ET=/queryType=
</interface=
<compliancelLevel=query=</compliancelLevel=
=dataSource=pointed=/dataSource=
<creationType=archival=/creationType=
<maxSearchRadlus=360.0</maxSearchRadius=
<maxRecords=10000</maxRecords=
<defaultMaxRecords=10000</defaultMaxRecords=
<maxbperture=180.0</maxbiperture=
<maxFlleSize=1000000000<,/maxFl1leSize=
=/capability=
¥ <coverages
<=STCResourceProfile xmlns="http://www.lvoa.net/xmL/STC/stc-v1.30.xsd" =
AstroCoordSystem 1d="mast.stsci ssap hstUTC-FKS-TOPO" xlink:href="iveo://STClib/CoordSys#UTC-FKS-TOPO" xLink:type="simple" /=
v<AstroCoords coord system i1d="mast.stsci_ ssap_hstUTC-FKS-TOPO" =
v<PositionlD=
<=Slze pos_unit="arcsec"=0.0500000007450581</S1ze=
</PositionlD=
=/AstroCoords=
=/STCResourceProfile=
=waveband=UV</waveband=
=waveband=0Optical=/waveband=
Scoverage=
/rl:Resources




Simple Spectra Access Protocol
Spectral Data Model

Simple Spectral Access Protocol V1.04

Intemanional
Virtual
Qbservatry

Alliance

Simple Spectral Access Protocol

Version 1.04
IVOA Recommendation Feb 01, 2008

This version: i B B
fte-www ivoa retDocuments REC/DALISSA-20080201 himl This version (Recommendation Rev 1)
Latest version:
Ditefhwww ivoa netDocuments/latest/SSA himl .
Previous version(s): Latest version:
“ersion 1.03, December 2007
“ersion 1.02, September 2007 . .
Wersion 1.01, June 2007 Previous versions:
“Yersion 1.00, May 2007
“ersion 0.97, Movember 2006
“ersion 0.96, September 2006
“ersion 0.95 May 2008 .
Version 0.91 October 2005 Editors:
__ \ersion 0.50 May 2005 Jonathan McDowell, Doug Tody
Editors: X
D.Tody, M. Dolensky Contributors:

Authors: Jonathan McDowell, Doug Tody, Tamas Budavari, Markus Dolensky, Inga Kamp, Kelly
D.Tody, M. Dolensky, J. McDowell, F. Bonnarel, T.Budavari, .Busko, A. Mical, P.Osuna, J.Salgado,

P.Skoda, R.Thompsen, F.Valdes, and the data access layer working group. McCusker, Pavlos Protopapas, Arnold Rots, Randy Thompson, Frank Valdes, Petr Skoda, and
the IVOA Data Access Layer and Data Model Working Groups.




SSAP Parameters

4.1.1 Mandatory Query Parameters
The following parameters must be implemented by a compliant service:

.
_
T e

[ Unt [ ®eq [ Damipe
: [REC | doule |
[REC | doudle |
[GET | double |
—

| OFT | double |

L | OFT | string |

dimensionl

. [oET | sting |

| |oET | sting |

| [oET| sting |

v ' | [oeT| string |
___-_
_ [ mEC |  sting |
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Big Data handling

VO Space Moving big tables across (load only results)

SSO Authentication, authorization, groups and consortia
UWS Universal worker service (job synch, asynch)
PDL Parameter Description Language

SIM-DB  Simulations, theory data



SPLAT-VO (Starlink, JAC)

ile Analysis Edit Options Graphics Help
B|B|mle § KR

Displaying: | —— D:\SPEFO'LAZ80060.RUI Y limits ¢%: | automatic = | :V-hair

LAMEDA @ 6528643 _I:log D:4SPEFOYLAZ80060.RUL 0.9882333 _I:log []:Track free

X scale; 1.0 + Y scale; |0.5] +

2-d compound coordinate system

o]
(]
[ N

P
oo =
T

[}
o I
-1

-
)
[y |

6350 6400 6450 6500 6550
LAMBDA

CeASPERFONLAZEOOSO. RUI (unknown)
[
L1 o)




VOspec (ESAC)

e e

. wOSsSPEC ...

e
Fix ames Target |311?3 Ra 1872775156 Dec |+2.0323883
Choose Units

Wave Unit Log Scale

e x| Radio

|seweral references) IS[:] LWS

Spectra Viewer

Flux Unit

Ly = | [¥l

I1SO PHT

= _ \& HST & IUE

Graphic Mode Te-D7 . Lﬂ

Points

Lines 122

LB

Lines w

4

Dats

Dots

Lines o

i

Lines

L

Points

1

Dots

complake

reachy

L




ANV O demonstration prototype vl.0

Filg Maode View Functions Help N h B
— — — — — Load... | Save... | Plugins... ‘ Print... ‘ Help... ‘ Quit |
¥239%hip_main object selection from i : o o
. . : . . . Avo 12000 ;“03-48-20-41 +24:07:11.9 |Field: 03:42:52.02 +25:00:22.0 6.16°%6.46°
i T - i Al
a5 - leaides
selec m P
+ +
110F . + *
- prop
10.5F - dg
]
ma B # a L + +
' a " 41-— . teut
+ v i
85 & tag
& + +
- LE + Ké":nstﬁ
Sar -
- *.» =
i - + fitter
5.5 - " a:
" &
l' - .
80r " - b +
. @
— + cant
[0 L +
75 - g .
E * .| =
= + hist
£ 70 - “ Z
ﬁ -
L | Zoormm
55 i - =2 1739 hip_mald J
' » o% PI-POSSILLIE!
mglss E
8.0 X Zoom 1x =
EP del
55 IElg d
- 2 N
5.0 + :
+ e ]
4.5 e
.
.
440
0.0 o
[ L + " : ;
i
35 | [ ‘{‘i?out
[ 17573|03 45 49.53|+24 22 04.3| 3.87| 56.45663804| 24.36785796 9.06 21.09| -45.03|-0.063 0.015| =
30 ; [ 17702|03 47 29.06|+24 06 15.9| 2.85| 56.87110065| 24.10524193 5.87 19.35| -43.11(-0.036 0.012
[> 17900|03 49 43.52|+23 42 43.1| 6.17| 57.43133245| 23.71196331 5.58 16.50| -44,53(-0.046 0.007
25 [ 17g47|03 49 09.73|+24 03 12.7| 3.62| 57.29054669| 24.05352412 5.57 17.77 =44.70| -0.070 0.015
oz 00 oz 04 06 0.8 14 [ 17664|03 46 59.38[+24 31 12.8] 6.83] 56.74743102| 24.52023417 B.66 21.47 -45.453| 0.0=21 0.007
B-¥ [maqg] ] ] .
|] You are currently in Select moge GRS - ESD - AstroGrid - ST-ECGF - UbdaN/Jodrell Bank - CHRSDEOM - Wi-India - STSel




Data-Knowledge-Wisdom Pyramid
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Emergence of a Fourth Research Paradigm

Thousand years ago — Experimental Science :%»\
— Description of natural phenomena T
Last few hundred years — Theoretical Science
— Newton’s Laws, Maxwell’s Equations...
Last few decades — Computational Science
— Simulation of complex phenomena

Today — Data-Intensive Science
— Scientists overwhelmed with data sets

from many different sources

> Data captured by instruments

. Data generated by simulations

- Data generated by sensor networks

eScience is the set of tools and technologies

to support data federation and collaboration
. For analysis and data mining
- For data visualization and exploration
. For scholarly communication and dissemination

With thanks to Jim Gra

From T. Hey, Al2010



X-informatics

Changing methodology of
the Science

Synergy between different
worlds

Sociological aspects
(net-based research
communities)

The
FOURTH
PARADIGM

DATA-INTENSIVE SCIENTIFIC DISCOVERY

- Downloadable at Microsoft Research site




Experimental astronomy has become a three players game

* astronomy: problems, data, understanding of
the data structure and biases

* mathematics: evaluation of the data,
falsification/validation of theories/models, etc

* computer science: implementation of
infrastructures, databases, middleware,
scalable tools, etc

» Astroinformatics: AAS n. 215, Washington, December 2009, chairperson: K. Borne
* Astroinformatics 2010: Caltech (USA) June 16-19 2010;co-chairpersons: S.G. Djorgovski, G. Longo
* Astroinformatics 2011: UNINA - Sorrento, co-chairpersons: S.G. Djorgovski, G. Longo

Longo 2010




Astroinformatics
Analogy — Bioinformatics (Genome analysis with GRIDS, ATB)

e-Science in Astronomy
Data mining, Knowledge discovery - VO-NEURAL, DAME
Examples

- Photometric RedShift

- Searching for QSO (light curves, MOS)

- Automatic Light curves classification (GAIA, LSST)
New ways of scholar communication (VR, 2" Life, U-Science)
BIG data problems, GPUs, NoSQL DB, visualization,

Very NEW — emerging discipline



- v “E : . 4 @2 | Astronomical 1. What is DM
EDA’E&] Mmm_g J‘Ef’#{ f:_-&;.j;lc?ratlor}_ : ¥ E]

& il TP Data mining

Data Mining is the activity of extracting USEFUL information from COMPLEX
data using Statistical Pattern Recognition and Machine Learning methods.

DM Taxonomy ¥ Dxpertsystems

Tc:- catalogue the known

specialized l:::lassifi::ation:l

MLP
Supervised

Chal'acterize the unknown

Unsupervised I:;;|usterir‘lg)

-
o
e Bayesian or
ilterin i
5 L ‘ Fir‘n::l functional dependencies

Forecasting B l:re gressio ﬁ:l

Classification

Fir‘n::l axce ptions (outliers)

Regression

Exploration
Clustering
Dimension
reduction

Su bervised Meth od s U Nsupervised Meth ods

Patterns are learnt from extensive set of Patterns are discovered using the data

templates (Base of Knowledge = BDK) themselves

Longo 2009




Need for a new science: Astroinformatics
Knowledge Discovery in Databases

3932
'

TY. 8 1Y IX

Data Gathering (e.g., from sensor networks, telescopes...)

B

Data Farming:

Storage/Archiving Database
Indexing, Searchability technologies
Data Fusion, Interoperability, ontologies, etc.

5 Data Mining (or Knowledge Discovery in Databases):

Pattern or correlation search

Clustering analysis, automated classification
Outlier / anomaly searches
Hyperdimensional visualization

Key mathematical
issues

> Data understanding
Computer aided understanding Ongoing research
KDD
Etc.

L, New Knowledge




Data Driven Science

What is Fundamentally New Here?

« The information volumes

y r‘: Y. 7

and rates grow exponentially . W Rl
—> Most data will never be seen &;&3 R e
by humans E* -

-Ln.‘lf"

J

A
‘\ "\ b
1;1 Rk

* A great increase in the data mformatton content
—> Data driven vs. hypothesis driven science

* A greatincrease in the
information complexity

—> There are patterns in the data
that cannot be comprehended
by humans directly

Djorgovski




Hidden Patterns in Data

Pattern or structure (Correlations,
Clustering, Outliers, etc.) Discovery in
High-Dimensional Parameter Spaces

D >> 3 parameter

/ space hypercube

High-D data cloud:
mostly noise, of an
arbitrary distribution

But in some corner of
some sub-D projection of
this data space, there is

something # noise




Visualization in Machine Learning

A Key Challenge: Visualisating
Multidimensional Data Spaces

 Hyperdimensional structures (clusters,
correlations, etc.) may be present in many
complex data sets, whose dimensionality
may be D ~ 102 — 104, or higher

It is a matter of data understanding,
choosing the right data mining algorithms,
and interpreting the results

We are biologically limited to perceiving
up to ~ 3 - 12(?) dimensions

What good are the data if we cannot effectively
extract knowledge from them?




Visualization of 1 B points - Gaia DR1

000 N=1,000,000

N=1,142,679,769

log10 count(*)




Visualization of Big Data




Visualization of Big Data

y



Visualization of Radio Data Cubes

sﬁ} 3D Slicer provides full linked views, not just slices

37.000mm ¢+ | R S

RA - Dec projection Dec -Vel projection RA - Vel projection

Ay




Advanced Visualization

Visualization

- Develop visual data analytic tools to
optimally visualize simulations and
observations.

- Follow newest developments, in
connection with companies.

548" x 3.90 I




Star Forming Regions in Galaxy

Hi-GAL

the Herschel infrared Galactic Plane Survey

70-160-250pum composite

- ‘4' !"‘ p’l“-"r.

from cold starless clumps to hot HIl Regions

Sergio Molinari, INAF-IAPS IAU Astroinformatics 2016, Sorrento

Credits: Gianluca Li Causi (INAF-IAPS) Molinari et al. 2016



Via Lactea - Star Forming

_Star Formation Histories in Nurseries across the Milky Way

e Wi

...but the fat guy is

8 A flock of younglings _ . '_ '
still taking its time is about to be born The fat guy is already almost formed



CAVE2 Monash University AU




From Astronomy to Earth Sciences

GRACE Fro Observations to Applications

Satellite Measurements

Satellite Products

; Environmental Applications
Flash Flood e
Warning
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Finding Galaxies by Shape NASA

/

|
r._,,,__.____._...h\_..__._.--" S & WY __LE

Description: Detecting objects from astronomical measurements by evaluating light

measurements in pixels using intelligent software algorithms.
Image Credit: Catalina Sky Survey (CSS), of the Lunar and Planetary Laboratory, University
of Arizona, and Catalina Realtime Transient Survey (CRTS), Center for Data-Driven Discovery,

Caltech.




Finding Cancer Sighatures NASA

L
e
o

Descripiion: Detecting objects from oncology images using intelligent software
algorithms transferred to and from space science.
Image Credit: EDRN Lung Specimen Pathology image example, University of Colorado




New e-Science Collaborations

* A new research center at Caltech

— Serves research efforts Institute-wide

« A part of a new, Caltech-JPL joint initiative for
data science and technology

* The goals are to assist faculty in formulation
and execution of data-intensive projects, and
facilitate interdisciplinary sharing of methods,
ideas, novel projects, etc.

Djorgovsk




Astro-Neurology

From Sky Surveys to Neurobiology

« Using the data analytics tools based on ML, developed
for the analysis of sky surveys, to design a better
diagnostics for autism

« Feature importance
using random

forests =>

 Next: correlate
with MRI scans

(with R. Adolphs et al.) J. Bunn, CD3




U-Science, Carbon Computing

emerged ~10 yrs ago using the web protocols
that were common at that time:
- web services, XML-based information exchange, registries,

distributed data access, distributed computing (Grid) =
machine-to-machine communication

IS now emerging from today’s web protocols:
- social networking, ubiquitous devices, user-centric
experiences, user-led activities, user-generated content, wikis,
blogs, mashups, tagging, annotation, ontologies (semantic
web), folksonomies, knowledge-sharing, user
recommendations = user-to-user communication

* The emergence of
- Anybody can participate in the science dlscovery process

* Anyone can annotate, tag, and label scientific results:
- scientists, students, and citizen scientists

From K. Borne Al2010



Scientific Communities

“The co-authorship network of scientists represents a prototype of com-
plex evolving networks. In addition, it offers one of the most extensive
database to date on social networks.™

MSDCiM network of scientific collaborations”

“Social scientists have long recognized the importance of boundary-
spanning individuals in diffusing knowledge (Allen 1977; Tushman
1977), and recently, several papers have rigorously demonstrated that
technological knowledge diffuses primarily through social relations, not

through publications.”

m&mm Networks and Spillovers”

From O. Laurino - Al2010



Motivations of a social networking IT platform for science

@ The importance of boundary-
spanning individuals in social net-
works might be what X-informatics is
all about;

we break scientific cligues and cre-
ate new, unexpected, effective links
across the science community’s net-
wWork;

an effective scientific social network
platform may be an effective step to-
wards seamless astronomy. Seam-
less not only in terms of data and ap-
plications access, but also in terms of
social interactions between people in
the scientific network.

Omar Laurino (INAF - OATS) Collaborative Astrolnformatics E= Astroinformatics2010 20/ 30
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Expert vs Non-expert Classifier

Astrolnformatics 2010 June 18, 2010




Machine-Human Learning Cycle

Terabytes
pet day

Unusual events,
Unclassifiable objects,
Some routine data

77N
e

Citizen

Scientists

Machine
Classification

New classifications,
(Cross checks,
Improved training data

Information,
Knowledge,
Understanding

Lucy Fortson Astroinformatics 2010 June 18, 2010




Citizen Science x Expert Science

Verified by human — training sets
Independent answers=estimate of error

Serendipitious discovery

DEEL 7 W T 33 TSI {1 0300 U0

JJJJJ 20.35+402242.3

DB T30 T LD DB 7 IO TULL T T8 OB 7§ IO T 41 30

J102210.26+311713.8 | M234563.36+33M303 | J11385T 4+311846.6 H23126 52+405711.5

& - - -

Galactic Peas

S8801TSTBIS1616137  |SBA01TSTTZTEGE8668 |SATTIS0G6G9TOET419  |GBTTISM0BIG3044155 | 58TTIG500616631548
J12615.25+3858174  |J113046.00+3822260  |U115136.32+375600.8  |J12224E.71+360218.4 | J121130.18+330804.5

Scale - complexity



The answer is Data mining .... matching Donald Rumsfeld’s
epistemology

There are known knowns, ——>» Classification
Morphological classification

There are known unknowns, and of galaxics
There are unknown unknowns Star/galaxy separation, etc.

Regression
Photometric redshifts

Donald Rumsfeld’s”

about Iragi war .«

Clustering

Search for peculiar and rare
objects,

Etc.

“There are known knowns.
These are things we know that we know.

There are known unknowns.
That is to say, there are things that we know

we don't know.
But there are also unknown unknowns.

Longo 2010 There are things we don't know we don't
know.”




Knowledge Discovery in U-Science

Primary task. Data reduction by

. science team.
d .

Related to primary task. Results
funneled to specific researchers.

Serendipity. Currently rely on
forum moderators to filter.

Hanny van Arkel - Voorwerp Light echo of quasar?



Challenges of (Astro)informatics
Big Data 3(5)xV

Complex

*Missing values

*Censoring

*Upper limits

*Parallelization (Massive - GPU — new algorithms)
*Queries in PB table

\/isualization of many dimensions

*Stream processing

Non- Gaussian Statistics, PDF



Priklady BP a DP na FIT z
astroinformatiky a VO

*FIT VUT Brno
1 BP (Random Forests in Astronomy)
1 PhD — Wavelets Dimensionality Reduction (pending)

*VSB-TU Ostrava
1BP + 1 DP - SPLAT-VO

MU PrF Brno
2 DP + 2 PhD. ( ML of Spectra (pending) + precise RV for exoplanets — SW ?)

FIT CVUT
2012
2013
2014

2 BP (VO-Korel+SSA proxy)

2 BP

2 BP
2015 1 BP

2 DP

2 DP

1 DP

(
(OSPS Image + Catalogue Server)
(Random Forests + SOM)
(VO-Cloud)

(Clustering OSPS + Deep Learning)
(Semisupervised learning + Outlier finding)
+ 2 BP 77?77

2016
2017



Danish 1.54m at La Silla
robotized in Summer 2012




Danish 1.54m Telescope




Reduced OSPS image + bintable
photometry in 2nd extension
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OSPS SIAP in Aladin (DSS in back)
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OSPS Image coverage (footprints)
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OSPS Light Curve in SPLAT
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Be Stars : Emission in absorption
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LAMOST (Guoshoujing)
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Be Candidates Found
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LAMOST TSNE Structure




Be Candidates Found
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Be Candidates Found
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Yet Unknown Be Star
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Be Candidates Found
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AGN Populations

Population A Population B

Sulentic et al. 2002



